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20 to Roses et al.) The relationship is dose dependent (Yoshizawa et al.,1994; Schellenberg, 1995).

That is to say, a carrier of two ApoE 4 alleles is more likely to develop late-onset Alzheimer’s
disease (LOAD) than a carrier of only one ApoE 4 allele, and at an earlier age (Corder et al.,
Science 261, 921-3 (1993)).
Nevertheless, E4 alleles only account for roughly 50% of hereditary Alzheimer’s disease.
25 One explanation is that ApoE 4 is merely serving as a surrogate marker for something in linkage
disequilibrium nearby. Alternatively, considering the recent discovery of a mechanistic role for
ApoE 4 in mitochondrial toxicity, the negative effects of ApoE 4 may be abrogated or
exacerbated by another gene product encoded nearby (Chang et al., 2005).
As ApoE status is also associated with risk for coronary artery disease and likely also a
30 host of other diseases and disorders, the implications of the study of the ApoE region are not
limited to Alzheimer’s disease, but are potentially far-reaching (Mahley et al., Proc. Natl. Acad.

Sci. USA 103: 5644-51 (2006)). More broadly, the examination of variant sequences for
1
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condition of interest.

In some embodiments, all subjects carry a same known polymorphism that is associated
with the condition of interest.
25 In some embodiments, the condition of interest is a neurodegenerative disease, a
metabolic disease (e.g., dyslipidemia), a cardiovascular disease, a psychiatric disorder, or cancer.
In some embodiments, the disease of interest is a disease in which ApoE and/or TOMM40 are
implicated in disease pathogenesis.
In some embodiments, the condition of interest is associated with increased or decreased
30 mitochondrial dysfunction. In some embodiments, the condition of interest is schizophrenia. In
some embodiments, the condition of interest is coronary artery disease. In some embodiments,
the condition of interest is diabetes mellitus, type II. In some embodiments, the condition of

interest is Parkinson’s disease. In some embodiments, the condition of interest is Alzheimer’s

disease.
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chai n. In some embodiments, the method further includes the step of: (c) administering an anti-

Alzheimer’s disease active agent to the subject in a treatment effective amount when the subject
is determined to be at increased risk of Alzheimer’s disease.
In some embodiments, the administering step is carried out in the subject at an earlier age
25  when the subject is determined to be at increased risk by the presence or absence of the genetic
variant as compared to a subject in which the genetic variant is not present or absent (e.g., for an
ApoE 4/4 subject, beginning at age 45, 46, 47, 48, 49, 50, 51, 52, or 53, and continuously
through each year thereafter, rather than beginning at age 55 or more; for an ApoE 4/3 subject, at
age 50, 51, 52, 53, 54, 55, 56, 57, or 58, and continuously through each year thereafter, rather
30  than beginning at age 60 or more; for an ApoE 3/3 subject, at age 55, 56, 57, 58, 59, 60, 61, 62,
or 63, and continuously through each year thereafter, rather than beginning at age 65 or more;
and for an ApoE 2/3 subject, at age 60, 61, 62, 63, 64, 65, 66, 67, or 68, and continuously
through each year thereafter, rather than beginning at age 70 or more).
In some embodiments, the active agent is selected from the group consisting of

35  acetylcholinesterase inhibitors, NMDA receptor antagonists, PPAR agonists or modulators (e.g.,
3
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drugs in the thiazolidinedione or glitazar classes), antibodies, fusion proteins, therapeutic RNA
molecules, and combinations thereof. In some embodiments, the active agent is rosiglitazone or a
25  pharmaceutically acceptable salt thereof.

In some embodiments, the genetic variant of the TOMM40 gene is a deletion/insertion
polymorphism (DIP). In some embodiments, the DIP is an insertion polymorphism. In some
embodiments, the DIP is poly-T deletion/insertion polymorphism (e.g., between 5 and 100, or
10 and 80, or 20 and 50 bp poly-T).

30 In some embodiments, the genetic variant of the TOMM40 is a variant listed in Table 1
as set forth below. In some embodiments, the DIP is rs10524523, rs10602329 or DIP3. In some
embodiments, the DIP is rs10524523.

Further provided is a method of treatment for a condition of interest, wherein the

condition of interest is associated with ApoE and/or TOMMA4Q, for a patient in need thereof, the

35  method including the steps: (a) determining the presence or absence of a genetic variant
4
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20 agent; and, if the genetic variant is present, (b) administering the active agent to the subject in a
treatment effective amount to treat the Alzheimer’s disease.
In some embodiments, the subject carries at least one ApoE 3 allele. In some
embodiments, the subject is an Apo E3/E3 or E3/E4 subject.
In some embodiments, the active agent is selected from the group consisting of
25 acetylcholinesterase inhibitors, NMDA receptor antagonists, PPAR agonists or modulators (e.g.,
drugs in the thiazolidinedione or glitazar classes), antibodies, fusion proteins, therapeutic RNA
molecules, and combinations thereof. In some embodiments, the active agent is rosiglitazone or a
pharmaceutically acceptable salt thereof.
In some embodiments, the genetic variant of the TOMM40 gene is a deletion/insertion
30 polymorphism (DIP). In some embodiments, the DIP is an insertion polymorphism. In some
embodiments, the DIP is poly-T deletion/insertion polymorphism (e.g., between 5 and 100, or
10 and 80, or 20 and 50 bp poly-T).
In some embodiments, the genetic variant of the TOMM40 gene is a variant listed in

Table 1 as set forth below. In some embodiments, the DIP is rs10524523, rs10602329 or DIP3.
35  Insome embodiments, the DIP is rs10524523.
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Nevert hel ess, E4 alleles I2)néﬁgaccountn f orﬁérsgﬂcgehl y 503/:)00?&]}?5%@3%6%?@6
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, e

Al ternative considering the recent discovery of a nmechanistic role for
ApoE 4 in nint gonoedbodimentoxihe DIP is il énso@@atpoen@phiemt fn FmPLABodinitak, B

abr ogat or exa @r bat ed b%/ anot her .gene product encoded nearby (Chang et
al ., )'S PAlY- Ag BIQYIRPEIHOR ROLYMOBPhiuR (et abetwest 3 And 1@k of 6P apd ROy aadt er y
di 553a5650%g,_1r3_kel y al so a host of other di seases and di sorders, the
inplications of the study of the ApoE region are not |limted to Alzheinmer's
di sease, buln spmepembadingintsy thar DIRashirsi®SPA] ey 1668023809 , oPrOP3. Nat lsomécad.

Sci. U 3:  5644- (2 More broadly, the exam nation of variant
s_equen_?ir@'e%_ggj bn}eﬁfsoégs@lijslgbﬁqggé\%%ys surroundi ng genes in |inkage
di sequi | i brinugond tRbediRRhtsI8REhEG0d %&?&?ﬁn#ﬁ‘&%eﬁe‘&tiﬁg r\;&l{%‘{lfé.lr ‘fﬁed Sl!lﬂﬁ%&ﬁ?qgllll ex

di sease processes will provide val uable information ecl pheri
mechanfB¥E2612, ERGSe Edifle #3453, ES(FmEr E4ofubiee It pusntmbodiRrenis| tedubjectsani s a

”Eim()dA&r(gﬁﬁE%ed}tﬂf/ﬁ’i Itité’;&'geneti c variant that is associated with

devel op t of a con ion of interest (e.g., earlier or later onset of a

di sease of ABb@r@dddd isQAARNOS fdGiraliBingtet et MH sfuBQi‘ghe'o?IaQ:ﬁth%*[ rfBP, €s

cont altgl n(F:); %}I%t he nucl eotide sequences cafrried by a"plurality o

i ndi vi'dtapPy hireaiperictiAlgheimey g disease, the meshagfinglndimgeddtectingeheprsaubjoect s
absence of at least one ApoE allele in a biological sample of the patient, and detecting the
presence or absence of at least one TOMM40 deletion/insertion polymorphism (DIP) located in

25 intron 6 or intron 9 of the TOMM40 gene, wherein the subject is stratified into the subgroup for

the clinical trial of the therapy based upon the presence or absence of the at least one ApoE
and/or TOMMA40 DIP allele.

In some embodiments, the DIP is an insertion polymorphism. In some embodiments, the
DIP is poly-T insertion polymorphism (e.g., between 5 and 100, or 10 and 80, or 20 and 50
30 poly-T insertion).
In some embodiments, the DIP is rs10524523, rs10602329 or DIP3. In some
embodiments, the DIP is rs10524523.

In some embodiments, the method further includes detecting whether the subject is an
Apo E2/E2, E2/E3, E2/E4, E3/E3, E3/F4, E4/E4 subject. In some embodiments, the subject is an

35  Apo E3/E3 or E3/E4 subject.
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I kage. di sequiljibriumwth the known pol ynorphi sm orree
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carri efbséte@T a MV bBUBOMMA40 deletion/insertion polymorphism (DIP) located in intron 6 or
intron 9 of the TOMM40 gene; and (O) instructions for determining that the subject is at

25 increased risk of developing late onset Alzheimer’s disease by: (i) detecting the presence or
absence of an ApoE isoform in the subject with the at least one reagent; (i) detecting the
presence or absence of at least one TOMMA40 deletion/insertion polymorphism (DIP) located in

intron 6 or intron 9 of the TOMM40 gene; and (iii) observing whether or not the subject is at
increased risk of developing late onset Alzheimer’s disease by observing if the presence of ApoE

30 isoform and the TOMMA40 DIP is or is not detected with the at least one reagent, wherein the
presence of the ApoE isoform and the TOMM40 DIP indicates the subject is at increased risk of

developing late onset Alzheimer’s disease.

In some embodiments, the at least one reagent and the instructions are packaged in a
single container.
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25 In some embodiments, the at least one reagent and the instructions are packaged in a

single container.
In some embodiments, the DIP is an insertion polymorphism. In some embodiments, the
DIP is poly-T deletion/insertion polymorphism (e.g., between 5 and 100, or 10 and 80, or 20 and
50 bp poly-T).
30 In some embodiments, the DIP is 1s10524523, 1s10602329 or DIP3. In some
embodiments, the DIP is rs10524523.
In some embodiments, the determining step further includes detecting whether the subject

is an Apo E2/E2, E2/E3, E2/F4, E3/E3, E3/E4, or E4/E4 subject. In some embodiments, the
subject is an Apo E3/E3 or E3/E4 subject.
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Figure 5 is a schematic diagram of the phylogenetic tree based on Region B constructed
25  for TOMMA40, showing the percentages of ApoE phenotypes in two major groupings, or clades,
of the TOMM40 variants in this region.
Figure 6 is a schematic overview of the T OMMA40-ApoE locus including an LD plot
showing haplotype blocks and regions subject to primary sequencing in the exploratory (R1) (23
Kb) and confirmatory (R2) (10 Kb) studies (NCBI Build 36.3). The LD plot is shown for
30 Hapmap data (CEU analysis panel), solid spine haplotype block definition, > values with
D’/LOD color scheme represented by different line characteristics.
Figure 7 shows representations of the phylogenetic trees with separation of variants. 7A:
SNP variants, clade A vs. B, E6 — E10 represent TOMM4(0 exons and vertical lines indicate the
approximate locations of the SNPs. Separation of the two main branches has strong bootstrap

35  support (973/1000). 7B: 1510524523 length polymorphisms. Descriptive statistics are provided
9
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The present invention is directed to methods for revealing genetic variation in regions of

25 particular interest for complex diseases and disorders. It also relates to the discovery of the most

informative genetic markers on the basis of associations with phenotype information. In one

embodiment, the invention may be used to locate genetic markers associated with susceptibility

to a particular disease, disorder, or condition. In another embodiment, data regarding subject

response to a candidate treatment or drug may be included in a phylogenetic analysis for the

30  location of genetic markers associated with a beneficial response to that treatment or drug (i.e.,

pharmacogenetics). The methods can be applied on any data set of genetic variation from a

particular locus. See Figure 1 for a flowchart of the approach to finding genetic risk factors
according to the present invention.

In one aspect, the analysis of the genetic variation is based on variant sequence data. In a

35  second aspect, the structure is uncovered using diploid genotype data, thereby avoiding the need
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Al zhei mer' sExtinsesetf conditions in which ApoE and/or TOMM40 have been implicated include,
but are not limited to, cardiovascular disease; metabolic disease; neurodegenerative disease;
neurological trauma or disease; autoimmune disease (e.g., multiple sclerosis (Pinholt M, et al.
Apo E in multiple sclerosis and optic neuritis: the apo E-epsilon4 allele is associated with

25  progression of multiple sclerosis. Mult Scler. 11:511-5 (2005); Masterman, T. & Hillert, J. The
telltale scan: APOE &4 in multiple sclerosis. Lancet Neurol. 3: 331 (2004), neuropsychiatric
systemic lupus erythematosus (Pullmann Jr. R, et al. Apolipoprotein E polymorphism in patients
with neuropsychiatric SLE. Clin Rheumatol. 23: 97-101 (2004)), etc.)); viral infection (e.g., liver
disease associated with hepatitis C infection (Wozniak MA, et al. Apolipoprotein E-€4 protects

30 against severe liver disease caused by hepatitis C virus. Hepatol. 36: 456-463 (2004)), HIV
disease (Burt TD, et al. Apolipoprotein (apo) E4 enhances HIV-1 cell entry in vitro, and the
APOE epsilond/epsilon4 genotype accelerates HIV disease progression. Proc Natl Acad Sci U S
A. 105:8718-23 (2008)), etc.)); hip fracture/osteoporosis (Pluijm SM, et al. Effects of gender and
age on the association of apolipoprotein E epsilond with bone mineral density, bone turnover and

35 the risk of fractures in older people. Osteoporos Int. 13: 701-9 (2002)); mitochondrial diseases
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associtat edPOEt B ApaE @nB/ premhMMByoMidi &Farction especially in patients without
hypercholesterolaemia: the Aachen study. Eur. J. Clin. Investigation 37: 106-108 (2007)),
vascular disease such as ischemic stroke (Peck G, et al. The genetics of primary haemorrhagic
stroke, subarachnoid haemorrhage and ruptured intracranial aneurysms in adults. PLoS One.
25 3:€3691 (2008); Paternoster L, et al. Association Between Apolipoprotein E Genotype and
Carotid Intima-Media Thickness May Suggest a Specific Effect on Large Artery
Atherothrombotic Stroke. Stroke 39:48-54 (2008)), vascular dementia (Bang OY, et al.
Important link between dementia subtype and apolipoprotein E: a meta-analysis. Yonsei Med J.
44:401-13 (2003); Baum L, et al. Apolipoprotein E epsilon4 allele is associated with vascular
30 dementia. Dement Geriatr Cogn Disord. 22:301-5 (2006)), etc.

“Neurodegenerative disease” as used herein refers to Alzheimer’s disease (Corder EH, et
al. Gene dose of apolipoprotein E type 4 allele and the risk of Alzheimer's disease in late onset
families. Science 261:921-3 (1993).; Corder EH, et al. There is a pathologic relationship between
ApoE-epsilon 4 and Alzheimer's disease. Arch Newrol 52:650-1 (1995)), Parkinson’s disease

35 (Huang X, et al. Apolipoprotein E and dementia in Parkinson disease: a meta-analysis. Arch
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“Metabolic disease” as used herein includes, but is not limited to, dyslipidemia (Willer
CJ, et al. Newly identified loci that influence lipid concentrations and risk of coronary artery
disease. Nat Gener. 40:161-9 (2008); Bennet AM, et al., Association of apolipoprotein E
genotypes with lipid levels and coronary risk. JAMA 298:1300-11 (2007)), end stage renal
25  disease (Oda H, et al. Apolipoprotein E polymorphism and renal disease. Kidney Int Suppl.
71:825-7 (1999); Hubacek JA, et al. Apolipoprotein E Polymorphism in Hemodialyzed Patients
and Healthy Controls. Biochem Genet. (2009) Jun 30. [Epub ahead of print] DOI
10.1007/s10528-009-9266-y.), chronic kidney disease (Yoshida T, et al. Association of a
polymorphism of the apolipoprotein E gene with chronic kidney disease in Japanese individuals
30 with metabolic syndrome. Genomics 93:221-6 (2009); Leiva E, et al. Relationship between
Apolipoprotein E polymorphism and nephropathy in type-2 diabetic patients. Diabetes Res Clin
Pract. 78:196-201 (2007)), gallbladder disease (Boland LL,et al. Apolipoprotein E genotype and
gallbladder disease risk in a large population-based cohort. Ann Epidemiol. 16:763-9 (2006);
Andreotti G, et al. Polymorphisms of genes in the lipid metabolism pathway and risk of biliary

35  tract cancers and stones: a population-based case-control study in Shanghai, China. Cancer
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25 “Biological sample” as used herein refers to a material suspected of containing a nucleic
acid of interest. Biological samples containing DNA include hair, skin, cheek swab, and
biological fluids such as blood, serum, plasma, sputum, lymphatic fluid, semen, vaginal mucus,
feces, urine, spinal fluid, and the like. Isolation of DNA from such samples is well known to
those skilled in the art.

30 A “subject” according to some embodiments is an individual whose genotype(s) or
haplotype(s) are to be determined and recorded in conjunction with the individual’s condition
(i.e., disease or disorder status) and/or response to a candidate drug or treatment. Nucleotide
sequences from a plurality of subjects are used to construct a phylogenetic tree, and then
analogous nucleotide sequences from an individual subject may be compared to those on the

35  phylogenetic tree for diagnostic or prognostic purposes.
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i r%\é ention i &S belﬂi”ca%p@eq dierein means the occurrence together of two or more

characteristics more often than would be expected by chance alone. An example of association
involves a feature on the surface of white blood cells called HLA (HLA stands for human
leukocyte antigen). A particular HLA type, HLA type B-27, is associated with an increased risk
for a number of diseases including ankylosing spondylitis. Ankylosing spondylitis is 87 times
30 more likely to occur in people with HLA B-27 than in the general population.

