!

;e3e| 6**+\ 0156(6T| 6 CROSS- REFERENCE TO RELATED APPLI CATI ONS The present
application clains priority to United,States provisional patent application
seri al nugr%)@rl 5%%280,530, filed March 30, 2001, to United S:tﬂmmm

2,00 ol PR el oot on e, e e i o A

60/ 327,006, filed Cctober 5, 2001, all entitled "Identifying Humar *SNP

Hapl ot ypes, Informative SNPs and Uses Thereof ', and provi Si
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i ncor porat ed herein by r MEFHANS FORKENQMICENALY SIRVENTI ON Th t hat

makes up human chronpsones provides the instructions that direct 15 the

production of all pr i i h r N rry out the vital
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i ndi vi duaP%Tef#eei t comes to drug response-the field of pharnocogenetics.
Over half a century ago, adverse drug responses were correlated with am no
acid variations in two drug-netabolizing enzynes, plasma cholinesterase and
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insufficient therapeutic efficacy or unantici Eat ed sideeffects in other
i ndi vi duapagticularly human genetics, has led to the realization that many diseases result from

either complex interactions of several genes or their products or from any number of

mutations within one gene. For example, Type I and II diabetes have been linked to

multiple genes, each with its own pattern of mutations. In contrast, cystic fibrosis can be

25  caused by any one of over 300 different mutations in a single gene.

Additionally, knowledge of human genetics has led to a limited understanding of
variations between individuals when it comes to drug response—the field of
pharmocogenetics. Over half a century ago, adverse drug responses were correlated with
amino acid variations in two drug-metabolizing enzymes, plasma cholinesterase and

30  glucose-6-phosphate dehydrogenase. Since then, careful genetic analyses have linked

sequence polymorphisms (variations) in over 35 drug metabolism enzymes, 25 drug

targets and 5 drug transporters with compromised levels of drug efficacy or safety (Evans



In addition to the inportance of understanding the effects of variations in
the 10 genetic make up of humans, .understanding the effects of variation in
t he genetg&orl'r% p of other non-human organi sns-particul arly pathogens-is
important™ 1 n understanding their effect on or interaction wi th humans. For
exanpl e, the expression of virulence factors by pathogenic bacteria or
viruses greatly affects the rate and severity of infection in humans that
come into contact with such organi sns. “An additi on, a detailed

under standi ng of the 15 genetic makeup of experinental aninals, i.e., mce,
rats, et cand Relling, Soicote 39@487-9R(1999))Fdn thexcdimpl, suchinfhematdemisdieng usaeé to

variations in the genetic make of. animal s used as del syst for
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(2001)). Alleles (variants) making up bl ocks of such SNPs in close ghysmal
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popul ati ons
systems for evaluation of therapeutics is important for understanding the test results

obtained using these systems and their predictive value for human use.
Because any two humans are 99.9% similar in their genetic makeup, most of the

20  sequence of the DNA of their genomes is identical. However, there are variations in

DNA sequence between individuals. For example, there are deletions of many-base

stretches of DNA, insertion of stretches of DNA, variations in the number of repetitive

DNA elements in non-coding regions, and changes in single nitrogenous base positions in

the genome called “single nucleotide polymorphisms” (SNPs). Human DNA sequence
25  variation accounts for a large fraction of observed differences between individuals,

including susceptibility to disease.

Although most SNPs are rare, it has been estimated that there are 5.3 million
common SNPs, each with a frequency of 10-50%, that account for the bulk of the DNA
sequence difference between humans. Such SNPs are present in the human genome once

30  every 600 base pairs (Kruglyak and Nickerson, Nature Genet. 27:235 (2001)). Alleles
(variants) making up blocks of such SNPs in close physical proximity are often

correlated, resulting in reduced genetic variability and defining a limited number of “SNP



reveal ed trenmendous variability in | ocal haplotype structure. These studies
indicate that the relative contributions of nutation, reconbination,

sel ecti 0”548(03%0 tion history, and stochastic events to hapl otype structure
vary in an unpredictable manner, resulting in sone hapl otypes that extend
for only a few kil obases (kb), and others that extend for 10 greater than
|00 kb (A. G Cdark et al., Am J. Hum_ Genet. 63:595 (1998)). These

fi ndi ngs suggest that any conprehensi ve-descri ption of the hapl otype
structure of the human genone, defined by common SNPs, will require

enpi ri cal haphatyyssi’scaoh ofwlishseflett desenShiom 4 singhayancientiappesterd chropmsome of t he
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human genone and relating these variatigns, to the genetjc bases of

phenot ypeths iRl vesconiriwiions planiiationecomnbiaationeselsstienqapylatip sty dindg
response. "D e i . L pfton, trait
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exanpl e, $one: lephdipdsalat BREnd Corunysa s kilghaysi (kb gnd athesrthgeyehdlfagi cal and
may be synptomatic or asynptomatic. The nethods allow for identification of

y iC.
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determi ning SNP_| ocations in each nucleic acid strand; identifying the SNP
| ocatlidonsreginns pelinkiaet-eVatibibE gresentanipntiondioveever, fekagiiceipéeestohe | i nked SNP

| ocati ons - iod At f i I . )| .ot ype
bl ocks: ORI et SPL0D KRPs RS cach AL R rbaB Py A potBl R
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occur in at, | east fwo of the substantially identical nucleic, acjd strands.
In one pr‘@?”@?yr‘g&PBh%@Pﬁéﬂ’tO?e'ﬁﬂlﬂnE BsoerheA AT PP anSI s Nbout 10
di fferentppfypesdual s or origins are used. In a nore preferred enmbodi ment,

nucl eic acid strands fromat least 16 different origins are used. In an
even Xore preferred 10 enbodi nent, nucleic acid strands fromat |east 25

different origins are used, ' rred enbodi nent, nucleic
acid strands from at | east Wéﬂ@%?h%m%@]g used. Further, a nore
preferred embomigpredentRubmtiohatRiddie metds freadntidyiag vari@ionk @agbcanent 100
nucleic acid strands fromdifferent origins, In addition, this method may
further dbeprmageomecandiglating thesgvasiagipat ippgbe geitetie bases whphenonesupihas
frequently.J =10 B i clgi 6l S
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subst2ant ilahited todap cowditionuiteir chaaétdrigicrefad orgaminh thapaad desgableeo sel ecti ng

until the selected SNP hapl otype patterns.identify a portion of, i nterest of
the. subs (ChARES T cxTBRlEi GREORIBILIMEY be PSS ,akwaglpyq&*aiowsafﬁqlp%al and
enbodi e i i t i :

subst ant 1 47 5 FaRRe haR ooy BINAR, s pREIME WGt BRI S WL o1 e
enbodi neritentificetigpooft SNPs, déteimineti@sof $ISP hiydotyp8dbacks, deteempugs SRt i al |y

identical_ nucleic acid strands.. Alter.nativel .on wsh tolimt the
el oct | oI ERMAHATH g BT, KePHHGn RbiFeiaiP R SNFR ek Re S pich
hapl oy pefadst Rhegc 885 csthibtebagd. ot ype bl ock. In addition, the present

i nvention provides a nethod for selecting a data set of 25 SNP hapl ot ype

bl ocks for datThuamnieyspest ofhapréssitrigvensiop aravides shphodsgboselessing| s for

i nformativeness; selecti i rsi SNB haplotype bl ock w th hjgh

|t ot MBS pelias e S belveRp SRR Sar e 2 ser.

sel ecting a second SNP hapl otype bl ock with high informativeness; adding
the second sel ected SNP hapl otype block to the data set; and r epeating the
sel ecting and adding steps until the region of interest of a DNA 30 strand

is covered. In preferred enbodi nents, the SNP hapl otype bl ocks sel ected are
nonover | appi.ng.




54801- 5001 -5 The present invention further provides nethods for

determ ning at |least one informative SNP in a SNP hapl otype pattern,
conprisin gdr determ ni ng SNP hapl ot ype patterns for a SNP hapl ot ype

bl ock, th 4111 é()ﬂ{%ri ng each SNP hapl otype pattern of interest in the SNP
hapl ot ype bl ock to the other SNP hapl otype patterns of interest in the 5
SNP hapl ot ype bl ock, and selecting at |east one SNP in each SNP hapl ot ype
pattern that distinguishes this SNP hapl-otype pattern of interest fromthe
ot her SNP hapl otype patterns of interest in the SNP hapl otype bl ock. The
sel ect ed SbiatihgsulShdhsixlly Rleatical (Homostagousen@iic ad strimedsShi habbrekitypd pat t er n.

Al so, the present inventio |l ows for rapid .scanning, o nomi.c i ons
and 10 prB’@in_ l%dﬁ@flﬁ’@épg‘@_?lg él‘_é’@@?‘?ﬁ Ri%k 15‘?@%&3@&%?@1@%“3@{18& f}t?§r i or
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i nvention provides a nmethod of nmking associations, between SNP hapl ot ype

pat t etths embodimgpic Avelgipiagidistrands fopm jahicasteorditferept erigingare peed andi d¥el i ne
of SNP h?‘&'&%}@%@%@&%&%ﬁ&&e% n%?ﬁcre%lid ét&%ﬁmﬂf&ﬁeﬁy 50 ArePEt: Iaﬂgﬁls 91{(3 the

pr esent 1 nve 1 on; pooling whol e genom C roma clinical opu ation
havi ng a cednborthdienadoyppefdriediemboldimet evomdd detandne ANBtloEationgint d1deaSNP

hapl ot ype patterns 25 that- are assogiated with t .phenotypic trait of
i t er_e}s”to .ab%waiQO Rdcippud alen Sﬁ%ﬁf‘}@ﬁer&qﬂ@%- E%ﬁgﬁaﬁb&@w{f‘gﬁlﬂﬂ Iﬁay't_o _
I dentify b Qnfor QEI@EtYr%[ethQ'SP@kl%Sﬁﬁ?Ma%ﬁpthﬁ\ﬂ duR e RRLYARLy iWich 1S

particul arly useful when studying polygenic traits. A so, the present
i nvents onsybstawtialkysidentivat hadei€ acidistemis; $ej¢atigg dhauSNB bgplotype patternghats

conprising: associ ati SNP hapl ot.ype..patterns . with a di sease; identifying
a 30 chr oﬁ‘i?EE?rP&F( ’In8§taf?€%6’ﬁrﬁgf mtatﬁféag}séga&t:‘?@f g@n nﬂﬂﬂf&f@ps aB‘ist’ tag‘? ns;
det er m ni pPediing thaédlc@inghuntih®e sgsa6d SNPAApRity felittEME ddeRsiONRbotti@adli on and
sai d di sease; and using the gene or I%_ene roduct_ of the chronmosonal

| ocat i on interest of thg substiaialy ydansiegjexicleic aagstiandpoln a prefpyedrenidupmiheN OF

THE FI QU : ] | DGwEd IHo | : resent

speci ficatl 8%@2%1 ?éerl%SgY% nc %%g?/?gn?gg%ﬁdgﬁmdﬂ%%tﬁgﬁlglggrgﬁecra 1? Ié?%agé’}%gct s of

t he pHY endtrandy@nd,iinna.mdheréfavehé¢mbodimeayt, be feetidres! iutedest stabodt 8096 oéfher ence
jnation with the detail

to one or nore.qf .these draw n in co d
desor pt| SoBRA e ggEa) e RO shfufic AlsPRS A e R Rre Mst BIGEH 8% 1 a
schemat i confci0R8r SNPALHIBIYe ?&eﬁn@% e hRIGaR hbdi ehBE Sﬂ?rﬁaﬁl dtefhst rom
identifying variant |ocatTons to associating variants with phenotype, to
per SNP haplotype block.
In addition, the present invention provides a method for selecting a data set of
25  SNP haplotype blocks for data analysis, comprising comparing SNP haplotype blocks for
informativeness; selecting a first SNP haplotype block with high informativeness; adding
the first SNP haplotype block to the data set; selecting a second SNP haplotype block
with high informativeness; adding the second selected SNP haplotype block to the data
set; and repeating the selecting and adding steps until the region of interest of a DNA
30 strand is covered. In preferred embodiments, the SNP haplotype blocks selected are non-

overlapping.



using the associations to identify drug di scovery targets or as diagnostic
mar kers. 10 Figure 2 shows sanpl e SNP hapl ot ype bl ocks and SNP hapl ot ype
patterns g%§o%§%ﬁg to the present invention. Figure 3 is a schematic

showi ng o o i ment of a nethod for selecting SNP hapl ot ype bl ocks.
Figure 4 illustrates a sinple enploynent of one enbodi nent of the nethod
shown 15 in Figure 3. Figure SAis a schematic of one enbodi nent of a

met hod for choosing a final set of SNP-fapl otype bl ocks. Figure SBis a

si mpl e enpl oynent of the nethod shown in Figure SA. The "l etter: nunber”

desi gnations i thFﬁﬁér@ iSBntiiie@eprohiies eleyidds BhrakterhBinghtaedmbhy eness
val ue" for each bl ock. 20 Figure 6 shows an exarpol e of how informative SNPs

may be selré@m@va@&?rlauar%\lli’ bapletypepaitsan. eemprisma g dteanining SNPduplotipe

