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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 ApoFE 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, B4 alleles only account for roughly 50% of hereditary Alzheimer’s disease.
25 One explanation is that ApolZ 4 is merely serving as a surrogate marker for something in linkage
disequilibrium nearby. Aliernatively, considering the recent discovery of a mechanistic rofe for
ApoE 4 in milochondrial toxicity, the negative effects of ApoE 4 may be abrogated or
exacerbated by another gene product encoded nearby (Chang ef al., 2005).
As ApoL 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
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Further provided is a nethod of treatnment for a condition of interest,
wherein the condition of interest is associated with ApoE and/or TOVWAO,
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25 pharmaceutically acceptable salt thereof.

In some embodiments, the genctic variant of the TOMM40 gene is a deletion/msertion
polymorphism (DIP). In some embadiments, 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 TOMMA40 is a vasiant listed in Tabie i
as set forth below. In some embodiments, the DIP is 1510524523, 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 ApoL and/or TOMMA40, for a patient in need thereof, the

35 method including the steps: () determining the presence or absence of a genetic variant
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I n sone enbodi nents, the genetic variant of the TOMA0 gene is a vari ant
listed in Table 1 as set forth below. In sonme enbodi nents, the DIP is
rs10524523, rs10602329 or DI P3. 35In sone enbodinents, the DIP is
rs10524523. Further provided is the use of an anti-Al zheiner's

di sease ag tive ent for the preparation of a medicanent for carrying out a
net hod of! ?‘f“é'é‘é ﬁgth pdhodA! pRapinet 142 dirsehbea lmdlaciu@lmmucleowbmdnate h@enctic

par agr aphsosietor iRr Jahlebd - Al zhei mer' s
di sease I<';1!ct| ve ageﬁnt iﬁoﬁl\a?g?f\ fstgegplg)g%{’ g%r%r!ééaﬁm ?gﬂ)‘r%’eeéii Helﬂ% r?sg?”sﬂlei?‘léilrrer s
di sease. ‘Sﬂvmﬁi‘ﬂbﬂ)}o‘fﬁmdﬁﬂéwmtgﬂ #rgvargnogribsiubjdon arqatimptfeatve hinsknfor
devel opi ngaAhZ ReIARE of ifi;ggase is provided, including obtaining a patient
profile, wherein the obtalning a patient profl | e includes: detecting the

pr eser?ce or absepwe embodimdnsashe enwe Ak & kabecd from kO @b C Bdns S e of

t he pati resence qr abse at | east on OM\VKA0
del e!to i on/ea |e ér%?é’?‘?@%%&%%q@“&@?’p%mﬂ‘f’ﬁffﬁ?mf BUgoBH'S; ﬁﬁgﬁt‘lg‘ﬂﬂ‘“%ob‘f“oihﬂ"é‘?'érﬁc 8 of

t he TM1%emglu ib_mdaltdh@dl,on@mngﬁeutit cigssdOt eib@adsi aRfonOkink AnéMbQit RRA

pr ognosi resence, t he ApoE allele and t he presence of the

at | east %6091%8%5\%/36&5%&0“? P&?Pﬁoﬁl e eH@H inyepigsthe AUIVR 4R4né Hitrowglilazopapt ent  at

ri sk for pewetapcaily abt haelermlt insredf. Sease. In sone enbodi nents, the
u?-’

D P i anlnsFrtlon In some enbodi ments, the DIP is ponT

del etllﬁon/ i nser't 1°61F P 0)‘7 H@rﬁe’(“*émd"’“d%@if Hiee FOB Mithzends a geletion/msmti®D, or

20 and 15mnmm IT DIP). I ﬂmﬁ%ﬂ%&t’&b | HEpN | S¢4
rs10602329  or, lb F X ) oo eer;bodl mentgHé ?ﬁe&%nﬁk%%gll@sﬁé@f@%g ﬁ émd

embodi merifdo d'ﬂ‘r@“’n’é’? rP?JH i B‘Plt’ﬂe‘fﬁl‘i{‘ﬁﬁflﬂlﬁﬁé@n delywetphisg: W}Btwcwrﬁedmﬂuﬁ]ﬂecﬁ i's

an ADGNdEH, B2 20 RY $ebp Joby-EdnseR3hE3, E3/ E4, E4/E4 subject. In sore
enbodi nents, the subject is an 20 Apo E3/E3 or E3/E4 subject. Al so

provided is aI“nﬁé?t”ﬁdd“LF’Hi"ﬂe@t‘r g gewir?gvfaldslutkf @etTOMMd0as subginoug DHMAI40
cl i nisal lidigd @l Tle £ ad Eb@ﬁf&}m’bui(% th Bind LSRR s, A ﬁi;{%‘?{@?ﬁz@g ?(ﬁﬂzfggpt he

met hod |nclud|ng detecting the presence or absence
al l el e i % IAPB; 1§ienge empodiments. élwlPtlhelwaﬁnt, and det ecting the presence or

absence of atAlL@?OI i@ a %9098!@4%&1&'}/ IR@% alg nmé{x\gsm (oL8)

| ocated in 25int t 6 or Intron P lf’ﬁéd'%ibj ect
i s stratfef deectingtleom h@ltéqugi mnrpplef cntditieg OINA ke frbii 8é sfieck e T[;r@@f,@pa{ based

upon the en t least .0 oE and/or TOMMAO DI P

o Tel e RS ErE BBl AR P o TN een S oSl 1B e pryDrB e smictive. some

enbo%ﬂ n@gﬁ:ry, antdn & the genetlc[)lrd?mnsis pakant, b (ﬂﬁlﬁﬁi%ﬂeﬂij[g e |thmra@Qﬁlslm}(ce?ugjwt ipgt ween
i nsertion) I'n sone

5 and 1 or 20 and 50 30poly
enbodi rrg%? ts][nen %QECEYW’F%‘;“ %’163%'2%%%@21“%&@6@%99 or DI P3. I n some
enmbodi nent s, it kembl E?nbrﬁiuﬁé‘rﬂ@%é&% Biccl BarBONTR; QEQQPQ)'nEreR[Bo?: 4 gﬁelg‘;?rt&%gmfﬁglr Ezer

i ncl udes gﬁlmc 1 vl\ﬂ) eth er t he sut%j ect is an E2/ E /
E3/ E3, E3] EJLTY g‘h 4TIt &R 3P0 FAESowE3 didiselicetent s, t he subject is an 35 Apo
E3/ E3 or E3/ BA s6mbj @odiments, 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 TOMMA40 gene is a variant listed in

Table 1 as set forth below. In some embodiments, the DIP is rs10524523, 110602329 or DIP3.

35 Insome embodiments, the DIP is 1510524523,
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Further provided is a nmethod for identifying a patient in a clinical trial
of a treatnent for Al zheiner's disease including: a) identifying a patient
di agnosed with Al zhei ner's di sease; and b) determining a prognosis for the
pati ent diagnosed with Al zheiner's di sease conprising obtaining a patient
profile, wherin the tient profile conprises i) detecti n% t he presence or
5 absence of “”Ih%‘a&”f WS R R HI2n anleAlgheimens diseigh ealve saemp @thﬁlﬁl‘t’mgﬂion

patient, ofi § md@itecdnt ng c&:'?ﬁn%ﬁ@seﬁxﬂ%ocpf)f RADSRAE ?orolilzﬁetlm!ne@&gcagpgn JEMRQ.
deletlonllnsertlon ism(DIP) located in introit nt ron of

t he TOMLY! ‘gé‘ﬁepd%ﬂ) 1? W)w%ﬁbwt r‘\HQ RArpiadagals j lentisepetodi drgi-AlrbeinteHe disease
Pr ognosi Sactivé 1Pl REARSIS duU&JnUﬂb@@ft?eaﬂ?}c%gfopwlz%gm{%% ‘A’g&%?.er the patient is a

candidate for the clinical trial for the treatnen zhei ner's di sease.
101 n sbne enbdHrEwe £f detsaniping & progaesis ferer pitent ptomgknim Iuhiresarpmg AlSOiR s

enbodi mentigeast Hg)rgulj%di §1c199i|n%' g 61%% tﬂfgaa Illnglﬁ [ t\»\!h?{{l 910 % L Png a Ilawggld—%%me

bet ween 5 and
embodi menis§ludeshdetgyting jthe m@mm&mamncemﬂoﬁmw%mﬁ DIR3in a WolsPRE sample of

enbodi mengs ., P, 2 oLn. sq he net

further incl uges ‘J@htd(‘ai%?’t§ LIH{ l%1\/\,1?%”"’ mgo ése'é%ﬁb(} agts"“ﬁmgﬁlﬁfﬁe?ﬁm“/ﬁﬁrﬂg“

E2/ E4, E3P(EBBOIEB&!E4DHE4¢J(E¢dsmh]uenté or lixiros Ongg ll&ﬂthﬂﬂMﬂﬂEeﬁe «ﬁ}h@heﬁ"lu@in@%mgs an
et er mi ni ng a subject is at

E3
ﬁﬁgr E%léseolﬂ’9 "“EE% 5%1 E‘v‘% 0% i HGeRoske™ Q‘r\%‘&%’%fﬁaﬁﬁr%r‘h%f\mlsé'é?éf’eaiidsthbf)@wnel@d

i ncl udi ngof t(wA)u atmtlmawmme{) MER@eryinofihain sReEE abdiéndRt £65ifnfRO S50, APOE
4, 20 or the reagent is selected fromthe group consisting

of anti boli p’f] é‘gz\ﬁ\g‘é]?eéégfg?/aéfy bi nd ApoE 3, ApoE 4, or ApoE 2, and
ol i gonucl eotl ﬁ&oﬁfe@ﬁ&ﬁvdmats senge id MahserRin e NG ancodl: @ﬁbgcﬁ]ﬁ:eﬁgqﬁe (13)

at | east e reage t specifically detect's the presence or absence of
at | east ‘g‘% R@M‘ﬂ@iﬂa FF’HH? poisePhisH (peh 9%@% h 0B ) 101a0¢ 80,61 20 and

i ntrast &ogolntpon 9 of the TOMMMO gene; and (C) instructions for
determ ning that the subject is at 25 increased risk of developing late
onset Al zhei ni¥r Samel @rbpganays, he ) Dfetieosl01g4Re rph0682i78e oorDEBsanceoned  an

ApoE i sofeafbdtiinftntsN@e DUb|s8ClsMsbh the at | east one reagent; (ii) detecting
t he presence or absence of at |east one TOMWHO del etion/insertion

pol ynor phi smeDemy andedimedtsi theimathwnfuBharinglndes @B!t{actﬁlg()\fahtithlﬂ ﬂT@M&t geqne; and
(iii) obggg¥yb f t { | ase ri sk o

devel opi ng I a/?jg %égggtw A Agr}]:gﬁ%é?ﬁ/iﬁdﬁ ‘gg‘%gug)jﬁgw!b Cl’r?gu?ef” H'é'f”bli’fé‘géh% of
ApoE20 30Ape B8 er BalE4tshigecTormmio DIP is or is not det ected with the at |east

one reagent, e S f. the oE.isoformand the TOMAO DI P
i ndi cat gs t he su%ﬁg@fa ?Ls IgtFlaﬁQ *g@};ﬂﬂm IS IR Y SRR [t Bicaigak of a

Al zhei nmethergpylfos ds;siemtment of Alzh@n&rﬁﬁfﬁse@ﬁﬁ?ﬂﬂhﬁ@[ﬂd%dﬁ&iﬁg Abtebt8RShe PR&nLEGIENT
and the j

t ns, are single container. In sone
ebodi meiraict dh BR BleaRAE RATF S brbiodicAl S o visomend senes s, the
DIP is gm:wpnéﬁ atebathicony ameaer@neommmy}rmrcmvﬁ;&@rﬁ&] ﬂ)lympﬁ‘vh 15) 1%9% dl,%
10a%d gg%pltgﬁ 2) I n sone enb 0|rre IPls
rs10 2455@""&8&’668& 24! MO eppe, é‘”@ﬁ‘@“’&éﬁﬁé’tﬁch’ér&tfélifl%fthOMtPsubgloup for
r s10524588 cliditel SQMefaRd adipehsd JpBg e N f Lo ineludes
detecting wh é@ﬁ“ the, subj ggt i's l{art)n Apo 151%2{,;1%261‘“&5?& ICZﬁlﬁg/ Eh%aséf/] f‘pOEBI E4,
or E4/ Eéf'g ? 44 Rlst: enbodi ments, the subject is an Apo E3/E3 or E3/E4

ts;,l tejja'??r;[s - Af ggﬁ g:?oﬁg%‘éllxgﬁ@ IRMBeL &Y IO &gpdlﬁm(‘}pﬁﬁgj fi! 'som!c,scmrb%ap 1?@?1&' he to

DIP is poly-T insertion polymmphlsm (e.g., between 5 and 100, or 10 and 80, or 20 and 50
30 poly-T insertion).

In some embodiments, the DIP is 110524523, rs10602329 or DIP3. In some
embodiments, the DIP is rs10524523.

In some embodiments, the method further includes detecting whether the subject is an
Apo B2/E2, E2/E3, E2/E4, BE3/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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10 interest, wherein the condition of interest is associated with ApoE
and/or TOMMO, with an active agent, the kit including: (A at |east one
reagent that specifically detects ApoE 3, ApoE 4, or ApoE 2, wherein the
reagent is selected fromthe gr oup consi sting of antibodies that

sel ectively bi 0 ApoE 2, and ol igonucl eotide probes that
sel ectively blpnuﬂihéo"ﬂ\&déhéﬁmlm’d i?‘H@“’%’éﬁé& A pE)engin 4 (glaév‘tli wipleofretagement fdvat

speci fi caIAImcdmﬁemﬁashh&lMﬁl%SQHGﬁn AP RRSENGSsAlvidtalL Y O”{g
del et on/}g gzrtl an poI phi sm Dl?%l)]g %‘cat ed‘&l n%l ntlr opf {:)rr &gea;ro‘m

t he Tonmmd HE @ ‘( “‘P’Hsil”i? &‘E?t paisat f‘@gﬂqﬂ@i atifH Alzhgmetatdischee suljrsog | s

responS| Vebtdiing eatisR rof10r whdi&n GRNPL S/ the actiyve agent
i nt @{S l_\t})%/ Oﬁe{ﬂl de'?ierctl nW thg rggghggmﬂfb b g?f%esg eEtmgAilllJle 8o min
t

t he s o hsiapng Agey dH@ié ip @gljelopical( $ampk3deit det panigntt big dereeigne or

absence @hcel @3BLenN VMK A i.sm (DI P)
| ocat ed |0¢1re| ntroit 6 o?f a;[nt ro(%bg%h?Méiﬁ% #p@@ﬁ%nmnﬁ "?Y“é(ﬁah‘%{'fq? )?lt}dg‘faé‘i%rﬁ’m ng
whet her P9 Uhigtre ) @Cc!thel@Mé@iﬁmsc,v&dt ) tcomtm*@nﬂlc Iyntial @6Nie Ngtol fhet he

presence gbolie AP § d S or is not tected with
the at Ielg one r% gglé]?l? e dﬁ’ E”te ighg rgggﬁ%i 4‘ © RAGEL 35 ér?ﬁ“‘?ﬁ ¢ foveo DI P
i ndi cat esChf"r‘félttfi@lHel th@bj:cémtntloémzés:pmﬁsdta&s& o the treatnent with the active

agentyp 251 n sgnE, .at | east one rea ent and the instructions
are pack 8ed in gﬁg%ﬁ ﬁ% Hﬁ’%’h he; r” ) RSLGPEPOLIM B R P SOME Embpglipiepis, e

i nsertion HbllsVﬂlwr’lpdnlfsmu/mnrtmpelyantmdmr(elgt Setwkhies addl R’O' & 1Y, or 20 and
del etion/ O%Ftr}on pol ynor phism (e.g., between 5 and 100, or 10 and 80, or

20 and 50 bp Ppol'y-T). 30ln sone enbodi nents, the DIP is r510524523
rs10602329 or IDisBle émbsianentenedbent snsmmsﬁl Rsi®obsb0324883. N &8

enbodi ment t he det [ p further includes detecting whether the
subj ect |s‘ﬁjé’ﬁ"’}£ﬂ)8 %2?’%%1‘5 ‘E&%%%[Z%EZI E4, E3/E3, E3/E4, or E4/E4 subject. In

some lérTbOdl mentt Symet diehoS NGRS thel SetRt ﬁl?l@etﬁ%élgéaes ctcgg’lé nh%l’l’%{atﬁg tSUb_]LCl L ihe d in

wil | 10 t all of the foregoing

any way gﬁ’ﬂ%{%ﬁ: gg@n&/%rf SFrh E340r BBt ﬁl@})}(ﬁlﬁdn ethrermipidjreats tlaamdbjaepemts of
the presanb E3PseN AN s@heciexpl ained in greater detail in the draw ngs
provi ded herew t h and in the specification set forth bel ow. 5Bri ef

Descri ption of kifer dofeampiningdt a subject isfj goessed risholwsveogen bicadnséd Awkdiasts T or

n o genort o | anaar mfRURERY P BRERESL B8 80k R Kol fon of

in a enet|clocuso Inte
i nt er@st O ApeBrdi wereio tb@rfeageznbmdscrmmﬂsfmm the grou5| @ﬁl&l@tll?g shawsbali@r @ph of

t he mean f e ase ction of 10t he

nhert taraatyd) bRBsHhral AR EEEES, ShETEEE B b Beer g AdoEs as a
risk 1(‘1 acPhA tuspding Zzheisaee' @) dit d@ass end 1AZ3) that gpec;iﬂdgyr(ﬁ[e%tbsth]@}liﬁesaﬁgl ans A,
B, an exenpl ary genetic loci of interest.

The TOWA C‘i"ga"’gr%ggﬁng%?%%%@% @fﬂ?tmn ve{"é?“tl’ﬁbf'ﬂ%g]é“g&‘é’) Aasdied e s Gor40 kD
protei n idireedt ddthtoT(DMMcmug(ﬁe madt OhRElclisns 98 RlcANRing @MVHQ u'B}dé‘[r %0315 Wi th
ApoE, i &EJ‘ A }% r atl on of mtochondrial prot e| n i

present ﬁypo%é%elsql S §V$(ﬁ’é’fg reonsPlobBheimens digeysa by Giuldaﬁebmwwamﬁawqcam(s)
exacer batbesict lné ah nepeagetbrt: i is knd @iﬁbljz_c@t Z«hﬁnﬂ@rai Fead ARG ATSAT' R e@ﬁngwlft h the

dose- dependent esence of the
presence or d sence of at Jeast one TOMMA40 deletxon/mse: tion polymorphism (DIP) located in

mtron 6 or intron 9 of the TOMMA40 gene: and (iji) observing whether or not the subject is at
increased risk of developing late onset Alzheimer’s disease by observing if the presence of ApoF
30 isoform and the TOMMA40 DIP is or is not detecied with the ai least one reagent, wherein the
presence of the Apok isoform and the TOMM40 DIP indicates the subject is at increased risk of
developing late onsel Alzheimer’s disease.
In some embodiments, the at least one reagent and the instructions are packaged in a
single container.