A subject “at increased risk of developing a condition” due to a genetic risk factor is one
who is predisposed to the condition, has genetic susceptibility for the condition, and/or is more
likely to develop the condition than subjects in which the genetic risk factor is absent. For

example, a subject who is “at increased risk of developing Alzheimer’s disease” due to the
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Smﬁ/glj' ng62f :Pgagg)_t%p%l’ (aaggxg%{?&anyregrs o a genegc variant or comblrl)latlon of variants carried J
on at least one chromosome in an individual. A haplotype often includes multiple contiguous

25 polymorphic loci. All parts of a haplotype as used herein occur on the same copy of a

chromosome or haploid DNA molecule. Absent evidence to the contrary, a haplotype is
presumed to represent a combination of multiple loci that are likely to be transmitted together
during meiosis. Each human carries a pair of haplotypes for any given genetic locus, consisting

of sequences inherited on the homologous chromosomes from two parents. These haplotypes

30 may be identical or may represent two different genetic variants for the given locus. Haplotyping

is a process for determining one or more haplotypes in an individual. Haplotyping may include
use of family pedigrees, molecular techniques and/or statistical inference.

A “variant,” “variance,” or “genetic variant” as used herein, refers to a specific isoform

of a haplotype in a population, the specific form differing from other forms of the same

35  haplotype in the sequence of at least one, and frequently more than one, variant sites or
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unphased, meaning that the sequences found are not known to be derived from one parental

chromosome or the other.

“Linkage disequilibrium” as used herein means the non-random association of alleles at
two or more loci. Linkage disequilibrium describes a situation in which some combinations of
alleles or genetic markers occur more or less frequently in a population than would be expected

30  from a random formation of haplotypes from alleles based on their frequencies. Non-random
associations between polymorphisms at different loci are measured by the degree of linkage
disequilibrium.

“Multiple sequence alignment” or “MSA” as used herein means alignment of three or
more nucleotide sequences from genomic DNA derived from a plurality of individuals to

35  determine homology and heterology between the sequences. In general, the input set of query
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“Phylogenetic” means related to the study of evolutionary connections among various
groups of organisms or individuals within a species. Before genetic information was readily
available, phylogeny was based mostly on phenotypic observation. “Phylogenetic mapping” as
used herein means using DNA sequence data to connect related sequence variants carried by a
30 plurality of individuals in order to determine evolutionary connections and the chronology of
divergence. A “phylogenetic tree” is the result of mapping the connections between variants.
“Node” as used herein means a polymorphism data point on a phylogenetic tree
representing an actual variant sequence carried by at least one subject. A node is connected by a
branch to another node representing a variant sequence carried by the same individual on the

35 same chromosome and in the same cistron but at a different genetic locus within the cistron. The

18



and bi pol ar disorder. Psychiatry Res. 158:75-78 (2008)), obsessive
conpul si ve di sorder (OCD), addictive behavior (snoking addiction, alcohol
addi ct i onwoebm/g19ssbi pol ar di sorder (Dean B. et al., Pl agoa/uspeiojopssps otein E

d h t d bi pol di d Psychi at
Ros. _ 1aeo Bck Y BABAARCE G oh B ook GuBaa canedyioe i Samenss iosieaioh oy ok 2
psychi afode as Ralluk ehe SdgaviRle BBt byahE ABINDAATE n @R tH%ﬂﬂc ﬁrlg 'cgn e%Feﬁ B3 o

ei t her ban hnl tial diagnosis of a disease, di sordn or ot
condi t i°%#or exacerbation of an existing disease, disor der or medi cal

cond tion f@ € has._al rea been di agnosed Di agnosi s" or
"pr o|gn|05| s" %M{f&geg %ergéll%}r%%gl Ig%ss %Onn?%lé)ng’ég"’e&'f’ tWﬂF’B&?‘?a‘FP‘E?ﬁe“(“é‘gd‘%o d&é‘ﬁ@tl c

i nf &r naveiion soqnaﬂa&woﬁhaq)mtmebewmfeﬂnaﬁel a6 vhiesfiSaeNokidd AP ieddan rﬁ‘ésom%' gns
and serB?tI mi E si cal examf| ndi ngs, cognitive perfornmance resu etc.
i*ef Pt he

to ant ¢ 5Een (fTome ey ipdiy idgnlesubiact. nifiraeshing peint) mleamse&nonedaa froma
par t1 culiaéh inbRAhPAG biMfictis GLE ol ﬁ?@%geﬁlﬁiygﬁgﬁsﬁfﬁ Plo SRR L re nodaRSe O

conparisons W th apuraltyo ndi vi

sequenc‘éls(‘»h @yaepironee I@dgﬂ’l@gten‘dam frpohnGled ¢ p2esenBth® béietic 48§ @nEE LY bnidd
consi dg j:on of aﬁ%ﬁ hent heal th status. "Biological sanple" as used
her ei n re%‘l e?%a“f St BPa v ﬁ%‘l?t“éddléﬁ?fg@%ﬁ‘?t hasnBenprachube efacienepfl nohrby

| nt@r esiquelicol-ogh@alprs@iiey FOMALALI oA [ nCl ude hair, skin, cheek swab,
and biological fluids such as blood, serum plasm, sputum Iyrrphatlc

fluid, semenlterglysilnals ypad dlsrem‘ ebas o wpetitéve cipiubaion fof waklies &stttath ehdradt€r in
is well known to those skilled in the

| sol at f |
aft(:) aA!Cl ggrllj j g%agcpg%r %I hg Cf q@%ﬁﬁy@%ﬁm shisanalyzed © gaficylatsube reffroekthe

genot ypefisyr afrsubjapk atfyaed s)ithar @)IIHQIOBQ)f dRtRS sﬂﬁldasaﬂﬂhélﬁfe?’rs%s%aé to control
conj unCtag%&yegdsupjgt he i ndividual's condition .e., disease or rder
r

st at usy™ slisothéeratip is compaipd atid the nglmcteﬂ rr@dtsrmntocathlwofretatmﬁheth

segglien o] | J: &y ¢ Qf ects used t.0 construct a phylogenetlc
tree, glﬁglea%éﬁleg} gﬁgje%%guﬂslstknaégl %%télmgengs echi%‘??éeés&is?rg?ﬁ &1 §9MgiHAng Q6 IS ss; b

may bes@@tﬁpaérlemamgﬂ: 1t1hlhls eat@bethesnpdigl rode asd e deke@dicates @\ealﬂ@%%é bf 5”{/ar1ant
prognoa;lt{ ]It u ﬁoses "Gene" as used herein neans a segnent of DNA t

cont ai n$ QCISTF OF Hatieatss bt rishof reagisr slissaschonssy nﬂﬂqeeéwslyoéxmnﬁglﬁthe
pr oducgeneii® Akt e ¥RLighihg tﬁ'é(%éreslé With QIPEES r@ﬁr%enhﬁ% (rgl& uge:[ {ugrgcseaaléageq]@z ein

regions that control expression ocus
rreans e |2aradast oambers #f didividoalowbjeots dﬂﬂl/kumhﬁ@&ly @nal9fingMhe QbdRsiAREi b} O a

] t at t t | | tid
200 R Bne iR BCHOR Sotkiol B e sesond vl ¥ captes.amgl 3 prattion.
as appdnabdisttRennmolV & ove Al fetsm ARS BLR cff?ﬁeet'fe% tb@afi e H‘&‘{ﬁlﬂ%n&ﬁ@ta d%%g(%s;%tthn the

formatlon of one or nore copies of a nucleic acid prefera
anpl i ff%€ation is exponential. One such nethod for enzyrratl c anplification

?];:) Cng)eCIafsl gg‘g%a‘rﬂx;ﬂglgtge%y a%elnslngllﬂ o ilgsggthpggdf %c;%lgr ?fgst}glgaéhgnéee a(():rt z)t?lgr
adjustment introduced in attempt to effect a change in a particular aspect of a subject’s health

25 (i.e. directed to a particular disease, disorder, or condition).
“Drug” as used herein refers to a chemical entity or biological product, or combination of
chemical entities or biological products, administered to a person to treat or prevent or control a
disease or condition. The term “drug” as used herein is synonymous with the terms “medicine,”
“medicament,” “therapeutic intervention,” or “pharmaceutical product.” Most preferably the
30 drug is approved by a government agency for treatment of at least one specific disease or

condition.

“Disease,” “disorder,” and “condition” are commonly recognized in the art and designate
the presence of signs and/or symptoms in an individual or patient that are generally recognized
as abnormal and/or undesirable. Diseases or conditions may be diagnosed and categorized based

35 on pathological changes. The disease or condition may be selected from the types of diseases
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25  (including non-human primates), etc., screened for veterinary medicine or pharmaceutical drug
development purposes.

“Treat,” “treating,” or “treatment” as used herein refers to any type of measure that
imparts a benefit to a patient afflicted with a disease, including improvement in the condition of
the patient (e.g., in one or more symptoms), delay in the onset or progression of the disease, etc.

30 “Late-onset Alzheimer’s disease” or “LOAD” as used herein is known in the art, and is
the classification used if the Alzheimer’s disease has an onset or is diagnosed after the age of 65.

It is the most common form of Alzheimer’s disease.

2. Methods for Identifying Genetic Variants

While lists of associations derived from genome-wide scans are useful, they are generally

35 inadequate to explain disease complexity. Families, pathways, and interactions of genes can
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B i othe bodiments, the invention relates to the fields of pharmacogenetics and
pharmacogenomics and the use of genetic haplotype information to predict an individual’s
susceptibility to disease and/or their response to a particular drug or drugs, so that drugs tailored
to genetic differences of population groups may be developed and/or administered to individuals
with the appropriate genetic profile.

30 Nucleotide sequence information is derived from genomic DNA. Genomic sequence data
used may be obtained from clinical or non-human animals or from cultured cells or isolated
tissue studies. The organism can be any organism for which multiple sequences are available, but
is preferably from human. In identifying new variances it is often useful to screen different

population groups based on race, ethnicity, gender, and/or geographic origin because particular

35 variances may differ in frequency between such groups. Most preferably, for diseases or
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25 The first step in analyzing parallel DNA sequences from a plurality of subjects is multiple
sequence alignment (“MSA”). MSA s typically used to display sequence alignment from
homologous samples with polymorphic differences within genes or gene regions to show
conserved areas and variant sequences. MSAs of the sequence information obtained at the locus
of interest may be constructed using one or more various known techniques and publicly

30 available software, and are publicly available from many sources including the Internet. Methods
for analyzing multiple sequence alignments known in the art include, e.g., those described in

U.S. Patent 6,128,587 to Sjolander; U.S. Patent 6,291,182 to Schork et al.; and U.S. Patent
6,401,043 to Stanton et al.
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25  there is substantial change in the ratio of subjects affected with the condition of interest to
unaffected control subjects. Such a branching point represents the evolutionary divergence of
higher risk subjects from lower risk subjects or vice versa.

Statistical analysis of the phylogenetic tree generated may be performed in accordance
with the methods known in the art. One art-recognized method is the calculation of bootstrap

30 confidence levels (see Efron et al., Proc. Natl. Acad. Sci. USA 93, 13429-13434 (1996)).

5. Patient evaluation.

Once a phylogenetic tree has been generated for a particular genetic locus, an individual
subject may be evaluated by comparing their DNA sequence to the sequences that comprise the
phylogenetic tree. The presence of haplotypes or sequence variants corresponding with regions

35  of the tree representing subjects with higher incidence of the condition of interest (i.e., higher
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data suggest an independent genetic effect on the development of Alzheimer’s disease for
30  TOMM40.

ApoE binds specifically to mitochondria in human neuronal cultures (Chang, 2005), and
sequencing of this linkage disequilibrium region in hundreds of Alzheimer’s disease patients and
matched controls, combined with mapping the genetic variant evolution of TOMMA40, defines a
region of particular interest for ApoE-TOMMA40 interactions, as shown in Figure 3. These

35  evolutionary data further support the genetic association between ApoE and TOMMA40, and
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25 genetic variants of TOMM40 that are located only on DNA strands containing ApoE 3 in the
linkage disequilibrium regions (Roses et al., unpublished data), and thus not in Hardy-Weinberg
equilibrium as was required for SNPs in genome-wide association panels. Evolutionary changes
in TOMMA40 sequences that are cis-linked only to ApoE 3 act to increase the risk of Alzheimer’s
disease associated with ApoE 3, while other variants of TOMM40 cis-linked to ApoE 3 decrease
30 the risk associated with ApoE 3. An independent genetic test would be to determine whether
those TOMMA40 polymorphisms associated with less Alzheimer’s disease segregate at a later age

in age of onset distribution plots for ApoE 3 containing genotypes [ApoE 3/3 or ApoE 4/3].

Detecting the presence or absence of ApoE 2, 3 or 4, and/or TOMMA40 haplotypes or of
DNA encoding the same (including, in some embodiments, the number of alleles for each) in a

35  subject may be carried out either directly or indirectly by any suitable means. A variety of
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25  restriction enzymes may be used for detection. For example, restriction fragment length
polymorphism (RFLP), which refers to the digestion pattern when various restriction enzymes
are applied to DNA, may be used. In some embodiments, the presence of one or more haplotypes
can be determined by allele specific amplification. In some embodiments, the presence of
haplotypes can be determined by primer extension. In some embodiments, the presence of
30 haplotypes can be determined by oligonucleotide ligation. In some embodiments, the presence of
haplotypes can be determined by hybridization with a detectably labeled probe. See, e.g., U.S.
Patent Application Publication No. 2008/0153088 to Sun et al.; Kobler et al., Identification of an
11T allele in the polypyrimidine tract of intron 8 of the CFTR gene, Genetics in Medicine
8(2):125-8 (2006); Costa et al., Muitiplex Allele-Specific Fluorescent PCR for Haplotyping the

35 VS8 (TG)m(T)n Locus in the CFTR Gene, Clin. Chem., 54:1564-1567 (2008); Johnson et al., A
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amplification of the ApoE 3 DNA or a portion thereof in the amplification reaction.

25 Similarly, one may use a probe, a pair of probes, or two pairs of probes which
specifically bind to DNA encoding a TOMM40 haplotype of interest, but do not bind to other
TOMM40 haplotypes under the same hybridization conditions, and which serve as the primer or
primers for the amplification of the TOMM40 DNA or a portion thereof in the amplification
reaction.

30

In general, an oligonucleotide probe which is used to detect DNA encoding ApoE and/or
TOMM40 haplotypes is an oligonucleotide probe which binds to DNA encoding the haplotype
of interest, but does not bind to DNA encoding other haplotypes under the same hybridization

conditions. The oligonucleotide probe is labeled with a suitable detectable group, such as those

set forth below in connection with antibodies.
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25 nucleotides 3745 and 3883). The amplified fragments are then subjected to restriction
endonuclease Cfol which provides different restriction fragments from the six possible ApoE
genotypes which may be recognizable on an electrophoresis gel. See also, Hixon et al. (1990);
Houlston et al. (1989) Wenham et al. (1991); and Konrula et al. (1990) for additional methods,
all of which are incorporated by reference herein.

30 In addition to Alzheimer’s disease, there are several other genetically complex diseases
and disorders for which the methods of the present invention provide advantages over existing
analyses. For example, data from multiple type 2 diabetes mellitus genetic studies support the
view that very large clinical case/control series will be necessary to provide statistical

significance for loci defined by genome-wide association studies.
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25 Examples of thiazolidinediones include, but are not limited to, rosiglitazone
(commercially available as AVANDIA) and the pharmaceutically acceptable salts thereof.
Additional examples include, but are not limited to: 5-(4-[2-(N-methyl-N-(2-

benzothiazolyl)amino)ethoxy]benzyl)-2,4-thiazolidine dione; 5-(4-[2-(N-methyl-N-(2-
benzothiazolyl)amino)ethoxy]benzylidene)—2,4—thiazol idinedione;  5-(4-[2-(N-methyl-N-(2-
30 benzoxazolyl)amino)ethoxy]benzyl)-2,4—thiazolidinedione; 5-(4-[2-(N-methyl-N-(2-
benzoxazolyl)amino)ethoxy]benzylidene)-2,4-thiazolidinedione; 5-(4-[2-(N-methyl-N-(2-
pyrimidinyl)amino)ethoxy]benzyl)-2,4-thiazolidinedione ; 5-(4-[2-(N-methyl-N-(2-

pyrimidinyl)amino)ethoxy]benzylidene)-2,4-thiazolidinedione; 5-(4-(2-(N-methyl-N-[2-(4,5-
dimethylthiazolyl)]amino)ethoxy]benzyl)-2,4-thiazolidinedione; 5—(4-[2-(N—methyl-N-[2-(4’5_

35 dimethylthiazolyl)]amino)ethoxy]benzylidene)-2, 4-thiazolidinedione; 5-(4-[2-(N-methyl-N-(2-
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30  salts thereof. See, e.g., U.S. Patent No. 5,002953.