Fi gure 7A h odi ren r I Vi n I ant

anbi gui ti gést%é% F %%Blali’kﬁ o\t%;}o% qg Eﬁpaél%ieaéh %ﬁf’ gla é é’urpggefﬁ%lfl | ustrates
a sinple més@ylmtsmf ham@tyﬁ@blbeldtosth@wmei sNIPI}gproeypypatt&'q‘as bf piérest8n il a
schemati c_of one enbodi nent of using the nethods t he present invention

in an assotPdepleypstblenk, amd ﬁlﬁcenga@ﬁ@ﬁk@n@ﬁN&@ﬁmhawP bw%gﬁypépa%ﬂ\mﬂt
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Figure 10 sona rids.
Figure 1 1pattern$ dfaideeesi inlths SNRthiaplgtyae piocki dihegélected SNfPs(oDSNBs)ne dnfrom

Zﬂ §r6rglt P?B@ al%‘e/é S&%}ab@e%é\}flﬁ%?otyﬁedgatt\%{ h the HUSNP genechip from
Also, the present invention allows for rapid scanning of genomic regions and

10  provides a method for determining disease-related genetic loci or pharmacogenomic-
related loci without a priori knowledge of the sequence or location of the disease-related
genetic loci or pharmacogenomic-related loci. This can be done by determining SNP
haplotype patterns from individuals in a control population, then determining SNP
haplotype patterns from individuals in a experimental population, such as individuals in a

15  diseased population or individuals that react in a particular manner when administered a
drug. The frequencies of the SNP haplotype patterns of the control population are
compared to the frequencies of the SNP haplotype patterns of the experimental
population. Differences in these frequencies indicate locations of disease-related genetic
loci or pharmacogenomic-related loci.

20 An additional aspect of the present invention provides a method of making
associations between SNP haplotype patterns and a phenotypic trait of interest
comprising: building baseline of SNP haplotype patterns of control individuals by the
methods of the present invention; pooling whole genomic DNA from a clinical population
having a common phenotypic trait of interest; and identifying the SNP haplotype patterns

25  that are associated with the phenotypic trait of interest. Thus, the present invention
allows for genome scanning to identify multiple haplotype blocks associated with a
phenotype, which is particularly useful when studying polygenic traits.

Also, the present invention provides a method for identifying drug discovery
targets comprising: associating SNP haplotype patterns with a disease; identifying a

30 chromosomal location of the associated SNP haplotype patterns; determining the nature

of the association of the chromosomal location and said disease; and using the gene or

gene product of the chromosomal location as a drug discovery target.



_7_ Figure 12 shows an exanple of various anplified genonmc regions of
human chronmosone 22 and human chronosone 14 genom ¢ DNA using | ong range
PCR. Flgur @f%bds a bar graph showi ng the percentage of SNPs plotted
agai nst the requency of the mnor allele (variant) of the SNP. Figure 13B
is a graph of the percentage of 200kb intervals as a function of the
nucl eotide diversity in the interval. Figure 13C is a bar graph showi ng the
percentage of all intervals plotted aga@hst interval length. Figure 14
shows the hapl otype patterns for twenty independent globally diverse
chronosones defined by 147 common human chronmpsone 21 SNPs. 10 Figure 15 is

a plot of the fraction o v.e tion of the nunber of
SNPs required for that cmEEWETE(S @‘ﬁ&kﬁ@g}ﬁﬁg rel ates to nethods
for identifyinghy ?Jllo%hg)ﬂéuﬂeb%d (%G/H{gs'f&lﬁ pat Bﬂﬂ@fbr&gﬂ%@cxﬁeﬁldnein@tdr@g

these variations to the génetic basis of disease and drug response. In
par t i cul amcludee tpfuethendemoensateicoriain @bpectspfitle paieﬁtlnve]xtlng Thelinvedtieri  SNPs,

15 detgrm ni ng,SNP h t vpe bl ocks, and patter ur.t her i ng

SP hap! oPPp o ERe B Aol 3T oS OCs e B oh Begb bttt S Sence
and drug wesRROgaileinRs t%ﬁdﬁtlﬁstEﬂﬁcEﬁﬁs@iMent ethtedheadig. usef ul in whole
genone anal ysis. DETAI LED DESCRI PTI ON OF THE I NVENTION 20 It readily should
be apparent "t oFigiee bisia schemptic efrpnegmbodinaant phhecugthedanfdhapissent and

nodi fi cat t cation

w thout - GURATTorR asHRAab Sulisf 1dcRSIE B CEL RER Bich Bndii b
publicati Oﬁﬁg ﬂﬁ%id&imdnh&i’ldattffyﬂmg dllsdo&dryft@lrgetshﬁ apdiagassicahardascri bi ng and
di scl osi ng reagents, nethodol ogi es and g\lgpce pts %ﬁat rra be used in

connetdi on wi t higUFe? Fhavssamp} DARALYPRIKKHEN B.hﬁplio PEPaBYNBe const r ued
as an ad%&gf&ﬁgfonﬁ& Le@&ﬁ“r‘n\feﬂ jgf.ences are prior art in relation to the
esc "

i nventi ons |bed erein. As used in the specification, "a" or "an"
means one or nbigere As amshematic thowing mert(nst)odmhﬁmfamﬂhodlfowdpctmgtSNH with
the word !'c nﬁrigi ", the words "a" or "an" nmean one or nore. As used
her ei n, gﬂ'Pgt lo ns at | east a second or nore. 3 0 As used her ein,

when the term pghfd £N1RBated a sigipkSemploymeRbf dnk ehdb8infent Of tRendtRed sHIWA
15  in Figure 3.

Figure 5A is a schematic of one embodiment of a method for choosing a final set
of SNP haplotype blocks. Figure 5B is a simple employment of the method shown in
Figure SA. The “letter:number” designations in Figure 5B indicate “haplotype block
ID:informativeness value” for each block.

20 Figure 6 shows an example of how informative SNPs may be selected according
to one embodiment of the present invention.

Figure 7A is a schematic showing one embodiment for resolving variant
ambiguities and/or SNP haplotype pattern ambiguities. Figure 7B illustrates a simple
employment of the method shown in Figure 7A.

25 Figure 8 is a schematic of one embodiment of using the methods of the present
invention in an association study.

Figure 9 shows an exemplary computer network system suitable for executing
some embodiments of the present invention.

Figure 10 is a schematic of the construction of somatic cell hybrids.

30 Figure 11 is a table illustrating a portion of results obtained from screening

hamster-human cell hybrids with the HuSNP genechip from Affymetrix, Inc.



strands fromdifferent organisns cone froma different origin. Further,
each DNA strand in a single organismis genone cone fromdifferent origins.
In a dipl ghgmqé(gﬂni sm an 54801-5001 _g_individual organisms genone is
made up o S of pairs of substantially identical DNA strands. That is,
a single individual would have substantially identical DNA strands fromtwo
different origins--one DNA strand of the pair is of maternal origin and one
DNA strand of the pair is of paternal ofigin. Two or nore nucleic acid
sequences--for exanple, 5 two or nore DNA strands--are considered to be
substanti al |y Figind | Zslowsfantdxampxdiivatibusdmplefagltgeabmit regidvs sLhueace
identity at the nucleotide |evel, preferably. out 75% nore rﬁferabl y
about 80uFhimospmegL @ndh humap GPOsRBe L 4 8@%““9& ‘?rtb‘?’@gﬁ‘i"@"@la%%?? about 90%

even nore pref 959 i i d
<! TR DA R PR P ISRl o g

sequences are C 0 trally 1dentical” if they exhibit at
| east abofieqedey sftheeniner dl:1¢ Grritnt) yf the SNPe Figae d3Biide graphalf theThe ext ent of

sequenge identit 1S rel evant bet nt 0 re.nuclei.c acjd

cequenges PREPTSIAN Kb e os tonedap Sbrt Re i SPerey MM BEl exanpl e,
a great er pihan] 5% SRAYLHRShbRERIthE YertBhitad2oMAliRNAMs B ARG Reergd] Sane
speci es conpari sons, wiereas a sequence identity of 70% or even | ess may be

rel evant Wnegth. maki ng cross species conparisons. O cour se, when one refer

s to DNA hereinp. suc 5 reference may. i ncl ude deri,vati,ves ,of A such as
anmpl i cons, RNAE {grué%g‘h%hoﬁ‘fsgt{le h%PE‘PtéP%P%E?PE tlﬂf ﬁ%‘?nlg%E],de%@g?ntﬂgﬁlwheéf‘eei n,

"1 ndi vi dughronfo§drRésSddfed b§ NAT cbimotihdflaf cRF@PRLAH21BNIE. as a singl e ani mal ,
human i nsect, bacterium etc. As used herein, "informtiveness" of a SNP

hapl ot§pe bl ocKiguee Hebiardet efghe fiectivg of ehosrospe pyEad as SRmcHappPbype bl ock
provi des h%gérﬁgtﬁm r@c?ﬂfétd fgle{f&gggoge{agg'i ons. As used herein, the term
"refers to

"informative a geneti € variant such as a SNP or subset (nore
t han one) of SRspiebait ifventen tedatel wtrmethedssthr olantifSg aajationythet qpatt @rn from
ot her SNP hapl otype patterns, within a SNP hapl ot bl ock. As used herein,
the term Hhedymapgenppe gy aql&tlrngéf@fsyawl%s m%ergaa%gflgasg 03!‘%%&56; Sioe

consi sts fEfsp(?r{I}% ﬁ?%rti@tﬁal‘ﬂﬁﬁ rgﬁﬁﬁlqullt%erfﬁﬁﬁe%%Hehfﬂ[&?%ingiﬁcﬁglysmgf' unt’,

"1'i nked" or ers to dgenetic |oci at tend _ e transmtted from
gener b i odeteimigimgeiNR haplotlypeblobly andepatferns gandefurdier, asing ttheaSNBhepliotyver i t ed

-randoyd v, d her. ein, th " Si gl hap| "
"ol mol ot ook RS el R us e SV PRI MRt occur s

in |ess thathods 6£tht PrdieIhidndion @fe dsdful RORUbRIgeAdIne ABalysied herein, the term
"SNP" or "single nucleotide polynorphismt refers to a genetic variation

bet ween individuals; e.g., a single nitrogenous base position in the DNA
54801- 5001 -9 of organisns that is variable. As used herein, "SNPs" is the
plural of SNP. O courdelAllddA DESERIBTEYN QR TBRANVERTIONuch ref erence may

i ncl deri vati A js , i : As used
her eiu%,? t he tefrtr%ga?@m%fl%apl ce)t§l y%%elgﬁggﬂggk&gﬁgl tgggl‘r%\ gﬂ%ag‘?&&aﬁ@ﬁ%’ﬁ%@s SNP 5
| ocat i onsandmbdifioativats nagypeanadesto dlidbinmentiomdbprdosdé i thys appdicstivat witloutbe

grouped tqget her_ in blocks of variants or.SNP, A@ used herein,.the term
PSP hap! STRAHIIESEM S5 5<ope it et pfTR Iy ERticlh AJkRRRIFRRET BP SIS bR, S
hapl ot ypeylal a6k fdrth@pho@ oF debbald AadtiscissitgSiReedhey, Blethodoltidsemm * SNP
| ocation” Is the site in a DNA sequence where a 10 SNP occurs.
concepts that may be used in connection with the present invention. Nothing herein is to
25  be construed as an admission that these references are prior art in relation to the
inventions described herein.
As used in the specification, “a” or “an” means one or more. As used in the
claim(s), when used in conjunction with the word “comprising”, the words “a” or “an”
mean one or more. As used herein, “another” means at least a second or more.
30 As used herein, when the term “different origins” is used, it refers to the fact DNA
strands from different organisms come from a different origin. Further, each DNA strand

in a single organism’s genome come from different origins. In a diploid organism, an