Figure 4 shows, in schematic form an evolutionary map of Region B as
denoted in Figure 3 created according to sone enbodi nents detail ed herein.
Each horizontal oval represents 20 an observed sequence variant (e.g., a
nucl eoti de change) and the size of the oval represents its frequency. Each
variant is ca tdi n the tree, and the connection of one node to
anot her node 6&/S%’“b‘r‘ﬁ?t’éHn‘r“ésptbéslelﬁt‘%d‘at‘i“‘db%fel?‘t}}é[t’@iﬁhm@f Int 9eeteyubodarcnsnths i n
ci s carri & byoBnT taeionishdalonSURLR hism (e. s

di agram o% the hyl ogeneti c t?)etg b?se (or'%’ gegcg%g%ﬁfgﬁs%rh@t@gﬂﬁ% i
Tommo, % the percentages of ApoE phenotypes in two major groupings,
or clades, of Iﬂi hemEo smp&tivald, afes hj n 9 Fi.9 6.is a
scher‘r%tl c overvi ew of the TOMMAO E;I)ﬁ s 5“2%{52%?%32 13(1106%)232) 1 BlilIeaot I”sﬁ%W ng
hapl oty peBYBER 5 g RS 5HS243%; ect to primary sequencing in the

exploratory (1Zdine(cddollit) % 0.Kb Build
36.3). The LD plot i's sh (S:\I/lm%mtg1 gagghap%atgg%m g’ C&% %%Vél Lsf]eb h‘é’(gf%B"scbl id
spi ne hapt 8t yype HVh B2, iFRR4, 613/E3; E3(EH, ue§4mitnbity LORGOLAboESBaNELe

repr esentsggeYs Ai 4o J cteristics. Figure 7 shows

repr esentsggfonbs ofJeth y#%%%net%cg trees with separation of variants. 7A:
SNP vari ants, Adtﬂaelemmdv@ mettcEﬁmmglﬁl qut;&ptrnes&pdnsfl&%/!}&i@&ﬂm@r Aafhavieh b cal

| i nesigi n h a rx i ons of paration of the two
nai nSIlgr aglg%gegpt%sﬁgt @gng s’t lr" 1 qugsﬁﬁlﬁtﬁ(}d Y@V?Pi@@@‘jf or YYMMEE tpars23

| engt h poicyinorgohi Swrkit u[aaamg p/k)Aleeaslt(ﬁtf:ke&@hﬁﬂmﬁﬁﬁmﬁ[ﬁ)&'(ﬁ%@ts dﬁ'E ﬁ%‘f;BLQr OUD
of length, pg SJHTBr th]esms Sever al. hapl ot ypes that forne divid

out gr oups, t he OFEL B Gase! éhﬁ‘ﬁ?cq"éjl &a@slhea%feun RORSHENg rod L tibetbist thﬁii ed as
' Renui ndesltitttlvely bind Aﬁtﬁgmn@o& POHLALIH 3, ARl 8EQBLAPRIIhrdub:
r5105245 en %Jgjgpcil ynor phi sm)stgﬁl fdl ed ]%ﬂ oiE fé’énot@%‘fswﬁ% (%k?% 3/4
(8B), ? U 215, KRl ége (xseriohar ‘tPFCffICcQWF‘ﬂ@gWSeH@ whows the
assodh at mmhetmm Alde ATIMPI10 Q0B Bbn/RARG 0524
pol ynor phi s gor AD patients with oneet tl%ﬁ@m%‘@%i}ﬁ%‘g dﬁ)gé g g%mﬁ(’ )l ot s
i ndi cat e 'T'HE 95% WéngﬁMMﬂgr gireakng |(ﬁbsx)stm¢tmt dor (it:temmzmgttatit thie naibjent h;ox)
and i nt ereygasksivel © feARSS: ¢H i esent vention
is expl alr?gd n grleat or de?g% COIB?%vv&eﬁﬁ edégfr““{ % ivgnd&’gm t“ereifbiw n(e)ended
to be a d&Edinecdic pssanceprobsece of e Atiokf eefonn i m,'alysssubybcvvlmltd:hthé he idagvert i on
may be i ngRleent)eh h Y. d to the, instant
i nventi on. gFor negxamdl:llag e l'(tg%rugbs%f Iaﬁ %ra edgﬂtt%lerg(g%@@{b ﬁ%m&h‘én%ﬁﬁ)&dl ment
may P& i ﬂ?@’dﬁ’ﬁﬁ’ﬁ@ﬂé@ﬂ’h@@dt@t inentraarbaditen? ef thalOMMa peneSaiddl (i stelephitheW t h
respect tHQe@ePar I ted fr t hat enbodi ment. In
addi ti on, ?tu(rarrg(?rontﬁ)gﬁll\éasrgﬁg Fg%gpogﬁl 03@%/311 hg’yto SHRS t}catp‘]? BiEEnsfBote fets 15
suggest eéoffsmeind the TOMMCaRPais ents 40 delbas® witkithd £dedsNotd@a nf, e gt of

t he inst I r i par.t fromthe instant invention.
Hence, ﬂf&%‘ng{3 I%gvvlp?fg 262@.“%" EQ&]\@% IDSF '?f{‘é*FFde‘B‘“t‘BC iSPPIgEt i gepordyeeto the
parti cuI aﬁdtembcdthrt’emftcﬂvmﬁgehhe i nvention, and not to exhaustively specify
al'l pernutations ﬂ%natl ons and vari ati ons thereof. As used in the
descFiption 3 (t”ﬂ‘e PRVBRET S QAL Y @ng prerd edd dhaingguctions arsi pagkdgad if or ms
20 "a", shah'coanther.t he" are intended to include the plural forns as well,
unI ess the context clearly indicates otherw se. Al so, as used herein,

"and/ or " ref &t OMeeahig ento HisdYE ésamingertemipalyhorplissi bl Se:mcmmbndatenmn&c of one
or nore DIP khelylT sdi@nfits8ARn pdSm 0 at
i nterpr e# ed :pn yt he alternati \I/gl% \A?rhkgl%fhggwr{%g%hﬂ]ldril)t/gtr?t( “(51 Or Yjﬁrgle‘&t ed to

met hods 10 RAEAI i ng genetic variation in regions of 25 part| cul ar

i nt evest for ncappkex,tiSgagesyangsi sor t el at to t he

di scovery of the nost |nforrra'tth?vgnge§te ?‘?@r‘%@keﬁ"@@zsi hé"b % oy some
associ at ’é‘)‘h’é‘*%“ﬁ*hfhﬁtﬁeﬁ@tfyw%ﬁ%or mati on. In one enbodi ment, the i nvention
may be used {0l t rkers associ ated w.th suscetlbllltytoa
parti oular o eaeMGIRERE et B AR T Tieg brign e A6 0 rbh ubiopa o

r egar di figats AP dBYEX &2k gze/ﬁzto Ea/maﬁdjm;abnem/ﬂ:eastlﬁﬁeﬂt IPSor BabdBYeRE dnc! uded

in a phy &eﬂe A qp,z,t LI the 30 | ocation of genetic narkers
associ ated wt 3’0 :%/I CI Blf ponse to that treatment or drug (i.e.,

phar macogenetl cs). The net hods can be applied on any data set of genetic
variation froma particular |ocus. Seg Figure 1 for a flowhart of the
approach to finding genetic risk factors according to the present

i nvention.



In one aspect, the analysis of the genetic variation is based on vari ant
sequence data. In a 35second aspect, the structure is uncovered using

di pl oi d genotype data, thereby avoiding the need 10 to either
experinmental ly or conputationally i nfer the conponent hapl otypes (see,
e.g., U S Patent No. 896 to Roses et al.). In another aspect, the
pr esent nethodtgéhmﬁémé%ﬁpi8&‘dh@dhﬂﬁe%@ﬂmeméwdmeﬂﬁahmé¢r@nMamimhm@muphat
resul ts famamrtchRLinRESY ﬁ‘ﬂg%rkéﬂhgoj %tﬂ@r&getcmrhgﬁl Fﬁe%ﬁatﬁ'tge Mek i 3ention ar
experlnental procedure that provi es ar e seqlience 'vari at{'én
pr esent bﬁ@‘ﬂb@é“ﬁﬁﬁ“BéﬁNh&1W9dﬁWOM%dE0mhﬁlenmnmemgeqMﬁﬂﬁeuhmhmnumdbnhy|ng
struct ur epspfw genetic variation is also useful for the deduction of the
constituent hapl otypes from dipl oid genotype data. It is preferred
and cohtenpl ated that the mdﬂkﬁﬂ&&ﬂ@@miﬂeuehenﬁhﬂ;be used in conjunction

w th other cliwlGal 4i i |nfor nown descri.bed i the art
which are u.se(}{%lﬁgé\fg{)‘g{g?%%ntﬁlmg OWCIE)‘“ ect %dgwij?wg&gsaﬁy Qright igagypdssrmined g |
t hose beliegoed! tgondrmv sbquenari ﬂIlOiCBﬁmddi l@us olGnictysf whehi @y (€ aGociMled RGINTERr ' S
di sease onéiﬂ? ?51‘11{%%”(1& ﬂleratlve gases)) or for evaluation of subjects
suspect e at e sk oPedR R Wg“‘é‘“’lﬁ‘&*h di sease. The invention is al so

Sppl i cabl e f oflgilxséeiwcwwa g)flprg(ﬁnﬁi xln@dnl’dg§ ot bizet ATAzieherat DQhsCRMPLENion of
| seaﬁ)es

’tmmf&ﬂ ers, . or. condit lg The di sclosures of all Unite

St at es pa NP PLIRE Hge gqmymep @&%%{Pe HukrepgseR ot Rt Ateurityfaetef for ence
herei n i mltleaher’ samicmqu%zs) 151. Definitions. The follow ng definitions are
used herein: on of interest" refers to a specific condition,

di sease, or df¥yf ‘aér*f1<a*é*2$wéﬁ B gpd SWI%@H%‘%’F’@ 18t whigh aredgxempbubgegtient
di agnosi So®bf Pe@@n ahi: FOMMEAN k| '1@151 clcﬁ§ px‘é§f?ﬂtyh8 d%%gﬁéen&p%s A Pt

limted to, 3nd|t|ons assocl ated wi th” ApoE an

m t ochondFqign HSRqaUA dlie Wier “élogh‘mdﬁéum@deg@nEQMM%mr@lea@ésApmﬁthaad@dy e

di seases segdBY6R bR hfiboEhoRAH I SREEET; 188,98, &0 d' tions
in which A%goE and/ or Tomﬂdj)(P have %@%dcﬁaﬁlgca{ h’ﬂ’”lihr?(q:'igt%glqp UtP RN

limted PHUCHETHPMIMScuRan(sHpveubues lhetraweatfudcmkiltcseﬁﬂsb:nnaeuaheadlecg&@@ﬁmd ve

di sease; wGYE A Rah&Rhadf ut oi mmune di sease (e.g., nmultiple
sclerosis (Pi nk?o &ﬁ] e &Hﬁ o tﬂgli%%sfaqc?l pl e sclerosis and opti c
neuritis: theligpe E-‘Setp’sﬂ Ilmﬁdlcallalnelfceml, an assloximat;edxawot Regidh Progesssd an of

mul tiple cler. 11:511 erman, T. & Hillert,
J. The tgl%ﬁeg’lr(gasi@adcwh}lg@% oY erpodiTiepss 3?%%@1@ “bs%lal agh hqrizopiat owabispispentss: 331
(20049, rreohsopsy ed'quartchen&y $¢.2m audiehids cingé N eehe Si6 of Bl ovAPRPreddins iR €t

al . Apol i hi s i.n_patients with neuropsychiatric SLE
din Rher ‘ﬁ‘%‘gﬁ % Es"“”é )1{61 @ )'“ theigee;) 4nd iy gopmegtion @€ g Roqeetogmotheri ver

di sease amldyi cabmﬁlchvmpxhsdle;p@tatisms‘n@nldift&civxl&ﬁhri&mzlﬁ"cﬁ‘%a%d Bl anPhdividgal

Apol i popsru%te n E-64 protects 30 against severe |liver disea$Se causea y
hepatiti's irus. Hepatoi. 36: 456-463 (2004)), HIV disease (Burt TD, et
al - _Apol i popriajeiers it apeenfidc SABARCE S biioke Sk ke DALY of Rl 100,00 i1
APGEzSepsil %@ P%ESI | on4 genotype accel erates H'V di sease p o ressi on. Proc
Nat | “Ace'd’ & showipg Biegrpnguipers ) dpel phenstypes n; tWhlimebxréacmmmggl astleiegor 0si s
(Pl ui j mdvhe BOMMA40 JEffREfShRtep@gnder and age on the association of

apol i poprotein E epsilond with bone mneral density, bone turnover and
35the risk off ’3‘%‘“8':({) Brieschpmaty) eleervipe of e Tmeo@slobwst incthding HO1E9 £a2002) ) ;
m t ochongbk g Hgpr (. - and rece n

regi ons of agol#)%%g{?%?gﬁnd%%%?}ngaﬁéug} prmtar? }ﬁ:@l@rifl (B(é)g %I%‘yr}gl) 3

m t ochorfti 4 ngrmi@m(@ﬂ) éhdlﬁhwmdtemxm}m WuilPrav)Nahd  LACambt $€ khoSnAfor

102:4186 c etic.associations with
hunan Q%pglvlf t2( &pdagéL%aig ng)a I%’Ef *‘WYP@%@ i ”‘2@”325:("1199‘4)"“11 Rea
IM et /1 l}Ap@[bltf?bph@tcercmnﬁzda)lyldﬁlﬂe&tﬂme clarie@fagsnari an subjects in the
Bel f ast El de@kxiré_gg urgl nal ( Er eefI i ving Ageing Study (BELFAST). Mech.

Agi ng and Devél e of ths by e“eF‘ﬁfrF‘éﬁWﬂ’c feptyaiiqn ofvariants. gA; |

| nf ect i GiNH \rmilanieszlzaiewosq B, i -aBWl RpREaS ORI RORY AldtiRid ﬁ&%@nﬂﬁ&% b om a
negat i V%B@SU phase %epﬁér%ff’ e of hepatic [DL receptors. J |p| R;

49: 1782 Eb'f?s‘)o?“ 'oZha y- SPaTAiR Of Bi treanah hramghes dis a'lfongl_famgim}udl naI
nmodabi ngumi)rta(gﬁ}/l[ﬁi() 7 rIeeESy 3 N 0 ¢

Engl :1 Med. 361: Po0- 03 (2009))%% ﬂﬂy‘ﬁ“c‘g’ﬁ‘g‘f‘ﬁv@fa BSOS AORRIREL
herein refers to a di sease invol ving the heart and/or bl ood vessel S,
including, but not limted to, coronary artery disease (Song Y, et al.

Met a- anal ysi s: apol i poprotein E genotypes and risk for coronary heart

di sease. Ann Intern Med. 141:137-47 (2004); Bennet AM et al., Association
of apolipoprotein E genotypes with lipid 15 |levels and coronary risk. JAVA
298: 1300- 11 (2007)), atherosclerosis (Norata GD, et al. Effects of PCSK9




20 Stroke. Stroke 39:48-54 (2008)), ischemc heart disease (Schmtz F, et
al ., Robust association of the APCE 4 allele with premature mnyocardi al
infarction especially in patients wi thout hyperchol esterol aem a: the Aachen
study. ElmJ. dimlnvestigation 37: 106-108 (2007)), vascul ar di sease such
as ischen}foc Sk oke (Peg(k G et al. The genetics of primary haenorrhagic
stroke, subar atHOPdOhSaaEr PHuBRPRFES r Sqyeist dengi haplatgreanthal famed riydimeuiln
adul ts. PuoSo@Rein thaeeedr 039 haf 2088) 4 bt 1€t 8l Associ ation
Bet ween Apol i %QEE” otein E ngotypega;)ngge @&Cg%@gﬁdﬁlgtff#g-dﬁ/g a8 i ckness May
Suggest a Speci$iE EPREDES BOBAMg et Aht dangihAbhtie ot HISGATIS lcagtBt scdkBorpiStn Ok e
39: 48- 54 @068 hy, AMASEHb @hesC i : 21 ortant link between
denentia subtype and apoﬁéesggig? ’i3ﬂ4 ‘&Eigg(rir%a@g%gﬁ %?éq (VW§Z%\SWH“9'1.
44: 40T- 13 ( 2003ure Balipnve the agsogiationdproweapoph apebhoEeepdiltpndonink 641853435723
associ at afbwhdrbh; . L Qdemmn I.a. ment. . jatr o Disord. 22:301-5
(2006) ), q%tyg %.IM@%H&N%SPO ggeneédag ib\?gveeﬁ? géégci&é é‘é‘”‘“uggﬁ pﬁé‘? Bdipatedhbebht o
Al zhei merRgedyesiet Bngsoredian (IBkzomal ik in IGxh endiosruefilapekd @epyotein E type 4
allele and the risk of Al zheiner s disease in |ate onset famlies. Science
261:921-3 (1993).; Corder EH, et —%—iﬁé%ﬂi-g—a.'e IDHEN 5 pat hol ogi ¢ rel ati onshi p
?ig \évg;;] ApOE- éb@ipﬁ'@miginamﬂom ig ga:epmﬁéd $n %&&%&fétaﬂﬁ%&?w.’\@!ﬁ@Oécséﬁ;téﬁ% émi

, ' i.seas Huan ...et al. Apolipoprotei an
dement] 4 "F%%Hég?ﬁﬁ’ﬁs% JEaTeog e éﬁﬁ@t‘g@ gﬁgﬂr%i%&ﬁ A ¢thidn theNaterdion 188; 189- 93
(2006) ; FnRlageedtoraill. of AROEafe@SihhORi 2 b bl 9o 36S RSt i%@elgﬁ h.hs(gj %%%ﬁ
preval en@&mqgg iﬁ&?rra%gl ¢ Par ki nson di sease. Neurol ogy 62:21 é’ 2 85) ;
Marti nez, St RRted RAB TPIRE psicbpdiniea! mavoabtoyparaish ittt renflodinten,

chr onosomed I&ulresnKrg@ar@eahthf @fpeRafokh BaRRuS _ . 1.M Genet. B
Neur opsyghiatr . Canel,, 13613 172174 (260%?9’?%’3’%%% ﬁg% bk oy §O0eRek and
a plural Ty 6P eds WERBnIYPYeyss saristines did oddidions whitieh verdns eemisudionss t
decl ilhe, supggsted R@En &l alethpiBaUbafiods tat.on, (T i.nstian A. et al.
Associ at gn het we n apol i E)gpr ot ej n‘”’%esg@ @#gﬁﬂﬁh%}%% Qﬁ’giﬁég@“ }“é{lﬁ‘t @‘ag?rséitﬁul ar
degener at'P5h-40 g0 e tBoinsiaer ineentiom ihses it followide Epicidientiol is intEdie@&3- 22
(2006) ; Bokenowsks piMeudt edbodi i.p ein E variant may protect

agai nst age-rel at ed malé:_ul ar %éﬁ%ﬁ%?gklieoﬁ%ﬁ%%uﬂﬁ lwtglé’lxﬁ@s}”é%hlsa‘ﬁf&rﬁ” 10
Envi r on RBMUKEpHg et bisiogOund 582 {0ROQ6EL. "Neur ol ogi cal trauna or

di sease" I nclAMdgsq i o S imted to, tcome after head injury (Zhou
W et al, Meta- analuggl%sde%flgﬁ@(gi%a% V%Ttb"“a?ﬂ@%&ﬁpewgd SPimt the sipgparifernisr ai n

LH

i nj ufy. PNt oed Sthtrere i@End2d % 9012 A0 iralBidYas ©Ll AlnlesMEWoalknge£f.f ect

of apol i peRLeL & =..PO r phi on secopdary brain insult and outcone
after chi |1qhoo§ ht%‘f“ﬁffﬁ e iretis “Raiy rgTsSlps and pmponTpagsas EEDESY Wl

m gr ai nePo¢eigtcamBRinagensaif onbol yiver pthins Mkied i8R 4s RN At Gl r]]‘dCE ABADinatiops

m grai neyrs ;and, fensionst geﬁggaﬁfche subj ects. .1 Headache Paln. 19%115- 20
(2009)), vasogeni ¢ é&%rf’ée%ll WdsO™™L, et al . Apolipoprotein E nodifies

neur ol ogi cal Toupesee ibyn@dfieaidona 6 alalotafor 648 eRL o si ze

af t egs inpracerebral hemorrhage in humans. &t roﬂ@%ﬁ%@?‘@{,ﬁﬁéﬁgnﬁ%@ns C144-9
(2009) ; Damed” Mot {orgpmplen dprasegd sinidersel false rlatof toahollispopryaifehdmest on

20i nt r adeivebaibk deedRr Hlage.onShé 8ks: 40,832 9).). tc, .. "Metabolic
di sease’_as used herein includes, but s dn%%]g I%i%gﬁl%%réimﬁ%e, RO dB g

(W11 er CIPUBE A IRERIGN PaBhe pecddel ldcae igcrduiatmaringd usncged ivph dusceptibility
concent nati patcuRRdiskiss KaigdaGOL oA .Ar Il Y. di sease. Nat GCenet, 40:161-9
(2008); Bennet AM et al . " Associ g%{'iog'nfno ‘%%SBFﬁng‘éfg?’B‘ﬂ‘ef’ﬂd ECgEting yBest wi t h
lipid | é78PECdnd Cadidnalpaimentkor dugvinag 98:id30Rd Il a(RODEetic e y§t agans enal

25 di)seasgif chdiic §hrxal - Lj popr.atein. E pol ymorphi sm and renal disease.
Ki dney | Rl Supp § _ !7011; 525- %ss?ﬁgt@%?v;ﬂgﬁaﬁg%fé‘”kgj ?O’é? x1hat Rergpe op dseein, E

Pol ynor PR ERFIE¢HERo dhalnetiods Pat beapidicand ddgadathye: G@gg&ﬁ&icsvar@ii&? 16 Lenet.
(2009) JuicdR 1obEP print] 10. 1007/ s10528- 009- 9266-y.),

chroni c%ki éney Od‘ilr:ssggesg oé%ﬁ%doﬁfﬁ‘g%ﬁh? APRISHE; Wt frdingogenstio okl fastophi sm of
t he apoRfpehroipdhapriegenentiot.h chroni ¢ ki dney di sease in Japanese

i ndi vi dual s J tabgl i.c syndrome. Gettotnics 93:221-6 (2009); Leiva
E, g; al . Reﬁgi“}éné%{%ﬁﬁvglc88‘?%%%‘?1%%&)%1“13%‘6?‘6%1 ih bEseg on yprvmp kiasemcanidta. In a

neph? opéachyd dspediytpesidicdiraBeni® eRatbiBn tisioiPhaReLE SaR i 0, Prack.

78: 196- 201 (2007)), gal | bl adder di segﬁﬁ’ (l%l an LaL,d’eterg%)% %E‘g'i% {6‘86?‘3& ein E
genotype and gal | bl adder disease risk in a |arge popul ati on-based cohort.
Ann Epi denziol. 16:763-9 (2006); Andreotti G et al. Polynorphisns of genes
inthe |ipid netabolismpathway and risk of biliary 35tract cancers and
stones: a popul ati on-based case-control study in Shanghai, China. Cancer

Epi dem ol Bionmarkers Prey. 17:525-34 (2008)), diabetes nellitus (type I1I)
(Elosua R, et a). Cbesity Mdul ates the Association anong AWE Genotype,

A A A = NN P PR .