The active agents disclosed herein can, as noted above, be prepared in the form of their
pharmaceutically acceptable salts. Pharmaceutically acceptable salts are salts that retain the
desired biological activity of the parent compound and do not impart undesired toxicological
effects. Examples of such salts are (a) acid addition salts formed with inorganic acids, for

35  example hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid and the
30
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Compositions. The active agents described above may be formulated for administration
in a pharmaceutical carrier in accordance with known techniques. See, e.g., Remington, The
Science And Practice of Pharmacy (9" Ed. 1995). In the manufacture of a pharmaceutical

30  formulation according to the invention, the active compound (including the physiologically
acceptable salts thereof) is typically admixed with, inter alia, an acceptable carrier. The carrier
must, of course, be acceptable in the sense of being compatible with any other ingredients in the
formulation and must not be deleterious to the patient. The carrier may be a solid or a liquid, or
both, and is preferably formulated with the compound as a unit-dose formulation, for example, a

35 tablet, which may contain from 0.01 or 0.5% to 95% or 99% by weight of the active compound.
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25 Formulations suitable for buccal (sub-lingual) administration include lozenges
comprising the active compound in a flavored base, usually sucrose and acacia or tragacanth; and
pastilles comprising the compound in an inert base such as gelatin and glycerin or sucrose and
acacia.
Formulations of the present invention suitable for parenteral administration comprise
30  sterile aqueous and non-aqueous injection solutions of the active compound(s), which
preparations are preferably isotonic with the blood of the intended recipient. These preparations
may contain anti-oxidants, buffers, bacteriostats and solutes which render the formulation
isotonic with the blood of the intended recipient. Aqueous and non-aqueous sterile suspensions

may include suspending agents and thickening agents. The formulations may be presented in

35 unit\dose or multi-dose containers, for example sealed ampoules and vials, and may be stored in
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her ei nSORRGRIESuspensionsmay be prepgted\irom sterilerpawderse atanoles and tabitenof thi &atdi on

of the pARGSusI . P t i Priners specifjc for th oE
pol ymor phi ¢ Slryzggsgﬁﬁ?\}m%gfﬁer I%p’olggﬂ‘,e a%é’cgro Pﬁf)p rgsé?rﬁl[ Bee lilr‘brf’cgbﬁga 8 PFPV\‘/@ﬂﬁgm

f or > exanrptteble, RCRIprsterde sompesigop tayipdsing bt Acipddeh(s)a 0223 aliRhéBsft, oM 2 Qfnj DNA
t hat spans tfhe ApoE Pgl rmrIPhi sites (codons 112 and 158, which contain
nucl eot PUEE 'FPUB Ligle 898/%5&! Cirpdic SHRPPRRGRF skt ayproidsd i thetfhem of albyapbilizdiet o
restri ehi@niseRGMEraR W QiR LY | estriction .
fragnents f rpm?t he si x?%o%%f‘%&ﬁ%&%ﬁ%@%e@{ %?@%ﬂ%{y %éeceP té‘%igg 9% on
an el efrropHisluis cempesiitionSgitablestor ibjestam thereal int) HOQM)ect HOMY sh@Mlosdgeatorm

(1989) tal..(1991): and Konrula et al. (1990) for additional

net hodts’%‘* %F\?'Eg R r‘gfscf{grélragool)uﬁ(]:@?%?%?{é%“a}? grams ok A% coapindl on splla dihen B t o
Al thei nenpsundi seade s biBtAtAIE wweMan@dIuld her, i goll es
and di sgggers for W#I clr11 theI rr%t hods ofutﬁegslrlfg%{ebﬁlg aﬁ?&é%tof%nm#jé’\}%égaﬁ

advant ¥J&8 SuRlYselqeically acserinble aray berempleyed! ip, sudfitient qomtinukd ieplutsifyype 2
di abet itu i i S ort, the view that very.large cl.inical
case/ cgﬁ?ir;%llnhs%rr ?aétgﬁl\r/]\n IaaBeZO%Hcejdg griesrabﬁlgtsgdb PB&PIdSm*E{S 10t f‘%eé‘?/ 13 ipégqplh?té%}ﬂce
for | ochioldef i ned by genone-w de associ ation studies.7. Active agents,

conpositions and treatpent. As noted above, phylogenetic trees created
usi ng the rrE IHB’g%HO(S‘étSHR‘ﬁ’é‘H fordppical Wcﬁl%tobfge akial prefsspbby sakd thpdorm of an
r eBPONSINUBAIRSE e j tol i est to~treatnent with an actjve
agent or treat Sﬁl’t Hgl‘g?hg%@ége?%%&’eé{%%g’cgo?'(r)l%ar lgrssnﬁgﬂéWog‘? H%er‘i]ta ,Cf“gﬁd
t r eat neitoleteei sellynslanolinea polypthglener ghabisenilcstmys, berabaredall pahasResi hhe
geneti oanE}rénaorﬁt S.ldentifi eg. %ti ve agents. Active agents include those
known TOTOPHERE RERYO QrmaredBHEft i on of interest, and are inclusive of

anti - Al zhei Farimugatidns &aREH18 Clok VieaREGHaP  adhlifik | JAg maguf)e ﬁrgseﬂ%td W Widgd. Lo,
acetyl cholinesterase inhibitors, NVDA receptor antagonists, and peroxisone
prol i fRAGHED Adapted it Temaingia dptimate CORAR) Wity theieptdsrmis oftltuleaipums forl proligichd but

i Bt 4as. jp the thiazol i di pedi i t | .
Tt adtt 8 Lol AR HURE sl Rt e T PR o sl oo Vopcieapie an

ant i bddytopkoresis (seeyfocleemaple, PAbyGlcanall REGLIMAS (8281890 itddi
ant i boﬁi e% such as Donai nbAnti bodices(t m , Bapi ntl(aél?zunaqu,g%e)t)c%éi,t%%lgégllyotﬁke
pr ot ei A 19t Ak rRpantienallpnautiged cagueaus Folatiow tdfv theagetine compduad.s Suitebla

o S, 8 USSR ROl O SRS TR
avai | dblM agtveNRRGERT)., gal ant anmi ne (commercial ly avail abl e as RAZADYNE) ,
25 In addition to active compound(s), the pharmaceutical compositions may contain other

additives, such as pH-adjusting additives. In particular, useful pH-adjusting agents include acids,

such as hydrochloric acid, bases or buffers, such as sodium lactate, sodium acetate, sodium

phosphate, sodium citrate, sodium borate, or sodium gluconate. Further, the compositions may

contain microbial preservatives. Useful microbial preservatives include methylparaben,

30  propylparaben, and benzyl alcohol. The microbial preservative is typically employed when the

formulation is placed in a vial designed for multidose use. Of course, as indicated, the

pharmaceutical compositions of the present invention may be lyophilized using techniques well
known in the art.

Dosage. The therapeutically effective dosage of any specific active agent, the use of

35 which is in the scope of present invention, will vary somewhat from compound to compound,
33



and rivastigmne (comercially avail able as EXELON) and the
pharmaceutical |y acceptable salts thereof. Additional exanples include, but
are not |woi2omh1dbsp t hose described in U S. Patent Nos. P8TAR3006833373

5, 965, , 750 (the disclosures of all U S.
Pat ent Sd?lgf g?eelﬁgg g%%tt egd %ﬁg?%e%grugoP @%an%%@BPBgFétagﬁﬁt%? rtgftu{é’t”z%%féjeﬁé?fél n
i n t heiFor erdl iadeiyijtratix apitaslainy dOMBA of BERPL %r@ﬁ@g&w&é@ 40&9'5%2% A%&I bar €

not limted.to, mama t|ne cormerm ally avai | abl e"as
EBI XI A/URE & AN aﬁ/émg ldaﬁwt@n@ph@trmelmdpml ly accept abl e salts

t hereof. Ad I t.are not.limted to,
descri bed i ?'%J&SM%Z'% eﬁ%ﬁlglg \%‘lgthAGS g@fim?%l E% in %rzdlsgo‘@ﬁeffeﬁ%?g the 4%‘?1?%535 and
5, 9§012@1ghE>balr¢pl asydie uwﬂanodataimm&dtmmmenm tachemeUST apatiaAtarhiddd ®tht0,

ro I ne,(comrer | abl e as AVANDI A) and the pharnaceutical |
aczlegt Ia 1%8%%1 e§% ?ﬁ%‘t‘ﬁ n a%‘ ﬁli %WV@STQM&%@% C:3 p@tt@mmtlg wihaght e)d/

to: 5- @dt{elageht M&ydau[\i'e((ﬁ'treatment to d ter.b
benzot hi azoly | ) am no) et hoxy a9 ?zmlal,nst% ased upon th the 8resence or absence of the

5- (4-[ ggreqt’pﬁ@ph@,qo_rma(l@ts The presence or absence of the genetic variants may indicate efficacy
benzot t hoxy]l benzyl i dene 4-t hi azol idi nedi one;
5 (4- I%f ?ﬁ@ét}oeh%&t&%gp qu%u]: of Dédment f%r %he patlent preélct age of onset for a condition,

t5)e ﬂlaox gKbdﬁyd b)tafﬂrfﬁd?\(l_ﬂish(ﬂe@iﬂlb@d"léw W gortttit BrctAO 2 v RAR for a patient, and the
rre -

benzon 1S Pons %50 IRy oehether the patjen jstamdrigar gioupiof pdiiamethat are likely to
5-(4-[Be (&‘F&%‘i\t}%b gg'ﬁltﬁzul actlve

pyri m di ) am no) oxy benzy g)entz 4-t hi azol i di nedi one;
5-(4-[2-( N. hetrhytthSI-f()Quse may be packaged with or otherwise associated with an active agent

rimdin am no enz | i dene) -2, 4-t hi azol i di nedi one;
Ey( 4- (Eld %gﬁ% p‘) HF%U(%/H]& treatment tlme to treatment, dose regimens, etc., based upon the
di et hweggucaz)pmyslem&eaaptnpgatehewrlwzy' )-2, 4-thi azol i di nedi one;
5(4[2 (N—n‘ethy - | .

bhbgg 0l i di nedi one;

hi azol yl. hoxy] b
_52( j £ ﬁl g'z\t)?‘ggr%gamgé ore (I:ti%io({f%l %e%@rfésﬁdfg; a %r{ lgyn%]tcz)%a ic individual or a prognosis
t hi tyd tabfisydden
e |[ ZZ ?42 Iy ( kaniéitﬁbte- o ?%d o aﬁg%dgﬁislﬂt@ﬂﬁf ég g&ngélg)?té@ !ﬁ'og'& iRAis8R eourse of disease or
ot hoxy@%éh%rwe]s oj the cpsed 26¢ardingdelisome; entbodiméis pNtteepieydnt Naveatibd; diagnostic
p@ﬁy|[<ﬁ2a!?z% ﬁﬁ&h% é)ﬂ?ﬂ)t{l%}] UKL LAGIS r Pund sene3Z ek S g dl e patient’s
pheny| geBotypt Hylgt, hApqu)IayiH/b} aroNn)4et géﬁé)lﬂﬁé yI t*])bezplﬁcésgécﬁ@ 'r(%U (‘flﬂﬁ%e‘?;ib%unc

5-(4-] (51% (%h (4- phenyl - i azol yl)
benzy| {PHEAR LS 0 t@ﬁ?é&?ﬂl?t&nﬁe@i%%émganmu{cﬁldeNﬂmmyga “patient profile” such as

N- [ 2- Etﬁe F@ﬂlé@:ﬁbn of 9%8&/&&&%9&9&1%&«1&%&9&%@ Qgé‘ Yip gl 4 )ge%btd)'/pltnglo tﬁé Iloccjzll of dion

e;
(N matlngy:[est\(e[ 2~ (sdngreprivgpridel phiesighdchpraaers yihd Jusii Q) et PORY bPRPORYAh S8R a8dn 2. 4-

t di nedi o
h‘JF Eép( Iﬂf?r/r%rlt Hgtﬂ‘tw“ég (ABmetSH thiasbed-pdinied onethndxyr] peaympltis- @5th- and
t hi az Cskatldtufhedjrctﬂﬁar ﬁra(y@ei fraf Nbﬁ‘@etrt@ythsgfa[’vzazgta 1%%9&0@0912 OJFMe )pl'ognoglls )may

ethoxy]benzylldene) 2,4- thiazolidine
5-[4- (18 '(“il@ AeERTRgictop [02 -4 atfsing s ydgo xafz dilsgdsy ](mmtneéspeﬁdaotoy)ib%nm}a]py, doft to

et hoxy | Bray ! ARy AGY. o B b btats. e prognons may Include the we o 4

t5@( ;12 Elﬁllmg:itﬁm;bgt?lvbrd\'pfo%f dnd 16 - HalyRb pakieadah Yink] AN Qs QL. Qﬁ&ixla)gal%sﬂ-

5: ?4 foal Waﬁg?tﬁ?ﬂseﬁ\kn[ozdf(f@ sonyierdhhpatisradash gi Prpfilvi tna)peddrmsis] benzyl i dene) - 2, 4

- A “patient profile” includes data and/or materials pertaining to the patient for whom the
predictive and/or prognostic analysis is being performed. Data may include information on the
patient’s diagnosis, age, gender, and/or genotype. The patient profile may also include materials

from the patient such as blood, serum protein samples, cerebrospinal fluid, or purified RNA or
35 DNA.
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t hi azol i di nedi one;
5-[4-(2-(2-pyri mdinyl am no) et hoxy) benzyl ] -2, 4-t hi azol i di nedi one; 5-[4-(2-
(2- pyri mwonyloandsso) et hoxy) benzyl i dene] - 2, 4-t hi azol i di nedirase009/053373

5-(4-] et yl - N 2= rim.di nyl)am no) et hoxy] benzyl)

-2, 4_t29'@é_ fpeloirati tio it ginieal - benzot hi azol yl ) - Nbenzyl anmi no) et hoxy)
benzyl i dene)bBaediohhifaz@inodingashidhnere; i i i

5-(4-(2- (N (2-benzot hi %Hz QI@;? l) - _en_grilalma(r)rri anSo eteer{rﬂ%efy\)wh the methods herein can be
benzyl )used Au tCﬁP%chﬁ Aericdniial B (ike [Barkk metotiydr - ddnOBpe information is used to
g??z??%??ﬁyé&émﬁ%{@?gﬁ%ﬂ g)se(ri]ezs&il?)édz inl,l_etgh,l 8?59'%9&??\9&32%’73,049 6,368,797 and
ben2ox#&z1lyl75am no) pr opoxy] benzyl i dene) - 2, 4-t hi azol i di nedi one;
5-(4-[2-(N-nethyl -N-(2- pyridyl)am no)ethoxy] benzyl)-2, 4-thiazolidi nedi one;
5-(4 [2- (N :};Ets F_em_b() iments, such methods advantageously stratify or permit the refinement of

BV, e pna BORGKIDRIVYSY BERS 6 the' fHplfoh Shid The S Ghore subgroups) so that

ge ?Z o? fm,\?ag)e?ﬁf lnvell)&@ut;om}lﬂnmmwdgiixdarsec)an%&mbm atebatdly i8R0 particularly with
benzoxé%sgf‘f}lm)%%n%?fgf'blé'i oSAPTAORHIAYPYS 2014 Ratienis oMithi maticele; g8aqtupds2- [IN-some
benaox adbiimeatd, BRhehB@INY BEMFL ARS; A=t hi i dj nedi ope: 5-(4-]2-(N-(2-
benzoxazol yl ) ami no) et hoxy] benzyl )agﬁ{ﬁ?}tt%ﬂ?%ég‘lfs?é%dgg%ggﬁteér eapy 16 4 p[lural(‘ty

5- (4-[ of §1phg¢c§§)@rquyp]. O lacebo therapy typically being administered to a separate but similarly
benzox L] ho benzyl )-2. 4-thi azolidin edi one, and

phar maglg%% %%%%R}H lé%@@p?é%‘%b ecgsila[né C{%‘F?é?P%Fhe Biggency of absanee of paganptyprde-g.,

5, 002QMOETdmd/oaCIt(DMM%?QQtd%scﬁibé@ la6sRAinNGE ?M}al‘?@rbf s%ﬁ{eglgt ¢fle gpfasﬁpe B&y be

prepared in the form their pharnmaceutically accep le's
Phar maf@6ttred defaje.apléaprarsracuently witle thalstey ofhadminitaing theetedie sticrag. The

bi o4 ogj Chi M canpound and do not inpart undesired

t oXi collgglikl(l:%l Me?,lltléeé{ gfor‘%?gtﬁg‘?@ﬂ%'? °9 Bctﬁe I t?ger%?yeci%ﬁheﬁgg)edd%{ﬂr&?@?% ANSANt s
f or medswilable panongfandrcpaaitis iredtmknexacmhe ohysHOfRh&Y, iitclafihg, bdd ol ARie S
acid, sul Ht:ri c gci.(gt thosphori ¢ acid, nitric acid and thelike; and salts
f or med Wit 126 Ghsfid thetapyslagk phsideetfacsyofdhathsrapy, edeet i ¢ aci d, oxalic acid,

tartaric achAdlinRUCGialbs RC ' ' ric acid, gluconic acid,
citric acid, mal i aci d, aésegg? g&? %:egatglf gfﬂCgceynzz)%tlggt Cg{:r}pg,‘lnéjsatﬂﬁfe@g%ﬂ H{r&ﬁféloifd tic
aci d, ‘é‘Wﬁsiﬁ for adiieh 2 pmly@}h?gmmismeimk ﬂ?emﬁghﬂddetﬂﬁ&hdslﬁ&ﬁﬁtgd,%{ ?hqucts who

an acid, Dp-toluenesulfaoni¢ acid, naphthal enedi sul fonic acid,
Sﬁ%@gaﬁ?iaﬁﬁéﬁﬁwﬁ%ﬁa ,d%s?ﬁ? FRE qlinisk oy %Vekogmgsm Bispasg. H subieets ereegematypadi ons
such asftet htherdongpletlnost Reclided triadi M€ an@R¥ed SavSalif $ da%lznie}ﬂez(lj[ Iier om.baseas ’
such as. ammonium salts, alkali nmetal salt's suc% as tﬁose of so&FW‘élﬁd

pot as siEHPNHIR defrreneartrastment afor saldissassuahl ds titds eoobe asdegdednTanétficacy.

magnes) |t .t h organi c bases such as di cycl ohexyl am ne and

N- et h‘i‘{#%tg‘{% cgﬁ]ansgf“%‘?%ce age PRl winegaﬁmg& Wéweasj\{%ﬁneéﬁ%wh the

" Pr odrdigrste gt has éderhésterntinddefotfesat itk b @SR 1AL e Uscle, ta'%ﬁaﬁwf?ﬁ&i’&iaﬂ the
wi thin the scope of sound nedi cal judgment,

prgsent inventi.on whjch are, )
SL171%t a&bfédl’rBFaqL'i%@ deseribse pheve M be ¢anded 9Wsues of hurmans and | ower ani mal s

Wi t hout un I Gk L i .allergic response and the |iKke,
conmensur a'?lgﬁ wﬁl?aﬁrgiriggg?g%‘lbaﬁ Z&lércl%gnklf %(Sanrg?ftafspa% 89”%%66‘&“!’}5& figueing theej r
i nt endisdtmene graupsweor exampld)ehe WpbE e (1071129 2@k bWHEFE mPReRilkIg, d&freaﬁgke

conpo f .the invention, The term "prodrug" refers to conpounds that are
r api dﬁ@ﬂfcrhglﬁ%rf%r(ﬁgalaf YORRS 1 By fedrenses, Synptaganeséso mpve ribaro fA foffe 3afle¥).

f or mulRaRiglit2on& >eadmb @andate for the treatment of Alzheimer’s disease, increases mitogenesis
30  and increases synaptogenesis — opposing the effects of ApoE fragment binding — for ApoE 3
greater than with ApoE 4. Therefore, the drug or treatment candidate (e.g., rosiglitazone) may be
selected based upon an underlying mechanism of action as it relates to the genetic markers used

for the stratifications (e.g., ApoE 2, E 3, E 4 and/or TOMM40 variants).
Assessment of the efficacy of a drug chosen for the trial may include monitoring the

35  subject over a period of time and analyzing the delay of onset of the disease and the intensity of
35



hydrol ysis in blood. A thorough discussion is provided in T. H guchi and V.
Stella, Prodrugs as Novel delivery Systens, Vol. 14 of the A C S. Synposium
Seri es amsloizniodwand B. Roche, ed., Bioreversible Carri ecs/useomnosg7esi gn,