As used herein a "SNP hapl otype sequence” is a DNA sequence in a DNA strand
that contains at | east one SNP | ocation. Preparation of Nucleic Acids for
Anal ysi s JSE %&@l c acid nol ecul es may be prepared for anal ysis using any

t echni que ?‘u A o those skilled in the art. Preferably such techni ques
result in the production of a nucleic acid nolecule sufficiently pure to
determ ne the presence or absence of one or nore variations at one or nore
| ocations in the nucleic acid nol ecul e-8Such techni ques may be found, for
exanpl e, in Sanmbrook, et al., Mdlecular Coning: A Laboratory Mnual (Cold
20 Spri ngiddavided] ok:@adnets gEnomdNeihaders)of @ k8 H)paira besuetmubigly idehticl DNAUr r ent
Protocols in Ml ecular Biolo~y (John Wley and Sons, New York) (1997),

i ncor por af@EMdsedBatis.singe Bidivideal wamlhhavs subsiantially idsatigal JINArfirapdssiroms
present i . Ry Ep:Y e tQ. f.i . ey h of the
cell and pﬁggﬁ%&l‘?ﬁl%mﬁﬁ%ﬁ% eﬁgs%i%gg?jphg.p%rd% g) ?%P%%ﬁg{lglﬁfagg%%t@g‘%on, 25
col um chewamit cfghapdiyis of phteart ovginWIwo @mgasinaclerl acrkideguainds-tfoe exdrkgle] N
order to obtain a sufficiently pure preparation of nucleic acid. Extracts
may be’ pr EpaPedorsPNG Sieary=Hreicqnstdsrrddo s substansially dentiea] if thew gylpibit aby

chem cal fo Ly S : her
treated, 8 ?tr%§ anp /g?é%lﬁ%l 1?%@g¥ H}ﬁe glﬁ{:}% c(st}c@él%%e?ﬁrﬁ fﬁg%ﬁ] %WZ?%E‘% th

chaot r opi presahbly abotr808s sgllamirel preferably abouti8oe4; yrtumerequreferabdy abounid0%, or gani ¢
sol vents such 30 as nql or HCC 3 to denature any .contam nating and
ot ont | al FYENRPEREEAG SootLihend kst EBoHn At i SRR 2t 1 Crmy be
desi rabl ec§0jdetdydelsiBstafall$ idenfal ifBey exBR & RAD Abouk @8P4IE R fee ,

aci d-containing sanple. This” can be acconplished using standard techni ques
i n tht0 ai idengiych thesnusteotiiplevelt iThe extent of seriiense idantity thatisuslevant between

hr omat hy _and the |ike. | i nst it desirable t
o e PR A SRR AR IPTE kb o B PRI 2 o
this pur ppseexantplk a@rentdrahdna596 sédtehdctidentlly hidg b%rréle’éalﬂ%eﬁﬂyoliiﬁ'%@ﬂ et he

p

use of oligo dT attached to a solid Sil;lqurt sug:h as a bead or astic
surface. SRFCICAKPRPIEINFWhsHAS ArgqvaRcR idenlity ofi/8%keicnan dass mHy e rslevanted in

the art a . i r |..gef.er j

above, 1 ¢ hh PRk dAUNkAR dha R O tals R e R R TRIE TRy g,
f or ekanplaferencerreyemsmde dametives pf NA sk ysrempleins ARNA. tearsyripgts, arcledc commer
cially availabhle.from for exanple, Invitrogen, 10 Carlsbad CA. Optionally,
CDNA pr ep&H8FURFERS M&NA may then be anplified. One approach particularly
suitabl e for examkdi MPeinXRhALMRE"Pefeisth ASpaifc BhPRkPgdrdsny bR a$ 2 SkeC cel |
genetics to separate chronosones froma diploid State to a haploid state.

I n one enbwdiahdumanansectrbactériumpledhl astoid cell line that is diploid may be

fused to a ha f. br.obl.ast N t, is. al i ploi.d such that the
human chr onosg%’églg%irll‘ee?ég’ ilﬁf[%%%%hc?lele 5 ﬁf%%’m’ehaﬁgoﬁ%qe:oﬁo%e]lsIdghf’%éﬁsrtgauce cel |
hybri2fs. déged @suitith 8 §NPeldpldayperlosk moeidesiaforirndoh abslelgenidticegiahs.ch human
chronosones were transferred, apnd which, if any, of the transferred human
cl u~ormosones afé Ussd bereaghe fams informatsig SN 1gfers fo4 geuetNarigyt sugh as aannal .

N. Y. Aca ' ' : ' f rocedure
i's shown ?ﬁpgréﬁﬁgg%ﬁé E%%%?‘Sﬁ g S diteady e AEgsH hgiuléngﬁﬁlhfh%%% ast oi d

cel | |i nepatiean from othdrdiNhapiatype pasterdsywiitldn aSNA hepdatypebleckei ng fused to a

di pl oi d hanster, fibrobl.as ell.line aining a jon in e, thym di ne
ki nase gene. |nS3SE 5B e 'inohsoh)afte §ﬁg%ﬁ%‘§(uIr?éﬁdom%‘aﬁ%%ﬁggﬁkﬁ%sones
are presefdnsists dpdaeiste. Sel ection for the human DNA-contai ning hybrid cells

is achieved by utilizing HAT nedium (selective medium). Only hybrid cells
that have a st ABuged hiveaingbe terad lipkageutisequibkiusy’s dinkedaot APt tedenaitd dt ype

human t hypj di. Ki ene ine.cell culture nmedi.um cantai ning HAT. O
theresul BREC b RGeS RE AL RE PeaB b TRl tme human
chr onpsongshetiO ey thanN&re GARYit@f non-fapdelyc hr onbsone or no copies of a

particul ar human chronmosone. For exanple, for a human chronosonme 22 having

a locus with efskead hereip, the teamSsingleensSNP havlewpel ey ‘ieinghsipnr SHECarfess oy
cont i oDg. H SBILIEHr OIBRORE &2 |0 Inah & Artnin i br HEGLAMoL! &
portion ther eof’, ‘sone may contaln Plhe ot her hunan ronosone vari ant
(the "B" vari aAt hsddrhefeipahé tepin “SINE? @0 fsingle macledtydecsldoiphbad’ hrefdisrana

cl u~onosone 22 varjants or ,pé)~_~ti ons thereof, and sone 54801- 5001
genetic variation between individuals; e.g., a single nitrogenous base position in the DNA



-11 hybrids may not contain any portion of a human chronosone 22 at all. In
Figure 10, only two of the resulting hybrid popul ati ons are shown. Once the
appropri aggg(gyg)dqlds are selected, the nucleic acids fromthese hybrids may
be isol atéed , tor exanple, the techni ques descri bed above and then

subj ected to SNP di scovery, and hapl otype block 5 and pattern anal yses of
the present invention. Anplification Techniques It may be desirable to
anplify one or nore nucleic acids of inferest before deternining the
presence or absence of one or nore variations in the nucleic acid. 10

Nucl ei ¢ aof crgamipink fhat & vatiablien Asaasdberting“SNPdYas thefplaaboffNBf Of keumeicl ei ¢

aci d sequence of i.nter .. Any anplification, tecluiique kn to those of
SKill in BHE! 8RS rqﬁ%r;stfb@i’ffsléﬁe-lﬁu FETEIARAE TBRY WP e ORGP ES €T NARES or

i ncl udi NgamBLERORNIA MarsEGhts,@ec. POl ymeri se chain reaction (PCR) teclm ques.
PCR may be carried out using materials and nmet hods known to those of skill
in the art. 15ARGRedmptinf the adrimoiSNfehapletly e bloak/oheas atgreuuskvasfanbereSNP r and

of a nucleic.acid sequence as a tenplate fo roduci ng a | arge nuypber of
com! ehrenPeRi g FrR il ieee e Snb P B s e Sl it B o BRI o
havi ng a pRAMENCR eIk SNPRtary to a portion of the tenplate sequence and
contacted with a suitable reaction m xture including dNTPs and a pol yneri se

enzynme. The pr Aswsed kereinothg sared P hapdotipe patisi siefeentoythe set@f geesdviedsng a
nucl ei ¢ agi I f 0 . Of 1:Q1,0 te. For the anplification
of both sforrgrll\ggqgPﬁaﬁﬂ%@%@%p&)gﬁ@e#l%g é}]‘%?g%@ nol ecul e, two prinmers may
be used, each @k usdd lidreinphe hene SNBRGaUEMNC ds isitd i $ DO R BRI ahdre B0 a
portion of one of the nucleic acid strands. Elongation of the prinmers with
a pol Yer B asf¥§ne results in the production of two doubl e-stranded

nucl eic acid 280 j b Al : d a
new y synt hes rggggiﬂoﬁﬁcgflg%eﬁ'g@a%&t%nﬁau g %ea%g%cgggﬁ%{‘ce%lﬁ%%l{‘?ﬁg?@

t ypi cal | ythat eontdinsatrieastiohe $lNBtocatioensi on of each of the priners results in
el ongation toward the site in the nucleic acid nol ecul e where the ot her
primer hybridizes. The strands of the nucleic acid nol ecules are

denat ur edpfQiarS%éeiTBt Rucleit AQad fordhdlyand the process is r epeated, this
time with the newy synthesized strands of the pr eceding step serving as
tenpl Bt es i n t Neclksisrsebmeleculss mpy be preparddapatalystsaisingranyriechoenie kngyn
54801-5001 ;12 i l. a I n rati hybri di.zation
and el on gét tlhc()) Y Slrkg 1zg%tll}{ gl}]esar{. gﬁsi;eg%)gg g&/cg E%{% |n§q§lg n Eesgﬁnﬁnu nlg $ %)Cl‘ugﬁﬂ% o%% 8}1‘5%18

nucl ei ¢ asdidl moMduleosudificiEtRy pueé trodtserinifg thalpresesurirapsdneads bte @ahorve strand
denaturation and all ow subsequent, hybri gizat_i on_of the Eri mers, any_ ot her
means t hatarfasieont flonepr maEs ingatens i theyriclsicacid malecyleaiugh teehpigresipay be

| di zat | onfohRd (3P RIhSTE!if SERYrRR, LRI MoRiclhy (A6 QeSO UemuBliCoM © NOt

limted to, physical, chemcal, or énzymatlc neans, for exanple, by
i ncl udl onSpringaHiwdbi balyeatofys dewRbodk) (P8I piand AuRehel, dBoheCumrent PRotoddd5im3 6 (

1982)) or el e¢tr.ochem cal. nea S P ication S... WO 92/ 04470
and v ookterar BiABE) LS NudToR SebS e o Py Ak Hap SO hesa o

cat al yzedrelptegepol yner ase 10 enzyne in the presence of at |east 4

deoxyri bonucl eotide triphosphates (typically selected from dATP, dGIP,
dCTP, dUTP and“derithe nusleic paid of intaresraprgsaniil ceell dripa erecesseraiodishri at e
salts, ne i ri li. t.a r eNZymnes
are k nown15 r?éar% %% s gﬁl?ﬁt OZE}%I ﬁ%ﬁiaﬁa‘ P eg Pt m?r@h%g;s/teg e l'tgl’ g LfgeéQ@H ggeg szﬁtelgg’f rom
nat urd saluneshanthtogypiye extedctive with orpdrat sddvdnts argl thé likérdn erdey mesbtaiio | ong

as the enz r}gs, r?tain the 15 ahility to t end thebprirrer$, .t hey gr'a ~be
used in tfhél risPily PustAreRirationof pRrIsiceid: HeKtigris Ay bs RiGRATES BHNE The aﬁm ei
aci ds usegdcjfigldisn PRINOES Rhmbpl EREAIYR nTRY a6l I aRebale AL f REkddd at e

e
detection In %ubsequent st eps. Lg g]lyl ng may be carried out during an

anpl i fi cathewmaydedtither tizgted nfoo exem e, bygfiltmtorandiareenirdbgdtiod andok @othi de

t xi phosphzit es and/or ope or ﬂﬁ&g nor e t(iaabel ed priners i]gto t he grggl ified
sequence. BRABORIGSPIL] Wl &f guaniyiuBLISPLRIRSY BRFS O B A SETAS ONTBTUCR or
exanpde, RpHAYRM: }ﬁtl@1@mgﬁu’é)ﬁmp&ﬁté?ﬁinﬁm{gemﬁ%?&ﬁiﬁﬂ%?nt&‘fé}ﬂ{gs- Any
det ect abl e 'group known to those skilled in the art nmay be used, for

exanpl e, protedrsesWhen clipotrapis salts ayenetsl, Emapyore deaidatdatst ievwvgitlhagadts fiam dieanpl e

of a suitable |abeling technique is to incorporate nucl eotides containing
| abel s into the nucleic acid of interest