15 "Devel opnent of a condition"” as used herein refers to either an initial
di agnosi s of a disease, disorder, or other nedical condition, or
exacerbation of an existing disease, disorder, or nedical condition for

vvhi ch the subj ect has al ready been di agnosed. "Di agnosi s" or
progn05|§0 ﬁs used herein refers to the use of information (e.g., genetic
i nf or mat i On'6F" GAREPEPGHY SF Hempratiaely arer tetwmpandsi cbll‘dldgiycail (wanpk.es).S.si gns
and syrrpt Bave)t No?20,0pN 3% @aios@@m)f 'Ixﬂgio%ﬁa 8(99@& P}c‘&%t REIH.a"R g??;)p! FUbES:
etc.) to anhl cipate the nost ik out Come nmes, resp 8nse
to a partiJ fré‘r‘“f‘#@ﬁﬁ%n‘td”f“&“ ihd‘g’i?i\ﬁéhirdmsiéaswroan!smrcdetrt;lrg@rmmlmdact@ O/I‘lh
based on aoMPaih&RNDrdMellle MaPhidvR é&y ! arLng.

nucl eail de seq uencegjr rr%)t gmé L BC&P Swlﬁ 2 ofalnélis]O fﬁ%&%’f‘ﬁ

r el evaht ?Cb""%ﬁéqujér‘hﬂt ‘F*t&’ﬁb wntlfalci)aﬁhp@ntdells/uigeahntthresﬁ abusic VZBdEBInQI; oigi Galul
sanpl e” amr ths AEHRBELIMN & rial. s ted of containing a

nucl eic acid of interest. n@fﬁ ngg?pgoéfﬁtc?mm Jerplmﬁ§g’fog ﬁ8 DNA i ncl ude hair,
skin, cheek S\Xia‘bpreé}wdbﬂd)b@gmmwtwd {hei this msilied cascrmh@ndemmruwn inRb@#SARion

sputum |yn [ mucu urine, spinal fluid,
and the | |lrkﬂ¢;|aa1fbll El][a}t:ﬂlllllod?lagf[:)l &gﬁ&fofmﬁ% snlﬁ‘@W“ s¥ F‘ﬂ é“\ﬂéq FTORHE G “Ecovsehdie
ski | | ed iavalubénarftsubiB@AWiBuibjeaest br a:moafrdl(mg [h0seSEmRyRANB AN RN nSodDn @i

i ndi vipdu n s) ,.or hapl t e are to be determ ned and
recorjé)(ejdadly P}M’t‘&ﬁ;ﬁﬁggt@%ﬁ@%&%a]ﬁ%& “ﬁﬂ "\Pl%g é BEnEHEIYSE RSN pr or evidniensé or

di sor der ssbjatts s)sprwtfd/ toibe laeﬁsmnsaaevtaz@p@g g@ohdiifdadceTRY #MUeddion Y A& Mbable for
Nucl eot i qhe Sequences, d‘sgﬁ]aec,tf)g urality of subjects are used to construct a

phyl ogenetic T %egemf‘at AP BETE P st disoslegueifoaditippom an
i ndi vi dual sulthedikclogyes bealc oapar fged ﬁ[é}h&?@elfa& &l@@ haeRyd ﬁgéﬁ‘} thédindii 8 for
eréin neans a

di agnosti nosti c .pur poses. Gene" as used

segnent %Nﬁpﬁeﬁ‘gfe"b’(’)‘ﬁ?céf‘ﬁ‘é‘re@fl the information for the regul ated

bi oSyt hdstﬁnﬁﬁm@snTl%%ll@@ﬁgk!@ﬁmuérﬂ%leblﬂécf‘lgcnﬂﬁO”Dters exons, introns, and
ot her untransh ed regions that control expression. "Cenetic

| ocus" or "I ocu¥ditios of dnleretia rederm tovp apsifis churiaen, diveion, @ difordemuiscpretedrfoDNA
snol ecul @hylofcheiR: GRET ea%@)gpd;'u&gql;egt Qi d’lgg&% Q )?nrgg{lg Si. (\(%nd?lrgggpigglgscg Q’dfﬁm i o

feature or to a particular nucleoti or s of hudl
the pl ur HICUdgy phusfis |ngk dignited to, COﬂtiArrrplaldfsaoczatedosnuh AqeEappl/éretOMMMUCh&be

aci ds he r t tsmtheformatlon of ~one or
nor e cop?gﬂg&oognggﬁnﬁyéhgf@&%c:% nﬁﬂ éawrdti éfﬁﬁe/g t el issasesy ipgyrhjagric

expor@nt fprdergyfad sershr. met hod f or enzyrratl c anplification of specific

sequences of ) chain reaction (PCR), as

descri bed by gal lgilléi o ¥ J([mié%%’%mgc}tpgﬁcféxﬁe ggg’g‘ﬁp hays beerppmplicpisd ihei n PCR

nor mal | ybutaary Ilphiihma@ttdn dardiovagdatidtdistbe! ehBol@y dRBREE UFIdRRLELES: 3R %Far e
u

typicall east about 15 nucleotides to ensure s icient
S%QCI fi c?{tuf/ﬁggﬁdt] ?%mnﬁloé%??ﬁs&n‘ﬁ'é%mfnr“&‘g FEe (e mpkivlsr shaesésd(Pintholiayl] edil.an

"anpl i coApd Landrmhgpla/an@toqm axhceagﬁdméurn@m ) aﬁa@\’E é}ﬁﬂ@rpph'ﬁelé”q’q RUGLS0 '\Hﬁs to
20, 0 olgm 1 S”'OHD&IA ﬁ enetic marker™ as used herein 1s a own
vari a i oh of mél@'gaé 885‘%tM’é(’ "g@ﬁ’rt Lot af (U8 Maskrpan . iSathilbm, ﬂm?;bcbe

present tehascamdiROE U inGHEHIO saMEARL] D5hcOr NEJIDERI rker
may be a short DNA sequence, gucsh as a secquencg1 gu??f;ﬁyﬁlﬁﬁgggy(ﬁféw

base- pai P> ERETGRSCS hignaoss Hudpppyd. Bcﬁlyhﬁ‘mphw%)mlel@rﬂﬁ)qiymrphzsxhomgattme li ke
m ni sat el ﬁ{ﬁi&)p&i}@xid‘ﬁ% ﬁ@anff?b&(’%(%gl ES) ﬁtl%?Xz{i)ngéi r\rlrd !!’! Oﬂ]tz V\Een an

inherited disease and its 20genetic cause
mut at | orf EFCASHEHEEdr it hapaldis ¢ éf¢ation (Wetreot Mie con. @pd‘l@;ﬁmoﬁﬁ} Hreesiolakl e

f or moof .phigtied- M) d n s f.actaor' n _neans a
genetic l%é.]r ker tr?lait\ “ sméi:é{'?b%zlg"git g} “3}‘1{% |n‘3lruéa(s%é‘3‘”§’zs&cézgt ?%F |(‘%{§Q4i)oﬂév
condi t i gtcat GuHSED, @ral.dfpdipoppicinl (ol abimoces afor1 kel an@enetice, MRl ker t hat
i's assoqgm};e [ to a selected drug or treatnent of
i nterest. asznH)c c}l%e%llwé%&cel%rd&w FESPSF RIogEsHen-irac Ug Cderbdad S
Loge:}her’i éP“ 8%8 2§r(2ﬂ@ﬁ))a ct@hhmqtﬂrmurs'bstm@om& @Pl@ﬁr};@m teh@;][lEWQéH; 8 Q‘ﬁd&%H@Ct ed

y chan omat on i nvolves a feature ont e
sur f ace%gcf &{mﬁ?tq Seqoéﬁn(%d%gg?lfpg prc%ﬁ"? gﬁpﬁ-‘ K VIRt raingrs! deopibhimreniumeukonyt e
ant |3éen)lh(, Ikkmifrftdcmmgan OHEAl)i(an’fe D?Mhbbyple 13 2(71: 9 I(@OQ 591‘?{'()%0%9“30‘(155 dﬁ%
i'hcreased risk for a nunber of diseases including an yI03|ng spondylitis.

Ankyl osing spondylitis is 87 tines 30nore likely to occur in people with
HLA B-27 than in the general popul ation.



A subject "at increased risk of devel oping 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 nore likely to develop the
condition than subjects in whi ch the genetic risk factor is absent. For
exanpl e, gdsub ct who is "at increased risk of devel oping Al zheinmer's

di sease” Hd¥’§ 5 fhé]Iﬂ?@séﬁké”@ﬂmdh@ﬁ@&f%mm5A$OEowxahﬂ®hé§—ﬁSQanEdalﬁely
to devel ofndtiz h‘(@lgmé :ﬁ:t&hé‘nﬁj@ﬁ J PES OE 4
allele. ism gg&ﬁggn&hgﬁgﬁﬁﬁ?%¥ﬁl Ugat‘g}éiWéééngg .

or nore d%@%%%%ﬁ?(%E%De@§%ﬂéd§eﬁuén@é§ %@macpaomMEmkanhhommshmgmhﬁaimMA Of
t he genonBrPORGHY AUMNcH S§Y grs and

referred to as genetjc 3§¥?§ﬂm582¥%ﬁ %%ﬁzﬁggggﬁf%c Hﬁ@ﬁ@ﬂ?&gémmq”l
subst it ut THREN RS SHPIEGH sin d@iéQm@MsIéhdynﬁnngsﬂnﬁlImﬁeﬁwngnagmag shif need
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30 A “subject” according to some embodiments is an individual whose genotype(s) or

haplotype(s) are o 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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20 condition (genetic or otherw se). The nucl eoti de sequences are anal yzed
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6,401,043 to Stanton et al. 4. Phylogenetie trees and anal ysis.

Various nethods for construction of "phyl ogenetic trees" are known in the
art (See, e.g., Sanderson, 2008). Sun et al. used "hapl otype bl ock"
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associations between polymorphisms at different loci are measured by the degree of linkage
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“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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10et al., 1982, which is incorporated by reference herein. TOVMA0
(The Quter Mtochondria! Menbrane channel subunit, 40kDa) phenotypes and
genotypes are al so knowmn. TOVWAO functions as a channel -form ng subunit of
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L _59 . > - P T "

Node” as used herein means a polymorphism data point on a phylogenetic tree
fepresenting 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
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20 pat hogenesis, can al so be viewed wthin a pharnmacogenetics context.
Because of the strong genetic effect of inheriting an ApoE 4 allele, ApoE 4
has been referred to as a conpl ex susceptibility gene for nore than a
decade. Consistent replications of the age of onset distributions as a
function of ApoE genotype confirmthat the role of ApoE 3 inheritance is
not t ot al PAPSIehPighnodgindigates abdl owenst muskzb}‘eam(medohsemveehuaﬁcuan&bm&%y nate of

di sease opsRlas wkih I;g arian are | ocated
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(Roses et bignch, unpubl i shed data), and thus not in Hardy-Winberg
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(N-rnet hyl - N12- (4- net hyl - 5- pl i enyl t hi azol ypl am no) et hoxyl | benzyl i dene) - 2, 4-
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benzyl i dgpe angtm“l LA, E]?cr&gl nedi one; 5-(4-(2-(N-(2-benzothiazolyl)
20benzyl am no) et ﬁoxy enzyl) -2, 4-thi azol i di nedi one; 5- (443- (N- et hyl - N- ( 2-
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phar mac et EHIIPY bty peiebr sea0gl rgsir herodbiitiveBderge Bugber obsbjeckat ent  No.

5, 0029533, Mlxltnﬁlesl-%ﬁ%n@@%li#ﬁ gagents disclosed herein can, as noted above, be
prepared in phar maceutical | y accept abI e salts.
Phar ffaceut i cd?qttymaw@tht: @bigelcs al b paaicelas @lriaficd SraflutRiyaif VatifiReH8S [&H or

b|olog| ren ound, and do not inpart undesired
t oxi col g%lh ?:%%Hn lk egjt0 glhat X Cd ﬁege QF‘“%‘HBW Yaietyot grags, @l Yof 3dich inydye oeringal t s

formed v pitiduivo pgentic docas bszis;rga‘nﬁg saﬁen@amhiﬁmhyéifegﬁ)h|o@ﬁdt€m@c%a€! areh%% g%om c

acid, s f Ci ori.c .acid, nitric acird and the |ike; salts
f or med vu\[llJ tlﬂ"&llﬂg S “&""SCF*&% Q JHEMY copsspved Jogusy e capiguiops a%qugnceemad pasilaci d,

tartari ebbgied thrsughahmbfimaﬁ)l @ehnitRbew&1-Ridvth in iR 1 ¢ acid, gluconic acid,
citrjc acid, Em%{saste cid, ascorbic acid, benzoic acid, tannic acid, palmtic

aci ,' al gini ¢ tole)] V@]Vﬂ'ﬁ’%ﬁ’ﬁr@eé@i\ld\ Sbﬁ'ﬁjﬁﬁ‘tslf@lnméywﬂlfmﬁubja@s a multlpfe

net haneserhieﬁmal e;;lgam g (‘pMsohusnesw fon, . th nedj.sul f aC| d,
pol ygal act ur oni c 5 ac(:l d a)md t he mlﬁy%% é‘éq?gidkorﬁiﬁufrlo’%f“&"

ani ons su¢f Oétgus PGS nwIth grobimasehic é}ﬁﬂ?f@@m methmag(dlcé ay gsﬂétrSg!dﬁJ’ LoV glgbvi rom

bases, subrvas a3NTRAIM g I " a se. of sodium
and pot gﬁ] si um il kal i nfenmgié Emr(fgthg?'k flnﬁg o §’ﬁe II%OIthglg’é g‘r“‘%gf"cﬁhﬁmc%d

magnesi m™M&ht ®ay b8 snticed gémgcﬂtba‘sremosuchxoas kibey abahexyd amd B@blﬁ:l]ﬂ
N‘ mt}hYEvcﬂagﬂs Hﬁ@iﬂr@emd f?ﬁhslufﬁﬁ ?gﬁaﬂ{nlﬁc hm many 5dm ni.stered as pr Odr u

"or odr ug e e and b er g sources icluding the Intérnet, Mef ods
or 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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10prodrugs of the conpounds of the present invention which are, within the
scope of sound nedical judgnent, suitable for use in contact with the

ti ssues of humans and | ower animals w thout undue toxicity, irritation,
allergic response and the |ike, comrensurate with a reasonable risk/benefit
ratio, ang ective for their intended use, as well as the zwitterionic
forms, whe& jtigt ds npounds of the invention. The term
"prodrug” ref wﬁlc)holnemmquﬂéiﬁsﬁﬁ:ﬁé]@ﬁ hyidgenb QPEALY ok K BORH Vi.vo to
yield theq a1 ent {:} mpound of the aI ov% ¥o$er?uﬁool FOr exa 9”H‘35hy(§?1 Lol ysi s
i n bl ood. “AYRYr GUGH st tls yicd nhapotyredieedanalysesTio shidy ustoriaterd briwesd el a,

Pr odr ugs mrmmlr et Vs HHERe R eries
and in. Edward Is )I ! §iﬂalrore%/g} s!fr (F(%&g{ldr ?%ﬁer&ét% %{}0%}'”;% C?ad"’

Ameri can PA Flﬁa@@iﬁ’ﬁ‘?fbél “10@%&6%msﬁ%wilamb@wngammﬁew;: vhﬁi&?{; alndt(hoblﬁ swhi ch
are incorpehat adouier §fcRh&NGS; e !

6, 680, 299 Exanpl es incl ude a pr od%hamt Eﬁ P gmr%!f”a‘rﬁ (TC” e(g“iiwl\@ﬁe 8‘5‘51573 a°

subj ect t’BV‘%EHgaéFt‘ﬂflkw‘ﬁc‘drug having an activity of active corrpounds as

q bed h Lot Qf
s . 45 LR ALOAR ¥y 8 AT

acet al orin pdich| hapibtyan %ailumh @hnegtsm]nparvadf in $1uﬁxhduaﬂ giifAPsubfcRSRARA o lndd2 e
conpogynd; n ase.or an im roup, if such a group
is pr esen({c%féﬁ&%l&(g &!&Q(B]anc? ObvE "égﬁl‘{"}fd) B’é@éree g&iﬁse‘“dya'&‘el?&lﬁd (Pt npdesst er
oxazol i diané Um@lomtlmlanakﬂodlsrfﬁmﬂfdt the ORMBIRY bitegEMBen lobt SUBH r@dQBPﬂﬁQld@é A
present i Ito%blef; [r%g a las described in U S. Patent No. 6,680,324 and
U S. Patént By 535 the evolutionapyeslalippshipnletweeg gengiici 0@ fagwhich ddesesr i bed

above na}anebweﬁo(rsemlsmiedmﬁ OZO(BdrIbéligStZU@ilmtnldﬂ @O@h%lﬁ%@@uﬁ SifRls £k {dh%\{ in
accor danc known tech Rem ngton, The Sci ence

Practice ¥}0W8?Wé‘??fof‘°érﬂ“ed R“&‘Q@@)Of “}%ﬁt’fﬁ@ |ofai sifoRL in Fguot 3a

phar téceut i calhe B@rih@rpalh dl:’éﬂ YIRS AR EsliQaddieis | g%}{(gﬁ'l})’ 9:'9 /b?sc% ovc
conpound ‘?fﬁ’lfUdh %‘ t he ysi ol ogi cal |y acceptab salts er eo )

typi cal | witict $pp! ‘ivar‘l‘f’&"r agy pypilably fae coptiapling lerl‘bgeer:tic Thaes d:mcdlcef

nust, of qamthrcaelambgeea@%epzt@%@nﬂ mﬁ%%g@%es %tepteé TR g;’i@tt h 120y
other |n%?e]g’|ent5|nt e formul ati'oh and mist not er|o§

pati ent APGPFIEFE Haiathe sanedie] lpels oxhibitinggquian, vzurantsoﬂs hpprandtetisbypt}eieer ably

351 A ot iy o e e P oyt e PRBSAC L BaoB) e 45 Gl of

t he 5@“3‘@“1&5}%@@1‘9 %equmes(mhdlﬁotrygcbactl ve conpounds may be incorporated in

the fornul atigps i hventian b ared by any of the well
known t echni quesp@{lo%ﬂ&c et Qc?:)tcriri:’f;xli 1‘%{8W¥ %4 ﬁ& 'f&ﬁeg“’ﬁldn‘ﬁﬁ‘ﬁjé‘ﬁflfé raiigst ¢fonal | y
i ncl udi nybissis ctﬁfectnd)wethaa:ceWmnytoumgffadademn&ol ubgeclsO HPUE Bl 008 BEgit BA

(o g ety MRS Bl BT BT e e aigpb OF anaadis, of o fee o

intr arrusmgirvfa@bseuvncﬂ ma?deembjsctmrl he EbA1AY @NOAE) a brbDkRloird] brénch, HAde $4LQ and

nmuc I udi n i rway surfaces) and transder nal
dmo%?st ?%Iigﬁ&% ni o(dldﬁge %’e'%ﬁﬁ@fo ey iuPipsiseafiesige evithn the ripnditige of delgiestwbl |

depend omatfheededntob sibitdiss SY@ 4 biin&iind B@xllCIQBQbetn'tqot'ﬂe Q%lﬂ%lﬁ&e@@l{vg%e&n%f on the
nat ur e or}‘ theglp?&tclf:ézq ar active conpound which is bein