Aner i cafe Ptgg gﬁ%tl cal Associ at | on and Perganmon Press, 1987, both of which
are i ncor porat VRSt Well 8y measgrpe 31‘35(2515@ of sypatasty whish a8, Bamied

Exanpl esith il distas@ Laadr s, ihatihisaRi2Rehized Jr gfégyﬂl(fe st (gfut%k Aia teoora d

active drug having an act|V|ty of active conpoun SCTi here
wher ei fe{y&s Hﬁoﬂflmﬁom% ohtheakitease mhy he adleoefiuil dmug ﬂﬁﬂsf&ﬂn)ﬂatlﬁntﬁdla@nweauﬂth i f

such a t he co oun an ac ketal of_ an al cohol
group, t?% Ql{sgﬁdéhaé%r?%ﬁg dlﬁj‘éfﬂp‘S %g’ﬁ"t A% &8“(98?&38 W}é{ﬁh Ra®E Aehingash tripls an

I m Ae ofclade deiagentgmedpscribéd SbSR, tcBidaiPihbse REFDEH
Schi ff base, oxine, acetal, enol est e?moxazgjlél di nEé abgr tﬁl azaFl(?%Elqse %d

car bony¥ WerogtReundls nat yeh apprayesifior e, oF aprsaved for tlhantg)arrpmltinuilar disedse aBhus, in
descri Regel é}n%d%neft@t BRIl erzﬁsgmg 1n81a§9 thj%\?’é’tlﬁﬂ%ﬁ o (?Epmg 3 0, H“?ZtEZ?rUOH

Corrp05| tions. The active agents descri
admi ni sededingdosage gimingrofradmittisteabn CaxicitRE ot Bidacgedslabee oMl ik Y30, and

t echni Rem ngt on, The Science And Practice of Pharmacy (9th
Ed. 193?: aCYﬂF@ﬁéreﬁ‘g‘?ﬁﬂ‘facture of a pharmaceutical fornulation according to

t haoi nqenKitgnseﬁ;hﬁ)rQﬁé bt Ao dakdl g 1665y IR 09! o2 1Y

accept abl e sa er eo *er alia, an

accept abl e é@ﬁsrfpledeteﬂlfh@mgafra slé)necmstt incdasedtisice, ddi)elogﬁtgeml@éhls@ deRelbpRgaense
redi ents in the formul ati on and nust

of De! Bl RRTPAL Lhig, Wl Y SIS dndl atigvlange
not be del etefi ous t ot t FEATE ‘ﬁaﬁ glsriPy @ Parigylapaeaimeny, whees the diseessi d,
or bot I, agodates wanﬁfa\@batahlwofr quMWoe(é 2 R S amRANGE é’ﬁeag jé%'ré PI% S{%} ‘o

forrrulgtlon for exa% a tablet, which may contain from
95% or @9%E e kil gielu fat {gqat @@tfﬁwnt:mptmrfdr Oriectg fopthe medehveo cayypiends

mays begj P at i of .the . inventjon, which my be
o enar o PR POV B B0 aBRT sk 206 BhiaroLely TevRsEpes i
adm Xxi dgemmamgowbmhanﬂ]s subjeti tsn@tl Ingrel gl Hell BO d@mo;ﬁﬁ R Bise4seCTROT

i ngr edi ent S]ly “E(g‘b(l or nmul atl ons of the invention incl ude those suita tI ¥or

oral, PR3 cchuclgigacy for deggetions plhan Arpgﬁae)le (s/ggmrE 2 p@p(ﬂlﬂemdlor

e ApHRAYHA s trav nous
( g Eot hws)kilﬁﬁl@%b?\ﬁm%mﬂ%ésa grtgrf?g%séﬂ Ftﬁlg H%te%t §/A§’l9 &40 ea?ﬁ Jor ©

t r éns défl‘#dqilc a@mfm dettechion of a T&)MNMngfantuliteis raleﬁinbsw hérahl. & S EmbaUiARNts Fhy en
g treated

H?a%)gf 2n tlhcﬁe nat ure and severl ty of the condition bein

RILLY Gpe RO v P %&s.%da@nﬁwnwwmpq&s bpatged.
For rrulﬁbﬂoﬁﬂ§oﬁﬂ‘ﬂl\&lbl|4@ TRy te@fﬁlt nﬁ?'ﬂe?a%ﬂ H'lRQnW Fo RaGES" edc Y d' S ete
units, such as capsul es, cachets zen , or’table s eac P Hr #

pr edet @FREHEH asipgacoprinehdong withe sbcnmﬁ prmh;ed a&tractﬁmmdenr ca@fyif @nlﬂlhcet%st as a
sol ution ory S a non-aqueous |iquid; or as an

oi | -i n-wat er asgﬁllév\eg'?%r%- | enntsdlq fe g‘ﬁﬂfqﬁ' B On%[}’c‘l"?nitad‘? gﬁﬁ fers; gHymenyandacageapadoed by
any suim@ifyagnid fodnid npdeét aaigy vistprike rldiehidd Gmp hﬂ@atﬁ)rne?lz%n QLb%ﬂgclu 10

a?§00| ation the active conpound and a suitable carrier contain
or®ofe mé?&%;éigglﬁ?@ forndgtedingnths presenoe @d absence of particular haplotypes in the

amplified nucleic acid. Such devices may include one or more probes that hybridize to a
haplotype nucleic acid, which may be attached to a bio-chip or microarray device, such as any of
those described in U.S. Pat. No. 6,355,429. The bio-chip or microarray device optionally has at
least one capture probe attached to a surface that can hybridize to a haplotype sequence. In
30  preferred embodiments, the bio-chip or microarray contains multiple probes, and most preferably
contains at least one probe for a haplotype sequence which, if present, would be amplified by a
set of flanking primers. For example, if five pairs of flanking primers are used for amplification,
the device would contain at least one haplotype probe for each amplified product, or at least five

probes. The kit also preferably includes instructions for using the components of the kit.
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above). In general, the fornmulations of the invention are prepared by
uniformy and intimately adm xi ng the active conpound with a liquid or
finely diwodeth/aedsod carrier, or both, and then, if necessasgoosbsps ng t he

resulting muture. FO npl e, tablet may be prepared by conpressing or
nol di ng a poj)(ht e %S?Iﬁg{né/%ﬁt}%éls lscgﬁl?]ﬁﬁnﬁﬁtj)n‘a g‘i’?@%ééﬁ% “Ed{’ri)cfﬂﬂav,"m@pf‘i”&fﬁg!“lu}g
W t h ori&xaetplesor e accessory ingredients. Conpressed tablets may be prepared
by conpressing, in a suitable machi ne, the conpound in a free-flowi ng form
such as a powder or grantXKAMBLElyGenbtyuetioncof Rliylogemetic Aatees, | ubri cant ,

inert diluerg r tspersing agent(s). Ml ded tablets
may be nmade b)l/ O%%?%%?Hi%ﬁgﬁgﬁﬁgg\é?@q@c% ne. %Frﬁlgnsgg\gﬁjgf‘%ﬂn%l%n%@ﬂﬁﬁam p
Emi f)t e rvetiesvatotnd thei apetipoprotinl [mpmgnq llooE@.r(MHh&Iyidblaﬁ,_ Bidt | I&Qﬂrli%éa@f sauecsl
sub- 1 i,ngu istration include | ozenges conprising the active
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conventional methods for sequencing of genetic loci on Chromosome 19.

Figure 3 shows the genetic regions on Chromosome 19 targeted for study using genome-
wide scanning data from multiple reports. The region is encompassed within GenBank reference
sequence AF050154. Software was used to generate multiple sequence alignments for variant
loci (e.g., ClustalW2, European Bioinformatics Institute). Subsequently, the multiple sequence

30  alignments were analyzed using software for developing phylogenetic trees (e.g., MEGA version
2.1, Center for Evolutionary Functional Genomics, TREEVOLVE, Department of Zoology,
University of Oxford, or parsimony-based construction software such as PAUP, Sinauer
Associates). Statistical analyses may be performed with, e.g., Genetic Data Analysis (GDA:

Software for the Analysis of Discrete Genetic Data, The Bioinformatics Research Center of
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indicated that rosiglitazone (Avandia) may have genetic-profile specific efficacy in the treatment
25 of Alzheimer’s disease (see Risner et al., The Pharmacogenomics Journal 6, 246-254 (2006);
Brodbeck et al., Proc. Nat. Acad. Sci. 105, 1343-6 (2008)). Phase II clinical trial data indicate
that Alzheimer’s disease patients without an ApoE 4 allele responded better to rosiglitazone than
patients who carry either 1 or 2 ApoE 4 alleles (data not shown). This supports the hypothesis
that variants identified with the methods taught herein may be used to anticipate individual

30 response to treatment based upon genotype.

EXAMPLE 2: Identification of TOMM40 Variants of Interest

174 sequences (2 from each of 87 subjects) were aligned using the CLUSTAL X program
(version 2.0.10, Larkin et al., Clustal W and Clustal X version 2.0. Bioinformatics, 23:2947-2948
(2007)). The multiple sequence alignment was used to construct a phylogenetic tree using a

35 neighbor joining algorithm (Saitou and Nei, The neighbor-joining method: a new method for
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EXAMPLE 3: Two distinct forms of ApoE 3 : those linked to TOMM40 haplotypes

that increase risk and decrease age of onset, and those that decrease risk

The association of apolipoprotein E (ApoE) genotypes, particularly ApoE &4 (ApoE 4),

with the risk and age of onset of Alzheimer’s disease (AD) remains the most confirmed genetic
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association for any complex disease. Estimates of the heritability of ApoE 4 for late onset AD
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A 103:T 64f4- S%IW(ZOOG%, Coon et _al., J . Cin, Psychiatry 68: 613-8 (2007);
Li et al~ oK dif 8506t hheriggee ofthesy TOMM4( var@ntsete sidepensient efnde inlsritdnat
each serAgsE i dgndctifd19dr&idih ed: ' Lne.siamific di dat e. gene
out si de ol?%t he Apc;E ?;1kégleg\éi(agggﬁ?t%?]gg%lrtﬁbg(ralesgi%’g[bryﬁ{m% ﬁ%‘é@gﬁgvﬁ%ﬁq‘&eg

candi datlOYMéishaptatgpedithist erceeuse risk aatdecsdasslyge oFOWMEOaridshBRahaARefehseaid | N
ApoE 3 or ApoE 4 and

| iypka i uilibriumwth ApgE. | nteracfions between

di %Oregghneg ¢ ?jg%l\jﬁlﬁr%a%eoﬂlg r HEUEFE Ogeﬂef‘%t%feﬂget BBseh 3§k flepeadenti arh agem chpeds end or
decr edB@MM4E keiftyste vall ROVIGe MeZd}SiolEHi | SIS ot LR rhier
range. Age of gons)g%g-cur\(-ljjllei’s for eApo g/ﬁﬁlt?%d/jgéﬁ%/@gwé#goqéﬁg @%ﬁlthgee%%(?§g7es i's
shown YeATSFYgtisdoyer figkpfcdPi ng a range of risk for earlier devel opment of

expl i n a1 of ¢ ne Aotk AR EREuREe Wenlne IPIMEIA G U vRamvar T obs
met hods forTiped pifethe TOMMAY ivetifgs Qe einMBlis SpMliGEBS &k | e BRRNG L
WIZtSh polymorphisms (DIPs) located in intron 6 or intron 9. These DIPs are identified as r1s10524523
and rs10602329 in the National Center for Biotechnology Information dbSNP database, and a
previously undescribed polymorphism, designated as DIP3. These polymorphisms are located at
chr19:50,094,889, chr19:50,094,731, and ¢chr19:50,096,647, respectively, according to NCBI
build 36. This invention describes the identification of these DIPs using phylogenetic analysis of
30  the TOMM40 gene, specifically of a 10 Kb fragment of the gene, and that the DIPs are
associated with different evolutionary groups determined by phylogenetic analysis. This
invention further discloses the utility of these DIPs for (1) determining risk of a healthy person
for developing Alzheimer’s disease in the future, and (2) for predicting age of onset of AD

within an approximately 8 year time-frame.
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the different ApoE alleles have been proposed (see, e.g., U S. Application
of Cox et al., No. 20060228728; U.S. Application of Li and G upe, No.
2008005134:8)2010M1p35y| ogeneti ¢ approach to the ApoE 4 puzepke/nissocdessnst r at ed

herein. BiolQqi.cal es, DNA isolation, anplification of |oci of
ntorost. A tbtdiee 4P g’%‘%‘m&ljﬂé@f shrarderizad deregsconespridnidieranidenaths HBHs
and 99 pageTrrepciies ®eNoMMQI é&ndg ?ﬁr?gasﬁ%%%idﬂe(l)é Dﬂﬁ%(ﬁ}—'lc9§r§a§1tsg{erﬂh4d?se%§)qn%{kgljs

in Goup B. Al subjects carrie genot ypes” previ ousl'y assoc
with hih@ﬁ@FeC?@@I@e-f T exampleex pdiysBasgamnis éitrdn 8 ef tRY Systid/fibrosiy trédfshlembrane

Bi ol ogi I i-nj DINA i I.lected fromall subjects. Genomc
DA s ruch AR ARG (IO ne N R aod RethoTAP P hote 9 86 Sl rlepmgnior
genét i of kptic fitnodh (Groagane all IAAmF HUMEGehet HOUS: 17619 (96MSS. !H:eréigg% gﬁ?Irogérlri]: 1)

Chr onosone éQ targeted for study using genonew de scanni ng
mul ti pl'& Peismoxel meibod = ghypganstie atsopiptiens ekl ysist (deseriBed Baove) - e édeatifyeDIPs

sequen . to generate.nultiple sequence .

ol 1 g o DRy DL ik R T S Gl W Btk Bbeah OB (A Gty of

I nsti t ttreg speSifissBifsenstogiated Methraifftiented it QUNIQRE 6f BhicdANBNIS ridR! &) ez @d

usi ng 'ﬁ}oft\@(})e f 8r e’,cﬁﬁi'e' opi ng phyl ogenetic trees (e.g., version 2.1,
Cent er "IOF PEVSI GEIVEHAHY B8REES ghaviticethsriseauenrrER@LY/E TOIMM40menApoE to
Zo0b 0g¥Miachl¥eVEESKE fQr d I S) - constructign,.sof tware
Such s e e Prede B e Bind B RAGR SRR BiBaie et
with, @isgase megesisc dberw Nalypss, slife@RAsevBefy, wad eal§dto tah@yPnak ¥Rtesm@fe the

Di screbgg Sﬁ%@%iF SDat a, The Bioinformatics Research Center of North Carolina
State URPVersi gy ." The results of Region B analysis are denonstrated in the

phyl ogenet i Bhlbgseat afrhlgels eexﬁalsﬁﬁ&tiisﬁhﬁ%n Qk ¢ %394523 ﬁidgfégjﬁﬁcﬂng%ﬁ?gt%lgt s an

observed seguence variant. These variants may nucl eot 1 de substi 8ns,
i nser t Mghdiffeaant ¢lgdsnsThip anatysis owvatlelthittsbertarpblyrdyleogtheray thved 16 Shpt tol the

detect [ S | e expr jon or protein function. Each node
o oo et BRI AR BIRBS bt Punto S Ay S h e BRET TR  one

chr onosreoEAd}/as eginongdesubsiets, ngfeche PouRda0d FsaiE Safue Qxflﬁé%t%] Nal Riwkc! N

cis, and/therc?for.e re likely to be inherited as a unit, e region of
i nt er eSSYENEP Jappsed € N Kisatssere . (Figyae $).t Rast apseeiatéatebetivecy DIRtlesdth nndber
of subsiBURALLINSDES if &R eV [ | ncestral variants from which
genetic diver ée%geﬁ has Oﬁﬁ% Selgry%i\klélehit (ﬁ P?ebdﬂ}/ll)lgy g]?ee"iléeﬁl&go‘gfat‘r?atﬁftd)crfﬁ%@mbr
sequenfeki-sgapicdests corresponding with regions of the tree representing
sufy ects with gu stanti al lélﬁlhi@fgher i nci dence of Al zheiner's disease (i.e.,
hi'gher ratios OF "Subi"8EYS Aniedied th high dmkagsi disegydlibrinny nad ftee eeaudaniry ol
subj eckR)ionhipsdad B atedathe RSB i<SHB is.alsq at increased risk.
Conver sel y, _?ubst_ant ‘al | yelﬂg\?\/erg rz;i%éi %ggjglg? P%%éﬂe’[ 89(1? §§?J%Se3nq ﬁéﬁ(plﬂtlagve
devel dpWpi§alAnErsting betyeen tedwe geTOMoMacts, nheinfladseewif IO MM gﬂnbgﬁé liikely

; LG

regul at,i } ondr.ial pratein inmpor and a present hypothesis i’s
that the Rnde BbOaRaRE S arl BlFacec sehmes sdibban Ty kst Hatids. bitare

not limited to, Parkinson’s disease, Multiple sclerosis, cardiovascular discase, dyslipidemia,

25  recovery from traumatic brain injury, recovery from brain ischemic events, response to
anaesthetics, and response to drugs used to treat AD and the diseases listed here.

These polymorphisms could also be used in drug discovery efforts for the screening of
compounds useful for treating diseases influenced by variations in TOMM40 or ApoE protein or
gene varlants.

30

In addition, the variants may influence or determine therapies based on specifically
targeted biopharmaceuticals as exemplified by monoclonal antibodies and siRNA molecules.

The DIP polymorphisms in TOMMA40 that are disclosed herein can be identified from an
individual’s DNA sample using many different molecular nucleotide analysis methodologies,

including, but not limited to, DNA sequencing with the primers denoted in Table 4 listed below.
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relatively noderate risk for Al zheiner's disease associated with the
dose-dependent presence of the ApoE 3 allele. Such a TOMMO variant is
di scover estlowmtdnipssRegi on B usi ng the nethods of the pregemtustovosizron.