25 using a term nal deoxynucleotidyl transferase (TdT) enzyme. For exanpl e,
a nucl eoti depreferably a di deoxy nucl eotide-containing a |abel is incubated
with the rggg(%le_wmaci d to be | abeled and a sufficient anount of TdT to

i ncorporate the nucleotide. A preferred nucleotide is a

di deoxynucl eoti de-i.e., ddATP, ddGIP, ddCTP, ddTTP, etc-having a biotin

| abel attached. 30 Techniques to optim_ze the anplification of |ong
sequences may be used. Such techni ques‘l\Qlork wel | on genom ¢ sequences. The
met hods di scl osed in pending US patent applications USSN 60/317, 311, filed
9/5/01; USSHeicanidssntpnady sample oXhisycan be ketompliSH@Osirg0andaddBtephnripaas IA011N- |

filed O1/Q9/02 entitled."Al garithnms .for Selection of Priner . Pairs"; and
USSN [ ass HHEHUEh 4t PEEREg eIk RSP Lo 1D FamwoaTaPy FELIsTEo0) 02,
entitled " Met hgfg,hOmsAIRIs! # 129k A8sifbldNeCkEh& and 'séiﬁ'fat@hﬁs&%%&ﬂ RNhar ly
suitable for anplifying genomc DNA for use in the nethods of the present

i nvent i onfrommsllsf Technimge end metental/fob this pijpesst asel kn@w tchidpsepbsiiedsingthe 1t cat i on

treatnents_either before or, aft | .abel.ing. For exanpl.e, i one. cases, it
- be> dednd it Sveb P gt teh 8T A BRRA 8 <o b i an 4 e R R pat i on
with an okigeeushielé eenditiddYind Maagierakh®mn &f thbieaskilualigitlee @€ hstbmggner al |y
may be carried out by physical, chem cal or enzynmatic nethods that are
known i n_bh&uadin theeiphek amdoAuubelaeferanses dted 2boe. df manbe degrabieor od to,

subj ectin Ry PH&,I i C ihds.:. 1O {0 Gl t he

nucl ei ¢ agﬁvglggér%{%rfr}?f: 'rtllgedlp ul dﬁgoacr%g]ﬁéqfsh&rgotffggﬁgﬁﬁlaeiégﬁ%ggéﬁlg"?@%&? di gesting
the PCR peedurt Suitable2npyndseas corgmeiciatly doakatdx fopl, orekadpkuldvitbdgennucl ease
enzynme is Dnase |. After anplification, the PCR product nmay be incubated in

the ptsekadstad GA-nQetienadly. ¢$RNADreRarshiommRNAemap tieg be dmpéifisdoduce
appropriately g ] 319155'?1“5 T i e yaried
as desired, fo?!l%)g( r%%e, b)l/ ui?%rg,r%gg?lﬁg&tser%&éﬁggR§8§b§g%g§%ﬁwo§§r1§t i on
of i ncubatsiogisamatiprast geetmtd beparate cgomnsaneasrirdny a dgdoidatitaty 4 hapleidount  of

nucl ease or, period of i.ncubation to produce |arger. fragnents. Adjustjng the
i gest s on eghn PROFECRdiP o Abegs hayenises df Bar P AR S T W AR < ne
capabi | i t {eshisté MRsIeN cefl 1ifE tahRra¥sosdkiplbld Judh tHae tiRMumaht@rdhé@iRAtkse t hus

produced nay be | abel ed as descri bed 20 above. Methods for the Detection of

SNPs SNPintjoduesdéntp)theharasten agls toprodcerag hybadedbe resultiigseHdebsds gge or
nore vari aji j | ei. ' ' [He] nown to
Those of - STREd o'Yefhafit i, B, RS So A Frr el AN, b R o

det er m nabf the trafisfarratbliiradn chioraasontes avsiach hdpted etateqeed, e ghPagessnwi kl., per m t

rapi d, accur at etermnation of multiple variations with a m ni num of
sanpl e ha‘ﬁ’é’t‘?‘ﬁr@ﬁéﬁﬂﬂ-ﬂ{n?’egﬁﬁfé%&%f é_ﬁggg})- sui tabl e techni ques are provided
bel ow. Sever al AnBAORAR JfFhe HVCERROMEINGWAth FiplireVR, 'Fi%\ﬁl‘é"l’@ sROWs aensgeRl 1Y
available in the art and nay be used to determ ne the location of SNPs in a

genomndf) Sewmarf lympBoblestaidpded lingdlmh ioalkdtype faalthe thymiidive kimaseGiemsibging fased

Labor at or ua | d..Spr.i rbor .Labarat or Ne aork). (,1989), and
naoobal - t? GRS it 7R RS RO BBt e B e YRiribivk KHRE) ang
Sons, NewseYer kj a bublB&ilatidnnsrakPREdtifg célR! Bifabdhromdédiids 6 Pleserk4n r ef er ence.
Such net hods rragﬁbe used to determ ne the sequence of the sane genom c

regi ons fhddsi Pelestian fopts haymandNAweataining By widherdls cis achiged yewllizingar ed

and t he djf i.at | . 4

cequenci i nap FAGE (s Al B, FPRGH DAShIEROER SBBE - PELBRd S A
pol yriEr askunhan [SNAUeraad dativStie WHildigpehamal th@midine Kineseegeangrovdin cel) , Taq
pol ynmerase (Perkin Elner)., ther rmgt able T7 | ymer ase ( Anersham Chi cago,

17 p )
111.), orcWyronaditmEeataping HAhe? %@g'e%lﬁwa&?y%&ﬂﬁaéamedy%e%m&|Celat§@s such as
t hose fo LA C@F&}] Leat o0 . 1 / BRL
(Gait her g%trl S&lkﬂ%ﬂ‘r%r e e‘rﬁa ] y,(SS]t:)hl(eéél’pdrngyc(e)ssccqltp‘gQsifgt%‘t?1 glhn%%lggl%/}mﬂ?sﬁl%acdgﬁl?nes
such as tdpidsafialpeoivud tnmah alro2Re6m¢.HRon dxaople, RerschunNevchiromBsdmé 22 Ther nal

Cycler 10 (PTC200; M. Research, tertown, ss..),and the ABI Catal yst and
373 and I IENACSANEACEIE S0 Abd 1§ SRl e oA EIbEa cRk ey ROuEM Tieon,

capi l3oar ym@hSCht GROQLRSI By st ﬁ 5, D &1 vl gt CAERIrGbitHeYeoRVdhleakhy My be
used to performvariation or SNP analysis. In particular, capillar

sequenci nepntedty therppheppuman whishwspok Yawesaitdthee BE variaphor @ podiosdhaeelt i on,
four different fluorescent 15 dyes (one,for. each nucl eqgtide) ich are

| aser  nctiopEu COifR BeToumE PR ehE e Ve pLpBr g ey SRtk g

coupl ed device canera. Qutputllight intensity may be converted to

el ectrical signal using appropriate software (e.g. CGenotypes and Sequence
Navi agator, Perkin Elnmer, Wellesley, MA) and the entire process from

| oadi ng of sanples to conputer analysis and el ectronic data display nay be
.conmputer controlled. Again, this



20 nethod may be used to deter mne the sequence of the sane genom c
regions fromdifferent DNA strands when a the sequences are then conpared
and the diﬁ%égeir@ges (variations between the strands) are noted. Optionally,
once a ge C guence from one reference DNA strand has been determ ned
by sequencing, it is possible to use hybridization techniques to determ ne
25 variations in sequence between the reference strand and ot her DNA
strands. These variations may be SNPs.-1An exanpl e of a suitable

hybri di zati on techni que involves the use of DNA chips (oligonucleotide
arrays), hgriddxadypied cofithimsay poatidradflachuiiamrohAdhysarierd2xgt allndn Fisand 80,C ar a,

CA. For details gn the use of DNA chips for the detection of, for. exanple,
SNPs, seeCWiitive@f hegeedtinglpsid napulagonirye sV L3ige dhe PRI PYIIdsgFe o] . |
and 30 Unj t : : t cal Mappi ng
Assay, reg%ﬁiéﬂﬁtﬁg%eﬁfgfr%rﬁ}&egffﬁg‘;%?%f}gat?? @%%Ftb%f\lg& eé%lgg%’ ,gf fymetrix,
Sant a C ateahni@49s,describei mbovepardahedsubjectedfte Séitecdisdveeri and hahet8pd blook1 - 15 | n
prefers ed enbodi nent s, re than 10,000 bases of a reference sequence and
t he ot era‘[ﬁﬁﬁt@fnr%Iﬁg'ée%?gt%@gﬁ?fgdn‘femm“/ari ants. In nore preferred

enbodi nents, nore than 1x106 bases of a reference sequence and the other
DNA strands are scanned for variants, even nore preferably nore than 2x 1
06 bases Amplificafien dieclnigueuence and the 5 other DNA strands are scami ed,

even nore prefgrabl x ,10' bases are scanned. an r referably nore
Chan 1 x 17Cp BataeeseaialammBnsy s foRorprars Ans ShsRa RS . 100
bases of @etélﬂ{i@iﬁugmls@prs%ﬁu@afa@os@m dfttRe of ke TANALiSHS mNHe nadlgicsei@nned for
variants. In preferred enbodi nents at |east exons are scanned for variants,
and i¥ nolNeclpicarisranen]ificaboriingeases thonwmbeitof sapienpiihe puelsicack ssauenve@ff or
variants.: n o]y : I a1 sl BLLT, -and
i nt esgeni ¢ lt%%%uéﬁ gglp g? éﬁé@égﬁgé&%g?n%ggﬁ%é .H?%H E)Il# gbf%ea?tpg%y g%(rg%gi lﬁe nts the
scanned neoljeictioreiitishapesge ientoaludings butdiot tintiet! ho,qotimerasendhaimoncodi ng

regions. In pos referred e dinments, ,.such DNAis froma | i an

or gani sm APTAECR) mﬁﬁweﬁ-nﬁ@ﬁ@?a&r ST BB Pt A A THEHOTO9AB ¢ he
genom ¢ %3§emkipqn%%ﬂi smis scanned, in nore preferred enbodi nents
nore than 15 25% of the genom c DNA fromthe organismis scamed, in nore
pref edr ed enbodCRentpdificatnomegemnitably 3096l vfs thdresegd woersizarNg afrustei¢ aid or gani sm
IS scannes% and intrm tt Bxef enr ed etl*rg)oedi ment s, nor e teh(%r{ z %ng th genom ¢
DNA i s scHRREH 2P At “efbdd] W@ﬂ%% oFC PHE Y % SERPETIFPED 1 SR8 %N
repetiti VEhe @gipliemal bk hebigdiname agrimétdavigaivegoencadomgRnitatarg @it t owar d

t he percentage of genom c DNA scanned. Such known repetitive regions 20 nmay
i ncl ude FPAWHPEOT the aleseqnenge prchsontacisseitly a pufakissreagtipnimixdurg picludiag M R

LI NE sequeneoaf d iRheRg Sean AEatne A ERAI N e rpfile Sl 2

VER4 2equandesig a hudeis poisianamplanchtdvig Ry thardi ghiaREngdafeences. Briefly, in one

enbodi nent, |abeled nuclLeic agids in ui fabl e solution.are 25

Gonat ur ea-  or et dunpBbtighie 2 bod st dedbleryaia uelibi S fittesteng ¢ he
denat ur ecywdUslrfdr§ nAG I iséd chfEsARiSH mily iav@a @d{heﬁ&v WhichMid &mplaseati @n, the
solution is renoved, the chip may be washed with a suitabl e washing

sol ut i on & prriemef/eneof-thy budleic 2eid sirandseifdongetigs of thedrinres pitbsappdemerpse

hybr i di Zeql s Iréasiuﬁs ﬁctih(ejsr Q uc{icbﬁa of tmop d&u%legﬁxta(ﬁg%cfa 1%016-59 gciatmrc;l&g& Ce%cl?];)f t he
wash condi 1 ons nay be gdﬁus ed as necessary to produce a stablé sirgnal. 30
Det e¥5i ngwhible chnthink ditctepl ateuehed endg helslysgithbszalioseenglemeatdyystrah@r Texanpl e,

if the nucleic acids contain a fluorescent reporter group, fluorescence may
be di r ectSequenseeeittbe primers jpicplihate chpsepsachihel extensian ofeack ohde paimestt | y

det ect abl L Qb L o 0l Lty - - .

cont ai ni e i3 eEH e GopRldiht e SNEERRIT sk el SR BOMber e

phycoer ytiybtidizesray be added prior to detection. Qher reagents designed to
enhance the signal |eve|l nmay al so, be adqed grior tadgetectio , for. exanple,
a bi oti nyl at ed KritRBGHS BpBRGIFE @cidgpolesilesars drnptireralyr BamRlEPY heating-

conj ypct i i W) St a2 indi ne i j tem 5
e B B S S O Rt T he
present ismpesetiingacenipdites iatthd @bstquenistd36 APERespdicaton-prptodohmay pr ef er r ed
enbodi ment, the oligonucleotide arrays used in the nmethods of the present
invention contain at |least 10 x 106 probes per array. In a nore preferred
enbodi ment, the oligonucleotide arrays used in the nmethods of the present

i nvention contain at | east 50 x 106 probes per array. 10 Once vari ant

| ocations have been determ ned (SNP di scovery) by using, for



exanpl e, sequencing or mcroarray analysis, it is necessary to genotype the
SNPs of control and sanpl e popul ati ons. The hybridi zati on net hods j ust
descri bed gwegK M\@II for this purpose, providing an accurate and rapid

t echni que for csie ecting and genotyping SNPs in nmultiple sanples. In
addition, a technique suitable for the detection of SNPs in 15 genom c
DNA-wi t hout anplification-is the Invader technol ogy available from Third
Wave Technol ogi es, Inc., Madison, W. t)¥e of this technol ogy to detect SNPs
may be found, e.g., in Hessner, et al., dinical Chenzist~y 46(8):1051-56
(2000) ; Harhvolveed feat to, mBNNAFCRT o SJnaBRatony Ky {rtiedipn aAd alonghtjoneaalons tdi ag.