10For mul 581% OB IPYET 1K SPDISTRTYICS VRt on may be presented in

di screte uni tSsatisSaAL bnadsisCHNEY bBTopchAR | el 5,68

cont ai ni ng g pr edet er%ned am};ﬁyztg of p%giggéagtégﬂcgﬁjeﬁﬁdeﬁ(? n "C"“‘”ﬁ%? or
granul es)a e NEbds tpeso @ thy défug)ﬁéﬁgrfmgmﬁethme@qmemhs colculano:: afbeitsp

|'i quiod; cﬁﬁh@%ceﬁ!@vé«?t& sed ' | rmul at' ons
may be prepared by gnyﬂéﬁg{) zgécn;g?r %dgﬁtghgifﬁgﬁg%#%%%ﬁ&%ﬁes the step
of bri n&ﬁ#ﬂﬁ&&&&ﬁm ation the active 15 conmpound and a suitable carrier
(which may c r essor n lents as poted abgve). In
general , the@?gf!r‘rghﬁg?gﬂg’ tg;? hﬁhé‘&:ﬁ %neﬁfl%’{%%’ qrpgr ISPap&msle g&?“hﬁpf‘éﬁ“ﬁrﬁ‘jﬁf and

i nti mat éPWC%W@ﬂgdlvﬁw bﬁccqnwarm@ﬂmound/xmquhn(& tb iU GucBbes thal@bMipicuhded
solid c 0 necessary, .shaping the resulting

m xt ur e%l or ngt%é{mb%@gre? apf %FF‘H%%WQ% “preyerEd “B’if‘[%ﬁﬁﬁﬁ@é@l‘wg”@rleﬁﬁrlﬁl ng a
powndeér of ﬂgrlmquua“sgeomg aubjecn gvithiEglRe tihdi@nCOBPOE REadiGR bOMAkdsY (W tl(r]gl ape or
nmore 20 accessory ingredients, Conpressed tablets nay be prepare ]b
conpressing, in a suitable machi ne, the conmpound in a free-flow ng form
such as a powder or granules optionally m xed with a binder, |ubricant,
inert diluent, and/or surface active/dispersing agent(s). Ml ded tablets
may be nmade by nolding, in a suitable machine, the powdered conpound

noi stened with an inert liquid binder. 25Formul ati ons suitable for buccal
(sub-lingual) administration include |ozenges conprising the active




a freeze-dried (lyophilized) condition requiring only the addition of the
sterile liquid carrier, for exanple, saline or water-for-injection

i mredi ately prior to use. Extenporaneous injection solutions and
suspensi ons nay be prepared fromsterile powlers, granules and tablets of
t he kind p!eyiggﬁhiide$cribed. For exanple, in one aspect of the present

i nvent i on. " Ph&r Y HBGd ethathe dbepsjasctisoties fo stafrce @t Jubjeconposiit i on
conpri si ngeanthaahé URIAIAN§bHRLt is Al s Iy | t. dosage formin
a seal ed gontainer.,The,con%%hﬁggggtgg%f%%2%%3%%P8%Qyﬁwggﬁgmﬂﬁi%fﬁfﬁgs

| yophi | i ZZFE SRR Ehretuced Bpadi| dsvaopibmibn gondgivormé titdrest.ed with a suitabl e

phar maceut i caldhyioaseeptahl L e ) a liguid.conposition suitable
for injection tﬁegg%f f%?&ggpgﬂ%?é%Pha%Lgkg%F?md%§gﬁ%w?8Wﬁfﬁ %F%ﬁpﬁw‘ﬁ
conpr i ‘ses™FShiCab@iment ovirgan ectiabeptot 1O tgatarst ofthbhef coepaumRtoring3alsbme Wien
the 10 conmaingor salt is substantially water-insoluble, a sufficient
anount of enul sifying agent which is physiologically acceptable nay be
enpl oyed iﬁﬁgﬂiﬂM§Iﬁhﬂﬂﬂmantity to enulsify the compound or salt in an
aqueous carri &,y cusefyl emul sifying.agent i s phosphatidyl choline.
For nul ati ons E\Pgiﬁﬁg$#%$mﬁ %W%¥F3356W?U§PW8H‘163thm§ﬁmhh%@%ﬁ@ﬁﬁﬁkvﬂﬁake
the formsgficrans wiB apihrtphemntypecieiafnotyfdsifONApdIASE BescBBLd inSRE BYamAEFASAL . O
oi . {garrdersg Q%quyé be psgg i ncl ude petroleumjelly, |anoline,

pol yet hyl eng ‘gr'ycol s, AF¥BHBIS Py tY4CadpRBl enhancers, and conbi nations of
two or nore t RAOMMAC (The Quicr AORdHLRE RO VR nbHink ARGl %l}uﬁlft,aﬁlﬁgﬁg%énot pes
adninist&g&i ang%‘bezgreﬁented as discrete patches adapted to'remai'n in
inti mate comt Act P ¥R T¥e 2P F Y M481 fupgfions @i pichameligrming prublighgédhe 20
period oftrabilovese Foundukmtrhi@RSorsihl akhdyder ¢t 3 | cgdpl i stration may
al so be %ekjve%ed by iontophoresis (see, féfqﬂigﬁ%P%,ﬂ%hﬁ?ﬁ%@é&%%ﬁar“o
Resear ch "3 °C&"954:3 (1986)) and typically take the form of an optionally

buf f ébed aqueGusonsOWidt i 8dcRfiod BenRGL I : i.fable formulations
conpri se I Lo R d}‘%ﬁ%@%ﬁ%fﬁ?ﬁ@%%%&ﬁe? PERE PEOHYSRI n

1_citrate or bis \tris buffer
from 0. 171G BERYURYY {entitigrtbailiniage diggpibstai rtgiontiaocactisvige apsHpopdd(s) |
t he phar meEguEl sale. TROMAQSE Ui QRS ngal.n other .additiyves, such as
pH—adjusting,a& itjyes.gln part?gﬁ g%?‘%%% PP eﬁdf&§f?ﬁ5“%b%ﬁ??“ﬁﬁ@1ude
aci ds, sﬁ@ﬁfﬁ§$HWHWé@hP@¥$@KH%hd%mbdses&grCbmﬁﬁﬁn$}iﬁuﬂheﬁswqgﬂbﬁghh@ptate,
sodi um agabakiRn sSQEl ( te, sodiumcitrate, sodiym borate, or sodium
gl ucgnat e. Fur?ﬁer,Iggﬁgggﬁgggkgf%ﬁgga § CBRIIE ’?P@EF%PSHFQQ&%VﬁﬁﬁVeS.
Usef af nitplsbigahe po-dusalistion wesk amt rONMaetchyk pafARRRchondBalRhORYLAAHRREN,
and benzyl.al&ehe m.cf obi al preservative is typically enployed when
the fornul eatiéon’ i ?Mpﬁ[ Jgge“am?H?taeng?'ﬂﬁ?er?fgg‘i“ﬁﬁeﬁ” 1§y m ){‘t‘]gdﬁ’é‘égeu@_é@qu@ﬁgmur se,
as i ndi céipen! Apdieingho8. fihc eoltyinophisee MRASIHEA@NY8fnt WR{J(PE,‘ &REAL s':amﬁi'ﬁkég%g my
be | yophjLd 2884 in mtechnlques wel | known in the art. sage.
The therapeutica Iﬁgeffective dosage of any specific active agent, the use
of 35wh ch i sApol thibcazepe afe AIESANEHbAYEN hictbrandd Ld%gf@% SQEMat L. om
conmpeynd, t.o ﬁgqqq nd,t .and patient to patient, and w pend upon The
condition of 'hee%% BAPYEHA! fHefoF daplnducedanitagheryriaFgoptosiaks an early step
admi ni stinadizimeds UBtaé cd@bdibnd@ Dhadi AN ¥ Lied (00, UR,. L0 30, 40 or
50 ny, q%¥.ge gsgd, given as a singié dai 1y %oggégﬁd%?&ﬂgéglgh 8P or
three dai'ty cdBLEEondrnda papral cibeidinres avwell anths speddesdridbbiel erein o
di scoverddanss i@ HeD et 06 $a 88 Rred ref.r be used t et erm ne
the course of trea?nent of a“ba%ieﬁ?HQP%FF§?é%Qﬁﬁ?ﬁ”§‘%8ﬂﬁﬁﬁﬁ%ﬁ%e8wa?, a
condi t i SHaSE8EY 4P eddigerdenngeEtiaricor oiT OVMESopiynt . §lzheidRE'eldlicRcng, Whi ch
actide agswtaand/ or course of treatnent to adm ni ster based upon the
presence or absence of the genetic variant or variants. The presence or
absence of tH@CHémss seecifisnibatotmitovhyndrindi bate efifdnsle@uRt (@MnRCIGNE sageNt
and/ or ceMls&n®br thl§RL: r.othe patient, predict age of onset for a
conditioﬁ?{lr 1%Qinh%c§%gﬁg%%%g¥$5ﬂlﬁ @5”}@§Wﬁ@ﬁ ,Agbﬁﬂm%§6@%§?9%mp$6ﬂ¢le may
D Sener it Fonich. parbin vanchiienp gofaib oaGansulie dr o @IAg et he

pat i bf [ S, _ [ y to sponsi v
to a pagtléhlafﬁﬁgpgvgugﬁgﬁglXPM£?bkﬁd%%$¥Wﬂ@PF%ﬁ§fﬁ@?ﬂugéﬂﬂﬂy belpackaged
wi t RIor eutlhiémaiysdaassder atipdrihé eafic aobMBorR B8Rt e ARLE Al MHMMA0, and
réconmendations for treatnent, time tetreatnent, dose reginens, of
based upon the 15presence or absence of the genetic variants. 8. Methods of
determ ning a prediction of disease risk or a prognosis. To determ ne
a prediction of disease risk for a non-synptomatic individual or a
prognosis (the prospect of affliction or disease course as anticipated from
t he usual course of disease or peculiarities of the case) according to sone



25 step and/ or phenotyping, e.g., using an anti body-nedi ated net hod or
enzymatic test), and statistical or other anal yses that converts this raw
data into a prognosis. The prognosis may include a prediction of a
patient's age of di sease onset, response to drug therapy, tine to

t r eat ment treg ment ef |cac¥ etc. In sone enbodi nents, the prognosis may
i ncl ude t HEEEE BapPICheptHs fstunsim seakidegepgrsdns fos Ilalrfalllq}ﬁelﬂpamuewtg statla and
run stati ster aahy GE0sSFIRNRE k8 oRGAIRSHUAA 8 Alinenal, sq{f‘stcgslaa@(%s {?édﬁﬁenﬁo
convert tFﬁ tient data or profile to a prognosis.

profile” % ée%’ datea Arith) orichratedediathe ipwritaimiohdighty tlim&cqoaftdn:am of owowhom
e b od! sbinmiang g pHARHS!fu MIBNYAL Bl BRHAG0PSIfigrpd. Data may
include information on t atient's diagnosi s, nder, and/ or

genot ype. The ‘pdieiadpd h%?léftm @t%@ymab@weannndiuyehammmas af %“OMMmD trdfrelnpaahd ent
such as bAgadanggr vSRdERL &b N €S yis&RL ehnaspi.nal

or 35 DNA. 15194' Genot ype s'? !ﬁ a%l?l?ﬂgégtgl gﬁga:%e pafhoﬁ Kok WP%{?lgdlarDelfagﬁ’ﬂip% ng a
genot ype tAYHO lhérﬂélgﬁ icofrhc &3 dieteart mand!OMAlblhe tohﬁecmtﬂmd@em&;emeﬁm he used
i n conducthg4d nneyr her enoty e_information
is used to glrclrvﬁlg g tc%l?erclil %rg Cfs ’gff’ t%&”ﬁ béBeql TOMMAO Uy, s,

Pat ent Nogriags BEg8 hﬁﬂkgﬁ\'ﬁl\f%&,s 719Eedanm[ﬁﬁ 42&1;;;&;7«“52) I‘hus any Jd@e@@&ﬁu@@#&fdbﬁﬁm S,
such met hpdsHRAY. 1% l?t(s)lélglr ) ’_\ag g ol Permt the refinenent of the

pati ent popu?atl on ( & %y PREAUS 0T ARl ddlitad e Nt Brogrie Pofludr e
subgr oupSI)aysf@ncttinaal!yadwamt, alge»snsofo ;madidct:qqgh@h obScPAbEEIHendtGRH SERS:. G8R, ey, nore
accurateldﬁ te%(e:tt ed CFa rti C,lllm X th respect to particular

sub- popul®at i ofr@Cit ete 108 e TRMM %g‘?f{ap@uqe&rpg@%sn@gi%@gently frogn fpoE19 This
enbodi WEYTCQEMWC&T G‘Eﬁfﬂ]ﬁ)@ﬁi mﬁwti@egcﬁ@mnﬁj/ %E:&fuhtngn ath& %%Mcﬁ'&tlh NG A98ALnP"

t her apy H} g 1ura |tx %ﬂjects (a.control or placebo ther py typically
bei ng adii*Hi EPePaRFis gd@écﬂ df ellydigehadngr’y dirdage samamactiay pssedatpinuscaritg of
Subj dot sytudisl 10RIGAEAY (b MGt ARAIRBaPLor S Y fAPOE
and/ or TO\/IVHO% e}s descr i bedeabove |n1dt hoe qu)ﬁfv%}ao % C‘p%c'(ﬂ&?%mon
genot ype SEYPB P mE 1 Hl BufeoprIn gpY e‘?ﬂPOEoPORzmﬂmbmme,nﬁ)w vwci hidenhigieds tvap of
admi ni st eoiMgad hed LeRE1 therapy, more det ect ed
alleles on the testﬁqt her apyg caﬁ1 ngreg%xg lgdg{ !eu?ﬁ]%@d@%rﬁc gﬁ‘i/(f)guﬁ gﬁl ef o

par amet efFegi. potentlal treat ment outconme or consequence, including, but not

limted to, t fif.d.C o) d ac of .side effects, of the
thera y, etc. DRl %féhn‘lfogg)?det ?1}%% %@%n%s G pulglive, pojegular meghasispscofey of

t est 2 onﬁrﬁhﬁﬁﬂsesm carr elae baryewed mbighin af plﬂrrﬁ&ﬁg@ﬁtl(fsafonkdﬁl Wrctusp At tih€ Hhdiy
genot ype ned ocj ate r subjects who 20 are
di agnoseé&\?\nét Eﬁ?ﬁeﬁdﬁ. g%g}g Or A3 ]2% %ﬁﬁf ébk""#a g*‘d%&@‘f”otﬁ }H{;"' t WedUR S@EPEX | f

subj ect s“éﬂi@@ll@émlg;ﬂpiedhraﬁmer tttahea cd@mdb eComstank r@p!%h(ﬂiqcéﬁ thel @l or tdiRe
ni.ng a relationship between a

|
Py e bl o BB B S SR b 5B AEaBlecB B> By lmeeyh not

Al t er nat aotaéwa;:mgtﬁ taut Sy arhiveadsk €aci oBEYVERLD B dvfer 5%{910?‘aisecr§@%nmt'ﬁ%?% aRBeen
r's

di agnose but has been determ ned to be at

deve?%pl 51916 “m%"“‘di“é @g@(ﬁ]&ﬁg U Prrlogatgdnindapn ONAptrangs pottrising| ApwlEchin thei al
descri bddlka@aﬂe:qmw:he r&‘gﬁcﬂrfsl(ﬁéiscﬁ)b'ttal unpubhsh(ﬂ_ t]ﬁ%) E%Qﬁihhy hdl9n Rl ORL Gl
mechani sns. ga 0 be consi dered when desi e treatnment group §. For
exanpl e, Capiiig: &BG‘EW&‘* fepubeior SNEy Hesenome-wik cﬁ@cmlomphmhdfivdumdmgfr@as@s

m t ochongdmcaiMagbdgubaes GYNALSS eARe re than ApoE
3 (1-272). RoSi gltiqt azone, a dr ua@égg]ﬁlgggéxt%gﬁf%r(:?t%éﬁ%g%“g%ﬁ r@ﬁt’f H? “IRPYhei mer' s
di sease, l‘ieﬁ%rﬂé‘é’é@éedrw&ha‘g&%%“@ﬂeetha:n\dmamme"a@wwnamtmganagms3de@w@@su ng

t he f f et 55108 &Qggit”rg t | ater than with ApoE 4.
Ther ef ore, the dr ug ort regtgneg%{?glgg%da%latgem’%%di wogig% CgPi LIRS WiRHYT be

sel ect edisadEMNVIHS Rolamorphigers bysbeigtedrwithénss sivheifneels tisene &‘;‘grdgﬁiter&h@eﬁ@%ﬁé o the

genetic; [ \ i,fications and/ or
TOMVEO vlg%elgﬁ B asib bR fifl 1o Zé?gf“ Sialipinge gglppéypg? {AH‘Q&/EB’F Aaofdﬂ/éb chosen
for the tri aDe'imeylgI the peskacoronatisarck ngAbhle 235600 @6/r TORMA) RN OSEs Of oF i me
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and analppg nset of i sease and the intensit
the di seas%Q%%OE{}l%é a% (? ngein SOmE eWg’P‘Igmﬁ%“ MBasUPPHET eHdeoks é@%bfﬂ a

sy Pt omsubysit crll‘rlyatumc(as&bomlai:ad: Wirdclly ton@nditeS@AS € an P s bl A, A Um%t)%f ni cal
trial, elimnates or delays the onsetyof the disease, or reduces th
syrrptoms of the disease may be a beneficial drug to use in patients

di agnosed with the disease or at risk of devel oping the di sease. Test
conpounds which nmay be used in such trials
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di vergence. The ApoE genotype frequencies for these groups are tabul ated
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15 the probe carrying a detectable label, and then detecting the Iabel in accordance with known
lechniques, or by direct visualization on a gel.

When PCR conditions allow for amplification of all ApokE allelic types, the types can be
distinguished by hybridization with allelic specific probe, by restriction endonuclease digestion,
by electrophoresis on denaturing gradient gels, or other technigues. A PCR protoco! for

20 determining the ApoE genotype is described in Wenham et al. {(1991), incorporated by reference
herein. Examples of primers effective for amplification and identification of the ApoE isoforms
are described therein, Primers specific for the ApoE polymorphic region (whether ApoFE 4, E3 or
E2) can be employed. In Wenham, for example, PCR primers are employed which amplify a 227
bp region of DNA thal spans the ApoE polymorphic sites (codons 112 and 158, which contain

25 nucleotides 3745 and 3883). The amplified fragments are then subjecied 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 ef 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 severai other genctically 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 1o provide statistical

significance for loci defined by genome-wide association studies.
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UCSC d assification single 50,092,565 T>A 50, 092, 587 T>A 50, 092, 587
50, 093, 506 50,093,609 Intron 6 Intron 6 Intron 6 single single conplex
rs8106922 GB; A>A rs34896370, rs55821237, rs56290633

7. Active agents, compositions and {reatment.

As noted above, phylogenctic trees created using the methods detailed herein may also be
analyzed based upon responsiveness of the condition of interest to treatment with an active agent
or treatment method of interest according to some embodiments, and treatment decisions for a

5 subject or patient may be based upon specific genetic variants identified.

Active agents. Active agents include those known for treatment of a condition of interest,
and are inclusive of anti-Alzheimer’s disease active agents, including, but are not limited to,
acetylcholinesterase inhibitors, NMDA receplor antagonists, and peroxisome proliferator-
activated receptor (PPAR) agonists or modulators, including but not limited to those drugs in the

10 thiazolidinedione or glitazar classes. The active agent could also be a biopharmaceutical product,
for example an antibody (e.g., monoclonal, polycional, derivatives of or modified antibodics
such as Domain Antibodies™, Bapineuzumab, etc.), fusion proteins or therapeutic RNA
molecules. The active agent could also be a combination of any of these products.

Examples of acetylcholinesterase inhibitors include, but are not limited to, donepezil

15 (commercially available as ARICEPT), galantamine (commercially available as RAZADYNE),
and rivastigmine (commercially available as EXELON) and the pharmaceutically acceptable
salts thereof. Additional examples include, but are not limited to, those described in U.S. Patent
Nos. 6,303,633; 5,965,569; 5,595,883; 5,574,046; and 5,171,750 (the disclosures of all U.S.
Patent references cited herein are to be incorporated by reference herein in their entirety).

20 Examples of NMDA receptor antagonists include, but are not limited to, memantine
{(commercially available as AKATINOL, AXURA, EBIXIA/ABIXIA, MEMOX and
NAMENDA} and the pharmaceutically acceptable salts thereof. Additional examples include,
but are not limited to, those described in US Patent Nos. 6,956,055; 6,828,462; 6,642,267,
6,432,985; and 5,990126.