Testing new drugs on hmgp s carries imense ri sk (see Kenter and
Cohen, Lancet, 368: 1387: 6§99geTW@'m§ér%¥s Yripldpdidspce trees to
anticipate indivi dual sighiRARAPcheRA Wi Bhriler 43 BPRRscPbr LAY ES! has
potential to alleviate that risk significantly.  Preli mnary studies

i ndi cat ed t HAYlogergtigl pradysisn bay heedse) taidentifiv gememiet ietatjonsifipd despeai biic
effica i h rea f zhei ner' s di sease (see Risner et al., The
Phar mag%)é g‘%]ho i ggﬁejlgu&%%%%%ngﬁ%- fglitef ﬁ@%gfongrléﬂdﬂi ?:‘F(C?ettapiﬂtyl?esPﬁ%@%n Rhtal
Acal. Sopulalob geriediénd phaRRB8dtic Ridsee Fdr (dsitive Goleclitd h r%ﬂﬁoyﬂ'ﬂh&ﬁﬁﬁs Lihat
Al zheiner.s dl\ﬁﬁ%;sqe patients without an ApoE 4 allele responded better to
rosi gl ia2698 Lhasup i hwmans. Greeticadpls 867t He2004)dr This Aptodélcalylvedsesnpfldgtda
not sh 1 s .that variants identifie ith the
ot hode LM APEPACNRI401 BIRR TRk Bt o ok ks mapoias Lot

t r eat méhtanbexgeeratopp rtgiyn @By Kb. o ERAVPLIGnAiniAgl @R TOMB400an A EEVIAR s V@Ej.ant s
of Int ereit &74 sequences (2 from each of 87 subjects) were aligned using
the cLO&PAIedand § Sﬁ‘fe?’vér} Physesesolved haplotypes were determigedidfonl72 \WOHE d@hasst al
X ver shid 6. Yoe-Bheh&d QbABSIL 43, 12 2048 ( 20 . The nmultipl e sequence
al i gnnent vvag_geused to constf(u%:teg:a;%ﬂ p%‘?‘%éaz%gsﬁ’.{%e glrQe]geoutﬁisgi %C&yrélofpg‘?%grp% a

j oi ni ngengImpyYitle MATOCBEDE stndanef Nbiheinfhedistaighboh -Nairol 68 #B55qd008). MW as

hod i ng. phyl tic t ..Ml. Evol. Biol., 47406-425
(1087 P SIE RN o MRl ¥ ek Gl e P aD o e chomati A tyigapgjon.

websi t @wokiieles ¢ Unti BYgv @ \iistiaemishddw i 88olPSoRh" : "
gr OUDSEEX B).3 St_ tnhem??]r st di \g/er enctélfi gﬁ}%e Apogséﬁéeslrt}g}%d;égggf%’e%dtﬁ@nr(%‘%&f%r

these GPOEQ¥ISA sienidisantdiblercaeriins hewhistiibutitingolf e ApdR gémtypesdrettdat thgnoup B

COf{¥ ai i imarily e3/e3 and e3/ed4 ApoE genotypes and
ol et CRASC) B BANREE, B0 K PP e B o B oty 6e th
the edludiigailotsygiliciiedth sladed canelitPSBRUCDiD BRCIALE MY NG, of i

di scover% gl atform (Pol ynorphic) were used to identify s[}ey ifrc variants in

the T deabtynsaocaspsdriatcéawith shadApel Ehnbelt I8 =t wa xgt@FpFishdy’d bxet idgood
ratio _éﬂg\@s used to identify significant variants with a p value | ess
than 0.005. TFhe list of variants is summarized in Table 1. In the table,

the term " deheph@Bgeresic UsaEuWhEh i ] ah! & fol dglefl fo e
nucl eot i de, ang {qhgee teegm i Hsergt it%ﬂﬁomgggg%lghvﬁeﬁom%m %SrA%ﬁ]eggépfcs}ﬁ%n
adtl t i BRerganes ofurairiéedrdaploTyres.t andrtht ddeneify ofithe regdetSpedifip Poyymsrphis &8 iwdrs

used wWhg F’% [€ re than two possipble forms and the mnor allele is
not appa%é]i1 : [}Eg(?flﬁer&ngﬁ,ﬁ{lé\,ﬁoflgﬁieﬂﬁﬂ%fpnﬁ; R G/ gopepRafs, indhedies ape cabert i pl e
| engt hwitlolayiopsypboriiime 0 RSB s antiNgeSECRAsE BhitMaAl ThOGsdaRlign RERVA988.
information on the identities of the specific al Tel es” a8s6crat ed with
two clades and disease risk and age of disease onset, where the data was available, was also
explored for these two cohorts. The first cohort (AS) comprised AD cases (rn = 74) and controls
25 (n = 31) ascertained at the Arizona Alzheimer’s Disease Research Center (ADRC). The second
cohort (DS) was assembled at the Duke Bryan ADRC and comprised ApoE £3/e4 subjects only
(40 autopsy-confirmed cases with known age of disease onset and 33 controls) (Table 2).

Although DNA sequencing was successful for a subset of the DS cohort who had disease onset

from 50 to 68 years of age, association analyses were limited to a subset of patients who
30  developed AD after the age of 60.
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the variant that divide the sequences into the two groups. For exanple, T>A
indicates that the T allele segregates sequences into group "A" on the

phyl ogenavoeotwmesso\When two alleles are listed, e.g. GBrTAsA9essshs al | el e
uni quely se tese sequence d into the two groups, while when a
single all e?i;a%ﬁg Fi §h°dt i PIHQAS, h&t Bymbgr: of s pﬁ*)éd%?ﬁ%&:em%pagat pash of
t he datperceatade thi@ afefomian ﬁh@ shbive!fer SRESAS Nidin el nto
a hom)g[(g[ggus group, but instead a m xture of bot gupsai’f%gﬁea1i ?%gf]&g}iﬁ%
var i ant‘sP d9s385SANE detiiat-px agmise foncortisplo Jbn etandard ldeeamdmafronh the miehniseziban
APOE g8Rah¥RGesiEXAMPLE 3: Two distinct forms of ApoE 3 : those linked to
TOMWO hapl otypes that increase risk and decrease age of onset, and those

t hat decrease risk The association of apolipoprotein E (ApoE) genotypes,

particul arly ApoE e4 (,,{\poE 4)|, vvlth tlﬁ%aﬂAﬁé‘ 53[550 age of n%/gizgﬁ)lfalsﬁ
T Aet ot |

Al zhei ner| (S€ s tihe nost ot rrred—geneti-€—assoetaton for
any Con'pl ege&éisa §a§e§ I_goln I;vu S n'F aﬁ%ﬁ hnl’l t ahl th{pl%f AW(%’S% fglon‘rglﬁ onset
ADr ange f|ro 58fot7(§ 79% 3And |t 18- 7poptﬁ$§i1) an &7tri 813Dl ¢ 56.3k duks. o |t he
ApoE 4 allleP8 is B8t ween320%)|av8.370% (SHesle Hst i mates) suggest t hety ot/her
genetic variants and/or interactions between variants incur additional
di sease ri s%a.gﬂ nodi.fy age of onset distributions. Genone w de scan
associ ati on pgedietic e Bt SR idar Hsiuss inthay g@@mt@djuceld: ¢xpdoretory atudeliwear y

associ f Q r ot ei n

transl gg\gég%begfm{tmhgtro 6&%& Sﬁ r? dyqnglr@ﬁﬁ?%{’r’fétes ithe % gﬁ)hﬂfﬂ WPPF EAGAE,

and coddgedtoocauimed mmnmemhmbeﬁamtmugiatmh(‘gmﬁ%tpm 28 m%érfé%%a&nd

pr%m S trave eéff ‘?ﬂl&}}"%der t.0. synt hesi ze new mt ochondria. Qur objectives
a

were t&hdEREH B AEP2 RS AROFeRofiPesh Were: distriboed digivorent dhades iAnandeRBs e

cont ai b1 R o0t ARG R SR YR Bl Moo S AR & neprd ap

pat i entrsbcah«tladem ad sladeV‘B Haplot e EEk phIMA RBETRhE GisAiRkYS ©F ¢ I on
coveri n%ﬂTOVI\/HO and ApoE in 66ﬂ{oat| ents and 66 alée rmltcﬁﬂe foeh{]rg%ﬂpgﬁ)%g

r espectU¥ELy P kheapltylogractit ton seggedis shati Apih o2+ TOBBNEOUSIpENYpdéshh L dintihat
uni que distin es of different TOMMO variants are

| ocat e%\%gﬂlotnﬁrey énésﬁ%r gghgnﬁeog"r{{ i%‘l%shaRHBH’eé (dgtp nAbtshewn} hEo Aysaky the
4-tont GEBEMdtErel d¥IRY ¥ el .ther r r .decrease t he age
o 1 S e o e A B0 ko B Ko B REER 9 B
TOMVY08aP&HE dHeyakdid Il%@ep@nd@me pﬁylmgwemmhedf btreongre dereIApQEfd} thefALestore! ¥
provi dihe . edln];{v%’r%'ltl e}gl qn of two distinct forns of ApoE 3 : those |'i nked
to TOVI\%%O apl ot ypes that *ThéPRYLE! E’f(‘n%rﬁat%ﬁ"fleﬁ%fé‘n&@é 6FConwassion ghal

those (taherlacreasesy h&bmpﬁfé@%ﬁog}{@nhato' élﬁfrﬁfbsﬁv}g%n@% £8P 9139616 g9

of ons&h(ﬁ sk, dependent on age, genotypes and priovide the
opport 9)§/ )+ Bhed 8Fa 9e et hlaP1§RYP©fClA@?f@v@qﬂVLethefrmmxtheStho yeethsds (Rbsidfunt ower

rigk %arﬁﬁonﬁmé% é‘vere’%ﬁé%@h, of three identified TOWHO DI P variants

Clade A was more frequently associated with AD cases than was clade B (OR = 1.44,

3

95% CI = 0.76 - 2.70). ApoE £3/g4 heterozygotes (n = 36) were analyzed to estimate disease risk
associated with clade A haplotypes while controlling for the effect of ApoE &4. There was a
trend to higher incidence of LOAD for the subset that was homozygous for TOMMA40 clade A
25  relative to the subset that was heterozygous for clade A and clade B (OR = 1.36, 95% CI = 0.40
—4.61) and thus it was postulated that at least some of the TOMMA40 variants which define clade

A confer ApoE €4-independent risk of LOAD.
Analysis of the AS cohort sequence data identified 39 polymorphic sites in the TOMMA40
10 Kb region, of which there were 30 parsimony-informative sites (at least two different
30 nucleotides, each represented in at least two sequences). Of the 30 parsimony-informative sites,

18 had a minor allele frequency (MAF) > 0.10 and six SNPs were outside the boundary of the
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Three of the TOVMAO variants identified in this application are

del etion/insertion polynorphisnms (DIPs) located in intron 6 or intron 9.
These Dl Rsoanm/iigenti fied as rsl10524523 and rs10602329 ipoTiuseoodass3sonal
Cent er 112 | nf orpati on. dbSNP dat abase, and a previ ousl

i ot echnql
undescri eﬁ%@g%aghﬁ% OLfuTEd r?éfl‘_‘éﬁf"%@ ipy the contrEsel APy @r &ﬂ:s@rm ar b0,
et 0 9 S8 G5 B B0 e

respectively, according to NCB I s inventl

i dent i fshbjact ¢m 0f6) Mhsenfioiy ofstheg3ppydiae amiMuoanal e welflobhed TOMERic
gene, specifically of a 10 Kb fragnent of the gene, and that the D Ps are
associ atB@™i th different evol utionary groups determ ned by phyl ogenetic

is. ThsSad i i t tilit f..th | Ps f
(15 ot or m mmter AR, A1l e it BT oM AGeb pohg e C e S ase
i n t he TAMNA4E, clated A 2)d B @it }pk@di(n?] 'fdrghaggo%fsmsfé,l@lsjeaé R WelAS Bol@t. These

approximptely 8 year tine-frame. The three DI P pol ynorphi sns characteri zed
her ei n PEOMMBRIHIRE Wede desteck inshvidpadlygand ap haplomppolfer Tssoeiptian svithn HO7eD TAWVAO0

gene. iat : Yo riants, wth disease risk has

prec edgg?()al.@%z'g?ﬁ@%%}?g&aﬂa%ca)fsg?slf‘ r%;]a;rf¥a%%C%i C%aqe#f laﬁﬁleBmcF?ls tHes ﬁ?s‘?ln&’r Pedfosi s
t r ans menggesirtbatabadiadt Brutleles aguprateotivd EFAR)isg eMehel AS SIKRE WMt dich kP NY
of }'@xo%Q and t he devel opnment . of cystic fibrosis (Gonman et al., AmJ Hum
CGenet (

afsoClafipg_rpriosdy missed signiiGanges Tgj aseguss o the effectsd Aol bé onoheeddds
met hod ;4 el i.af 0 is (de i bed abave) - to identify
D1 Po 1 Rai® BHOPA A Xble SR A8l 8 AP QB i EpRta Sl pondiuet oy
di seaseclenmgtseqicdked Merahdiantfiony APOELIfAGubRRGI frdik thY FSoled 33Chdt B Wnbhs.
differgnces _in AD age of onset and AD risk, (3) the use of these SNPs
i ndi vi ai8l9 yNFE qgataere ot gigriicanthye psseeigigd neigh L ABnins this) bIGMMD datn s8poE
to di agg dj 2 redi ct erm J S har, i Sti such as
age. of 0 eedeneanag AlouRi R or M SR P2 1Ry SRl RS
seller i digtingnsh A0MMHUO chnlal B aecronasdgtd provittistyng hesPPO3® toeAons: genome-
PhylogeQ%tic analyskg reveals the distribution of rsl 0524523 and rsl 0602329
DI Ps i MG P00 sty and) were founghiodbeprategdyesof disenst sisk KAR <sHdnteaeh poky- T

| engt hehth #h@p€isleQr wifBhet ogenet | | xvi.dentified,clades i
group B, t he gr 0135 t hat aIesgeﬁcd(;rsr%§?gelgsglhPﬁ%@%éégé&gﬁ glgggs angA%eélﬁm&sW‘g%

genot y§sodilsnetedy, foelfieonsey Allaheinsar s d86psemify BAAEFoliig] BIAG VRAG dnoWels 1,
casel/c ratios .(i.e.., ~AD di sease ri Figure 5). The associ ation

bet wee‘%pgogg?’ e%‘értaﬁqué@%etp"HyPB@%%‘fe"@Pé%}} Wﬁé’?)@(l L& 4t psserigigd | withs sugeemtibalitpitto (p <
0. 2000 Lntebynsthal dhi#edrishQdsd, dld: Gdnesi1 oo RRRY ' : Lo the
genomi ¢ archjtecture, the high |inkage di seq%??%)g??%%%g%{ﬂQﬁ?gﬁ%\%&u]t%luéﬁary
rel at i BOHY aRd ariaddbe AROE frelagghgnsogAhibeiner disedsy i $apabetewGenorkioe 93 ot 1-
genes,44%rt§0(§§e}? put ati ve physical interaction between the two gene products,
t he influence of TOMMO genotype is likely to extend to other diseases that
are influenced by ApoE genotype. These di seases include, but are not

limted to, Parkinson's disease, Miultiple sclerosis, cardiovascular
di sease, dyslipidem a,
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recovery fromtraumatic brain injury, recovery frombrain ischemc events,
response to anaesthetics, and response to drugs used to treat AD and the
di seases wosvaibsne. These pol ynor phi sms coul d al so be pasas2009/083309

di scov eful for treating

di seases gnfi protein or gene
r determ ne therapies

genced pyqvar kati angg | n Jw 0n0f APeH

vari ant/s. “I'rFladdi tT on, —t he~var i-ant rmy= nf fuenee —o

based on gpegifically farggted big| har maceuticals as exenplified by

monoc! gnak et Kodi ek @nd &i BNA 1| ecud eist Thg B B [pol ynor phi sns in TOMMAO
that afe dis¢l osed herein can be ildentifjed from an individual's DNA sanpl e
usi ng many gdil & & énts ndl gcil & uc| eotg deR apaitysi s |met hodol ogi es,

i ncl uditng, bt fot™ 1T nT t8d™t 5, 8 i Ag"WPt K [t he priners denoted in
Table 4 listed bel ow. EXAMPLE 5 : r.poly-T tragts at rsl 0524523 are
significam £y cor relat@d-wrt it eardji er =§ge\l of onset|of LOAD Phyl ogenetic
anal ysils has|been used to identi fy‘,’geﬁom c relationshi ps between | ow
frequency netic variants_and _to c ustger evol utionarily rel ated hapl otypes
(Hahn et @< | Populatt on geneti ¢ phEl (Gyeneti & 8vi dence for positive

sel ection_on|regulatory nutations at tﬁe factor VIIf locus in humans.

Geneti ¢s iﬁg =8677F (2004)) ~ Thi qdol.ogy was |enpl oyed to explore the
ApoE- TOWR0<L.D bl ock for the exXi sten@e Hf riovel "rT'sk determ nants for LOAD.
In an exploratory study, 23 Kb of |L cagntai ning the TOMWHO and ApoE genes
were a Iiéfi@d and sequenced; and p g resolved hapl ot ypes were

deter d, for 72 LOAD cases and |60 age- mat ched controls (Li et al.

Candi dat e2s# ngl e- nucl eot i de pol ym rph&grﬂs froma genonmew de associ ation
studyZpf AZhdi frer di stase’ ArchSNeurdE |65, 45-535(2008)). It was possible
to c truct|a distinct phylogenetjic tree for 10 Kb, encodi ng exons 2-10,

08. 2 Two L£l-ades- (A and |B) 3
pport (98% 1000 reéplicat®e) !

& ¢ sgingyi
~ Thet €' vag

shed with strong
a significant

~

D

diffeeEpnce in the distribution of {the ApoE genotypes between the two cl ades
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cohort (DS) was assenbl ed at the Duke Bryan ADRC and conpri sed ApoE e3/e4
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confound th enetic,tree,structure devel oped for the AS cohort,
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e4d-i nd(?%egg&r%t risk of LOAD. Analysis 0
i dent i ¥ OpoSy0RsPpht candi 119602320h ealFOMIMDiguish clades A and B, but these

polymorphisms were not associated with age of disease onset. Similarly, there was no

relationship between haplotypes of clade-distinguishing SNPs and age of LOAD, or for the
single SNP, rs8106922, which had been significantly associated with AD risk in three genome-
25  wide association studies (Abraham et al. A genome-wide association study for late-onset
Alzheimer’s disease using DNA pooling. BUC Med Genomics 1, 44 (2008); Carrasquillo et al.
Genetic variation in PCDH11X is associated with susceptibility to late-onset Alzheimer’s
disease. Nat Genet 41, 192-198 (2009); Takei et al. Genetic association study on in and around
the ApoE in late-onset Alzheimer disease in Japanese. Genomics 93, 441-448 (2009)) (data not

30  shown).
We conclude that longer poly-T tracts at rs10524523 are significantly correlated with
earlier age of onset of LOAD. The length of this variant is relatively homogeneous, and

relatively long, on ApoE €4 chromosomes, whereas there are two categories of poly-T lengths

linked to ApoE €3. ApoE €2 chromosomes also appear to carry variable-length poly-T repeats
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by institutional review boards and appropriate informed consent was obtained from all
participants. Age and gender data for the cases and controls in each cohort are shown in Table 2.
For the Duke cohort, the age of disease onset was determined retrospectively and disease
25 diagnosis was confirmed by autopsy.
Samples were plated on 96 well plates for long-range PCR and DNA sequencing at
Polymorphic DNA Technologies (Alameda, CA).