Mol ec. Pat h. 9&3@; 158- 64 (200 é; and Cociksey, et al., Antimcrobial and
Chenot her RRAUS ¢ _fl?lfﬁ%mi ofthe) r.edPHCFlﬁé"_C‘éiO | nvader process, two short
DNA probes hybragioagh PQR@nétﬁé&E{hl)__'Bé{BJéh ofikdl 1¢ ScHiSVeBuand HEMGIHi6h 4nd
ecogni zed by a nucl ease enzyne. For "SNP anal ysis, two separate reactions
are run- ondowenbsegednt BNpidizatioarst thel frinaers, any otliee mpanbhidgt tesultsonmphakmmgthary t o
t he seguence,. t he nuc S ill.cleave,it to rel ease a Q f ragnent
Lor o SrigigaC sl Ry M fayBR 1 e bt ey §E B P TBRuES 6 T or
anot her siddledelb@ ai@E&dimhiZRito DyhysicdD chdmtic Saser2 Pt meXMie fortek@merez yyre

cl eaves the | abel ed probe, the pr obe emts a detectable fluorescence

si gnal t haicision ofdi helieassg(somR eddimppl a Resn Geneics d 65404360 982D eF Riit i ve t o

| nvader t rol] | MGl oes-anpl il caki i~ 7

ol i gonucl g%?’? @Aél%g%%fl%%égn@ger gt{r%’pg)hgg?oé]ulﬁgésr‘ W@%ﬂoﬁé gi} @%%%?&Z@e an
amplified signakempiesdegeaderexaiandion of priraediin PER iakatalyhad by & pblgnridses
19(3);225-32 (1998); and Zhong, 30 et al., PNAS 98(7).:3940-45 (ZOOI%).

Ext ent? one¥ymeia thi pigernge phatipases rde@mrggnmeq%s taphogblatesdiymsalinselerisie

copi es of giheiLt g | t j ectabl e
| abel s ar e%ﬁn%%¥%’§%%g i'nf g@:l'ﬁea'ng)gl? 3532‘3& %ﬁ?ﬁ@nﬁc grgt‘?%lgh gﬁrbﬁ%f%es‘?ﬁe

ext ensi onapproa@0d sB8B0metal Fatioms,cind bl bulfeeing sy stermi Cnitaldapbiyorerasarnbened | owed
to proceed yntil a detectable amunt of .extension product is synthesized.
I br dor -5 KBS HeRpET TR bR G T P e s P S PO TR BURGS obes
and two ChiCiabpbe PMVel SHRltaEE ForfRY IR dz§hhes. TO®10hiz 8 thdin2P@ed eaih Mot .
specific probe-may be 5 constructed to be conplenmentary to a target nucleic
aci d hol eehility tegatend g pritners.Shey mey b neesl igfthe aeplgicsben rsastiensi ofdke t o t he

nucl eoti d mw .ely adj acent 5 to the SNP site in the target nucleic
aci d. The&g’lE e ofeﬁ{lﬁ% SNP is not base paired to the first probe. The other
two probes-r ol Thagudéic atids psedlis sheanethodnsitthetivedtidnombabve labaled 36 tailithteal s.
This can he accqonplished in various ways, for exanple, by introducing a

5 -5 10 PRGN SEPSEHENEYRRT dt2bbng Gk b earfied o Ssese %né’éléﬂltf{cﬁljmﬁ n a
reversal Qe B inkdipBlatihp SndUEMBRL 1 bie P RIUEIHIE t@fhosHikesRRlMbr onPBp end of
each of the probes has a sequence that iIs conplementary to a portion of a
di f f e2ent meferlebdled priwayslintodherahpliiigdeseahérice. Thenecleienacidnthaydedabmhédknent ary

to a portjon of the.tar.get. nucleic,acid ce. . The

tar get - seandie R for YRt R P ER AL e FEfns ormomsiectable 3 - most
nucl eot i dgroapd. gAsy Wetkd1aBlegrolp kibwheethode sidtled MehSP niyttR. useMgoPéxdntiste, pr obes
may contaln a nucleotide conplenmentary to the nucleotide at the SNP site in
t he tar gefluaiescei groups Heauss pad/pheadinagiye glonpsi s cxample pEa shiteble labelings not

conpl ene : I . Qr VALI are
pr esent Pttﬁﬁﬁ%uelplg&pgg i gﬁaﬁgglgcg%o‘é?@%%g%rﬁ%@mg%s %@Ez eSH? Qgﬁaa\%red %’ﬂﬁtﬁg%r)eoti des
conpl }Erre Niisirigya tefarln_tdaedmlyinladnaidtybgmﬁdgie_e(m@i anz&ﬁquh%r prahgpls; Haldledtrleget .
specific and r ing circle-may be hybridized tqQ the target sequence an
cont act edplﬁdefar??‘éla Fll‘%a%n‘éﬂ%}hjé.‘“\ﬂfﬂéwnﬁﬁég?ﬁsrfﬁg‘i%amgcwlélbfhied’ém]&fc 35 ol 1i ng

circle prhbepdied a% @sﬁﬁf@@n%é’un%f fqt :ftl?mQHﬁ)'o?a@é {h@%u@feo{i@i? AVersirte, the two

probes-the target specific and the rolling circle-are efficiently |igated

t oget her .nupleetide fsen Gdeonysticleetideent.j dBADP, ddbd R, SHCTRIEITR; lete—paGhgai s not
capabl e af. baf%’ pa{'r]i)egig with the nucleotide at 25 the SNP site in the
target, tHeUhESpkAltaghed ot i gated. The unligated probe i s washed away and
the sgple is P&Bhﬁ%&@&t Htitdizd e abPIBLAI F16:5 R{uerRel 1P HRIGeANSudhabel ed
nucl eosi de tri phosphates. Anot her technique suitable for the detection of
SNPs makgschrsgesfvorkwel'opygenomicemgecnses. i The metfods dipsiasgbimpendingd)§ o

enerate a_ signal [ t r e to release a

19 | uor esce‘??ltqnst]g?@i%%‘bsdgg@&(}&qaél?T’ﬁ]i%g 9&2@@@#‘?@%@?&%’f%g}eérdr%]&at 0 as a
Taqman assay (see, e.g., Arnold, et al., BioTechnigues 25(1):98-106 (1998);
and Becker, et al., Hunz. Gene The~~. |0:2559-66 (1999)). A target DNA
containing a SNP is



54801 -5001 -18 anplified in the presence of a probe nol ecul e that
hybri di zes to the SNP site. The probe nol ecul e contains both a fluorescent
reporter-%gﬁg[gﬁnnucleotide at the 5 -end and a quencher-| abel ed nucl eoti de
at the 3' - . e probe sequence is selected so that the nucleotide in the
probe that aligns with the SNP site in the target DNA is as near as 5
possible to the center of the probe to maxim ze the difference in nelting

t enmperature between the correct match pgPobe and the nmismatch probe. As the
PCR reaction is conducted, the core ect match probe hybridizes to the SNP
site in thembarigai NENAlahll /0% 02 egetkiddth 1 pyrithhs fdeSel¢dioy ot Paiser Pae’; and t he

PCR assay js digestion results in physically separating. the fluorescent
| abel ed nyéggo[gﬁ%@eﬂi@ﬁf’fq% dgefesh BR@PeN i NI B fited QRIS o fRtif ek ssbads
fl uoresce g ' r ’ 4 [ i i | t he
elongatioﬁﬁgg?@pgﬁﬂg§g?ﬁgaﬁgﬁgggzg??gﬁ%gﬁgnggﬁbgkg%g%gggéﬁﬂ gagkggsted and
t he fl uor Pdefirluge irathe heethads off dwtprekent evention. quenched. Denat uri ng HPLC

usi ng pol ystyrene-di vi nyl benzene reverse phase col and an ion-pairing
Tobi L6 phasy: cAIGe SEIe e HoN TpreeReds oepro SSgBRE REGHEAPFthg a 15

SNP i's PCRupiBbfotd Sichfiefdbelin@MPor dh@dle, fsontd @ sBCR nlyosiifdsirhifle dgnat ured by
heating and m xed with a second denatured PCR product with a known
nucl eot i d&agmentiike Snplifrssieqianse plihetoRgRridizetier with an eligomisidotide arrdy.ar e

anal yzed HPLC .at evated tepperatuyre. The tenperature.i hosen to
denat ure HosrEneh b RERER AN IREh ALY ey PEG-RIRRLPLRE T FPERE oA o

t o denat ugrezytia€is enetlivalk tledt red@iownd ithdat. CHgitablddaeleriquR ifdhedee bGoRe hbi ons,

het er odupl ex nol ecul es tﬁpicatly el ute hefore honDduBIex nol ecul es. For an
exampl® ofimitpdtoy sebjeqtingrihe amplifi¢d nugleac a@ds weghgar farcey by fordagdhenupdgia) : 523- 28

(2001 ). : ' ' i fi ' . .

m cr oseq u@ﬁ?ﬁ%@@%ﬁ&%ﬁﬁ%?% gg@?%ﬁﬁg‘gr‘ggﬂg‘pﬂg Exegiggslt{ng tgﬁfgﬁ%ﬁg@%é e slthh ave
been covai amdléase ahtymod)elnae@niptedf 4 minble migleasd enappk ii§ DaadeiloM ftezact i ons.
The priners e desj to. include.a recqgnition site 25 for Type |
restricti BPBHARE, thg\%grpraﬁiﬁﬂt Py tlpﬁil??‘ﬁﬁi”& Fhermsesnesof %n%lmf%@oduct
attached §Qidihe iiadksiged B REu&de dpprdr@R¥ GfedViidmdfie TIRS{isdsSriggn enzyme.

(G eavage of the product with the restriction enzyne results in the

pr odulX i ofiagifiends wian §k eraed asrdtsideds dortaxemplen by imtirergingtthe SNPumtiaf auelagsear3’ - OH
that can be extended t.o fill .in the sikngle stranded portjon. |Inclusion of
danTPs | rOSR Tare RS krpaldh ol Rdius br BLAG SR O Ao kB 250 br oduct
For an exarase 6f pdridd of sitcubhtidioprddieb Maroetefrdgndntie A djliting RS degichaper o,

et al., Geno~ne Research 11(11):1926-34 ?2001 . 54§01-_Qpl -19 Data

Anal ysi s Emgiiioas o producesfraganants of thedesined sizads withinghe eanshiditicppbapersat of t he
met hods ofr i. t.L Dy et . j v, A, liocat ed or
di scover e(gf Ottlj(glliﬁalglr ng:(ﬁ?ﬁtth% QHHE? hggjsagrgggtg ??ngugédsl{j%@gf a?s% %Z%beﬁoﬁoci%@%%g g re 1),
SNP H4pl otbppe bl ocks, SNP hapl otype 5 patterns wi thin each SNP hapl ot ype

bl ock, and informative SNPs for the SNP hapl otype patterns may be

determ ned. One nay use all SNPs or variants |located; alternatively, one
nay focuswvietifodd ey thei Peteétic U NSNP PGNP DiscoVeryle SNPs | ocated. For exanpl e,
the set of SNPs analyzed may exclude transition SNPs of the form Cg<-> Tg
or ¢G <-> cA Deicagiantionof the presense erpbgheeef onsfor minge yamasions in aneeleicon, t he
focus is . n re th AONPs_ whose | ess. common
formis par%ﬁehslglggggg 1a§’e\|§]§1rr]1g %gﬁn%?g‘g@‘d%%&%?‘? tra]o ‘g“)sgel 0325%11138 6137 At oy t?—%l}nqélﬁanpl e,
com®s SNRat pefmits thesecbbldsieteéfainadbr of aumdation cah bk easl RbRuled 296hhiyued% of
the population. In a preferred enbodi nent, comon SNPs are those SNPs that
are foundvilkpegmitirapid; acgwata detamminatipgaf srultiple vas@iona tyide mininanmef e

preferre j ] east
Bbout oneBRapnARaE reo PR b ERariEs MIRRR b Bl LR B0y OF s
t hat occurred Ssattay mietholdh orDNALEGWNchig dneiwel known and gagrally waibie iBSNPs

mnimzes systematic allele or variant differences between control and
exper i merfh@aprt pahmayoe dsed orlstermyisahs logation eb3NBs iwra grgEice 15698 associ at ed,

yet 139suUldiafley shnofol] ' fofecl? CPntin@rA TabbAG PRAGLAIGEDIA Spriffy - T OCUSI NG
on conmbn s’ decreases th Itrv u romrecent

popul at i difarB@r lzabormbiyeNewNborkp(idR9), endrmsulsNRs obr Gunr@lt @vatntols m a | ar ger