25 Examples of thiazolidinediones include, but are not limited fo, 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-
benzothiazolylamino)ethoxylbenzyl)-2,4-thiazolidine dione; 5-(4-[2-(N-methyl-N-(2-
benzothiazolylamino)ethoxy]benzylidene)-2,4-thiazol idinedione;  5-{4-[2-(N-methyl-N-(2-

30 benzoxazolylyamino)ethoxylbenzyl)-2,4-thiazolidinedione; 5-(4-[2«(N-methyl-N-(2-
benzoxazol ylamino)ethoxy]benzylidene)-2,4-thiazolidinedione: 5-(4-[2-(N-methyl-N-(2-
pyrimidinyi)amino)ethoxy]bcnzyl)—2,4~thiazolidincdione; 5-(4-[2-(N-methyl-N-(2-

pyrimidin yDamino)ethoxylbenzylidene)-2,4-thiazolidinedione:; 5-(4-(2-(N-methyl-N-[2-(4,5-
dimethyfthiazolyi)]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-
29



i : T14 C T14
T12 C T15, T12 C T16, Ti3 C T14, _ _ T13 C T15, T13 C T16>A; _ _
. T14 C T15>13 rs34878901 T>B: C>A 50,094,317 Intron 6 s

n:le rs35568738 C>B 50,094,558 Introit 6

thiazolyl)amino)ethoxy]benzyl) -2,4-thiazoldinedione; 5-(4-{2-(N-methyl-N-(2-
ihiazolyl)amino)ethoxy]bcnzyiidene)-2,4~{hiazolidinedione; 5-[4-(2-(N-methyl-N-(2-(4-
phenylthiazolyl))amino) ethoxy)benzyl}-2,4-thiazolidinedione; 5+(4-[2-(N-methyl-N-(2-(4-
phenylthiazolyl))amino) ethoxy]benzylidene)-2,4-thiazolidinedione; 5-(4-[2-(N-methyl-N-[2-(4-

5 phenyl-S—methylthiazo!yi)]amino)ethoxy]benzy!)—2,4—thiazolidincdione; 5-(4-[2-(N-methyl-N-[2-
(4*phenyl~5-methylthiazolyl)]amino)ethoxy] benzylidene)-2,4-thiazolidinedione;  5-(4-[2-(N-
meihyl—N~[2—(4—methyl-5—phenylthiazolyl)]amino)ethoxy]benzyl)~2,4~thiazo!idinedione; 5-(4-f2-
(N-methyi«N-[2—(4—melhyi-5-phenylthiazolyl)]amino)etimxy]benzyliden €)-2,4-
thiazohdinedione; 5—(4—[2n(N—methyl-N—[Z-(fl»melhyIthiazolyl)]amino)ethoxy]benzyl)-2,4—

10 thiazolidinedione; 5~n(4—{2—(N—metllyl-N~[2~(4—methylthiazolyl)]amino) ethoxy]benzylidene)-2,4-
thiazolidinedione; 5+[4-(2-(N-methyl-N-[2-(5-phenyloxazolyl)Jamino) ethoxy)benzyl)-2,4-
thiazolidinedione; 5~(4~[2—(N—methyi-N—[2—(5—phenyloxazolyl)}amino) ethoxylbenzylidene)-2,4-
thiazolidinedione; S~(4-[2-(N~mc{hyl—N»{2—(4,S—dimethyh)xazolyl)}amino) ethoxy]benzy!)-2.4-
thiazolidinedione;

15 S-(4—{2»(N—meihyl“N—[2—(4,5~dir‘neihyloxazoiyl)]amino)ethoxy]benzylidene)~2,4-
thiazolidinedione; 5-[4—(2»(2—pyrimidiny]amino)ctlmxy)benzyl]—2,4—thiazolidinedione; 5-[4-(2-
(2-pyrimidinylamino)ethoxy)benzylidene]-2,4~thiazolidinedi0nc; 5-(4-[2-(N-acetyl-N-(2-
pyrimidinyl)amino)ethoxy]benzyl)  -2,4-thiazolidinedione; 5-(4-(2-(N-(2-benzothiazolyl)-N-
benzylamino)ethoxy) benzylidene)-2,4-thiazolidinedione; 5-(4-(2-(N-(2-benzothiazolyl)-N-

20 benzylamino)ethoxy) benzyl)-2,4-thiazolidinedione; 5+(4-[3-(N-methyl-N-(2-
benzoxazolyl)amino)propox y]benzyl)-2,4-thiazolidinedione; 5-(4-[3-(N-methyl-N-(2-
benzoxazol yhamino)propoxy]benzylidene)-2,4-thiazolidinedione; 5-(4-[2-(N-methyl-N-(2-
pyridyl}amino)ethoxyJbenzyl)-2,4-thiazolidinedione; 5-(4 [2<(N-methyl-N-(2-
pyrid yl)amino)ethoxylbenzylidene)-2,4-thiazolidinedione; 5-(4-[4-(N-methyl-N-(2-

25 bcnzoxazolyI)amino)butoxy]bcnzy}idene)~2,4-thiazolidinedi0ne; 5-(4-[4-(N-methyl-N-(2-
benzox azolyl)amino)butoxybenzyl)-2,4-thiazolidinedione; 5-(4-]2-(N-(2-
benzoxazokyl)amino)cthoxy]benzylidene)2,4—thiazolidinedione; 5-(4-{2-(N-(2-
benzoxazolyl)am ino)ethoxy]benzyl)-2,4-thiazolidinedione; 5-(4-[2-{N-isopropyl-N-(2-

benzoxazolyl)amino)ethoxybenzy!)-2,4-thiazolidin edione, and pharmaceutically acceptable
30 sahs 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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like; and salis formed with organic acids such as, for example, acetic acid, oxalic acid, tariaric
acid, succinic acid, maleic acid, fumaric acid, gluconic acid, citric acid, malic acid, ascorbic acid,
benzoic acid, tannic acid, palmitic acid, alginic acid, polyglutamic acid, naphthalenesulfonic
acid, methanesuifonic acid, p-toluenesulfonic acid, naphthalenedisulfonic acid, polygalacturonic
5 acid, and the like; (b) salts formed from elemental anions such as chlorine, bromine, and iodine,
and () salts derived from bases, such as ammonium salts, alkali metal salts such as those of
sodium and potassium, alkaline earth metal salts such as those of calcium and magnesium, and
salts with organic bases such as dicyclohexylamine and N-methy!-D-glucamine.

Active agents can be administered as prodrugs. “Prodrugs” as used herein refers to those
10 prodrugs of the compounds of the present invention which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of humans and lower animals
without undue toxicity, irritation, allergic response and the like, commensurate with a reasonable
risk/benefit ratio, and effective for their intended use, as well as the zwitterionic forms, where
possible, of the compounds of the invention. The term “prodrug” refers to compounds that are
15 rapidly transformed in vivo to yield the parent compound of the above formulae, for example, by
hydrolysis in blood. A thorough discussion is provided in T. Higuchi and V. Stella, Prodrugs as
Novel delivery Systems, Vol. 14 of the A.C.S. Symposium Series and in Edward B. Roche, ed.,
Bioreversible Carriers in Drug Design, American Pharmaceutical Association and Pergamon
Press, 1987, both of which are incorporated by reference herein. See also U.S. Patent No.
200 6,680,299 Examples include a prodrug that is metabolized in vivo by a subject to an active drug
having an activity of active compounds as described herein, wherein the prodrug is an ester of an
alcohol or carboxylic acid group, if such a group is present in the compound; an acetal or ketal of
an alcohol group, if such a group is present in the compound; an N-Mannich base or an imine of
an amine group, if such a group is present in the compound; or a Schiff base, oxime, acetal, enol
25 ester, oxazolidine, or thiazolidine of a carbonyl group, if such a group is present in the

compound, such as described in U.S. Paient No. 6,680,324 and U.S. Patent No. 6,680,322,
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, infer 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

W
A

tablet, which may contain from 0.01 or 0.5% to 95% or 99% by weight of the active compound.
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Onc or more active compounds may be incorporated in the formulations of the invention, which
may be prepared by any of the well known techniques of pharmacy comprising admixing the
componeils, optionally including one or more accessory ingredients.

The formulations of the invention include those suitable for oral, rectal, topical, buccal
(e.g., sub-lingual), vaginal, parenteral (e.g., subcutaneous, intramuscular, intradermal, or
intravenous), topical (i.e., both skin and mucosal surfaces, including airway surfaces) and
transdermal administration, although the most suitable route in any given case will depend on the
nature and severity of the condition being treated and on the nature of the particular active
compound which is being used.

Formulations suitable for oral administration may be presented in discrete units, such as
capsules, cachets, lozenges, or tablets, cach containing a predetermined amount of the active
compound; as a powder or granules; as a solution or a suspension in an aqueous or non-aqueous
liquid; or as an oil-in-water or water-in-oil emulsion. Such formulations may be prepared by any
suitable method of pharmacy which includes the step of bringing into association the active
compound and a suitable carrier (which may contain one or more accessory ingredients as noted
above). In general, the formulations of the invention are prepared by uniformly and intimately
admixing the active compound with a liquid or finely divided solid carricr, or both, and then, if
neeessary, shaping the resulting mixture. For example, a tablet may be prepared by compressing
or molding a powder or granules containing the active compound, optionally with one or more
accessory ingredients, Compressed tablets may be prepared by compressing, in a suitable
machine, the compound in a free-flowing form, such as a powder or granules optionally mixed
with a binder, lubricant, inert diluent, and/or surface active/dispersing agent(s). Molded tablets
may be made by molding, in a suitable machine, the powdered compound moistened with an
inert liquid binder,

Formulations suwitable 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
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

unilidose or multi-dose containers, for example sealed ampoules and vials, and may be stored in
32
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a frecze-dried (Iyophilized) condition requiring only the addition of the sterile liquid carrier, Tor
cxample, saline or water-for-injection immediately prior to use. Extemporaneous injection
solutions and suspensions may be prepared from sterile powders, granules and tablets of the kind
previously described. For example, in one aspect of the present invention, there is provided an
5 injectable, stable, sterile composition comprising an active ageni(s), or a salt thercof, in a unit
dosage form in a sealed container. The compound or salt is provided in the form of a lyophilizate
which is capable of being reconstituted with a sujtable pharmaceutically acceptable carrier to
form & liquid composition suitable for injection thereof into a subject. The unit dosage form
typically comprises from about 10 mg to about 10 grams of the compound or salt. When the

10 compound or sall is substantially water-msoluble, a sufficient amount of emulsifying agent
which is physiologically acceptable may be employed in sufficient quantity to emulsify the
compound or salt in an agueous carrier. One such useful emulsifying agent is phosphatidyl
cholimne,

Formulations suitable for topical application 1o the skin preferably take the form of an

15  ointment, cream, Jotion, paste, gel, spray, aerosol, or oil, Carriers which may be used include
petroleum  jelly, lanoline, polyethylene glycols, alcohols, transdermal enhancers, and
combinations of two or more thereof.

Formulations suitable for transdermal administration may be presented as discrete
patches adapted (o remain in intimate contact with the epidermis of the recipient for a prolonged

20 period of time. Formulations suitable for transdermal administration may also be delivered by
iontophoresis (see, for example, Pharmaceutical Research 3 (6):318 (1986)) and typically take
the formt of an optionally buffered aqueous solution of the active compound. Suitable
formulations comprise citrate or bis\tris buffer (pH 6) or ethanol/water and contain from 0.1 to
0.2M active ingredient.

25 In addition to active compound(s), the pharmaceutical compositions may contain other
addilives, 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 bLorate, or sodium gluconate. Further, the compositions may
contain microbial preservatives. Useful microbial preservatives include methylparaben,

30 propylparaben, and benzyl alcohol. The niicrobiaj 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,
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and patient (o patient, and will depend upon the condition of the patient and the route of delivery.
For oral administration, a total daily dosage of from 1, 2 or 3 mg, up to 30, 40 or 50 mg, may be
used, given as a single daily dose or divided into two or three daily doses.
Treatment. Genelic variants as described herein or discovered using the methods ag
5 laught herein may be used to determine the course of treatment of a patient afflicted with a
condition {e.g., a condition associated with ApoE and/or TOMMA40), by, e.g., determining which
active agent and/or course of treatment to administer based upon the presence or absence of the
genetic variant or variants. The presence or absence of the genetic variants may indicate efficacy
of an active agent and/or course of treatment for the patient, predict age of onset for a condition,
10 indicate preferred dose regimens, eic. A genetic profile may be generated for a patient, and the
profile consulled to determine whether the patient is among a group of patients that are likely to
be responsive to a particular active agent.
Instructions for use may be packaged with or otherwise associated with an active agent
indicating recommendations for treatment, time to treatment, dose regimens, etc., based upon the
15 presence or absence of the genetic variants.

8. Methods of determining a prediction of disease risk or a prognosis.

To determine a prediction of discase risk for a non-symptomatic individual or a prognosis
(the prospect of affliction or disease course as anticipated from the usual course of disease or
peculiarities of the case) according to some embodiments of the present invention, diagnostic

20 data, including the patient’s diagnosis or medical hisotry and genetic data, such as the patient’s
genotype (e.g., ApoE and/or TOMM40 genotype), may be processed to provide therapeutic
options and outcome predictions. Processing may include obtaining a “patient profile” such as
the collection of a patient’s medical history including age and gender, genotyping of the loci of
interest (e.g., using appropriately designed primers and using an RT-PCR or PCR amplification

25 step and/or phenotyping, e.g., using an antibody-mediated method or enzymalic test), and
statistical or other analyses that converts this raw dala inio a prognosis. The prognosis may
include a prediction of a patient’s age of disease onset, response to drug therapy, lime to
treatment, treatment efficacy, etc. In some embodiments, the prognosis may include the use of 4
computer software program 10 analyze patient data and run statistical cross-checks against

30 relational databases in order (o convert the patient data or profile {0 a prognosis.

A “patient profile” inctudes 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 paiient profile may also include materials
from the patient such as blood, serum protein samples, cerebrospinal fluid, or puritied RNA or

35 DNA.
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9. Genotype stratification in clinical trials.

Detection of a genotype taught herein or as determined with the methods herein can be
used in conducting a clinical trial in like manner as other genotype information i$ used 1o
conduct a clinical trial, such as described in, e.g., U.S. Patent Nos, 6,573,049 6,368,797 and
6,291,175,

In some embodiments, such methods advantageously strafify or permit the refinement of
the patient population (e.g., by division of the population into one or more subgroups) so that
advantages of particular freatment regimens can be more accurately detected, particularly with
fespect {0 particular  sub-populations of patients with particular genotypes. In some
embodiments, such methods comprise administering a test active agent or therapy to a plurality
of subjects (a control or placebo therapy typically being administered to a separate but similarly
characterized plurality of subjects) and detecting the presence or absence of a genotype (e.g.,
ApoE and/or TOMMA40) as described above in the plurality of subjects. The genotype may be
detected before, after, or concurrently with the step of administering the test therapy. The
influence of one or more detected alleles on the test therapy can then be determined on any
suitable parameter or potential treatment outcome or consequence, including, but not limited to,
the efficacy of said therapy, lack of side effects of the therapy, etc.

A clinical trial can be set up to test the efficacy of test compounds to treat any number of
diseases for which a particular genotype has been determined to be associated, for subjects who
are diagnosed with the disease or are at risk for developing the disease. If subjects are genotyped
after the completion of a clinical trial, the analyses may still be aimed at determining a
relationship between a treatment for a disease and the allele to be assessed for efficacy.,
Alternatively, if a symptomatic or asymptomatic subject has not yet been diagnoscd with the
disease but has been delermined to be at risk of developing the disease, a similar clinical trial to
the clinical trial described above may be carried out.

The underlying biological mechanisms may also be considered when designing the
treatment groups. For example, the ApoE 4 (1-272) fragment binds to mitochondria, decreases
mitochondrial cellular dynamics and decreases synaptogenesis more than ApoE 3 (1-272),
Rosiglitazone, a drug candidate for the treatment of Alzheimer’s disease, increases mitogenesis
and increases synaptogenesis —~ opposing the effects of ApoF 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

subject over a period of time and analyzing the delay of onset of the discase and the intensity of
35
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is associated with ApoE and/or TOMM40 (e.g., late onset Alzheimer’s disease), are provided

herein. The kits include at least one reagent specific for detecting for the presence or absence of

15 an ApoE and/or TOMMA40 variant as described herein, and may include instructions to aid in

determining whether the subject is at increased risk of developing the disease. The kit may

optionally include a nucleic acid for detection of an ApoE gene (e.g., ApoE 2, ApoE 3 and/or

Apok 4) or instructions for isoclectric focusing methods for detecting the ApoE genotype; and/or

a nucleic acid for detection of a TOMMA40 variant as described herein. In some embodiments, the

20 kit may optionally include one or more antibodies which binds (o ApoE 2, ApoE 3, ApoE 4, or to

isoforms of TOMMA40. The test kit may be packaged in any suitable manner, typically with ali
elements in a single container along with a sheet of printed instructions for carrying out the test.

In some embodiments, the kit may optionally contain buffers, enzymes, and reagents for

amplifying the genomic nucleic acids via primer-directed amplification. The kit also may include

25  one or more devices for detecting the presence or 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 vio-chip or microarray contains muitiple 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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on regqul Z’Fgry nut at i onsh|sglt1 P %E‘?’%r B@% O%S oC mlcmsaiﬁm% n‘@g "Eon8t Mé% "¥b7,
867-77 (2B0UYy detppiplde ﬁ’étcrr@drtsllegtynw\wnesrm oypﬂtetmﬁexq&ximrﬁadt h@jcﬁqaprEscTWO LD

expl o at o e (G, FBET R et SR BT HE"L b7 s awamaP Adu g edeser o
anplifie eé[ﬁdh%bquértr@e@f samehcphtsiens gsal, \sed tlia&tlir@mb@eeﬁker\ﬁrgﬂ)ed@ﬁ@ﬁm ned, for
72 LOAD e- nat.ched. contr et al. Candidate

si ngl e- nggéggt]}eér(ggl&g(ﬁﬁtgw%%ng R OF g qrﬂ”é’"ﬁ’é‘ﬁ%ﬁ&ﬁ&ﬁéhﬁﬂf{f&@“a‘m Greatsptpgipberf

Al zhei mepf @Iubseasxe noéaiSCihpM:mr etolinarfp-=b&stAdQQ8Inks bl Wash BARSiE RLE, f,teﬁ’ce
constpuct, t| nct ‘Ehyl ogenetic tree for 10 Kb, encodi ng exons
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83 al | el BI[plual spbjscyis 5o at mpreated risk, Copserpely,substantinidy tomick edips cThespond (o

phyl d)fgenetiu@dst,tt umeUélsprﬁéAtﬁﬂbaﬁte}Qdf@tsé egion of TOMMAO, the ApoE 83-specific
20 inheritanc particul ar Féot ypes, and the identify of the

cl ade- speci fi MM“;‘?%F%HF ¥ith Ane llsQ!rlbsrecpgelratldnyofomnfchmmadl protetnvenpondapendent
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avai | ablge ApBS 33l @QM t wo fr rst cohort (AS)
conpr sed A caseglg %phg ndW(l:roar[t gfggovefg ﬁe@ S8 thempbeisaf t he
Ari z8ha [Arﬁqﬁetnhewelgmm sease Research Center (ADRC) The second cohort (DS)

was assenbl e t B nprised, ApoE 83/84 subjects only
(40 aut opsy- ?on% r'lir]régvdl?{:‘jj 588 \}dr“t"ﬂ ”Iliﬁc% C%fé‘&“ d)‘f‘mﬂ‘i'%e‘ét%‘e(s‘éf‘ngét”ﬁ‘aﬁﬁﬂ hen,

cont rol s‘)dll€€ra3ﬁ8el'2:)7 QIAIZGOH)JJQ‘he Wof pBAVEREENG MBS i EHRRS R Mdud i QbspBn s ybSet  of

the DS cQ se onset from50 to 68 years of age, Passoci at i on
anal yseg‘](r\/}\rt=ft%r 17441 Cf]gaf‘PSrcéialg’uB%te‘t““bP “Hia‘tll“éthéﬂm@eﬁdﬁew@i@weldd%ﬁluehfuter t he

age of 60dic:@5! that rosiglitkabt @vandiQohay ﬁdv@?m@f@bto'ﬁ%ecrﬂrbgffﬁﬂ%mﬁrt eteaf:t?‘e%ﬁs and
conty. ol soi(/,3 ean agb @S and@Eeer centage that are fenale are s l?

seri‘és. fOdEE S GG e BEnggd aét Ten Beprmwagogenomigy Joufial 6 cé@ﬁe%cta@doﬁ)

age- at - ékaiheﬁtatatl AN PRI NGO MchDIs3; i's
given i haﬁ)%ﬁlm hESI 5( 5 Series E Il?)-@ejﬁj@ %"(Q&fg% g%gt EH Ll%eafl tr?dmddtbr in 1(,atc

eimer’s disease patients without an ApoE 4 dIlele 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: ldentification of TOMMA40 Variants of Inferest

174 sequences (2 from cach 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 ncighbor joining algorithm (Saitou and Nei, The neighbor-joining method: a new method for

38



% Fenmal es Cases Controls Cases Controls Cases Controls AS DS 74 40 31 33
81.7(8.01) 69.3(8.3) 77(8.93) 71.9(7.5) 56.3 70 46.7 66.7

reconstructing phylogenetic trees. Mol. Evol. Biol., 4:406-425 (1987)) as implemented on the
Luropean Bioinformatics Institute (EBI) website.

The resulting phylogenetic tree has a structure of two major groups (A, B) al the first

divergence. The ApoE genotype frequencies for these groups ar¢ tabulated and shown in Figure

5 5. It is clear that group B confains subjeci-haplotypes of primarily €3/e3 and e3/e4 ApoE
genotypes and almost no e4/e4. Group A contains almost all of the subject haplotypes with the
e4/ed genotype,

The list of polymorphisms generated by the SNP discovery platform (Polymorphic) were
used to identify specific variants in the TOMMA40 gene that separated the data into the two

10 groups. A likelihood ratio test was used to identify significant variants with a p value less than
0.005.

The list of variants is summarized in Table 1. In the table, the term “deletion™ is used
when the minor allele is a deletion of a nucleotide, and the term “insertion” is used when the
minor allele is an addition of a nucleotide. The term “deletion/insertion polymorphism” is used

15 when there are more than two possible forms and the minor allele is ot apparent, For example,
for the poly-T polymorphisms, there are multiple length polymorphisms observed. The second
column of the table provides information on the identities of the specific alleles associated with
the variant that divide the sequences into the two groups. For example, T>A indicates that the T
allele segregates sequences into group “A” on the phylogenetic tree. When two alleles are listed,

20 e.g. G>B; A>A, each allele uniquely segregates the sequence data into the two groups, while
when a single allele is listed it is associated with the predominate separation of the data, and the
remaining allele does not uniquely separate the data into a homogenous group, but instead a

mixture of both groups.
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A phyl ogenetic tree of simlar structure to that generated in the
expl oratory study was devel oped with strong bootstrap support (97% 1000
replicates) for the AS cohort. ApoE 84/84 subjects occurred only in clade A
(98% separ ation between groups, P = 2.0 x 10-4 Fisher's exact 10 test,
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genonemnde associ ation studies and were found to be protective
which is consistent with the trend
A0 3: (Uavsy disfinet formgjof AAO@én@hmeMklﬁ! @SKORIMAO leplaypedy f or
Med Gepomics 1, 44
§K%9E M8 oci at ed wi t h

suscept i bi | i 8¢ tssockiop gf 8PBingRptei Z1i8potdrdesotglpes epstculdNgt Agsanet (Abp 492- 198
n in and around t he ApoE in
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| ong,
nmean

bi nod
0. 85,

26.78, s.d.

al

17 = 36) and

di stri bution of

2.60, n

33. 15 (s. d.