Long-range PCR was performed using Takara LA Taq Polymerase (Takara Mirus Bio).
The reaction mix and PCR conditions were the same as those recommended by the manufacturer.
30 PCR was conducted in a 50 pL volume with 2.5 U of LA Taq and 200-400 ng human genomic
DNA. Thermocycling was carried out with the following conditions: 94°C, 1 min for 1 cycle;
94°C, 30 sec; 57°C, 30 sec; 68°C, 9 min for 14 cycles; 94°C, 30 sec; 57°C, 30 sec; 68°C, 9 min

+15 sec/cycle for 16 cycles; 72°C, 10 min for 1 cycle. Primers for long-range PCR are shown in
Table 4.
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alleles (>= 27 T residues) were significantly associated with onset of
di sease at a much younger age (70.5 years +/- 1.2 versus 77.6 years +/-
2.1, P =WoQ810/n95584) (Fig. 5). This pol ynorphi sm ther etorusomiogssrsi cantly

i npacted a ' onset f i ndi vi dual s o.carr n.ApoE e3 allele.
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onset Meuggist atiyabariation for any of the samples. The sequencing report for each sample was
25  analyzed for the presence of SNPs that were correlated in one haplotype pattern for one subset of
clones and in a different haplotype pattern for the remaining clones. A reference file for the
region of interest was prepared by listing the known variations for that region publicly available
from NCBI dbSNP. A genotype file for the region of interest was created by searching each
subject’s haplotype report for all variations between the known reference sequence and the

30  consensus haplotype sequences.

The magnitude of the length-reading error for the poly-T variants (e.g., rs10524523) was
estimated by examining the observed lengths from the 10 clones that were prepared for samples
that had a single haplotype. For a typical sample with short poly-T length of 16, the standard

deviation for the 10 clones was 0.97. For a typical sample with longer poly-T length, e.g., 27, the

35  standard deviation was 1.58.
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METHODS The two cohorts analyzed in this study were fromthe Arizona
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| i s0ed disTisuthagidpfopvtion dbiC AvBSark N§ref O eghdoor
| ong-r ;ge PCR of EQZO@ ¥ gure 2) P%:I% prf% E%gﬁﬁg%lgﬁ%ﬁ%a&%&@% }S{a{%oggedogel

vi sual ff @atsyt%ft%nune Sitittﬁltlétl stipeort o spexiféditreeomsiphelogyandar ds, cut out of
the gel, an (@ A urificatiaon terials included w the TOPO
XL PCR O on?{ngmkﬁ% '?fiei r‘g%rgn 0tk u?tgqtrg{]gmbéﬁ ElIEFt?t‘i ’é’gc b Mt 0 a
TOPO X[I“C]SKZRer;si(mnl Py (@Eﬁteﬁr et aThr@ssa/actrﬁpmasl%gamTA @stlﬁﬁtétgen‘éegfeh@ﬂogeﬁ NI
reconmgndleﬂ 8 |n€25 6)3 of up to 10 kb. Per the manufacturer™s

i nstruct? 1637-8ct480kb i somparec el BhS(lnge@ﬁﬁl‘t tﬁ@e%awladog)ameep%tlmattafhslfsmgned
by 1% he d (o) i ncubat ed

DY 18 e SMAGIG puhall 0 gh{RaBRARERGE 6 Rl OR Sy P LBHRR) ek TE2

Di | ut etvithugaps ﬁestevlmsentssiagsiharﬁoeuﬂlet ﬁrsa inbedii@at uhd ng abﬁiftlﬁ ehaﬂahtaf fovahe @aédndOf
the Te LIPh D(IglAae%#JenCJng% Iate Arrpllflcatlon kit

Heal t hERFOFARPLRURICBIBESItG ik 42 Tegign of EJ‘UF’F%IrWESaG%lé%lateHeUSP@ &288P dvergioasni d
DNA bub.00@ (Ragid®y dial. BINEP vou b sHfRSreWBF E'ongﬁ‘@ﬁé?tglivl ﬁﬁ’llyﬁg’of W[Qﬁa%%ﬁysm

transferred to fresh 5I ates contai ni ng enzyme a
corrponé?ft‘sBlOfW‘ﬁrgmﬂr?&@ r1é5§ll\t@s(20(i’ﬂ)l)bat ed at 30C for 18 hours to pronote

nmpdificati f d te at es. oduct s re then spun and
heat ed to 6%@ fcoéf?m roy 5 P&x@w“ ﬁF%?é %ﬂei‘tag p&t‘é"éw&g% @n, SapPIeHiopygA
sequenthenglal}e&be @0sledtiden@iveRey Bh othBYi8giod &S infites?; theSRIMENEIRD thd higfAaR! | ed
Bi osysterpqu%l For each reaction, an appropriate sequencing pri ner Tab e 4)

was usBEhOHS (Vejm someaied riad feeonsilada0 ar epnsensnb dice. Goouptsi afnseghenidee shaniny at e.

Cycl e recent disease mutation were presumed to segregate more closely on the phylogenetic tree,

however, sporadic cases due to phenocopies, dominance and epistasis can introduce noise into

25  the phenotype-haplotype relationship (Tachmazidou et al. Genetic association mapping via
evolution-based clustering of haplotypes. PLoS Genet 3, el111 (2007)).

However, sporadic cases due to phenocopies, dominance and epistasis can introduce
noise into the phenotype-haplotype relationship. This phylogenetic analysis focused on a high-
level aggregation of clades in order to minimize these effects. The clades determined at the first

30  split in the phylogenetic tree were used to test the hypothesis that TOMM40 subject-haplotypes
from clade ‘B’ were associated with onset of AD at a later age than subject-haplotypes from
clade ‘A’, (each subject contributed two haplotypes to the AD age of onset association signal).
The number of tests of association that are performed using this approach was orders of
magnitude less than in typical genome-wide association studies since the phylogenetic analysis

35  identified categories of evolutionarily-related subject-haplotypes. If the tests of association
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sequencing was carried out with an annealing tenperature of 50C, an
el ongation tenperature of 60C, and a denaturation tenperature of 96C, for a
total of 80 20pelies0 Sequencing reaction products were reoTas2@o/08d8r3 3730XL

DNA t andar d de. A
oot SURTGRL AR MO RPN B Sl Pl ke

Cel er a)st&chahaMymgwai Qe BEARIRE LHRO/aFiBRE Shalt @eﬁaﬁﬁe@ﬁﬂ%@@ﬁén@&selﬁﬂ@éa%ﬁ%ﬁﬁl@

se quenigcf produce ! contéeg associ ated with each e system
provi des eeY MP@OP“&D’&’I%%%FS dhesignidicange| of sagtesarfapt aS/\mfmnortthanaﬂucmcamyge

vari at igpnyfs@r e e eport fo ea e was
anal yze)d for ?ﬂggpa?g%%%cgﬁgﬁpgﬁé BE ﬁrg\%g}r{letec%r g‘él S(Fg)é Efﬁfé é‘f)‘quFt

pat ber rphfﬂ@gemg saublssﬁs ofere| comducadd isthga sﬁh%é ehﬁméotmp'&HYHﬁseE’@éﬂ/@élalJnor

t he rerra nin A reference file for the region of interest was

pr epar 88 YRPT ‘?P? etsﬁ’elsﬂ%\'iﬁ%ts\félaﬁwiaéiﬁ%“ﬁﬁradﬂu’ﬁéﬁd widlyh Bonfutsini coyectivnifrabl e
from NGB nudhks3NBs &y&%fkﬂﬁé’ﬁﬁ‘esflﬁdﬁdeﬁ?ﬁ thterb%?lr ?9' on of interest was created by

sear chi ng each subj ect' s hapl otype repor or all variations between the
known ref er éliplotypsquepnte feomi thér Potomarphis umahapl eifypee SBAURPERS -frolDnaSP

magni t ing.err or_the poly-T variants (e.g

r s?OSﬁ%@%%%ae&@E %&%&E’@WB%M; WgSJPtYée %&fgwééoq @mlﬁberfsrv((snmawélsrd
cl ddes DNat erphisapataed BOinfSIRi: h n

typi cal sarr%(}&ghvdp{hhﬁghgrt plglyn)]/c-T |eﬁ§2t%1 %51@%2@9}92})895%21?&{ eglosa T ﬁ&%t

the 10S@lgiakanghees. Wy anglyzedaingiyiduah TOMMED SNR viridnon FOMMIOyhapldtemgtand
t Phyl |
conauci o™ gl A PLs A A Tl it 6P B B W Tk Besuad

usi ng biwet @rube mS/\a)h(omeDsﬂf@renc%sQn IJQ:) p@b&ﬁbﬁ@bﬂ@e@ﬁlcdﬁ)wlm Bﬁél &6Lidted
Manual atglj ustggaé Flet he alignments was conpl eted usi ng Genedoc (version

2. 7. 008 Ot ARYS ZAO e TS tcompaisd uasllgrlﬂsl&a)%martpstr(&xm-mﬂeﬂ)
I|K§||§@Rﬂ1§a@rﬂhdﬂ»(§ ARFORARERLASONRT YR 60 0.09 O HR e dEkrsusn for the

construction software us sCPérF%%’n
( nei ghtigmifioanue ar@e&lﬁd&lleh/(ﬁissmciiﬁhcﬁl Wodl@reqid M valda¥e9. d()\ieb?lhf)?at%s %ﬂﬁé

Tr ee- bi sectl onl r(‘ld reconnecti on branch swapping were used in a
The be¥frr CRlFvlatdngydhe o@“@ﬁbéﬁcéll'eq}‘olamlﬁ&mnm%eﬁsmmhm@ﬁ méiangalidies in

Model t g ed es iyates for, the follown
oy det auoRN ORI AR: OfRAHE ckes ML ERA RO Sol AT oF Ranfhish ickhacpord” "

pr oporWltbﬁ5%fC0mf1da‘rqeamrBrvsl Misans Bﬂoieﬁhécapoamﬁégé&jf%nm%rcﬂﬁfsfv&hrrﬁﬁﬁnﬁa%@9 1000
support for specific tree nDrphoIogy

r atisti cal
Hapl ot %‘%%ﬁwgﬁaﬁ%ié %}dg d;}’ d5°t OB SEUPURTI@BcSs Menpe Harmeshigedesasmare whetbémbe ¢ he
rogr ast e CMelgieMsdu u rogramt
gstlgmate ng gengal ggl%% ( ﬁnsﬁhn&gmﬁk%%%‘% (%6%58@1)5 a(%ys@so grcgrqpﬁeéed
phy| ogisH l\épﬁ@fé\e@el(@fﬁpeao@ﬁ&mtmse@my NICusing statistical parsinmony. The

phyl ogenet i 0 rks were const ructed twice, with gaps
treated as Ariﬁctsegssﬁ(ﬁgcg(ﬁ;eg '815 %Wﬁ@&ﬁr% {oghseePt uter aritochpndrial negratirara 44 f or

t he sdwaordog, 10452; ApoE, apolipoprotein E, 348
25

The foregoing is illustrative of the present invention, and is not to be construed as

limiting thereof. The invention is defined by the following claims, with equivalents of the claims

to be included therein.
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i nstance. Nucl eotide diversity in the region of interest was cal cul ated
usi ng DnaSP (version 5.00.02 (Librado et al. DnaSP v5: a software for
conpr ehensowvelcanadsysi s of DNA pol ynor phi sm data. Bi oi nf ecwatscew/02873 1451- 2

(2009) )ﬁHAf‘f\;V?I'I | j f the phyl ogenetic trees, the hapl otype

net wor WTUM *anal ysis of nucleotide diversity in the
region of interest, the results fromthe different nethods were conpared
and reconciled to a consensus tree. G oups of sequences sharing a recent

di sease nut dti on wBethodfesigspifying serpetigaaanidiag icasseantyd avith development of
phyl ogenghditioh bEfierBQVEY:ErisinaPOr adi ¢ cases due to phenocopi es, dom nance
and epistasis can introduce foi se into the phenotype-hapl otype rel ationship

(Tachmazi dode)etletaiminten &bine bidsgicil adainplesnegainigy DAl 2UBE UucRBtiBa$86Lences
clusteri ng f haﬁ%@t pgs. _g}_bo% Cenet 3, elll (2007)). However, sporadic
cases GHEHPYpha H%io dndigigil fymean sbipcispitst gesietic demysiof tinsenst evhrasin ssaidnt o
the phenatoaPenda® PoiPe) ' ShibicONg iy I §.0 i lysi s, focused on
a hi ghl {g@el aggr egat | oﬁl) of j?::lla(idcrlelz&itér%l (‘)N-rf@'e?let ?A@ﬁggéﬁ'feﬁ%ggng (?lécstu@.ec’%he
cl ades udeffestad wighi thgtcondhigion pf Biteresp] it in the phyl ogenetic tree were used to

test the hypothesis.that T 0 subj.ect-hapl otypes fromclade 'B were,
associ at ed Wt%r%’ﬁ@&g IBP“‘R% ?ﬂu?oFéh‘ngﬁ‘&efn@ﬁ’é% (g B TREY SRRHICorapats a4t saith
cl ade ‘ghietic(&as ropiPi@&dtide Jeh&d}o%%r@é’@in@@ﬂl ﬂﬁrﬁﬁﬁ%fi‘sﬁtﬁ%?ﬁ AD age of onset

associ ation signal). The nunber of tests of assocratio at are perforned
usi ng this &PpRawEls §Ed senadierwriohts fagnittudea lpbglogeresin ties dfysaidalbjects, said

genomes; i at | i since .the phyl ogenetic. analysis identified
Oot agor Pt SARaAEbALAR Bl HEWBR, S AR et s e RO Bt R S oo
associ at i on¢f)rdxamivedg tieagenthie validnterepisetbAde braabmssihfshROréd8nd determining
subj ect - ha Ioé%gf data by a%e of onset, further statistical analysis was

done t BieiTaidh et #ectadeand amatiegted subinctsste jdgnsifie thosthehasgepibaiclead o ehapgerhratibade.

Ef f ect hvgrdbredtibiufa @A YShicRSSREgEd the significance of each variant as a
o

factor that influences ag f onsét using a series of one-degree of freedom

t est s gui defk) bentiigng raegenstic uatiant evhefchehephyd ogaffetted t@nahiy&es YWj&ts is at

conduct e i single nucleotide and i nsertion/deletion pol ynorphi sns. The
a7 b 3P

stati st THYES A SAIAGRY SR uSt @0 Pt h a Bonferroni correction
for the nun@ﬁthel@f)%ﬂﬁhb{f?)d gé'ﬁeﬁc %hr}iﬁﬁ_abs’&%ﬁak&qqgitﬂ ﬂletdgg?lg%gkytsdf%aidmgxtgé%?

reports fromthe Pol ynorphic analysis software an rts fro

sof t wal¥er¢sfer si on 5. 00. 02 (Librado et al. DnaSP v5: a software for
conprehensi ve anal ysis of DNA pol ynor phi sm data. Bioinformatics 25, 1451-2
(2009))) were used for subsequent statistical anal yses. W anal yzed

i ndi vi dual TOVVADheSNRtheardf andim, 1, AR ah%bng%ﬁy%n&ﬂ%m E(f)l RRkish
repeatﬁs%for assqciation with LOAD risk for the AS cohort and OX\D ge of

onset paigl gandidon:ghigierest.Di f f er ences in the proportions of specific TOMVAO
all el es associated with each ApoE allele or ApoE genotype were conpared
using Fisher's exact test (two-tailed). Starting with 30

par si mony- i hf or niltd wetisidt ef caig B oF daifi52, ¥hBe &id RRbwE Yol BREHARN @ ab he
si gni f‘j\é:ﬁnce of. %Ss %%i fic allelic association would require a P val ue of
0. 001. *RULOPFAgR al@ )

4, The method of any of claims 1-3, wherein the genetic locus of interest is in

linkage disequilibrium with the known polymorphism.

5. The method of any of claims 1-4, wherein the genetic locus of interest is on the

same chromosome and less than 10, 20, 30, 40, or 50 kilobases away from the known

polymorphism.