proporti of tile hu ul atiqn, Ki Bg. esent inventi.on nore

b onal v afgeuibb o D8 Rey B Sfi St L DBooBy i bhoraiGiRte S e "oame
line, SNPs in which an variant is observed only once may be elimnated from
anal ysis in sone enbodi nents of the pr esent invention (for exanple,

si ngl eton SNPs). However, certain analyses may be perforned including sone
25 or all of these singleton SNPs, particularly when | ooking at specific
sub- popul ati ons or popul ati ons that have been influenced by mgratory

o, A NN Y - - a1 4




30 focused genom c region specific to some di sease or drug response
mechani sm may be assigned to the SNP hapl ot ype bl ocks. 5480l -5001 -20
Figure 2 E %g§® one illustration of showi ng how variants, usually SNPs,
occur in égﬁ' ge bl ocks in a genone, and that nore than one hapl otype
pattern can occur wi thin each hapl otype block. If SNP hapl otype patterns
were conpletely random it would be expected that the nunber of possible
SNP hapl ot ype patterns observed for a -8P 5 hapl otype bl ock of N SNPs woul d
be 2N. However, it was observed in perform ng the nethods of the present

i nvent i onreffdtaticet BRchHEERKS @fay IRsbBR dRtatpendIBE b&fuBhicd df tB@sdmeSNRohap! ot ype
bl ock is smaller than 2N because the SNPs are |inked (not 4N, as the

vari ants gions figst diglsramb RINA Bleangp avheis the sequences arcibieneomparsdipyd Be of two
pat tor o bigBtepecit QUGS SR uRRRARE iq DB ol Bl AR AR VP
expect ed émplay Bach driziiages thiaKdenobn fragmENR L MNA pblyperdsk dckSuanse ¢gsonosonal
regions that tend to be inherited as a unit, wth a relatively small nunber
of ~comonBpshemicaCompaeleveland Qhjo i Taa pelyragraesdEsikin Fapen).dhemsistapleel hapl oi d
genone se L : 4 ndivi : L L ndic V) W
has an " AI?(H gﬂ(ﬁ g%%%ﬁ’?%%ﬁ%’?ﬁ]gé@ém%g p%@?%ﬁ%ﬁygﬁlﬁﬁéghQﬂc,}é\bl%g?rg%(gg tion
243. | ndi edodudbasks hach as tieost Sowsane thixaklesgat Avmslifidatons SPetdm 2atRetedbgd 243.
Conversel y,, indi.vidual ha T at sitions 241 and 243,. but an A at
vosi t1 on Sibsoil GatBlersbures RaD).( RERAY! bsguiest RGruiea kit Paskingbs 1 i ons
241, 242, 3RR4s dt3HanYioh M Ldb P00qKasgflonVReho, I¢AD), POItRE FHE{PESERET -

t

0
Similarly, the variants in block 262 w Il tend to dccur together, as will
t hoselOvar (PA16i260; MJ R eserrclr 8Batei@wie,ddasse and theyARI Catalyshaek3 13nana 3JJ@AONA ar e
shown in Eigure 2. I.n ct t..b will 20 be like those at position
245 and 2B %eilimﬁﬁ{‘efv&{r@%ﬂ%ﬁ\ﬁﬁdi vidual to individual. The
assi gnment of 19NRgition, &¥RIdABleotyiRrdsaskEmsSHEch &2Qoindréiglly gvallables, 1n
one case, an iterative pr ocess invalving the construction of SNP hapl otype

bl ocks f rigaY bhasedNp PRI Veision|0h ﬁaJPaangb/%iﬁmhe purEighlan capillppyseawancing n one
enbodi ne i £ NP
hapl ot ypglrn%}(];l'?ﬂtH g’?’%@%ﬁ%@ ndtl?rlhﬁrgtwﬁeagog}r?gwl%g% g%g%ﬁgﬁﬁﬁﬁggﬁ?{@ E@B%Iq%ec r§s are
det erlifi nedye§ $drefoil S@hofuclebyde)evhich are lasesamivatepemididetecaob ofiiheentiged t he

nunber of SNP hagpl otype patterns sel ected per SNP hapl ot ype bl ock in step
130 is nowe,‘feg%{!fé@@ WrrePests gt dgvics Fameia: Kbk pleas ai%ﬁéﬂwe_r&eﬁe
number Ofto%Ngtrnﬁpéi%ﬁMFi’ﬁin?%%El%’pﬂﬁtessgﬁ%fqugp@réno?t’%%rr&ﬁg!S@&Neﬁ’l%e Na@&gat'oﬁ equal

to the nunber of SNP ha N%;goe patterns necessar}d/gto identify SNP hapl ot ype
patt er ns ReikigridmenWellesleyshba)ahd 3iae erttise prasesstivam thadbgiafgamplebyzed. | n ot her

wor ds, en a e f ) e. four

pat tof no. BUPt eI 98 a4 YRE,AE, bt BRpRY I e Rhr AP o ¢ ancs
anal yed methbd hay deais&Ng dwlaq@in«iﬂe)éthe smbﬁcﬁzrdfth@?hnelr@n@h@@ﬁghﬂi@foni he four
54801-500] -21 patterns selected in each SNP hapl ot ype ock. In a

preferr ecfiliéfﬁ’i% Neénstrangds, where the seqyencefprerihien feﬁrgfla?éecfa%ndttbﬁ ﬁhf%§%ﬂcéét ed per SNP
hapl ot yp : [ irber of SNP hapl otype patterns necessary
to identi V%I%ﬁéslﬁgtgﬁg#?%e&%ﬂ?%f ns In greater than 70% of the DNA strands
bei ng anal yzedOptianalpeonpe efgenomid seqiznde fremt gnetrbferengeNA efrarsNRisDhebapl ot ype

patterns | ect per SNP hapl ot bl ock jis..equal to.the nunber. of SNP
hapl ot ypedsegeéwléegﬂ%' Sﬁ%eéﬁ%rﬁ‘% Bosgfgg%tf’iuﬁflh‘éﬁﬁhﬁgﬂl&?{]ﬂﬁ@uﬁ%{q‘%‘1‘?‘15“’?‘?1 gr eat er
t han 280%wikiatibe iV Rht A S cOLIhe Jeforaty @Rfhd ahf obRe DIN D Brad3. TRER _
enbodi nents of the gresent i nvention, SNP haplotype patterns that occur in

| ess t harvagatensiainbodNPs.oAnrampla of g saitabie ediridization ltlgehatgua invodydsitharat ed
f | ysi , le. .in: i Lf ten.
o e R R b ERT TR b 0 B AR 22 o

sanpl e oUhc.08aritgeQlas,eCL] Fot daiigth the asEDN A chipsPo thetdercBNPoh@® ot ype
patterns of interest are selected, infornmative SNPs for these SNP hapl otype

patt er ns Xp@plee SBPH sse i/nitsd SgatesAtntent Nop §A09,003)issupy gndipsh Wtz @i 4/i. and set  of
bl ockgs, ' R,-Bl t £l i [ j

i ortat VDRGSR EPARIAR, & 2O TR ALV E MBI A BEaLRE ) g
i |1 ustr atadskanpanudl) Afldetrit Partaud 9069 (Affymetex d®dntd Clard,ICA), glire 3, step
310 provides that a new bl ock, of SNPs is chosen for evaluation. In one
enbodi nerfcorpgjatefiby Jefepnge Rereosen contains only the first SNP in a SNP
hapl ot ype sequence; thus at step 320, the first, single, SNP is added to
the bl ock. At step 330,



20 informativeness of this block is determ ned. "Informativeness" of a SNP
hapl ot ype bl ock is defined in one enbodi nent as the degree to which the

bl ock progigﬁs(kgfornation about genetic regions. For exanple, in one
enbodi ment* B2 present invention, informativeness could be cal cul ated as
the ratio of the nunber of SNP |ocations in a SNP hapl otype bl ock divided
by the nunmber of SNPs 25 required to distinguish each SNP hapl otype pattern
under consideration fromother SNP hapilét ype patterns under consideration
(nunber of infornmative SNPs) in that block. Another' neasure of

i nformativenesh piefified Rbobigndhtsagie Hanil0f000 msaéds\oeaweﬁnwsdqhendelaﬁak One
skilled in the art reﬁ@gnlzes that informativeness be determ ned in any

nunber of thmv T DIYA Rf rairwaa@%ﬁ@rvanwsgdnénozepafm badiments) ete 261

cont ai ns P { S TAT)e... Any one
of the thrhg EWE?S@&%@%@S“P%@%%& r%éﬁﬁ% @% @Ne% St%A?A ?I%sns g%{bnaergtfor t hus, any
one of the@ﬁnﬁi\lE’senqamet;ﬁeiemgemieqhmulmébase%B@ief‘élQﬁde seddencefapd s i ve SNP

for this SNP thI otype pattern. For ex it is determnped that a
sanpl & nuethes PNAestenedpesranges: eweamr%erefqra@y lgsb%haﬁfa?rweﬁ%en%daﬁé DI e

w1 cont ﬁr?ﬁ]éﬁnﬁ% tlltaHQX§§agd%§% rfagggaagl %{?aﬁ(ﬂglo?e ;ﬁe?éram;;ghe@maq 1Rogd tion. If

it is determned in a secon ~TP I'n second position
is a G thasef Df&tefanubetshqmamcSNRkthMOltherW&sgalldfhwscamyedﬁoevmmurla of

mformatweg‘?e(ﬁ%i Oglnfor tlveness val u or this fjrst bloc 3

total SNPE™ Bapogimants aflEashEqns Aredigp g d Bl tATag Sy Pt IndgeRePReIEHE patter ns
from eachegbdfimentibti ﬁfrbb{s andNRohaRe QE MR- Mr%{‘ial'%zhpé’rpé@nnﬁo& Wk &rerrINPS
(two positions do not have variants) and two hapl otype patterns (TCG and

CAC) . 1(as  ainbédimient, prtwsmxghs/amateyg@@b tsiquerices amypcamed 6fr wanigntshiee SNPs can

be eval uat e attern A 10.t he

Phf o1 mat | DETeied bogife sk bR b afs ARl URine e Potbor et i ve
SNP needegbdify slididnagdihg Redidit. pakhioRt pieferdiienidaginginyd) eudl DNK Zé@ncont ai ns
five SNPs and two SNP patterns_ (TAACG and ATCAC).. Again, any one of the

five SNPsMEEWHAN GELRISEHSYCE ap a@ﬁ@a}sam Efref?ﬂfeﬁ@mbpﬁ@l%ﬁa aore {hand 0% pfthe
| nf or mat | 0 dpﬁl{A 'ﬁ%h?thﬁlop elSh1S s3carmel Q@Oﬁeﬁgﬁerﬁé Vén%&u ¥ntd nldid ﬁ{aﬁﬂ“ ve

SNP neede Stingul s pa terns. provi es a sinple
exanpl®e of5%eietd genamad Dhlissfroiibnorgeniemab scahired) apinoto/pre fopetitearhodimerns,

present in a I may be essary to use nore than one SNP as

T ormat | Poredpe S0% it tudresnanc BRECES e SPnbRE Hototd 2808 Bonabrefeayed
exanpl e, élhﬁo@ﬁigﬁtsaaﬂglettﬁ& DI HeeAERHEINIAGs deanbMIH Shd difbdhbs e Of
interest, the informativeness of the block is 3: 6 total SNPs di vi ded by 2

SNPs needthg presexi 18Y¢N4g0; lngmrrépqmt\f@éqzmns fheererms) drg nepsakiadganddo netny  as
2N di stin t 3 i i.n

genotypesg%l?ék(}%a& Eﬂ gqe};c[%gte gg‘é{&%%‘g cearq}é oréelgzlﬂ k?‘%%ﬂ etl‘é?ées 15&' y two
SNP hzpl omyp énadadet Siigls ImtBrspé‘ree(ﬁNEblémrﬂl@hMﬂe(SiN@@ksucﬁ asamginel\iﬂ‘ﬂP shoul d be
able to differentiate between t If there are three or four patterns,

h
at | east $SRYCTSRDs Lapai] IHCYPPq{%qu‘EfieaF Edamenst(LINEs, sughas hINELangLENER i gur e
3, once the.bnf @rﬂaﬁgvsﬂmﬁa@ f\ gﬁh% R Refon §n(fﬁf1§i4“ ned, a test
4> Fre Py~ eval uat es h

is perforne test essentia e SNP ot ype bl ocks based
on sel ect swuences), aamsapownsrandﬂ‘dﬁﬁlle%nd/MERBGSEqIBenbésock rreets a threshold

measure of inf i.venes and resul t of term nes whet her,
for exanpl e, ﬁb‘?ﬁ%r‘n §Rﬁ>el\?}’?qlmﬁﬁt iﬁ?ﬁ]&] nf’ eicﬁgldﬁll%éﬁmf%’ﬁe %ﬁ%ﬁl%{i‘rg or whet her
the apml ygdmtutedfordxamPRd bwhtding 16©8/°80artd 1BE Kolsticd Edrainag tRe Béfatige@nt SNP
| ocation. Figure 4 illustrates one enbodi ment of this process.

nucleic acids is incubated with a DNA chip. After 1ncubat10n the solution is removed,

the chip may be washed with a suitable washing solution to remove un-hybridized nucleic

acids, and the presence of hybridized nucleic acids on the chip is detected. The

stringency of the wash conditions may be adjusted as necessary to produce a stable signal.