= 32),

di stribution of
whereas on ApoE 5 chronosones
| engt hs was evident with peaks at 15.17 (s.d.
= 55) T residues (Figure 8).

2.09, n

the variant was relatively

| engths (21 - 30 T residues,

a

Longer poly-T lengths (T >= 27) segregated al nost exclusively into clade A

the hlgher rlsk chlde

in the AS cohort (P =

7.6 x 10- 46,

Il
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15 T length category of rs10524523 and age of LOAD onset. This was tested
using the DS cohort of autopsy-confirned ApoE 63/84 subjects for whomthere
was di sease onset data. Longer poly-T alleles (>= 27 T residues) were
signifi cantly associated wth onset of disease at a rruch younger age (70.5
years versus 77.6 years +/- 2.1,1' = 0.02, n 34) (Fig. 5). This
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s2 chr omespie s @k90d ARREBhset PsGiBhton, vari abl e-1ength poly-T repeats
simlar to s3 chronosonmes, but further investigation is needed to verify
this prelim ngPyt ‘H“H’dM"g%lﬁ‘éjthﬁibmd@{ee#nmdnemuflnltehedﬂmhrjﬂe'il' of (erfelaht Topagtos the
very 15 at earagf «&f 108SEaS B Q f E 62.
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for 5 i AdPHIGiEEsalwied gpe el ihone ygodesrchar thAp@E @4isk bribangt br ofp t he
pol y-T pohytemfe m ppears to b nost power f ul
genetic predi c or %i@?rlléiIIe i | %kdg'?%eq(?gg:ﬁf[ ARt PER AR ’Bg%’én At pifhs éﬂ?e”‘ﬂnce
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zhei nmer di sease. Arch Neurol 65, 45. 53

genomew oci ation
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cycle. Primers for long-range PCR are shown in Table 4.
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has precedence. For example a poly-T variant in intron 8 of the cystic fibrosis transmembrane
conductance regulator (CFTR) gene is associated with skipping of exon 9 and the development

5 of cystic fibrosis (Groman et al., Am ] Hum Genet 74(1):176-9 (2004)). Herein is disclosed: (1)
use of the novel method - phylogenetic association analysis (described above) - to identify DIPs
that are predictive of disease risk and/or differences in age of disease onset, (2) the identity of
three specific DIPs associated with differences in AD age of onset and AD risk, (3) the use of
these SNPs individually, together, or with other sequence varianis in TOMMA40 or ApoE (o

10 diagnose disease or predict or determine disease characteristics such as age of disease onset,
disease prognosis, disease sub-types, disease severity, and aiso to analyze or determine the
response to drugs.

Phylogenetic analysis reveals the distribution of rs10524523 and rs10602329 DIPs into
two different clades. This analysis reveals that shorter poly-T lengths at these loci map to the

15 phylogenetically-identified clades in group B, the group that also comprises higher percentages
of ApoE e3/e3 genotype subjects, effectively few (0%) ApoE ed/ed subjects and lower
case/control ratios (i.e., AD disease risk) (Figure 5). The associalion between DIP length and
phylogenetic group is statistically significant (p < 0.0001) by the likelihood ratio test or Pearson
Chi-square test.

20 Due to the genomic architecture, the high linkage disequilibrium and the evolutionary
relationships as indicated the phylogenetic analysis, between the two genes, and the putative
physical interaction between the two gene products, the influence of TOMMA40 genotype is likely
to extend to other diseases that are influenced by ApoL genotype. These diseases include, but are
not limited to, Parkinson’s discase, Multiple sclerosis, cardiovascular discase, dyslipidemia,

25 recovery from traumatic brain injury, recovery from brain ischemic events, response 10
anaesthetics, and response to drags used to treat AD and the discases 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 varianis,

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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frequency genetic variants and to cluster evolutionarily related haplotypes (Hahn et al.
Population genetic and phylogenctic evidence for positive selection on regulatory mutations at
the factor VII locus in humans. Genetics 167, 867-77 (2004)). This methodology was employed
to explore the ApoE-TOMM40 LD block for the existence of novel risk determinants for LOAD.
In an exploratory study, 23 Kb of DNA containing the TOMM40 and ApoE gencs were
amplified and sequenced, and phase-resolved haplotypes were determined, for 72 LOAD cases
and 60 age-matched controls (Li et al. Candidate single-nucleotide polymorphisms from a
genomewide association study of Alzheimer disease. Arch Neurol 65, 45-53 (2008)). It was
possible to construct a distine( phylogenctic tree for 10 Kb, encoding exons 2-10, of this region.
Two clades (A and B) were distinguished with strong bootstrap support {98%, 1000 replicates).
There was a significant difference in the distribution of the ApoE genotypes between the two
clades of TOMMA40 haplotypes on this phylogenetic tree, suggesting that this region could be
functionally significant. Both clades contained subjects with the £3/e3 genotype, but 98% of all
clade B haplotypes occurred in cis with the ApoE &3 allele P=12x 10”]8? Fisher’s exact test,
two-tailed).

The phylogenetic structure of this 10 Kb region of TOMMA40, the ApoEl &3-specific
inheritance of particular haplotypes, and the identify of the clade-specific polymorphisms were
subsequently confirmed in two independent LOAD case/control cohorts, including one cohort
with autopsy-confirmed AD status and age of disease onset data. The association between the
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 (n = 74) and controls
(n = 31) ascertained at the Arizona Alzheimer’s Discase Research Center (ADRC). The second
cohort (DS) was assembled at the Duke Bryan ADRC and comprised ApoE £3/¢4 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 eohort who had disease onset
from 50 to 68 years of age, association analyses were limited to a subset of patients who

developed AD after the age of 60.
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Series | Cases Controls
AS 74 31
DS 40 33

% Females
Cases  Controls
56.3 46.7
70 66,7

Mean Age (SD)

Cases Controis
(8.01) 77 (8.93)
(83) | 7.9 (7.5

81.7
69.3

A phylogenetic tree of similar structure to that generated in the exploratory study was
developed with strong bootstrap support (97%, 1000 replicates) for the AS cohort. ApoE £4/s4
subjects occurred only in clade A (98% separation between groups, P = 2.0 x 10 Fisher’s exact
test, two-tailed), while the remaining ApoE genotypes were distributed between clades A and B
(Figure 6). That is, ApoE e4 was always in LD with clade A variants whereas Apoli €3 occurred
in both clade A and clade B haplotypes. Examination of the distribution of the few Apol g2/e4
subjects on the phylogenetic tree suggests that ApoE £2-TOMMA40 haplotypes share a similar
evolutionary history with ApoEs3-TOMMA40 haplotypes (data not shown). To verify the
phylogenetic structure using a separate method, and to ensure that recombination within the
genetic interval did not confound the phylogenetic tree structure developed for the AS cohort,
haplotype networks were also constructed using statistical parsimony (TCS version 1.21
(Clement et al. TCS: a computer program to estimate gene genealogies. Mol Ecol 9, 1657-9
(2000))). The major subject-haplotype clusters derived from the two methods (maximum
parsimony and TCS) were congruent.

Clade A was more frequently associated with AD cases than was clade B3 (OR = 1.44,
95% Cl = 0.76 - 2.70). ApoE £3/e4 heterozygotes (n = 36) were analyzed to estimate disease risk
associated with clade A haplotypes while controlling for the effect of ApoE g4, There was a
trend to higher incidence of LOAD for ihe subset that was homozygous for TOMMA40 clade A
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 Ieast some of the TOMM40 variants which define clade
A confer ApoE g4-independent risk of LOAD.

Analysis of the AS cohort sequence data identified 39 polymorphic sites in the TOMM40
18 Kb region, of which there were 30 parsimony-informative sites (at least two differest
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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TOMMA40 gene. 10 SNPs occurred exclusively in the context of Apol €3 (£ = 6.07 x 107,

Fisher’s exact fest, two-tailed, n = 210} and were never observed in Apok e4/e4 homozygous
subjects (1 = 16). The majority of the £3-specific TOMMA40 variants were located in intronic
regions.

5 Figure 7 illustrates the 10 SNPs and 6 insertion/deletion polymorphisms that distinguish
TOMMA40 clades A and B (at P < (.001) for the ApoE £3/¢3 subjects tfrom the AS cohort. These
polymorphisms were tested individually and as haplotypes for association with LOAD risk
(Table 3). The odds ratios for disease risk for each clade B allele, in all cases the minor allele,
suggest that the clade B alleles are protective of AD risk in the AS cohort, however, in each case

10 the association narrowly missed significance. To account for the effect of ApoE £4 on the odds
ratios reported in Table 3, a balanced set of 48 AD cases and 48 AD conirols was constructed by
sclecting sequences at xandom from ApoE £3/e4 subjects from the pooled AS and DS cohorts.
Single SNPs again were not significantly associated with LOAD in this balanced data set.
However, the minor alleles of four of the SNPg (rs8106922, rs1160985, 1760136, 18741780) that

15 distinguish TOMMA40 clade B were assayed previously in three JLOAD case/control genome-
wide association studies and were found to be protective of disease risk (OR < 1 in each case),
which is consisten! with the trend observed in our study (Abraham et al. A genome-wide
association study for late-onset Alzheimer’s discase using DNA pooling. BMC Med Genomics 1,
44 (2008); Carrasquillo et al. Genetic variation in PCDH11X is associated with susceptibility to

20 late-onset Alzheimer’s disease. Nat Gener 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)).
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The foregoing is illustrative of the present invention, and is not to be
construed as limting thereof. The invention is defined by the follow ng
claims, with equivalents of the clains to be included therein. THAT WH CH
IS CLAIMED IS: 1. A nethod for identifying a genetic variant that is

associ ated wi th devel opnent of a condition of interest, conprising:

(a) det er #ininig £ chieniobaboghu dirthsampésegatvo it sdetddng vORK thBeralicihaotindias
seqguences, ri hy . lurality of individual human subjects at a genetic
| ocus of c|mﬁ1‘\jtat ér(%@ﬂ ]?IR%@P%)' nY glafbagdstﬁlgi’aégﬂlge i""r{(‘f?ﬁ%lég"g@?‘ﬁ“@? OnsEpios P s ect ed
with the apeiti2i on of interest and (ii) subjects unaffected with the

condi tion of iyg}mer.est; . . .(b) performng nultiple sequence alignment
anal ysis to i g If 35 RpEsie et (haiei asnetaer iy Baigefiemre agegd wasdt 0b EOakfoeot i de
sequentesinfRRRAY ol A S& It L id YARE Suble ) of _ i-ng .said
genetic variants to const rg%&%@%%rl%%n%f @é%é%%og%iles%l%&%éﬁ@ é‘?lgsi‘én d
tree conptPMMY iBlene hesams habe demtsi poyweyial pamtic phaicges thét depe saiod and

subj ect s ’ L.shLran: N Wl t he genet. ¢ var.iants
repr esentééﬂgmglgglgéglﬁ%ﬁ@g@F %@(S)%{ ' hte‘?cedemaa{;ﬂ%gegéﬁ Zémrlﬂ%oﬁi 5(% %°éafd§%lf‘ga%?f°f§fl?eéct ed
and unaf faetcedCady) @et Gane dosrestt dpblipdphdse Folyandedekhat thedsk bOARhehrnged

rati o of affected. jaf.f.ect.ed subj ; “then .,.(e) .identifying a
genetic vcgg;cl‘l%(r:ll%l q‘&héﬁseey?‘%h%a%‘i‘%z%g E%i?‘&i%tgg&ﬁbibﬁaﬁlf%?H]f’é‘@{es%‘%ﬁl%"ﬁf%e"i“ge at

| east105%pgiyifoephams ffano mgonencetdomssoeiadal ANt Alakindntdsesd. Sah WelF@8s, 45. to
t hereby i Ly a.genetic variant associated with the devel opnent of said
condi t i or%;(:1 2?648}),[‘1&, élg’icgl?ty’ sets O?ﬁl?rvgfh“é' Wt hgUvorfleqtiss menccifigiaieicHomef linkethj ect s
carry a gafyeokyhisws ipdlpyHandTOSIMAM Thediot, aRRMAd QI 1&folitidh 88 83 hediction of  3-
The nethod of &@i m1 orl.c_l ?I m 2, wherein the known Pol ynorphismis an

Apol i popr'Bt & W/ Qe v thin a 5-7 yeargvingaye Tordpdiyiduady 0w §U seareplaicasTie-s@idy wher ei n
t he genetvalidateohieisssodiation B NOSE géxﬁ;iggjemﬁﬂgﬁ)r@lm@%,blbﬂypés'&@%M‘sﬁ&z‘é%m%ﬁ@%

pol yq?rpgl‘sm . 5. Tbe nethod of any of clains 1-4, wherein the
genetPc FHEHE O8f¢t ihtusready beiae plinngde This winidy nyib e soprespastivel 8vsar pepuldop- 20,
30, 40, ofsed6tully taRagesindwayallel : - bi : 8 The

nmet hod of  any oyf clains 1-5, m@?e%rﬁﬁg’gﬂgwgiéﬁg%?ﬁggf‘ég%@% glelfe&\l}l%gf dJay

7. The netHFasosesyugfiak| ai ns 1-6, wherein said condition of interest is
associ at egebIbgl ncreased or decreased mitochondria] dysfunction. 8.
The nmethod any of clainms 1-7, wherein said condition of interest is a

neur odegener a%h%@%?@@&&épalwﬂﬁemabblFiliciyd\iv@eafsm the Adratiaokkbemeds [Hieagase, a

e RS SO SHOR RS o gl B ASn ot T 17
Carolina. All subjects were of European descent. The Arizona and Duke studies were approved
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 T ag 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; S7°C, 30 sec; 68°C, 9 min for 14 cycles; 94°C, 30 sec; 57°C, 30 sec; 68°C, 9 min
+15 sec/eycle for 16 cycles; 72°C, 10 min for 1 cycle. Primers for long-range PCR are shown in
Table 4.
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artery di sease.
i nt er est

condi ti on of

is diabetes nellitus,
of any of clains 1-7, wherein the condition of

10. The method of any of clains 1-7, wherein the
type I1. 11. The net hod

interest is Parkinson's

12. The method of any of clainms 1-7, wherein the condition

di sease.
of interest is Al zhe disease 13.__A method of det erm ni ng i ncreased
ri sk foredevel gpment of :the condition of interest, conpri si ng: (a)
determ ning firam dq)l 'floga cal = ﬁﬁ@&@@@t@l@g@%@ genetf kCo\Valkd ant
identifig@d by the&iethod of any of claims 1-12 carried by an 1 ndivi dual
subj ect ;= and tkgﬂ~——- ~det-erm-ni-ng-t-hat—sal-d-subject-is-at 1ncreased
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devel opr#nt  of AIZBEi sl di Seasehi D azsil 8 R GMBrE AGE £ 8 8 5| (a)
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absence of said genetic variant as conpared to a subject in which said
genetic variant is not present or absent. 19. The nmethod of claim 17
or claim 18, wherein said active agent is selected fromthe group

consi sting of acetylcholinesterase inhibitors, NVDA receptor antagonists,
per oxi sonme proliferator-activated receptor agoni sts or nodul ators,

anti bodi es, f USHopograst eirasin aivet-Sheptrps RNAsNDIZet by ergtaiamjuo@momiwns

thereof size sta%led;r hey m%b&‘éﬁgf d]% Qih dct%z ih pun?umtogtr)flm[erlaﬁ;rlfqlc Hllezi?\% %Ct e

agent is rosiglitazone or a pharmaceut |caII e sal
21. The mEYRedKiefCBrilonifig 6Itéinmﬁrogm)2mngwfa@ed?@i{ p@ﬂdctge/natal@aeuambanrom t he

f
Bui 0 a6, 3¢ "o dorhng GE8F AR A % BE0P Kon SBTB @D Raps et &

di seas® byp adfikhi Bt dreinmguiantuen't nmn@dlmhe lcmfento &mﬁbe&ﬁa&mq fedh e sage lﬂﬂ) \t/é}e said
conprisin

subj ect nt Ve anount v
admi ni st etﬁnﬁfé}hébgﬁ; a’fitvlu\’%j()ar %eﬂtm Y psf%ﬁe’b‘%s[ﬁlﬁ‘fjgl?:‘g%af‘mgW%‘éﬁlqdr eFn é’@éw\/\ﬁ‘féﬁ sai d
subj ect carcl plels vargeitketiagd m&mmﬁﬁﬁdgﬁ»wfeh@orwo gene associated with

increased ris mer's djse s conpared to a correspondin
subj ect who dg)efs?lteﬁoct”ﬁﬁré? Py nﬁleﬁﬁfﬁ g’\?%‘l“?&ﬁtﬂef that was,fagh o the Samnplifjénet i c

vari ant dﬁNAF&:qI@MOTdnﬁ)Iz&e dehificRivh 116 ﬁ'}E 'P@ﬁitlﬁ@iréflﬂﬁfeﬂhhxﬁ nikl()@u?ﬂ):wgn'l‘ﬁl@t ron
6 or )nt ro The method of claim

furt her co| %’H eisiél?edré’f eé?tqfﬁ&gmﬁ%?ﬂérb%Hﬁ’@d%‘b‘}i&fi/’ﬂ|@“lﬁlfﬁsﬁﬁcﬁe o2 okl E3,

E2/ E4, E3bkB,an&Edakderr@r o EdkEHa8Y RLSShing it
furt her cﬁlrgprl si ng ((;:Irlet e((:)tl rglgﬂvtxllnet Her1 glglléle ah @?wﬁs‘y]ﬂpﬁ éﬂh% 81m"E3/ E4

subj ect . mixtyig “WashigciigicH gt 9FC dary 1 fhoess dp rmomtc 2plifiherosi of Saipdasadd i ve
agent | s eRHiRel aloLAMLNG.ANAURCONT RAEND BFc %C&Ma&ﬂ?g;zggst erase

i nhibitors, NVDA receptor antagohists, peroxi sone Of - act i vat ed
recept or agont §s@idoemplates vgreonssd llaﬁ)ﬁ\iﬁbm”@@mgfru@txomn mug i r&g Ilyla,evmjerut ic

5:\1; %l S%Ullzﬁeﬁuml%glgelfﬁn@gﬂﬁf g%?;?s\t/ege rlglgttd(ihslc?c(%lgfl A cfpg émg% slpqléenung anu,r
phar macedlaliaM) yaacssbthabives daslgned Imaaramf.ll to a unique Réatiohhd wetdigdaiof Cainy of
Cer oot ed Flroms ThE G L Onlr Aol 3 pE 38 P oSSR Gmiiropbs.
28. The B hadd of deaaﬁyxdoﬁn cdngiensurd 24 26,C,whek abtbl saB@E cIE. iSSq@fcif s@ktibPNn
products were run on an ABI 3730XL DNA sequencer with a 50 cm capillary array using
20 standard run mode.

A proprietary sequencing analysis program called ‘Agent’ (developed by Celera) was
used to align sequencing reads io the appropriate reference sequence, and produce ‘contigs’
associated with each clone. The system provides estimated quality scores for all bases for which
there is any variation 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 cach
subject’s haplotype report for all variations between the known reference sequence and the

3¢ consensus haplotype sequences,

The magnitude of the length-reading error for the poly-T variants (e.g., 1s10524523) was
estimated by examining the observed lengths from the 10 clones that were prepared for samples
that had  single haplotype. For a typical sample with short poly-T length of 16, the standard
deviation for the 10 clones was .97, For a Lypical sample with Jonger poly-T length, ¢.g., 27, the

35 standard deviation was 1,58,
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pol ynor phi sm 29. The nethod of any of clainms 22-26, wherein said

DIP is a poly-T deletion/insertion polynorphism 30. The net hod of
any of clainms 22-26, wherein said genetic variant of the 'comm() gene is
rs10524523. 31. The nethod of claimany of clainms 22-26, wherein

said DIP is a poly-T deletion/insertion polynorphi smhaving a poly-T of at

| east a 27 codtvpagisc pedwipais enducted. A m8RipleTivguemet Wdghneht ahtheokquehask ns
22-26, Wh@iehdroamd GusloRnd 81 =1 hon/insertian. pol ymor phi sm havi ng
a poly-T otsel}'aft ° east & 27 coﬁﬁﬁﬁgﬁ"é&é&%@m ar r‘én%é}tg lngsiiﬁgglféﬁ?.c & mm‘ﬁ‘%. A
met hod of édseumpahibe plignmants onsimipredisiigberdst(yerse 280005 Rhdogond trdcon of
interest S.ass06kal 64, M y and/ or TOMO for a patient in ne

t her eof , saicg matﬁod gltl)gfmw%%}i%@ﬂg&mmum?ﬁ(c%]é)f’ &% glPtﬁﬁmf‘??}hiSEdt rﬁ@“ﬁ?&%‘@ﬂ%gﬁ%r
absence athylvegstietiee conairiciot softhent ufedeehs Pyupheendh biath10f, Canya ot (igbes 1- 12

carried by; L Al Vi I l.ec ener at e enetic profile of said

patient; qaﬁgﬂtil'%%%d\‘{’i\%%ggi?’?ﬁﬁbgﬁs V%‘O%g'e? 853889?’\7?3' of said patient being

responsi ve t o lare-tAgtiiveaaigenénnection branchRvagsing Rief! @kl N aBahéhakt THE pagent
effective ampunt to treat said condition of

1 id subi t i 1 1 t,
ot orear MBS SoakihrAeq iR ABMGR S Gl iR inbe Npds G pe it (VGO BRaY | o

sel ect ed Wihidnpiotieed et FoShS Fding il ke?%&)ﬁh;ﬁm%:ir@@sfﬁa%ﬁssﬁaﬂené’fi P4 Ehsa NVDA
recepfor ant aug.oni_st s,%qperoxi sone proliferator-activated receptor agonists
or nodul APHPRMOR dnfl gorogion of wveiang sl e PRaisraphaakisisuY s PARIANA® lusio | 1680 and

conbi nat irgpRatehH@RREmine statistical ppofI&: smiﬁ@gee%orﬁﬂu%é?. 33, wherein said
active agent is rosiglitazone or a pharmaceutically acceptable salt

t her eof . Haplglype Triwopkst wee alsp cansprusted dioal Hhe 88u@8e dehewiignhes aicgrgenet i ¢
vari ant afcd RersibNVAGCignet Mai At 4Qbm M’ﬁrg ah, t@tesi?r}:zgggggigg%né&g%%si 243, °f
NCBI Build 36.3 selected fromthe group co sf"stlngo - 50, , )
50, 092, 5870 B0l £¢§)0))) to compare the phylogenetic trees 1o cladograms estimated using
15 statistical parsimony. The phylogenetic trees and haplotype networks were consiructed twice,
with gaps treated as missing data for the first instance and as a fifth character for the second
instance. Nucleotide diversity in the region of interest was calculated using DnaSP (version
5.00.02 (Librado et al. DnaSP v5: a software for comprehensive analysis of DNA polymorphism
data. Bioinformatics 25, 1451-2 (2009))).
20 Alter construction of the phylogenetic trees, the haplotype network, and completion of
the analysis of nucleotide diversity in the region of interest, the results from the different
methods were compared and reconciled to a consensus tree. Groups of sequences sharing a
recent disease mutation were presumed to segregate miore 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 Gener 3, el11 (2007)).