6. The method of any of claims 1-5, wherein said genetic locus is TOMMA40.
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were cal cul ated as the (nunber of mnor alleles in cases/nunber of m nor
alleles in controls)/ (nunber of major alleles in cases/nunber of ngjor

al | el es iwoorwoiaeiss) and reported with 95% confi dence i mcerusados/okdsans f or
defi ned LOAD age of e rou were conpared by t tests, two-tailed. A
standard F ? est c}?ll eg"?erc}ﬁ%& 9@1?’1%‘2%&‘%8’ Fop sl wgdiiepat inigeeshsastnsiatethe t
test wasilciabeudediorde@ssedinlidcBSHRal @ystufegayal variances. Statistica

anal ysis was conpl eted using JMP software (version 8, SAS Institute, Cary,
NC). Accession Codes: GenBank: TOMWMAO0, translocase of outer mtochondri al
menbr ane 40 ghonohgg, 2, 1.apol | poprotein E . 348.The foregoing is

il lustrative of gﬁg B%gggn?nfﬁveﬁngg,t'hdwggmﬁoﬁmgoc%gh%ﬁhéﬁrHggegs% a

li m ti mguiotegeaofativd Hseasaye pictabolit disdak] @@ﬂdwa:idﬁfarfd@eh@%@&Jiﬁiimiso\‘\ﬂéfr h
equi val ents of the clains to be included therein. THAT WA IS CLAIMED 1 S:
1. A mef KB For identifying a genetic variant that is associated with

devel opnent of a condition of interest, conprising: (a) determning from

bi ol ogi cal sanpl es contai ning DNA the nucl eoti de sequences carried by a
plurality of.indiThe deghochofreny sfiblamet $-7atvharegedtet conditamust Rierédtiece®hary
mhereignaakp subj ects include both (i) subjects affected with the condition
of interegtugﬁﬁL(LD subjects unaffected with the condition of interest; (b)
perform ng multiple sequence alignnent analysis to identify genetic
variants at said genetic | ocus from nucl eoti de sequences observed in said
plurality ofl0s ubifg@tnsﬁ‘,thqdc?f aeppf Alginssil &, gereedin chev aoriditidrs of Mmteemsiks rdigietdd
phylogﬁgﬂhhgt%%q? of said subjects, said tree conprising branches that
identify vari<dnt ‘changes between said subjects on the sane cistron; (d)
exam ning the genetic variants represented as branches in said tree and
determ ni ng {he ratio of affected and unaffected subjects to identify those
changes t hatll eadht grethodipd agraf elaimopl-gs whekacthe donditiomaf feoteds Berljrson’s;
and thgRedsg) identifying a genetic variant where the ratio of affected to
unaffected subjects is at |east 5% different fromone or nore adjacent
variants on said tree to thereby identify a genetic variant associated with
t he developﬂgnt @@ sajd caonditjon of interest. 2. The method of claim1,
wherein al | “Subj ec@e@aiﬂPg any ehelaimenydnvirseinrier iditian ofrinssdstiscbiabiéimesn of
i nt er egiteasad. The nethod of claim1 or claim?2, wherein the known

pol ynorphismis an Apolipoprotein E allele. 4. The nethod of any of clains
1-3, wherein the genetic locus of interest is in |inkage disequilibrium

with the kn I r phi.s L .
PN PR MIRLR Ve (ﬁgtermmlng increased risk for development of the condition of
interest, comprising:
(a) determining from a biological sample containing DNA a genetic variant identified by
the method of any of claims 1-12 carried by an individual subject; and then

(b) determining that said subject is at increased risk for development of the condition of

interest when said genetic variant is present.

14. A method of determining increased risk for development of Alzheimer’s disease
in a subject, comprising:

(a) detecting from a biological sample containing DNA taken from said subject the
presence or absence of a genetic variant of the TOMMA40 gene associated with increased or
decreased risk of Alzheimer’s disease, wherein said variant is a deletion/insertion polymorphism

in intron 6 or intron 9 of the TOMMA40 gene; and

(b) determining said subject is at increased or decreased risk of Alzheimer’s disease when

said genetic variant is present or absent.
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5. The method of any of clainms 1-4, wherein the genetic |ocus of interest’
is on the sanme chronosone and | ess than 10, 20, 30, 40, or 50 kil obases
away fromvoheigknaessn pol ynorphism 6. The nethod of any etTalsame®sbBss,

wher ei n sai d:genet.c is. T 0.7. The.nethod of any of cl]ainms 1-6,
wherei n sai gsbonglfhteincl)‘l‘ht&g#lgf Fn day Tirbegcampiisngdeiggiing Wwhithe saishsubyect is an

decr easgrh Ba/EDClERyRA) E2E4 AY3HESIEI/EQor FA/ES fdidvet hod any of claims 1-7,
wherein said condition of interest is a neurodegenerative di sease, a
nmet abol i ¢ di sease, a cardi ovascul ar di sease, a psychiatric disorder, or

cancer. 9. The mtboskpRiq gp =Y -7..Wherein the condition. of.
interest is coronary artery&a@ség’s@hﬁb&%éﬂ%@ C&lngfwelgﬁvréﬁldcﬁ"gieﬁkml@n?,
wher ei poHs3/EdndE8 Edrsubject. nt erest is di abetes nellitus, type Il. 11. The
met hod of any of clains 1-7, wherein the condition of interest is

Par ki nson' s di sease. 12. The nethod of any of clains 1-7, wherein the

condi tion ofi7i nt ghesdeticy dNaaP6E g?fn%ile‘ghﬁﬁglﬁlfﬁfg%’%}g%iépgﬁgeh&d of deternining

increased risk for devel opnent C eredt? conpri si ng:
(a) determ fi)rgnfinisieriag bh ehtghleldimsdsdisease cioties fgeng tONA ulfedteihni CirdtdikaNt

i denti f}ed. t he t hod, of . an f clainms 1-12 carried by an_individual
subj ec%f;fg%h %{‘}%’é“r%t ‘%’TES“ w4 %ﬂbﬂﬁchfgrﬂg“‘f‘ﬂ&tedé%m aldpgrpesed risk ohAlzhsimernsdiseass. sk
for devel opment of the condition of interest when said genetic variant is
present. 14. A nethod of determ ning increased risk for devel opnent of

Al zhei ner' s 1&i sedBe mathes efuelpioetl7, wbenoin siidgdm{mterdies stepiingafiedmud in said
bi ol ogi . [Mall taken fr.om sai d subject .the presence or
absenas e SPRAEE A8 B Bla SPY i ki tPyBine ancianei wak o B Prerch@aded
or decnlwasedofl s&k gofietid vhRALMRY compirs€as , subfRef Bl Whikdl Gid %Eﬁ@i@tvérﬁn@is not
del etion/insertion polynorphismin intron 6 or intron 9 of the TOWAO gene;
and ( by e 8F #SAMng sai d subject is at increased or decreased risk of

Al zhei ner' s di sease when said genetic variant is present or absent.15. The
met hod of claim 14, further conprising detecting whether said subject is an
Apo E2/ E2, E2/E3ThEmkbod dENES, 178/ Bdim 08, whA&EA Sibhable. aghft is Hefcmatigg of
cl ai mé4, r(])‘ urt he.rt.conipri silalg)ll.det ecting whether said subject is an Apo E3/E3
or E3/ E4 B CEPISURSOT 496H rRRURGYE TR iahwpitars, NIV Argeceptor gntagapiskse perowisping si ng
t he st@plidfator-activated receptor agonists or modulators, antibodies, fusion proteins, therapeutic

RNA molecules, and combinations thereof.

20.  The method of claim 17 or claim 18, wherein said active agent is rosiglitazone or

a pharmaceutically acceptable salt thereof.

21. The method of any of claims 14-20, wherein said genetic variant of the TOMM40
is a poly-T insertion variant at genomic location 50,094,889 of NCBI Build 36.3.

22.  Inamethod of treating a subject for Alzheimer’s disease by administering an anti-
Alzheimer’s disease active agent to said subject in a treatment-effective amount; the
improvement comprising:

administering said active agent to said subject at an earlier age when said subject carries a
genetic variant of the TOMM40 gene associated with increased risk of Alzheimer’s disease as
compared to a corresponding subject who does not carry said genetic variant,

wherein said genetic variant of the TOMMA40 is a deletion/insertion polymorphism (DIP)
in intron 6 or intron 9 of the TOMMA40 gene.
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(c) admnistering an anti-Al zheiner's di sease active agent to said subject
in a treatnent effective anmount when said subject is determned to be at
i ncr easedwoizsto/adssél zhei mer' s di sease. 18. The net hod ofcehmbembhFzz7aherein

sai d adm ni skeri i Led.out in said bject at. an earlier. age
when said s? i ec?gllegtﬁﬁg?de&m&%%%b?’ofugg'era?OI?R{tsfrégaieg%JtVlﬁs"kheﬁvrtsﬁ POESh B or
absenc ApfEZBR, EYEREL/E4MEB/ERTH3/BS, 3 BIRT a@bidc® @ subj ect in which said
genetic variant is not present or absent. 1&. The nethod of claim 17 or
claim 18, wherein said active agent is selected fromthe group consisting
of acetyl chohi ne ¢ i hiibi tor a oni st s, r oxi some
proIiferator-act?%ggggﬁ¥gggg?g¥Qgggﬁyggéngggﬁgﬁﬁ?%$@%ggwgﬁ¥F%@&%@?PKPJ?ion
pr ot ei APo EHE? apBHEASUBNA. nol ecul es, and comnbi nations thereof. 20. The

met hod of claim 17 or claim 18, wherein said active agent is rosiglitazone
or a pharmaceutically acceptable salt thereof. 21. The nethod of any of
clai ms 14- 205. whagheinfetiai o o9 i X ' | -
insertion variant at genoniQ?nggg?%%z%%?ggﬁ%g %ﬂé%gk%%%ngﬁﬁ?58§g¥§;lEﬁ. In
a met h8WUaf cansisiRg 9 agelylbpbinastekase inhibiteisndNMPAdisepioe dnyagadigisnipstogisong an

anti - hei ner ' ' active agent said.subject.in a . .

Fr eat nbt i PEERRGRICRISoP ShoniSs A8 uleR " euiBH I Rigiomamisins bpmprptisai d
act i veRhgenildcoles,aind cotibjraéibnathe@pf.ear | i er age when sai d subject carries a
genetic variant of the TOMHAO gene associated with increased risk of

Al zhei ner' s di sease as conpared to a correspondi ng subj ect who does not

id ti j | ' ti iant of the. TOMHO i
el ot i ond i o i ohe KRR anOEUERS2HE RIS g MG Ch e Biniehe ovenmmo

gene. 2pharfhecutieslhyoatcetaldle aalmh2of.f urt her conpri si ng det ecti ng whet her said
subject is an Apo E2/E2, E2/E3, E2/E4, E3/E3, E3/E4, or E4/E4 subject. 24.
The nmethod of claim 23, further conprising detecting whether said subject

is an Apo E3f.E3 Phe E3(hbé of Uy spélain%idz-gdggvrgéﬁlggagg gg%e%gyva%m%f%iéggp%fmﬁé’

wherein said active agent is selecte onsi stin

acet yl &9611$ pEanant sdectedhiivii thogopp Mvbisting ofpt 105245237 golike 2329, ped DXPEONMe
proliferator-activated receptor agonists or nodul ators, antibodies, fusion
proteins, therapeutic RNA nol ecul es, and conbi nations thereof. 26. The

net hod of az§ of Tid ahéthod 20f24ny W¥e lc@iils S8 96 aGHeYEn AUEH DIS Oﬁ{; gin'sérﬁ%x?ne
or a pharmaceutically acceptab¥e salt thereof. 27. The nethoa of any 0

cl ai msPOYMPEPhiRer ei n sai d genetic variant of the TOWAO gene is a variant
selected fromthe group consisting of: rsl 0524523, rsl 0602329, and D P3.
28. The nethod of any of clains 22-26, wherein said DIP is an insertion

29. The method of any of claims 22-26, wherein said DIP is a poly-T

deletion/insertion polymorphism.

30. The method of any of claims 22-26, wherein said genetic variant of the TOMMA40
gene is 1s10524523.

31. The method of claim any of claims 22-26, wherein said DIP is a poly-T

deletion/insertion polymorphism having a poly-T of at least a 27 contiguous base pairs.

32. The method of any of claims 22-26, wherein said DIP is a poly-T

deletion/insertion polymorphism having a poly-T of at least a 27 contiguous base pairs at
1s10524523.
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pol ynor phism 29. The nethod of any of clains 22-26, wherein said DIPis a
poly-T del etion/insertion pol ynorphism 30. The nethod of any of clains
22- 26, whwoebm/@sssd genetic variant of the TOMMAO gene PeTNSR@SA4HB28. 31.

The met hod of;, clajm of .cl ai 22-26, wherein said DIP.is a poly-T
del etion/i n?é’rt i gAn ‘%%%%F ;S’P?ia&‘ﬁﬁqlzaf% Ageondifionyotringirests whgredn saidogondginn glious
base pantegst 82assddigted®ithoAplE aa8)r AOMMIOTBor22 pdfont W GEEL %é&%f}jsﬂi Fr)nétlZoffi

poly-T del etion/insertion polynorphismhaving a poly-T of at [east a
cont i g8 HAEe pairs at rs!0524523.33. A nmethod of treatment for a

condi tion ofj ] i [ ndition .of i.nterest.is associated
conditi on Ol Ausihe MBS AELAREN L Lot @l ML SE lnd RBE SEuAS S
conpr i shngf claahs detReranmiai hygart dividies Silsiectad BRGS0 Geadbti@ pBENE LT Sail Phliait
identifi&ﬂlby.tha nethod_gf any of clains 1-12 carried by an individual
subj ectf Biegeth &4 PLOTHe feineicpieventspid patient beimedespansivnto amsaetive hgent, i f sai d
by admi i st o nan iR RBAE G R BRL FEPRRFMER SRl FibltTo WA
ef f ect sud candition of interestat sai d condition of interest. 34. The nethod of
claim 33, wherein said active agent is selected fromthe group consisting
of acetyl cholinesterase inhibitors, NVDA receptor antagonists, peroxisone

proliferatopsact iTyatedhsE6LBloh BIHALS s34 LBLATS, i gosh fysion
proteins, therapeutic RNA nnleculgs,eandsco |ﬂ§€ dﬁ§§fﬁ%?%ggﬁgggﬁeﬁﬁgp
met hod CosItng; Of 33cctylcholuicplerat dimdtiiove N)MDA | =cepsi gAriti@nine @eroXisome

phar mageyi ly.acceptahbl e sal.t therepf. 36. The. nethod of any of clajins
33- 35, B%téérrg?’k %%‘?‘Eﬁdg%ﬁ%@% BAPTRAE ‘%?do“{‘fﬁ%fswéi%@glqss USIQR, PFOSGIRS, dherapsuigo | s
at a gBhNA moldcokatindrombilGBhs Beichbel 36. 3 sel ected fromthe group consisting

of : 50, 092, 565, 50,092,587, 50,093,506, 50,093,609, 50,094, 317, 50, 094, 558,
50, 094, 716, 50, 094, 733, 50, 094, 889, 50, 095, 252, 50, 095, 506, 50, 095, 698,

50. 095. 764. 150 0 0..096: 53 096. 647 50.096.697. 50. 096 812.
50. 096 902,320, oggf’ g’ééf,flo‘goo,fgg@f@?@’ g’g?rﬁﬁ’a,sé‘?s?“gﬁda%@}0@9?% itazgne "o, a

met hodplsfrmaenntiodll cdcaieprebld 3alBthereofier ei n sai d genetic variant of the TOMWAO
gene is a deletion/insertion polynorphism (DI P). 38. The nethod of claim
37, wherein said DIP is an insertion polynorphism 39. The nmethod of claim

37, wher ei n3gai dTRY Reitidd 3f BY ¥t daitlR! BLALWHASSEHE QPR PREPH RMroMMA40
is a variant of TOMMA40 is at a genetic location of NCBI Build 36.3 selected from the group
consisting of: 50,092,565, 50,092,587, 50,093,506, 50,093,609, 50,094,317, 50,094,558,
50,094,716, 50,094,733, 50,094,889, 50,095,252, 50,095,506, 50,095,698, 50,095,764,
50,096,271, 50,096,531, 50,096,647, 50,096,697, 50,096,812, 50,096,902, 50,097,361,
50,098,378, 50,098,513, and 50,099,628.

37. The method of any of claims 33-36, wherein said genetic variant of the TOMM40

gene is a deletion/insertion polymorphism (DIP).
38. The method of claim 37, wherein said DIP is an insertion polymorphism.

39.  The method of claim 37, wherein said DIP is a poly-T deletion/insertion
polymorphism.

40.  The method of any of claims 37-39, wherein said DIP is 1s10524523, rs10602329
or DIP3.

57



40. The nethod of any of clains 37-39, wherein said DIP is rsl 0524523,
rsl 62329 or DI P3.41. The nethod of any of clains 37-39, wherein said DIP
is rsl Cb2b2810/42550A et hod of treatnment for Al zhei ner' caivse@®®533n3 a

subj ect conpri si A bi ol.oqi. sanp| tai ni ng DNA
t aken from said ?glbj eég%ocfﬁta%grozgghce%ea %eéﬂggalgﬁhg lﬁgsﬂgg%‘%%gari ant of the
TOMMAO0 gene associated with responsiveness to an active agent; and, if said

genetic varlant i S p a@g (b) administering said active agent to said
subj ect in &°tredt freaimeffon Abthstmerss diseasg ingniubical edraprising's di sease.

43. The net hpddQkcifl 42, ng.whet her
subject is gﬂ ApoCtEfa fégﬂn %Zbll(ijflgélrcééz @%&#%ﬁ%% Eﬂ?tialgu%lﬁggg the44
The nePrseEndsfor @bsanae 4Pq géneticlveriar orird E@N@/{@tegﬁetasgtgnmmﬁ rre@@hgi\,@n\ébg ®ct

is an E3/E3 o ect. 45. The nethod of any of clains 42-44,
wher ei ﬁﬂg%vﬁ RERY %AE fﬂgqngllg}éalr@él{ BP'$¥Bm t he group consi sting of

acetyl chol | WsidefifiSRrihg BAiB AtV Sage NMBAXIRGSH f}kplrn aﬁggﬂ'e?feé 1veggxg8ﬁ<ﬂt§8 réat.

proli ferat or-activated receptor agom sts o ators, res, fusio
pr ot ei pid ﬁlﬁ@mﬁe‘ij@lﬁ@asﬁl\m nol ecul es, and conbi nati ons ther eof . 46. The
met hod of any of clains 42-44, wherein said active agent is rosiglitazone
or a pharmaceutically accept abI e salt thereof. 47. The nethod of any of

clai ms 42- 463. wheheinfettsal of @&RLA2, GuMAdr @Ripridfngtdae cHEMR RS RS
genetlxge%%a}%%on of NCBI Build 36. g ser | ect éd nlgr omct he grg%pgggnsgpgtgﬁltrslgﬁ

50, 092 L3423, £g7E4, £3/kio B340 or E@/Fdgebiso®. 50 094, 317, 50, 094, 558,
50, 094, 716, 50, 094, 733, 50, 094, 889, 50, 095, 252. 50, 095, 506, 50, 095, 698,
50, 095, 764, 50, 096, 271, 50, 096, 531, 50, 096, 647, 50, 096, 697, 50, 096, 812,

50, 096, 902, 440, owneﬁﬁmmdaﬁcmaﬁlaﬂsunﬁﬁcﬁﬂ@nﬁmgcmaﬁdn§aﬁﬁaﬁr§ﬁ§su&%aIIQE
met hod of of 0#2 42 47, wherein said genetic variant of the TOMMO

gene i 6P% $44 on poI ynor phi sm (DI P) 49. The met hod of any of

cl ai nB 48, vvherel n said DIP is rsl 0524523, rsl 0602329 or DI P3.50. The
net hod of claim48 or claim49, wherein said DIP is an insertion
pol yrmr phi sfa. 51Thermethadohouy of claii 42448 whieretd sdidnadBie Apbelieiselesad Gol Bei S

ol /1ns rt| 52, _The nethod of any of claim48
(F;r ZI a rggl!) é:toh%/)\ﬁg}mrgel b d(s‘ h(%mg tlegas$ é{llag] §2§Mlg§ re%ohggtag@mép,, peroxisome
anti - Aferh&lr?ﬂBIf ac&vd!eﬂ&@&@t(ﬁczlgo‘{l%tsagﬁ RlodhiRford hﬁltlBB@igérﬁEfoﬂrbrgfen?s We%&%ﬁ? nt

for carrying out a nethod of any of clains
RNA molecules, and combinations thereof.