30  Detecting the hybridized nucleic acids may be done directly, for example, if the nucleic
acids contain a fluorescent reporter group, fluorescence may be directly detected. If the

label on the nucleic acids is not directly detectable, for example, biotin, then a solution



54801 -5001 -23 In Figure 4, assune there is a DNA sequence with six SNP

| ocati ons. The anal ysis of SNP hapl ot ype bl ocks descri bed above m ght be
per f or med iélgwtgkeqlfol | owi ng manner: SNP hapl ot ype bl ock A is sel ected

cont ai ni nS ) he SNP at SNP position 1 (steps 310 and 320 of Figure 3).
The informativeness of this block is calculated (step 5 330), and it is
determ ned whet her the informativeness of this block neets a threshold
measure of informativeness (step 340).-16n this case, it "passes" and two
t hi ngs happen. First, this block of one SNP (SNP position 1 ) is added to
t he set Ohomalmmgctadeﬁec‘ﬁ‘ﬁﬁé habgll fiirgremplepsticptavitie podptéd) to phecasrdthriammbinee SNP
(here, SNP position 2) |js added to thjs block (step reate a new
bl ock, B, aé@ﬁtpat%t% twnp@h@ iTeRents dgsignes tomfiewe.ﬂge %‘E%H%L‘@faﬁélalﬁﬁé’& I'n
this illu t

| nf or nat | S eadt O LPAREeR, B S SuBe B TR PR S MRS mdiny o e
SNP hapl omayee satinscofpnetpor3sih th@bldtlmmutptevidﬁ\ﬁ}(cbmydnin%lt%qtnoa|systﬂn 3) is

added to this blo step,32 ate new bl ock C |n|n SNP

oS 1 i s RS SREPAEE R o ko RR TR S5ed it mehofs PLOERRTEh, C al so
meet s thelﬁ\@ﬁﬁ&h&dxﬁalﬂﬁﬂ%ﬁt@ O 0CipRELRE FBL ArV8N9R S )p?é}gnéd elhﬁocﬁﬂﬁﬁﬁ tﬁeo the set
of 15 candi date SNP hapl otype bl'ocks (step 350 nd another SNP (here, SNP
posi tion AbgomcladdédartetYStumctlnb]l@mcth(ogs eﬁthsms)semtonmneaneomew ekl Og

cont ai ni ngi; %o& tions t hen

e e I TEb TR B S P e Bl st bn b s s AP PR B s be of

i nf or nat i yRNE&RedsDHthdpresdnt Eﬂvleﬁumon@@dedem 5t ke108 ptobet pecdihiydat e SNP
hapl oh(ipe bl ocks (step 350 nor does_ anot her SNP get added to bl ock D 20

for ahal ysis. Pmee é%tdant localansdrpe besagletesmined (SNPakiscaseryy by asipgunel of SNP
bl ock eva i r reshol d
measur e ok%r#lggﬁ t%ll\glengé)gg{ 1910%”%’5\1/ liﬂ Sli tq%he&)ssfa eio etn8d'gg ﬁgﬁérggn{)gl ns only
t he SNP atompmébhd same pBhdations. IThe hylaﬂidlaatﬁ)d m@hodsijfiardesdribeé meslk wellfof ound

to neet the threshol d asure, %ﬂ%d'?l‘g t he set of, 25 andl date SNP
hapl ot ypet P}HR%SC( E’to&&e & 23e)) aCCHWEF PRiEte tﬂ“(erf%fr te%ﬂéab SPRQBNNY) i s
added to &Rip§ npllnﬁﬁii;le( s%?p%s?’ 3Qhddifok rﬁq@trﬁnmvgugme Korfthe HEtEEt?danf@NP%NH

positions 2 and which is then ana SO on. that block H
fail slio gewmit ﬂi)é\lztxmldmmhmphﬁ%wnelscﬁﬂe Inwadﬁranlegessqllalbb ﬁn@n Thided to the

set of ca NP .hapl ot St 5 no e t her, SNP get
added to W ﬁi a“fod?gl%f‘ Q}c sﬁggsqnn e;[ds(e ﬁ%% Bt‘%}S%y {OI éje?‘fc S%)Oélealye%et ed t hat
cont ai ns fyuny, 4 @emsmsaér mtuzmaBCh@mn ﬁo6(®m1om§e(m0@§etmﬁ eﬁé\mdl date SNP
bl ocks is _constr %@t(z(fﬂo) of Figure 3) erformed on the

set to sef¥dd 93(1r5|) |8872 SNPATBRl €44 (I%J%;MPI@G %Fh Iﬂ(é;m -84 200§}

54801- 500 0 I r din a
vari ety o%’nc{/\ggl%lés%%?wex@r{%}w'fﬁ%l ?ﬁhﬁgﬁ{) Cfgy %w%l'—)ng{r%glg %%bndebgcg)nolﬁl sel ect

the 120 gehtvadmdrqn«cessgrﬂtvaslmrn@l\shﬂobeashythrmluzeltotaha‘getaamhsasamdhm fdmmeshol d t est

(bl ock containing S and 3 he smal | er bl ocks that

Cont ai n t HERumEcteRPEs] BY kI B iy PO L Wi RE0 BIRGEAS MEFBREHS i gh

5 be the pgxtofd f@f:lsaoﬁtsw vmnw ff%n@NPtlié%d)Be‘s%‘c&nﬂlE&ﬁEnth@ fbhﬁ’e tegltxa?e%t bl ock

that nmeets the threshold test for informtiveness the smal | er
bl ocks t hthe nvelaesgi willidigave Hre repips a(SbMQ&A @aamamﬁyrm@iﬁ dlamé dihedlapded. Such
a net hod f, Fin over | SNP ha e bl ocks

t hat span%ﬁge%gagﬂ%oﬁte%errl@ }agﬁlegtp : ﬁ’r?taelzr}ggtms anoﬁ}oaistﬁ S TS 1ze¢l %?ﬁ‘t erest and

t hat Imvenecldis@bndyenee| Whén thefeazymnd tlegres sise laﬂ'élbdsgrobﬂ,(lﬁe pitdbeeafidiadat e 10 SNP

hapl ot ype bl ocks are eval uated, the result mag preferred
embodi nengeteciabie flugresesaer Hgral thgsehyngdisamenwhic tsﬂ?e"%laébl@émtsﬁ&t enconpasses

all the SNPs i y consi st
of onl'y a o nghd LRl Rrad el HHR S A Bk iRl BhBRs oD ©

O her gr ooﬂp@nnﬂyo@dﬁmmcméntayhu adne@lapDNthrempstPm pradakehamveenslified
informatlven ss e ceedi 0. 15 | terpnative od eIe

final setSgH &R ast%tﬁ?yélﬁqrewéﬁﬂﬁagtré rteﬂcsﬂ9g§or£?§ é&&e?ﬁg %1‘}8 i ng
firstypt Figu st fie § gl%ﬁesmlgll&al Itgéype bl ock
set (gdelneér:taa?égﬁ% @8(72@9@0 (§%01§% ﬁl?;xt?r%s?%n%fg |ube (lin F1|1 u@es 3 and 4
herein) i produmjoytzaéduﬂnplelcnplemdﬁlmtzemdsxstemphtesmeploﬁgGondatmaraﬂ“dpma]ﬂ)e SNP
hapl ot ype bl o th the highest. in orrrat veness in the entire candi date
cof D Prodestiiie el sinieopgatainbohe pHigs eéwgﬁalmlmtgﬁﬁéiuw%&% LISt ep
530). Once this candi date SNP hapl otype block is chosen to be a nmenber of
the final SNP hapl otype block set, it is deleted fromthe candi date bl ock
set (step 540), and all other candi date SNP hapl ot ype bl ocks that overlap
wi th the chosen block are deleted fromthe candi date SNP hapl ot ype bl ock
set (step 550). Next the candi date SNP hapl ot ype bl ocks remaining in the



25 informativeness (step 510), and the candi date SNP hapl otype bl ock with
the highest informativeness is chosen to be added to the final SNP

hapl ot ype ﬁg@cﬁo et (steps 520 and 530). As before, once this SNP hapl otype
bl ock is c5 en"'to be a nenber of the final SNP haplotype block set, it is
del eted fromthe candi date bl ock set (step 540), and all other candi date
SNP hapl ot ype bl ocks that overlap with the chosen bl ock are deleted from 30
t he candi date SNP hapl ot ype bl ock set {Idtep 550). The process continues
until a final set of non-overl appi ng SNP hapl otype bl ocks that enconpasses
all the SNEgtib Thee@éisgintehctidalcah be BNSEd toGhreded unthiiSdete @A amaddntlifgur e SB
illustrates a sinple enploynent of the nmethod of selecting a final set of
SNP hapl oyisasion prokyctdeseyhasgdi n Figure SA. In figure SB, a sequence 5 to
3" is analyzed P capdl apl ot ype
bl ocl cs accor dlhﬁlg{dte gmt éecﬁegﬁﬁggghgw?ﬁ%ag%léegﬁéﬁf?ﬁ%@ght| or1£.q %éﬁgg}lg‘g?e SNP
hapl ot ype chrtdaikKBNA tempiazdsmea) vd used.n Théfisst pedparethe eargetapeaific pabedniny bt hei r

pl acengnt under éhe se uelnce, and are designat.ed E lefter. In addition,
hfter  hecPRTPERd 1 heca nrIgmARERVE e el Reid mpleeufesueh it thecti:  For
exanpl e, ?&'Hﬂhﬂ%tfgﬁ:?}lﬁbmrﬁti%g% ﬁ’lleQlﬁgle&ideﬁnin]?&i?_a{tﬁg;ﬁ}ac&ﬁ%’ eX{He &P site €Nd

of the sequence, as an informativeness o ndi dat e SNP hapl ot ype

bl ock R i s the¢apecualeict dvad. ekher tewf Zhe BNE isofot bhe magd émtbe firstratobeas an

i nformativeness,of .2. 10 cordi.ng tqg fiqure SA, in a first step 510, the
candi dat & e RpPwEs b mebERis ipgekde Pk Srtonstiu Rt A ARe ™ o’ i
step 520, tdrigha BN HaSinteyRReopRhied M Vdtidub &vahs, FbeStanip, O TR d HRARESS LS

chosen to be added to the final SNP hapl otype bl ock set &quteps 20 and530).
| n t hé0 casiakage in thypentraportiamefi thapwbeNpsHEPE Bt a/ysaeisplodlporrity ehthgn

i nformati S I the fi i-dat ck

ol ctod 1B SbqbalEit et ity BakiehRp SRERI B Baihas PR BleHBEUAL RS,

hapl ot ypecthhpleteMaiystosepoetitredt a different cieduddracnplate raoievisld whilenhd biecenddi dat e
set of SNP hapl ot ype bl ocks, (step 540), and all ot her candi date SNP

hapl ot ypeSACBHIRGNIAY 1&9 8PYUQY ARitlieargRIPIYRAGIE 851 sedusnere kI M tigebesauence- N, K,

L, O and : 1 P : (step
550) . Next o T e S e LRIl ¥ oot
nanel 15 SNRu@étidapt tieydNP Hiteo dhis of thdproles By Eyntdn a@ucldotifle cqnplacheRayr @

anal yzed for info tiv ss, .and in step. 520, the.renmaining. SNP hapl otype
bl ok wi t Frerwelehigs b TP it it the e hERic Y whif e B SaP i Ress of 5. i s
chosen t onh@ectidd €cht iondt REmblchentaPNPINAP idtanee Wik Rak 098 tmdrd i a6 #el et ed

or renmoved fromthe candidate set of SNP haplotype bl ocks (step 540). Next,
in step 58P aselnresanhr the papilazare pPENPs iy becopwrusiecddR batvehitnunestidep with SNP
hapl ot ype . H is deleted fromthe candi date SNP
hapl otypecéﬁ%lgxll?&g%p).tb,&gﬁ?ﬁf“&ﬁé#?h@?&éfihg bl ocks of the candi date SNP

hapl o2/pe bl ockhspiobesrboml tyrg&iNpebidijolant yglEnp Liodkandy b&hyuziditad ththeRarget Q and