However, sporadic cases due to phenocopies, dominance and epistasis can introduce
noisc into the phenotype-haplotype refationship. This phylogenctic 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 phylogenctic tree were used 1o est the hypothesis that TOMMA40 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
magnifude 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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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.

10

15

20

25

confirmed that the different clades classified the subject-haplotype data by age of onset, further
statistical analysis was done to identify the varianls that separated the sequences into each clade.
Effectively, this analysis assessed the significance of each variant as a factor that influences age
of onsel using a series of one-degree of freedom tests guided by the tree structure. The
phylogenctic analyses were conducted using single nucleotide and insertion/deletion
polymorphisms. The statistical tests of association were adjusted with a Bonferroni correction for
the number of polymorphic sites included in the analysis.

Haplotype reports from the Polymorphic analysis software and reports from DnaSP
software (version 5.00.02 (Librado et al. DnaSP v5: a software for comprehensive analysis of
DNA polymorphism data. Bioinformatics 25, 1451-2 (2009))) were used for subsequent
statistical analyses. We analyzed individual TOMMA40 SNP variants, TOMM40 haplotypes and
length of poly-T repeats for association with LOAD risk for the AS cohort and LOAD age of
onset for the DS cohort. Differences in the proportions of specific TOMMA4G alleles associated
with each ApoE allele or ApoE genotype were compared using Fisher’s exact test (two-tailed).
Starting with 30 parsimony-informative sites and o = 0.05, a Bonferroni correction for the
significance of a specific allelic association would require a P value of 0.001, Odds ratios (OR)
were calculated as the (number of minor alleles in cases/number of minor alleles in
controls)/(number of major alleles in cases/number of major alleles in conirols) and reported
with 95% confidence interval. Means for defined LOAD age of onset groups were compared by ¢
tests, two-tailed. A standard F test on group variances was performed to determine whether the ¢
test was calculated assuming equal or unequal variances. Statistical analysis was completed
using JMP software (version 8, SAS Institute, Cary, NC).

Accession Codes: GenBank: TOMM40, translocase of outer mitochondrial membrane 40

homolog, 10452; ApoE, apolipoprotein E, 348

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.

52



37. The nethod of any of clainms 33-36, wherein said genetic variant of the
TOMMO gene is a deletion/insertion polynorphism (DIP). 38. The
nmet hod of claim 37, wherein said DIP is an insertion polynorphism _
39. The nethod of claim 37, wherein said DIP is a poly-T deletion/insertion
pol ymorphism 40 The met hod of any of clains 37-39, wherein said
DIP is rsifed /BWIHCH 5GBANMED 1§ D1P3. 41. The nethod of any of
clainms 37-39, vvherel n said DIP is rs10524523. 42. A nethod of treatnent for
Al zhei ner's di sease in a subject conprising: (a) detecting froma
bi ol ogi cal sanpl e é‘dﬂ@iéi)(hioﬁ@Cmiﬂtgalwnctfcr\gmrsahadassash]cemid wé:hed«?ﬁmanme)for

ce o f the TOWA gene associated w
fgzggnm v‘te%%ggﬁ??%l%réég |€@§Su%ent and, if said genetic variant is present,
(h) adni ni st er(ﬂ)ngetsmllminadtqm/énca%wl sampfsalcdntauhgeloNAl ﬂleaﬂﬂcﬁfﬁ}ﬁﬂﬁ&&gw?r(;t‘;ho(j
of o ai maB ey bR ORIl R WBPE e b ERER POk T SE I B Ao
E2/ E2, Eubj8¢ls BRIk, b&EB LE3subfedlsEAfecrr i E&hSMﬁjlﬁﬁt of anlere% dnﬂf(ll)TthgaeALQOd

risi.ng detectin et her said subject is

(I%g/ Ega:);n%%? flér\}”g]et%e{'(m ron 0119&4‘? The mgt hod of any of clains 42-44,

wherein sai d d@)t;mfeumggmum;ﬁe sqh@et etbrinfeAMidais 36 @¥RLHGONSEG®E T BnQfat said
acetyl chal i ter?}se i nhi bjtors, NVDA receptor ant agonl sts, peroxisomne

prolifer agt“é? i i QPéHC'F%‘&(gﬁF‘Bﬁe“"&@B’?ﬁeg’F% “bﬁaldriﬁ‘émllﬂéit" pubjecifnt i bodi es, fusion

roteins, the Ing s eﬂmc_%k{h 8S to @RGP DL NBLINCRS 1t Er @1‘?(; sub ects, said 46.
‘Fl)'he nmet hod fhggwgfngcﬁgl;%rm l V\/nerelrn g?t’lg %L(I:ltl ve agent ) saic

rosigli té?Bﬁ‘@n%rF”% %ﬁ§P%E%lHCpE{EY|V|“ jand slvapesdisiveeen adid subiestsemfthe Same cistrod7. The
met hod of any ((Qfex&hﬁhﬁﬁthélgaéﬁa v%ﬁﬁ% g}eéﬁt'cﬁi agglggéh'é‘g in ?arc'(i: ?rg I?J dété}ﬁh&%ﬁﬂgop

c 4
gene is at the genetic |ocation of d
consi st i ,11163 rétfm 0 fcgtg@ axg:@gmffected Subjects to identify those changes that lead to a changed ratio

of affected to unaffected subjects; and then

{e) identifying a genetic variant where the ratio of affected 10 unaffected subjects is at

least 5% different from one or more adjacent variants on said tree

to thereby identify a genetic variant associated with the development of said condition of

inferest,

2. The method of claim 1, wherein all subjects carry a same known polymorphism

for said condition of interest.

3. The method of claim 1 or claim 2, wherein the known polymorphism is an

Apolipoprotein E allele.

4. The method of any of claims 1-3, wherein the genctic 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 Tocus is TOMM40.
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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 net hod

of any of clains 42-47, wherein said genetic variant of the TOMWHAO gene is
a del etion/inserti dRe E@qhytﬁr@f— i o wla@imt PP, wherein said condition of interest is associated

with increased or decreased mitochondrial dysfunction,

8. The method any of claims 1-7, wherein said condition of interest is a
neurodegenerative disease, a metabolic disease, a cardiovascular disease, a psychiatric disorder,

01 Cancer.

9. The method of any of claims 1-7, wherein the condition of interest is coronary

artery disease.

10. The method of any of claims 1-7, wherein the condition of interest is diabetes

mellitus, type II.

11, The method of any of claims 1-7, wherein the condition of interest is Parkinson’s

disease.

12. The method of any of claims 1-7, wherein the condition of interest is Alzheimer’s

disease.

13. A method of determining increased risk for development of the condition of
inferest, 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

infercst when said genetic variant is present.

4. A method of determining increased risk for development of Alzheimer’s discase
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 associaled 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 TOMM40 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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49. The nethod of any of clains 48, wherein said DIP is rs10524523,
rs10602329 or DI P3. 50. The nethod of claim48 or claim49, wherein
said DIP is an insertion pol ynorphism 51. The nethod of claim48 or
claim49, wherein said DIP is poly-T deletion/insertion polynorphism

52. The nethod of any of claim48 or claim49, wherein said DIP is
rs10524523. 15 Thzmethpd ofigainpl4, dwtiwntimpistipalcreniswhitseasi abjete aagent

for the pagpenes om0k RILEIMIL of QLAY o out a method of any of
clains 17-5 The useé of an an zheiner's di sease active

agent for carryl ng out a nmet hod of any of claims 17-52. 55. A nethod

of determ ningga PrRINLCSH [0 k for devel opin s di sease
in a patient cénpr?ge?ng b(ﬁ? a‘fl‘#lklnﬁ gurﬁa Foer]mrlqwlgcﬁjf:icplé“gg Wﬁ%‘?‘él"l’fg%éﬁ”ac‘d%?‘al ni ng
a pati entARris¥El @ Edhpribies: det ecting the presence or absence of at
| east one ApoE 2, ApoE 3, or ApoE 4 allele in a biological sanple of said

patient, and detecting the presence or absence of at |east one TOMMHO

del etion/i nsed?i onTiwohgthmlrcﬁlan;\SMcﬂcﬁzhlE’)Af heqartied cdripritindaie fegPbr: i Ntron 9 of the
TOVWAO gene, ﬁ ddm]m‘;rtlt31 onvertl said patient profile into said prognosis,
wherein the preseRce 3rE &8 8" AYSEIE!S AsEse 3cbte arprito s2id splipd imndreptment

presence ctkctisahdoat: wheastid anRoTOMBhitAIR, BOANARERD S0 A8l fd e84l d
patient as a patient at risk for devel oping Al zhei nmer's disease. 6.

The net hod of claim55, wherein said DIP is rs10524523, r510602329 or D1PS.
57. The net hot.of Weahdm&bor MR €1, WiRRis § Pdlhl%ls&%n%raﬁtﬁ_llg 88ﬁ (F YioLphi sm
etion

58. The thod of claim55, wherein said Isap i'nSertion
pol ynor pﬁli” o4ty eqier e pieRISaet sublcss lﬁrﬂggmlwfﬂéfﬂ b af lsfaﬁcdedjh‘ﬁt tiysthe prt@m2A&H23.

60. The ammtmRbiohid (R viladl MBconpard: r.3 etecting whet her
said subject is ana%xp{é E2/ 2, ED) § 2/ éﬂ?jgﬁs‘l}légm ‘E&gﬂe FVI§4?‘E49§?fbj ect .
61. A nmePKEH ¢iGPs®tratifying a subject into a subgroup of a clinical trial
of a therapy for the treatnment of Al zheinmer's disease, said nethod

conpri si ng: )
19. The method of claim 17 or claim 18, wherein said active agent is selected from

the group consisting of acetylcholinesterase inhibitors, NMDA receptor antagonists, peroxisome
proliferator-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 variand of the TOMM40
is a poly-T insertion variant at genomic location 50,094,889 of NCBI Build 36.3.

22. In a method of treating a subject for Alzheimer’s disease by adminisiering 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 10 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 TOMM40 gene.
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detecting the presence or absence of at |east one ApoE 2, ApoE 3, or ApoE 4

allele in a biological sanple of said patient, detecting the presence
or absence of at |east one TOMMO del etion/insertion pol ynorphism (D P)
| ocated in intron 60r intron 9 of the TOWAO gene, and stratifying

said subject into said subgroup for said clinical trial of said therapy
based upon t hé’pr e§@htehed Ohgsiene hofbes atmpraingl deastingonbe g oBIZNbAEOELS, O
ApoE 4 al Al 1&/enahnts, RI/EWNDR DI @l |, e 62. The nmethod of claim®61,
wherein said DIP is an inserti on/ po{)ynﬁ%ﬁ}o%ubgﬁ%’ 63. The net hod of
claim6l, wherein said DIP is poly-T deletion/insertsion polynorphi sm

64. The net hodsof ¢lalMRoPds o a Pis rsil05 0602329 or
DI P3. oot T haon o C%ﬁgﬂ%ﬂ’% NN e e e

66. The rECHEdE DI B4 sbjee ai ms 61- 65, further conprising detecting whet her
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 treatnent

for Al zhei mer 2% di'E@ascehm‘lmfpnjz sl atgins 22-24, wi}ein gedidify k@t R sPREtb@bm the
etermning a prognosis

di agnose t zhei
for sai d%rpea |(’gﬁ?£[dllgagfg[ce)c§1 ?fhvd“{eﬂt“ﬂ’ez H@ﬂ%‘@?ﬁ yhﬁ?gefﬁg"é’“&dﬁ‘b‘rgf’%”ﬁgpﬁﬁ%léﬂﬂﬁﬁ ng a
patient prabifirhter- dawlqae@wen:e;saa ﬁlgolﬂa;tsl @Nho@N Dbk B1BOARY, 1588 piotem‘; 'tﬂex%@&&c“ ng

the pres sence of at |east one ApoE 3, ApoE 4, and
e %O%fg gc Hglnsdheredli g pati ent, i) det ectl ng the

allele in a o ot 1 e
presence or absence of at Ieast one TOVMAO del etion/insertion pol ynor phi sm
(DIP) | ocated n| tron 6 or intron 9 of the TOMMO gene, and i)

converting t he” pat iPEMCUSASf perticitngs St whetsirost asiive agent is resiglighzpreognosi s

i ncl udi nghampdeeddal haRp@blc Whehhies t he patient | s a candidate for said
clinical trial for said treatnment of Al zheiner's di sease. 68. The

nmet hod of claim 67, wherein said DIP is an |nsert|on poI ym)rphism

69. The net hog. of T@ll: ?dem()ﬁ%f axWhﬁr llﬁ %b@ uRLEamIE;‘% QY g6 te()tf:%!hoe?){@&ﬁrtl on

pol ynor phi sm Rhereln o4l
r s1052458%¢ ‘%‘S‘P@‘G@?Q‘Zg%’ﬁm@ll@&%iOUP consisting Df: (JHE24528 hothc0L32)|, adDFE, wherein
said DIP is rsl10524523. 72. The nmethod of any of clainms 67-71,
further conprising detecting whether said

28, The method of any of cluims 22-26, wherein said DIP is an insertion

polymorphism.

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 1510524523,

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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subject is an Apo E2/E2, E2/E3, E2/E4, E3/E3, E3/E4, or E4/E4 subject.

73. Akit for determining if a subject is at increased risk of devel opi ng

| at e onset Al zheinmer's di sease conpri sing: (A) at | east one reagent
that specifically detects ApoE 3, ApoE 4, and/or ApoE 2, wherein said
reagent is selected fromthe group consi stl ng of anti bod| es that

sel ectively bi‘dd ApoREcihediobiivimenntyr ol Lgditios|cdabicdst, pvimbms Sﬁlhah)ndieble(bll vel y

bi nd to DMANSOdiRgARRE Abhel east agent
speci fical i/e detects the pr é}gﬁ%zmojrﬂmé%dsehce r’olf‘lt“e’t“ ik Hce‘? e ?T%\SR}EE

del et i on/GoR®EFiEEON pol ynor phi sm (DTP) located in intron 6 or intron 9 of
the TOWHAO gensg;,.20d; tructions for det er m ni hat .t he
subject is at r&?ng Feanag e grcgcg% J)eve '6pr ‘bg(fnﬁ{’(ev%ﬁ’% foﬂg’%rf'h? mgthgd 9base
by anf o cldistseleld myr 1¢dnley zplrle&emitnﬁ ‘iﬂbjcﬁbls goeeitof gantidpafilSef ﬁm%exltand/ or
)

ApoE 2 i s subj.e ai | east —one reagent; (i1
det ecti ngm'él ﬁ%mp¢ ~£eldéé?1}‘8‘(i,i](\(5‘;rm 'Bgtgﬁmtg% pﬂé’tc“tlbé%?gt‘eSB?f@"*F@Mﬁ“d%P@’t“ion/| nsertion

pol ynor phi sm (Iﬂ)laﬁh)nnhmmgedd labtivieRpE0 o GiddubfebnOR (Ra@fent JT%CT@M&nQ%Q%AL and
(rii) ob§§l Cmncﬁyl S t]er or not the subject is at increased risk of

devel opi ng" 1At B8 & Ai'zhei mer' s di sease by observing if the presence of
ApoE 3, ApoE 4, and/or ApoE 2 and said TOMWHO DIP is or is not detected
with said at Efast one reagent, wherein the presence of ApoE 3, ApoE 4
and/ or ApoE 231 sof BEnPHhef Shaslamrenmisron pail giveatess! wp@ctsd:b;mthwgsom

i ncr easedorsistike 0bf JRYVISIONINALehat [ /4
The kit of a% m 73, 3her ein J;gel gng?ﬁ{?iaﬁmgﬁe% gen lﬁggg’gﬁm %{:mmome

i nstruct PBWE“%&P%%&%E%&@EWP%d@ﬂgilwgl BodunIai mebodies, fusion PHLeifEhehdkipeuldf

cl ai m 73RorA GbREMRs! dd WRBHRliShs SR DI P IS an insertion pol ynorphi sm
76. The kit of claim73 or claim 74, wherein said DIP is a poly-T

del etion/insertion polynorphism 77. The kit of claim73 or claim
74, wherein sgjd ByP js 5 6023 78. The kit
of claim 73 or claim 74 b ]Ugrél %ZS%EI é’ﬁ%ﬁ% alg gb%?&%‘ 3is rosiglitazonggor pre ki ¢

of any oPhaéméiCH%CdﬁBd%ptabihetrltethmcsfal d det erm n| ng step further conprises
detecti ng whet her said subject is an Apo E2/E2, E2/E3, E2/E4, E3/E3, E3/E4,
or E4/E4 subject. 80. AKkit for determning if a subject is

responsive t 6t r edheenthof of ana; uf ehadhi 3RS, QIheteBisardeg,&het:d/\&Aﬁﬁﬁldil A GhMeRpdi tion
an active agent,

of intergst

sai d ki tg(?ovr%lr%ms&%%ﬁ s 4§ E(ﬂ?“ fll:_(fcé‘é‘g’t OfolﬂgB]r 55’6‘%%@ 3tsﬁ1§€te‘é bees he exupy

det ect s pailig, oASE(MD, SEMAA IR0 2095506, 500596h,TSABRADN 7! 0761864 o0
fromtheog(gg d?atjg ant1 bodi es that_sel ectively bind ADoE

i sof or s, g’l |53)0 P d@“ﬁ?ébé@(%ﬁ@ sePdeE. P el ﬁﬂlﬂgﬁﬁ‘)@ o JONBS Efkodi ng
ApoE al Im@sm SOU%(SBl 20,0083%%, S0R9EBAYERH,0bARI2, SPAGLELER! |3 [Hebgrts the
pr esenceso%zs%?? UG8 25,8 !50e 3939t62?zne

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 1510524523, 1510602329
or DIP3.
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TOVWAO del etion/insertion polynorphism (DIP) |ocated in intron 6 or intron

9 of the TOM40 gene; and (O instructions for determning that the
subject is responsive to treatnment 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 isoformin said subject with said at |east
one reagent; *1-  Thypghodeliay of deyms Ré-3prewene sidblhissdngessas. at | east one
TOVWAO del etion/insertion polynorphism(DIP) |ocated in intron 6 or introit
9 of the TOMMO gene; and (iii) determ ning whether or not the

subj ect is reéponstvietiod of rermenner Ayhahedrdisersy i f stljet pregenge of ApoE 3,
ApoE 4, and/ oy, ARk SR 95iaN L&t TOMVRO iS,0r.is no ‘dli%)ec ed
with said at I&gast 6ﬁge reage.ntt,?gm(\g/!i\llhE?Ae1 h T ﬁtémﬁalgeqégﬁc%k% ﬁB\B’of—_a'%f’“ %E}“ﬁ
and/ or APFEeIEe or gsencs & o cTONVKO Dl ¢ thoBOMRM 4bgehb atsodatdl wiiti bispisiveSess to
responsi Vg o5 Sad LEnL .y Lh said active agent. 81. The kit of
claim 80,d \x/neﬁe?éﬁ%sagﬁ’ﬁﬁ%?&géggm%@ 'ﬁ'%‘%ﬁ%t and said instructions are
packaged in a(b3bdgingicioptail neive agent to saidRbjedine alkiehm@ft Gediid SRl (Gl M 81,

wherei n saj; |LP._ | n .insertion pol ynorphi sm 83. The kit of claim
80 or claim Fﬁﬁéggfiaﬁc‘sai d DDP is a poly-T deletion/insertion
pol ynor phi sm 84. The kit of claim80 or claim8l, wherein said D P

is rsl10524523,. rs10602329 qr . DI P3. 85. The kit of claim80 or claim
81, wherein skd D6 MR sisamsFaturther comprigigg detpgingirhegrer 8y selfiect isadms
80- 85, When ERE2sBR/MA3 deyer, I3/H3NY3/B4 aR HiHatdgeqconpri ses detecting whet her
said subject is an Apo E2/E2, E2/E3, E2/E4, E3/E3, E3/E4, or E4/ E4 subject.
9719- 2W)_ST25 SEQUENCE LI STI NG <110> Shiraz Pharmaceuticals, Inc. Roses,

Alan D. <120>4VETHGD nfrhokd [N d b N S5ARR:R e ARG TR Rer ;a:?(??ub?(l}lg%_ 40
<150> US 61{,%%4, 647 _
Apo E3/E3 or E3/E4 subject.