46. The method of any of claims 42-44, wherein said active agent is rosiglitazone or a

pharmaceutically acceptable salt thereof,

47.  The method of any of claims 42-46, wherein said genetic variant of the TOMM40
gene is at the genetic location of NCBI Build 36.3 selected from the group consisting of:
50,092,565, 50,092,587, 50,093,506, 50,093,609, 50,094,317, 50,094,558, 50,094,716,
50,094,733, 50,094,889, 50,095,252, 50,095,506, 50,095,698, 50,095,764, 50,096,271,
50,096,531, 50,096,647, 50,096,697, 50,096,812, 50,096,902, 50,097,361, 50,098,378,
50,098,513, and 50,099,628.

48. The method of any of claims 42-47, wherein said genetic variant of the TOMM40

gene is a deletion/insertion polymorphism (DIP)

49, The method of any of claims 48, wherein said DIP is 1s10524523, rs10602329 or
DIP3.
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54. The use of an anti-Alzheinmer's disease active agent for carrying out a
nmet hod of any of clains 17-52. 55. A nethod of determ ning a prognosis or

t he ri sk worothemedsopi ng Al zhei ner' s di sease in a pati enPCTaspoioH533g3
obtaining a patient profile, wherein said obtaining a patient profile
conprises: detecting the presence or absence of at |east one ApoE 2, ApoE
3, or ApoE 40al | dhe inathadbobloiincdB sargli@ ab, saietkipaddi€nbIP a§0adeiReidnng
the presence or absence of at |east one TOMMAO del etion/insertion
ponnnHﬁﬁ?EWPFﬁPb) located in intron 6 or intron 9 of the TOW40 gene, and
then converting said patient profile into said prognosis, wherein the
presence of said ApoE 2, ApoE 3 or ApoE 4 allele and the presence of said
at | east onelTOVVhO npHRIESIcaAm MG shimdéntvhécmsaREDIP RableMtdeRsiod/imattioant
at risﬁx&ﬁﬁo%ﬁ¥e|0ping Al zhei ner' s di sease. 56. The nmethod of claim55,

wher ei A drOrP i s rsl 0524523, rsl 0602329 or DI P3. 57. The nethod of claim
55, wherein said DIP is an insertion polynorphism 58. The nethod of claim
55, wherein _said DIP is a poly-T deletion/insertion polynorphism 59. The
net hod of cP&i m Bhe mewdeif any af ¢aibl #8 psclaist 4% 246230 641d DiRds g 05@1$26f any of
clainms 55-59, further conprising detecting whether said subject is an Apo
E2/ E2, E2/E3, E2/E4, E3/E3, E3/E4, or E4/E4 subject. 61. A nethod for
stratifying5a subhease iofitd antbAbgEkEY Olisdase!dchi€ Abedtr fR! (h@prépdrfInapY of OF
t he treaénent of Al zheiner's disease, said nethod conprising: detecting the
pr esenP8UIGAMENdBheAEYHE Qit aragiied ofpnymisRims 1AJ8E 3, or ApoE 4 allele in a
bi ol ogi cal sanple of said patient, detecting the presence or absence of at

| east one TOMMAO del etion/insertion polynorphism (DIP) |located in intron 6
or intron 956f tTHe TE\WAD gendlzhainttrstdishid yting agaitdoseddiesd oht MBS
subgro%p Hpi.saﬁggalinical trial of said therapy based upon the presence or
absenc® Yot ‘4" 144 east one ApoE 2, ApoE 3, or ApoE 4 allele and/or TOW4O
DIP allele. 62. The nethod of claim®61l, wherein said DIP is an insertion
pol ynmor phism 63. The method of claim®61l, wherein said DIP is poly-T

del eti on/ i n¥er t sfoneibodl yofotehingring 64proghesistet hiedrisk fot dbveloffidg AWBigierssai d
DIPis 524523. 1rs|l 0602329 or. DI P3. 65. The net hod of claim 61, wherein
oni d DECISS 1ok GRS 39 MRS E g o G Gt WP gl RGHImEL pRGin
conpr i piafife dahwidek:ng whet her said subject is an Apo E2/E2, E2/E3, E2/E4,

E3/ E3, E3/E4, or EA4/E4 subject.
detecting the presence or absence of at least one ApoE 2, ApoE 3, or ApoE 4 allele in a

biological sample of said patient, and

detecting the presence or absence of at least one TOMM40 deletion/insertion
polymorphism (DIP) located in intron 6 or intron 9 of the TOMM40 gene, and then

converting said patient profile into said prognosis, wherein the presence of said ApoE 2,
ApoE 3 or ApoE 4 allele and the presence of said at least one TOMM40 DIP polymorphism

identifies said patient as a patient at risk for developing Alzheimer’s disease.
56. The method of claim 55, wherein said DIP is 1s10524523, rs10602329 or DIP3.
57. The method of claim 55, wherein said DIP is an insertion polymorphism.

58.  The method of claim 55, wherein said DIP is a poly-T deletion/insertion

polymorphism.

59. The method of claim 55, wherein said DIP is rs10524523.
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67. A nethod for identifying a patient in a clinical trial of a treatnent
for Al zheinmer's disease conprising: a) identifying a patient diagnosed with
Al zhei nerwe 2dicgasse; and b) determ ning a prognosis for peaicd2@ainssns

di agnosed wighh Al i : i . rdsisng, obt ai ni n i en rofi]e,
wherei n sai b|'oat i%lgterh %?{%? ?)F ghig’?}%?%‘%g;% i'%g?élél[%?eeétcloﬁjd)r]tsﬂ% ‘gﬁl‘gczfé’ﬁc‘@ﬁ%ﬁeraﬁﬂgence
of at Iselystt ipmeAppdR/IR, BAME B2/E4Q Hd/KR, EAIE o2E4/H4&uBjctn a bi ol ogi cal sanpl e
of said patient, ii) detecting the presence or absence of at |east one
TOVWAO del etion/insertion polynorphism (DIP) |ocated in intron 6 or intron
9 of the TO¥WHO kA dry iSO V. [ ' of ile into, said
prognosi s, sai d p?!ggfr%(t)hsoia gg f %ﬂ(rze}tplf}élﬁ 31 %B elrcggllt(%:? S%Iggq%‘%ﬁ %%{3 Hglrc ld]t tﬁléﬂ B%a? it%errft{p Yis a
candi d&@reth¢ beatggndofcAlizhéivat’s diseae, faod methiod comesitingnt of Al zhei mer' s

di sease. 68. et‘le'he t hod of clag)i m 67, V\/%er ein said DIP is an insertion

pol ynor phi s HFCEEE PRPTREVE Bpencr & af 595t QR HRIEZ.APLE P ¢ ABOK diajlete in a

del et Clﬂéliogfs:@lrstai-rgi[b makgmﬁ@m sm 70. The nethod of claim®67, wherein said
DIP is rsl 0524523, rsl 0602329 or DIP3. 71. The nethod of claim 67, wherein
sai d DI P i sdglsrtgmp 4B 3presence Tie abetrisodobfatamsasiofonel ZAMMBH- Akletibnfitsesion

conpri s ti r. said subje i E2/ E2, E2/ E3, E2/ E4,

E3/ E3, %@MEB%@ @?%%&@?}e}gﬁ?n g?.r “ﬂ}q{ﬁ Otjftg? %@Mﬁgﬁﬂigﬁ%@nﬁf a subject is

at i ncr easedratifgigohiddenjetiapiongid sibgroRp $6itsatd AMEialBlal 5 ﬁi@ﬁ%p EQ%Q&H& / ng:
oE 4, and/or

(A) at |east one reagent that specifically detects ApoE 3,

ApoE 2 hefierearsosaisencedd gaidrat leasiseriechpai2 f Apeh 8he Apduh alelsindfor AQNMA40
anti boghyjegdipat sel ectively bind ApoE isofornms, and oligonucleotide probes
that selectively bind to DNA encodi ng ApoE alleles; (B) at |east one
reagent that specifically detects the presence or absence of at |east one
TOVMAO del et ion/ | Eserti ﬁn poll%/rrgr phi sm (DI P% located in intron 6 or intron
9 of the TORAMO 3 hethod @f eteym ol swherein; saidsDos ap dnsertionfiohgnemnhismy he subj ect
is at increased risk of developing | ate onset Al zheinmer's disease by (i)
detecting the presence or absence of an ApoE 3, ApoE4, and/or ApoE 2

i soformin 8&id Thbjmethod ofh chaind 64t wieasit ik DEagenpoly{T ideldi@bdtdertsignt he
presen%gl g{orgﬁ)lgr%nce of at |east one TOMMAO del etion/insertion pol ynorphi sm
(DI P) Pocated iR intron 6 or intron 9 of the TOWAO gene; and (iii)
observing whether or not the subject is at increased risk of devel oping

| ate onset Al zheimer's di sease by observing if the presence of ApoE 3, ApoE
4. and/ or A%E oThgymethgd gf claims 61, wherein said DIP is 110524523, rs10602329 or DIP3.

65. The method of claim 61, wherein said DIP is rs10524523.

66. The method of any of claims 61-65, further comprising detecting whether said
subject is an Apo E2/E2, E2/E3, E2/E4, E3/E3, E3/E4, or E4/E4 subject.

67. A method for identifying a patient in a clinical trial of a treatment for Alzheimer’s
disease comprising:
a) identifying a patient diagnosed with Alzheimer’s disease; and
b) determining a prognosis for said patient diagnosed with Alzheimer’s disease
comprising obtaining a patient profile, wherein said patient profile comprises
i) detecting the presence or absence of at least one ApoE 3, ApoE 4, and/or ApoE
2 allele in a biological sample of said patient,
i) detecting the presence or absence of at least one TOMM40 deletion/insertion
polymorphism (DIP) located in intron 6 or intron 9 of the TOMM40 gene, and

iii) converting the patient profile into said prognosis,
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TOMVMO DIP is or is not detected with said at | east one reagent, wherein
the presence of ApoE 3, ApoE 4 and/or ApoE 2 isoformand said TOMMO DI P
i ndi cat esweand/@pdspect is at increased risk of devel opi rgThEBL@IDREBES

Al zhei ner''s dj 74 The kit of. claim73 wherein said at Least o)
reagent and ‘i oRRaf i & bloclgh MR R & by RERe Aephe

kit of wlabions#id teatnedndbfMATheindiBrddeasesai d DI P is an insertion pol ymorphi sm
76. The kit of claim73 or claim74, wherein said DIPis a poly-T
del etion/insertion polynorphism 77. The kit of claim73 or claim 74,

wher ei n sai ¢gDl Pfits kSh 3, -DIP3. 78 The kit of claim73
or claim?74, wherein sa(?gg%? §1|6s7r ?J&Q%@g%@%y‘fﬁ 7" lg‘%eén?(l} polglinogm}sr%f cl ai ns
73-78, wherein said determ ning step further conprises detecting whether

sai d subject_iis o E2/E2, E2/E3, E2/E4, E3/E3, E3/EA4, or E4/E4 subject.
80. Akit f&r detalné’Fﬁ?q‘?i“Wé/ iO% clawgn pp b hesein esaplo dRIPy ds t Roly e detasion/ipssrticn
condi t i gyly@brphiRher €st, wherein said condition of interest is associated

W th ApoEyan [or TOMMAO, with an active agent, said kit conprising: (A at
| east one reagent that specifically detects ApoE 3, ApoE 4, and/or ApoE 2,
wherei n said,reagent is | ected fromthe up consisting of antibodies
that sel ect ?\Q'ely FH&F“}%%EG&‘BT rW@?fGM%ﬁhﬁ@ﬁﬁﬂ&%&%& pURES QriAP3.
selectively bind to DNA encodi ng ApoE alleles; (B) at |east one reagent
that specifically detects the presence or absence of at |east one TOMHO
del etion/indérti g‘.he psthador shiimh7¢ Bhepin oebPBYisirsl058452% 6 or intron 9 of
the TOWA0 gene; and (C) instructions for determning that the subject is
responsive to treatnment for said condition of interest with said active

agent of in02resThbyndthyd dEb@EbE BRIMHNE7IMESANLE cOMmpARRE et chg 3RS
ApoE4, abnd/ or @goE 2 isoformin said sub}ﬁgct with said at |east one

r eagentUO¢qt s anyape ELibtg Eeis, fRddeRéE3oE3/Ads a4 Edtubiect east one TOMMAO
del etion/insertion pol ynorphism (DIP) |ocated in intron 6 or intron 9 of
the TOVWA0 gene; and (iii) determ ning whether or not the subject is
responsi ve 73 trdakitrdot diayrnabsgrifiangubidct ihet piceasnicasiobf Apafo@ing Ane brdet
and/ or QE 2,isoformand.said TOWMAO DIP is or is not detected wth said
at | eaSt GHE T SSHFERT COWHEY ' n t he presence of ApoE 3, ApoE 4 and/or ApoE

2and said TGN el r@é&eﬁﬁih%ﬁsﬂebﬁ%alﬁaﬁae&t%ﬁ% ?, }é?%l? %isﬁgﬂ(ﬁjﬁoé S @ﬁérga at

treatnment wth said active agent. 81.” The rern sail
| east BHE rpagapleit selerteds &ioth ithes prouptdoosisting ef patbaiiesdthian selestivegy ®ironpakEner .

82. Thg ki f aj 0. .ar clai 1 rein sald DIP {.s an insertion
ool ymggﬁ!rltél?ﬁoand%lhgbmc?eou(ae probes ma?se’lecmeely%md to%lgA encoAmg poE alleles;
(B) at least one reagent that specifically detects the presence or absence of at least one
TOMMA40 deletion/insertion polymorphism (DIP) located in intron 6 or intron 9 of the TOMM40

gene; and

(C) instructions for determining that the subject is at increased risk of developing late

onset Alzheimer’s disease by

(i) detecting the presence or absence of an ApoE 3, ApoE4, and/or ApoE 2 isoform in
said subject with said at least one reagent;

(ii) detecting the presence or absence of at least one TOMM40 deletion/insertion
polymorphism (DIP) located in intron 6 or intron 9 of the TOMM40 gene; and

(iii) observing whether or not the subject is at increased risk of developing late onset
Alzheimer’s disease by observing if the presence of ApoE 3, ApoE 4, and/or ApoE 2 and said
TOMMA40 DIP is or is not detected with said at least one reagent, wherein the presence of ApoE
3, ApoE 4 and/or ApoE 2 isoform and said TOMM40 DIP indicates said subject is at increased

risk of developing late onset Alzheimer’s disease.
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83. The kit of claimB80 or claim81, wherein said DIP is a poly-T
del etion/insertion polynorphism 84. The kit of claim80 or claim381,
wher ei n swDcoldld®esss rsl 0524523, rsl 0602329 or DI P3. 85. pClasskim/osd37E! ai m 80

[ wh in.sajd DI R.i sl 0524523. 86. The kit of_ any of clains
80- §|5:m Thor dan" e eRLf 73y VPR F%?@hzﬁ‘@sfc%%eflg% sgdrsaick insEuGtioas fae

sai d syphilegtd ifa éingléRentadeE2, E2/ E3, E2/ E4, E3/E3, E3/E4, or E4/E4 subject.
75. The kit of claim 73 or claim 74, wherein said DIP is an insertion polymorphism.

76.  The kit of claim 73 or claim 74, wherein said DIP is a poly-T deletion/insertion

polymorphism.

77. The kit of claim 73 or claim 74, wherein said DIP is 110524523, rs10602329 or
DIP3.

78. The kit of claim 73 or claim 74, wherein said DIP is rs10524523.

79.  The kit of any of claims 73-78, wherein said determining step further comprises

detecting whether said subject is an Apo E2/E2, E2/E3, E2/E4, E3/E3, E3/E4, or E4/E4 subject.

80. A kit for determining if a subject is responsive to treatment for a condition of
interest, wherein said condition of interest is associated with ApoE and/or TOMM40, with an
active agent, said kit comprising:

(A) at least one reagent that specifically detects ApoE 3, ApoE 4, and/or ApoE 2, wherein
said reagent is selected from the group consisting of antibodies that selectively bind ApoE
isoforms, and oligonucleotide probes that selectively bind to DNA encoding ApoE alleles;

(B) at least one reagent that specifically detects the presence or absence of at least one
TOMMA4Q deletion/insertion polymorphism (DIP) located in intron 6 or intron 9 of the TOMM40
gene; and

(C) instructions for determining that the subject is responsive to treatment for said
condition of interest with said active agent of interest by

(i) detecting the presence or absence of an ApoE 3, ApoE4, and/or ApoE 2 isoform in
said subject with said at least one reagent;

(ii) detecting the presence or absence of at least one TOMM40 deletion/insertion
polymorphism (DIP) located in intron 6 or intron 9 of the TOMM40 gene; and

(iii) determining whether or not the subject is responsive to treatment by observing if the
presence of ApoE 3, ApoE 4, and/or ApoE 2 isoform and said TOMM40 DIP is or is not
detected with said at least one reagent, wherein the presence of ApoE 3, ApoE 4 and/or ApoE 2
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and said TOMMA40 DIP indicates that said subject is responsive to said treatment with said active

agent.

81. The kit of claim 80, wherein said at least one reagent and said instructions are

packaged in a single container.

82. The kit of claim 80 or claim 81, wherein said DIP is an insertion polymorphism.

83. The kit of claim 80 or claim 81, wherein said DIP is a poly-T deletion/insertion

polymorphism.

84. The kit of claim 80 or claim 81, wherein said DIP is rs10524523, rs10602329 or
DIP3.

85. The kit of claim 80 or claim 81, wherein said DIP is rs10524523.

86. The kit of any of claims 80-85, wherein said determining step further comprises

detecting whether said subject is an Apo E2/E2, E2/E3, E2/E4, E3/E3, E3/E4, or E4/E4 subject.
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