45. The method of any of claims 42-44, wherein said active agent is selected from the
group consisting of acetylcholinesterase inhibitors, NMDA receptor antagonists, peroxisome
proliferator-activated receptor agonists or modulators, antibodies, fusion proteins, therapeutic

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 TOMMA4{)

gene is a deletion/insertion polymorphismn (D1P)

49, The method of any of claims 48, wherein said DIP is 1830524523, 110602329 or
DIP3,
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<151> 2009-07-10 <150> US 61/186, 673 <151> 2009- 06-12 <150> US 61/088, 203
<151> 2008-08-12 <160> 52 <170> Patentln version 3.3 <210> 1 <211> 25 <212>
DNA <213> Artificial <220> <223> Long range PR priner <400> 1 aactcagagg
ccagagattc taagt25 <210> 2 <211> 25 <212> DNA <213> Artificial <220> <223>

Long range PCR prinmer <400> 2
50. The method of claim 48 or claim 49, wherein said DIP is an insertion

pelymorphism,

51. The method of claim 48 or claim 49, wherein said DIP is poly-T deletion/insertion

polymorphism.
52. The method of any of claim 48 or claim 49, wherein said DIP is rs10524523.

53. The use of an anti-Alzheimer’s disease active agent for the preparation of a

medicament for carrying out a method of any of claims 17-52.

54, ‘The use of an anti-Alzheimer’s discase active agent for carrving out a method of
it

any of claims 17-52.

55. A method of determining a prognosis or the risk for developing Alzheimer’s
disease in a patient comprising obtaining a patient profile, wherein said obtaining a patient
profile comprises:

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 TOMMA40 deletion/insertion
polymorphism (DIP) located in intron 6 or intron 9 of the TOMMA40 gene, and then

converting said patient profile into said prognosis, whercin the presence of said ApokE 2,
ApoE 3 or ApoE 4 allele and the presence of said at least one TOMMA40 DIP polymorphism

identifies said patient as a patient at risk for developing Alzheimer’s discase.
50. The method of claim 55, wherein said DIP is rs10524523, rs10602329 or DIP3.
7. The method of claim 55, wherein said DIP is an insertion polymorphism.

538, 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 1310524523,
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ficial
aacagcctaa tcccagcaca tttac25 <210> 3 <211> 17 <212> DNA <213> Artificia
<2202 <223> Sequenci ng prinmer <400> 3 caggaaacag ctatgacl7 <210> 4 <211> 15
<212> DNA <213> Artificial <220> <223> Sequencing prinmer <400> 4 cccactggtt
gttgal5 9719-2WD ST25 <210> 5 <211> 18 <212> DNA

60.  The method of any of claims 55-59, further comprising delecting whether said

subject is an Apo E2/E2, E2/E3, B2/R4, E3/E3, E3/E4, or B4/E4 subject.

61. A method for stratifying a subject into a subgroup of a clinical trial of a therapy
for the treatment of Alzheimer’s disease, said method comprising:

detecting the presence oy absence of at least one ApoF, 2, ApoE 3, or ApoE 4 allele in 4
biological sample of said patient,

defecting the presence or absence of at least one TOMM40 deletionfinsertion
pelymorphism (DIP) located in intron 6 or intron 9 of the TOMM40 gene, and

stratifying said subject into said subgroup for said clinical trial of said therapy based upon
the presence or absence of said at least one ApoE 2, ApoE 3, or ApoE 4 allele and/or TOMM40)
DIP allele.

62.  The method of claim 61, wherein said DIP is an insertion polymorphism.

63. The method of claim 61, wherein said DIP is poly-T deletion/insertsion

polymorphism.
04, The method of claims 61, wherein said DIP is 1s10524523, 1310602329 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/B4, E3/E3, E3/E4, or F4/E4 subject.

67. A methed 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) delermining 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 TOMMA40 gene, and

iii) converting the patient profile into said prognosis,
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<213> Artificial <220> <223> Sequenci ng prinmer <400> 5 gtgtgat ggt
gattcaacl8 <210> 6 <211> 16 <212> DNA <213> Artificial <220> <223>
Sequenci ng prinmer <400> 6 gaat aggggc ctttcal6 <210> 7 <211> 15 <212> DNA
<213> Artificial <220> <223> Sequencing prinmer <400> 7 ctgcaggtat gaaagl5

<210> 8 - : Lo N . e
said prognosis inctuding a prediction of whether the patient is a candidate for said clinica

trial for said treatment of Alzheimer’s disease.
68.  The method of claim 67, wherein said DIP is an insertion polymorphism.

69.  The method of claim 67, wherein said DIP is poly-T deletion/insertion

polymorphism.
70. The method of claim 67, wherein said DIP is 1510524523, rs10602329 or DIP3.
71. The method of claim 67, wherein said DIP is rs10524523.

72. The method of any of claims 67-71, further comprising detecting whether said

subject is an Apo F2/E2, E2/E3, E2/E4, E3/E3, E3/E4, or E4/E4 subject.

73. A kit for determining if a subject is at increased risk of developing late onset
Alzheimer’s disease 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 ApoFE 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 discase 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 TOMMA40 deletion/insertion
polymorphism (DIP) focated in intron 6 or intron 9 of the TOMMA40 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, ApokE 4, and/or ApoE 2 and said
TOMMA40 DIP is or is not detected with said at least one reagent, wherein the presence of ApoRE
3, ApoE 4 and/or ApoE 2 isoform and said TOMMA40 DIP indicates said subject is at increased

risk of developing late onset Alzheimer’s disease.
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<211> 16 <212> DNA <213> Artificial <220> <223> Sequenci ng priner <400> 8

caatctccta gggtgclé <210> 9 <211> 15 <212> DNA <213> Artificial

<220> <223>

Sequenci ng prinmer <400> 9 gtctctgcag atgtgls <210> 10 <211> 16 <212> DNA
<213> Artificial <220> 9719-2w0O _ST25 <223> sequenci ng prinmer <400> 10

cggaagttgc agpgggl6

packaged in a single container.

The kit of claim 73, wherein said at least one reagent and said instructions are

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 rs10524523, 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, o1 E4/E4 subject.

80. A kit for determining if a subject is responsive to treatment for a condition of

interest, whercin said condition of interest is associated with ApoE and/or TOMMA40, 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

TOMM40 deletion/insertion polymorphism (DIP) located in intron 6 or intron 9 of the TOMM4()

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) defecting the presence or absence of an ApoE 3, ApoE4, and/or ApoE 2 isoform in

said subject with said at least one reagent;

(if) detecting the presence or absence of at least one TOMM40 deletion/insertion

polymorphism (DIP) located in intron 6 or intron 9 of the TOMMA40 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 Apok 3, ApoLi 4 and/or ApoE 2
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<210> 11 <211> 15 <212> DNA <213> Artificial <220> <223> sequencing pri mer
<400> 11 tactgcaact tccgcl5 <210> 12 <211> 17 <212> DNA <213> Artificial
<220> <223> sequencing primer <400> 12 aaggt caagg ttacactl/7 <210> 13 <211>
15 <212> DNA <213> Artificial <220> <223> sequencing prinmer <400> 13
tctctgttge ccacgld <210> 14 <211> 17 <212> DNA <213> Art|f|0|gl <220? <223>
sequenci nﬁldﬁﬁﬁdﬂg}MM&@@ﬁ’ indicaieadigceidsybigt gareatondive@ e tEBmeR 1 iith 24d s@il2> DNA
<213> Artigbjicial <220>

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

polymosphism.

84. The kit of claim 80 or claim 81, wherein said DIP is rs10524523, 10602329 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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<223> sequenci ng prinmer <400> 15 cccaactaat ttttgtattc g21 <210> 16 <211>

17 9719-2WD ST25 <212> DNA <213> Artificial <220> <223> Sequenci ng pri nmer
<400> 16 cctgtaatcc cagctatl7 <210> 17 <211> 17 <212> DNA <213> Artifici al
<220> <223> Sequencing primer <400> 17 acatttgtgg cctgtacl7 <210> 18 <211>

20 <212> DNA <213> Artificial <22059<2@3373equenci ng prinmer <400> 18
SEQUENCE LISTING

<110> Shiraz Pharmaceuticals, Inc.
Roses, Alan D.

<120> METHOD OF IDENTIFYING DISEASE RISK FACTORS
<130> 9719-2w0

<150> US 61/224,647
<151> 2009-07-10

<150> US 61/186,673
<151> 2009-06-12

<150> uS 61/088,203
<151> 2008-08-12

<160> 52
<170> PatentIn version 3.3

<210> 1

<211> 25

<212> DNA

<213> Artificial

<220>
<223> Long range PCR primer

<400> 1
aactcagagg ccagagattc taagt 25

<210> 2

<211> 25

<212> DNA

<213> Artificial

<220>
<223> Long range PCR primer

<400> 2
aacagcctaa tcccagcaca tttac 25

<210> 3

<Z211> 17

<212> DNA

<233> Artificial

<220>
<223> Sequencing primer

<400> 3
caggaaacag ctatgac 17

<210 4

<211> 15

<212> DNA

<213> Artificial

<220>
<223> Seguencing primer

<400> 4
cccactggtt gttga 15
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tcatctctct gtgaacctaa20 <210> 19 <211> 16 <212> DNA <213> Artificial <220>
<223> Sequenci ng prinmer <400> 19 ccacatgggc ttgtgtl6 <210> 20 <211> 18
<220> <223> Sequencing primer <400> 20
ggcaaaat ga cgatcagt 18 <210> 21 <211> 16 <212> DNA <213> Artificial <220>
<223> Sequenci ng prinmer <400> 21 8¢thgHbgoescaaatcl6é Page 4 97192w0O ST25

<212> DNA <213> Artificial

<210> 22 <211> 15 <212> DNA <213> Artificial

<210> 5§

<211> 18

<212> DNA

<213> Artificial

<220>

<223> Sequencing primer
<400> 5

gtgtgatégt gattcaac

<210> 6

<211> 16

<212> DNA

<213> aArtificial

<220>
<223> Sequencing primer

<400> 6
gaataggggc ctttca

<210 7

<211> 15

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 7
ctgcaggtat gaaag

<210> 8

<211> 16

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> B8
caatctcecta gggtge

<210> 9

<211> 15

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 9
gtctctgcag atgtg

<Z210> 10

<211> 16

<212> DNA

<213> Artificial

<220>
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<220> <223> Sequenci ng pri nmer
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<400> 22 gcagcaccag ctagtl5 <210> 23 <211> 17 <212> DNA <213> Artifici al
<220> <223> Sequenci ng prinmer <400> 23 aactctgagt ggatgtgl7 <210> 24 <211>
19 <212> DNA <213> Artificial <220> <223> Sequencing priner <400> 24
gatggtctca atctccttal9 <210> 25 <211> 19 <212> DNA <213> Artificial <220>
<223> Sequenci ng prinmer <400> 25 &ti8t a1.6Te5 aact act gal9 <210> 26 <211> 25
<212>“PNA <EHSNANG| BiI¢REl <220> <223> Sequenci ng pri mer <400> 26
tttttLegpaa grat aaaaca tagta2s

cggaagttge agtaag i6

<210> 11

<211> 15

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 11
tactgcaact tocge 5

<210> 12

<211l 17

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 12
aaggtcaagg ttacact 17

<210> 13

<211> 15

<212> DNA

<213> Artificial

<220>
<223> Seguencing primer

<400> 13
tctctgttge ccacg 15

<210> 14

<211> 17

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 14
acaagcctag gtgacat 17

<210> 15

<211> 21

<212> DNA

<213> Artificial

<220>
<223> Seguencing primer

<400> 15
cccaactaat ttrtgtatec g 21

<210> 16
<21l> 17
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<210> 27 <211> 15 <212> DNA <213> Artificial <220> 9719-2W_ST25 <223>
sequenci ng primer <400> 27 agtccccgct acttal5 <210> 28 <211> 16 <212> DNA
<213> Artificial <220> <223> sequencing prinmer <400> 28 ggggat ggac aaagct 16
<210> 29 <211> 16 <212> DNA <213> Artificial <220> <223> sequencing primer
<400> 29 acgacaggtg tatgccle <21097I302WREBI25 17 <212> DNA <213> Artifici al

<212>
<220><213> artificial

<220> )
<223> Seguencing primer

<400> 16
cctgtaatce cagetrat 17

<210> 17

<Z211> 17

<212> DNA

«213> Artificial

<220>
<223> Sequencing primer

<400> 17
acatttgtgy cctgtac 17

<210> 18

<211> 20

<212> DNA

<213> Artificial

<220> ) )
<223> Sequencing primer

<400> 18
tcatctctet gtgaacctaa 20

<210> 19

<211> 16

<212> DNA

<213> artificial

<220> . .
<223> Seguencing primer

<400> 19
ccacatgggc ttgtgt 16

<210> 20

<211> 18

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 20
ggcaaaatga cgatcagt 18

<210> 21

<211> 16

<212> DNA

<213> Artificial

<220> ) _
<223> Sequencing primer

<400> 21
cccagatgec caaatc 16
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<223> sequenci ng prinmer <400> 30 tgaaaagccc tctagacl7 <210> 31 <211> 17

<212> DNA <213> Artificial <220> <223> sequenci ng pri nmer

<400> 31

gaacagattc atccgcal7 <210> 32 <211> 16 <212> DNA <213> Artificial <220>
<223> sequenci ng prinmer <400> 32 cacccacgat ccagttl6 <210> 33 <211> 18
9719- 2wO _ST25 <212> DNA <213> Art $Ti%iPeb.sk220> <223> sequenci ng pri mer

<400> 33

<210> 22

<211> 15

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 22
gcagcaccag ctagt

<210> 23

<211> 17

<212> DNA

<213> artificial

<220>
<223> Sequencing primer

<400> 23
aactctgagt ggatgtg

<210> 24

<211> 19

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 24
gatggtctca atctcctta

<210> 25

<211> 19

<212> DNA

<213> Artificial

<220> ) )
<223> Sequencing primer

<400> 25
ctatagtccc aactactga

<210> 26

<211> 25

<212> DNA

<21%> Artificial

<220>
<223> Ssequencing primer

<400> 26
ttttttccaa gcataaaaca tagta

<210> 27

<211l> 15

<212> DNA

<213> Artificial

<220>
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t gt ggat agc aact ggat 18 <210> 34 <211> 19 <212> DNA <213> Artificial <220>
<223> sequenci ng prinmer <400> 34 caaagccaca ctgaaacttl19 <210> 35 <211> 16
<212> DNA <213> Artificial <220> <223> sequenci ng priner <400> 35
gggattctga gtagcal6é <210> 36 <211> 13 <212> DNA <213> Artificial <220>
<223> sequen0|n priner <400> 36 gdgadvectygscgt13 <210> 37 <211> 16 <212>
DNA <2433 APYOURIEINgl PIageo> <223> sequenci ng primer <400> 37 tgctgectta
agt ccgddm,<210> 38 <211> 16 <212> DNA <213> Artificial

agtccccget actta 15

<210> 28

<211> 16

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 28
ggggatggac aaagct 16

«210> 29

<211> 16

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 29
accacaggtg tatgcc 16

<210> 30

<211> 17

<212> DNA

<213> Artificial

<220> _
<223> Sequencing primer

<400> 30
tgaaaagccc tctagac 17

<210> 31

<211> 17

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 31
gaacagattc atcegca 17

«210> 32

<Z211> 16

<212> DNA

<213> Artiticial

<220>
<223> Sequencing primer

<430> 32
cacccacgat ccagtt 16

<210> 33
<Z211> 18
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<220> <223> Sequencing primer <400> 38 acacttgaga aaacggl6 Page 7
9719-2wW0_sT25 <210> 39 <211> 15 <212> DNA <213> Artificial <220> <223>
Sequenci ng prinmer <400> 39 ctggggtcag ctgat15 <210> 40 <211> 18 <212> DNA
<213> Artificial <220> <223> Sequencing prinmer <400> 40 acaaagtcct
ctatagccl8 <210> 41 <211> 22 <2128/IONAW&ZI3> Artificial <220> <223>

Sequeﬁéiig)gwmqggﬂﬁ4oo> 41 tgaaacatct gggatttata ac22

<220>
<Z223> Sequencing primer

<400> 33
tgtggatagc aactggat 18

<210> 34

<211> 19

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 34
caaagccaca ctgaaactt 19

<Z210> 35

<211> 16

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 35
gggattctiga gtagca 16

<210> 36

<211> 13

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 36
cagaatcctg cgt 13

<210> 37

<211> 16

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 37 .
tgctgocctta agtecg 16

<210> 38

<211> 16

<212> DNA

<213> Artgificial

<220>
<223> Sequencing primer

<400> 38
acacttgaga aaacgg 16
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<210> 42 <211> 16 <212> DNA <213> Artificial <220> <223> Sequenci ng pri mer
<400> 42 taacctgggg ttggttl6e <210> 43 <211> 17 <212> DNA <213> Artificial
<220> <223> Sequencing primer <400> 43 ctggaaacca caataccl7 <210> 44 <211>
19 <212> DNA <213> Artificial <220> 9719-2W0D ST25 <223> Sequenci ng pri mer
<400> 44 aagttccttt gctcatcagl9 <211>246 211> 16 <212> DNA <213>
Artificial <220> <223> Sequenci ng prinmer <400> 45 atctcggctc actgtal6

<210> 39

<211> 15

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 39
ctggggtcag ctgat 15

<210> 40

<211> 18

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 40
acaaagtcct ctatagcec 18

<210> 41

<211> 22

<21Z2> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 41
tgaaacatct gggatttata ac 22

<210> 42

<211> 16

<212> DNA

<213> Artificial

<220> _ _
<223> Seguencing primer

<400- 42
taacctgggg ttggtt 16

<Z210> 43

<211> 17

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 43
ctggaaacca caatacc 17

<210> 44

<211> 19

<212> DNA

<213> Artificial

<220>
Page 8



<210> 46 <211> 16 <212> DNA <213> Artificial <220> <223> Sequenci ng pri mer
<400> 46 gcaagaggga gactgt1l6 <210> 47 <211> 18 <212> DNA <213> Artificial
<220> <223> Sequenci ng primer <400> 47 gt caaaagac ctctatgcl8 <210> 48 <211>
18 <212> DNA <213> Artificial <220> <223> Sequenci ng priner <400> 48
tgtgcctgga tgaatgtal8 <210> 49 <232t9-240.&5722> DNA <213> Artificial <220>
<223><§%%ueﬁ€Wﬁﬁcﬁﬂl REIMe£400> 49 aggactccac gagt 14 <210> 50 <211> 15

<400> 44
aagttccttt gctcatcag 19

<210> 45

<211> 16

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 45
atctcggete actgta 16

<210> 46
<211> 16
<212> DNA
<213> Artificial

<220>
<223> Sequencing primer

<400> 46
gcaagaggga gacigt 16

<210> 47

<211> 18

<212> DNA

<213> Artificial

<220> )
<223> Sequencing primer

<400> 47
gtcaaaagac ctctatgc 18

<210> 48

<211> 18

<Z212> DNA

<213> aArtificial

<220>
<223> Sequencing primer

<400> 48
tgtgcctgga tgaatgta 18

<210> 49

<211> 14

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 49
aggactccac gagt 14

<210> 50
<211> 15
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9719-2w0_sT25 <212> DNA <213> Artificial <220> <223> Sequenci ng pri nmer
<400> 50 tgagctcatc cccgtl5 <210> 51 <211> 18 <212> DNA <213> Artificial
<220> <223> sequencing primer <400> 51 ccgtgttcca tuatgagl8 <210> 52 <211>
16 <212> DNA <213> Artificial <220> <223> Sequencing priner <400> 52
gtaaaggggp &gfcaglﬁ 9719-2wW0_5725

<213> Artificial

<220>
<223> Sequencing primer

<400> 50
tgagctcatc cecegt 15

<210> 51

<211> 18

<212> DNA

<213> Artificial

<220>
<223> Sequencing primer

<400> 51
ccgtgticca tttatgag 18

<210> 52

<211> 16

<212> DNA

<213> Artificial

<220>
<223> Seguencing primer

<400> 52
gtaaaacgac ggccag 16
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