R are anal yzed for inforpativeness. In s 520, .t he renmaini ng SNP
hapl ot ypgaS (0w 3 aﬁﬁifﬂmf‘ﬁégﬁﬂémgéﬁas‘? ?Hzé%:"?geéhtﬁgé,'l%sb‘&%lqﬁ’,“% '0? hegplling
i nformati M?d?@%x)%b@?orﬂ)s a Bas€ PAIS QithttRe Qﬁclaﬁi@@gt e SNTesifel Rl twelNtomaphet ype

bl ock set (530) 30 and deleted or renoved fromthe candi date set of SNP
hapl ot ypetakded spesifiosandphsridiing ieole-areificionte Hgaed thigdden Wikien gl 'onggie bl ocks
that overlap w,th,.SNP hapl ot ype ,bl.ock, F--her bl ocks E, C and . D--are
del et o PETRATHE Ot Tiap ARE S PeBathR B\ S0 Bl hestaB it fle micBRieRhE 001
-26 rEIMRI {heSHVENIRGK ﬂleqﬁré%ﬂ eh@lgwémé fotINRtddaihetunBgatbd pedoeSEivasiieanBlay SNP
hapl ot ype bl ocks A, B, and R are analyzed for infornmativeness, and so
on. O heranseth gample aycopiactadovisly g template) ciglesgplymenasesand lgpelghipudlegsidst ype

bl ocks fof. ﬁgéﬂj aks f1'0111 the set of candidate SNP hapl otype bl ocks (step
160 of Fi g@re 3! ‘For 5 exanple, algorithns known in the art may be applied
for this purpoasethéaeclexqurpiuéabls farthedéte@mnhd SNRyanakehse ofthe 56 used (see,
general ly, Cornen, Leiserson, and Rivest, Introduction to Algorithnms (MT

Press) pptxopudeasg a9l a PN AP pBFass 0 §5AFTRE gl Sndigesting §RIYE, direct ed

ra = i i tyi : . i : | ued
T L A (L G A
wei ght s ods dlDagniah assaySbed, ugntAradilesr al., BioTechniques 25(1):98-106 (1998); and

Becker, et al., Hum. Gene Ther. 10:2559-66 (1999)). A target DNA containing a SNP is



K w(p) = W(v ,_~, v~. i=1 The shortest-path weight froma to v is defined
by (u, v) being equal to min wW(p): av if 15 there is a path froma to v;
ot herw se54§(ﬁ,_5q:01) is equal to infinity. A shortest path fromvertex a to
vertex v i’'s then defined as any path p with weight w(p) _ (u, v) . Edge
wei ghts can be interpreted as various netrics: for exanple, distance, tine,
cost, penalties, loss, or any other quantity that accunulates linearly
along a path that one wishes to minimZ8: In the enbodi nent of the shortest
path algorithmused in applications of this 20 invention, each SNP

hapl ot ypeambhfikd inalié grebence offia ipeteheanolaculy that kybrididet o die SNRIgies. Tiefproled f or
each boundary of the hl ock.. Each SNP hapl ot ype bl ock has relationship to
each ot hefolKpleropiagisyiolh pilgetescepy ’Eeﬁoﬁel“lé%@? n?"g?ot@ﬁ@hﬁ‘@égﬁpd@ﬁ%? is

determi neguaﬁéhﬁalﬁm ﬂﬁﬁ%&ifde%hf?lie%e-’en&u?ﬂe b@‘é@d;aule%& i5QL1eL B8 sGWPiHe thereof)
of the vertices or gaps between the vertites. 2 I ngl e-source

shor t est - patléstiderio Hegebd thetdigom wathghe SNPgitaphth&t{ryctH)NAvikes Beaa ashor t est
path froma Poiven source v s Vto.ev r% i

erte .vertex v V.is detern ned.
Addi i ‘DnaPPyIDIS ig the AFLercHf tha oy faymaxigies e iffesuice dmMeling SRPSRHIT od.  For

exanpl e, BNGeBRMheIBREN rRatslh HIbE 2AE HeimiRinbRA pRbR ALt PR RactRfl iyt i on where
a shortest path to a given destination vertéx t fromevery vertex v is
f ound. Reverdcied, thkeomé¢at swttdhoprobd hylashees tgthei SNE3gtet ihghayiaegsh DNAlaods t hi s

problemtq. a_si e--source probl em atively, .one. ma ply a
si ngl e- paﬁllge tﬁ%ng?tfﬁSaﬁo ! 58?5‘1‘gﬁﬁi%@F?@?S@hﬁ%%eﬂé@ﬂ%ﬂﬁ%ﬁ?a to v for
gi ven ver phyaeslla sﬁmiatmgitse flaerastend fabélb@nedleglde-faanleeuphcte: mhwi t h source

vertex a Is solved, the singlesource shortest path problem.is solved as
wel | . 100 sepncomdtany ipcrsaseris flypissecase - pbg mesmaidy abpdoesgwgpemapdybrdizedmy be
enpl oyed. 4l x I . . 0 - | 441, OF

verti ves 4l Elob@Rt RriPlt GEPORAR YT, Mol hof it dedBdne)
vertex. Cfleorsscegileisbeled maclsbiided reshirpajubnabedoritl nn that nay be enpl oyed in

the nethods of the present invention is Dijkstra' s algorithm Dijkstra's
al gori t hm sol vQén%t%ngsﬁﬁbPé@lw%stgﬁwé&gtﬁWmG IGYIBF BIASE RO MNRATGht ed,

directed g ﬁﬂ%ﬁ(gt%noﬁle PipiSe LARHCRRE 1¢ ety INIL L4 200 sUBM i Lndinthg o

nonnegatl ve. S ra_ S al gorl t r]n m&ll ntalns a set verti ces, ,
f i nal 15hoBNBss PORtamplidied hadtef pmplificativnr the PE€Rhpredudilis éemdiuridbn heringrani ned.

a1 gor i ¢ hrisgoat g b weE RER EPES Vi nginlislioRied B SaR T (e

i ni mum spesid@stTRAIR pddub® b annbsled hisd &reiabil9zdd Ky ISPLand ele@htedes al | edges
radiating fromu. In one inplenentation, a priority queue Q that contains
all the viépweEage Ahg temipekadyisds phosem i dengtugafiypdex molecyigp fhadpised. Thi s

ket ra QeI (SR AORRR R Lbeb B R R &Y pBR EREI LB,
whijl ezlggl_Ohss(egwn\e/litié)ﬁjm_;e_\(ézzdwpwxi(x?lfaixlss tfgi;ﬂal{lggilu?ﬁoe‘for?iuo;rmdublermdleoules. A(rjja[ g]
8 do y VY, y .

ot “Tho gentiebialiatde Ve g Ry Bue e d ¢ of. Henbls i) s L5 2 (SIS 2
sel ected. OncesQP@caFsd ®¥ecked] &fl@li@PhhRAtmAICEich ﬁl&ﬁfcfr&sféblhél{ciﬁ[)&%h@f the
genom ¢ sequence, other vertices that overlap this sequence can be 25

di scar dedemplification prpsiurt Higads teawhich prieraksed beer caveleaty iattech8NRrdvagsH o ype

bl ocks i nclude.a_daf. al.gorit agalin, see nen, ,Lei sersan nd
i vest, 1o ApPliReRiondr Aot  The SRR o SRl gt Bt gl e
greedys al @eaiTybal rekttidiifiSerapmeptA freklampfiviti cmnwhizhaedlobh 8 PORYpridEHdtNg a
sequence of choices. For each decjision point in the algorithm the 30
choi ce t mitackheddtgghgeepd—the profiichisdignsted svithibe asstrictionenpame.i Slaavagaeidhegy
does not . . i At i iLffer from
ynan o SR BEHARIn WMihPLes TR HAEBhod BT MK bR Bolich”
each st epincldingttheSNRaite endray’-Gépthaticanrbetdxeengded tot fild isthe Ginpldprapbitns. I n a
greedy al gorithm whatever choice seens best at, the nonment is chosen and
then subpP@heeniichisiogiof gdNPs in shextensndgagtionpigws dectsgaysaging of the

30  product. For an example of the use of this technique to identify SNPs see Shapero, er al.,

Genome Research 11(11):1926-34 (2001).



35 Thus, the choice nmade by a greedy al gorithm nmay depend on the choices
made thus far, 54801- 5001 -28 5 10 15 20 25 30 35 but cannot depend on
any futur ﬁﬁqﬁﬁﬁs or on the solutions to subproblens. One variation of

gr eedy alg% it is Huf fman codes. A Huffman greedy al gorithm constructs
an optimal prefix code and the algorithmbuilds a tree T con~esponding to
the optinal code in a bottomup nanner. It begins with a set of ~C ~ | eaves

and perforns a sequence of ~C ~-1 "nerdPng" operations to create the final
tree. For exanple, assunming Cis a set of n characters and that each
char act er DataCAhslysi® obj ect with a defined frequency f [c]; a priority queue

Q keyed on f, _is used to identify the two | east-frequent obj ects to nerge
t oget her. The Fl@grﬂle&rsc{iﬁéatweﬁﬁl@wgdheﬁﬁss necmbodament of thedpsiaeds Ahose

frequencyye$rdsb iﬁ{r\{HtiBB. Dhge ERed g%?ﬁhﬁf?élfe Heb$ 1dchRd %Phﬁ%\?rémt, W lhe
nmerged. For "exanple: 1. n ~C 2. C3.7for i 1ton-14 d0 z
ALLOCATE- iNebB() d&criked efpta GlepEXTRACIzU N, QNPehapjotieghiveks] SERTRACTH N(Q 7.

f f +. f . H O IN ] : t EXT - M. N i 2

i 1 o1 ceeptasbign spdy S0 betetya hidc, EHanBRR LN S8 T U8 SN BEgPE o0p 1 n
l'ines 3- Bth@H%%%dlBé’d&éﬁﬁiﬁé& S dd@%é}y\ﬁ%eﬁql@@P%r@J&ﬁaﬂts ‘Rfca{e‘él‘,"ﬁ%rnétfv%%ency
fromthe queue, and replaces themi'n the queue with a new node z

r epr esent ¢megmashisicns theragelysis Shenfyrapprtor pf be SNAsdowitadp Utoe dxamplehibe setmfof t he

f requenci of and in line 7. The,no ha its-left . child and y
as Ttert oS wnaty Al gt Boeslon P BEEe SRt Tt 0 55 Bhetiert he:
root of toRlieRden sheagnblimedtWf fiRGredent inventn, ABabELs i§ besemARKIBNIE. resul t in
a set of final, non-overl agﬁl ng SNP hapl ot ype bl ocks that enconpasses all

SNPs ¥al Game@niSNEs g5a those aNBs Whesrossscconupepformap presgd et aptinipasy| t  of

selectin . b | ordi ng
to the ng{r%gcyoﬁ!r%gagé seérglt%ni %g%ﬁn@g cﬁgﬁ%ﬁﬁm?%é{g?]ﬁ'%gtg%gﬁa&%ﬁs during
t he cal cufoahd onatdéast afomrt B th\2&Weshe pofsiiiidnaih atpy¢ferred eaksdiment, oomaiony e
SNPs f or h SNP h ot ype bl ock, an atterp ar eterm ned. .Informative
SNPs al | oW f bfre Saasi\_@ﬁﬁ@@gq DR TURE TS t@ﬁeowﬁ@é%tm a

I nventi Onmoﬁe*]ﬁef%?rla@%qb%‘inféﬁt,%nﬁﬁﬁ%Nl*sQﬁ@tH&s@hB%axferf&ﬁﬂcﬁﬁ%*ﬂI&E%Bup%?{)%a' ning

p patterns (rounding up to the nearest integer) provides one set o
i nf orlfat | efghSpFmlathnne KCammon AYEs dikély resulerdny mutastonp thad peduirned early in the

genot ype/ phenot y associati.ons. One skilled.in.the art recogni zes that in
ot hor Anat g LROR R FuERREF GBS e R SRR 5 Bt GO GO <o
det er m nedigfdeices teth&@tconlrol andepiiBentalpopaliEons B46Hbe M Hised® or drug-
response associated, yet result only from migratory history or mating practices; .e.,
focusing on common SNPs decreases the false positives that result from recent population
20  anomalies. Moreover, common SNPs are relevant to a larger proportion of the human
population, making the present invention more broadly applicable to disease and drug
response studies. Along the same line, SNPs in which an variant is observed only once
may be eliminated from analysis in some embodiments of the present invention (for
example, singleton SNPs). However, certain analyses may be performed including some
25  or all of these singleton SNPs, particularly when looking at specific sub-populations or
populations that have been influenced by migratory practices and the like.
In step 120 of Figure 1, the variants or SNPs of interest are assigned to haplotype
blocks for evaluation. Variants or SNPs from a whole genome or chromosome may be
analyzed and assigned to SNP haplotype blocks. Alternatively, variants from only a
30 focused genomic region specific to some disease or drug response mechanism may be

assigned to the SNP haplotype blocks.



enbodi nents of the present invention, it may be desirable to identify sets
of non-adjacent SNPs that statistically are passed on in a fashion

anal ogoussiéb Q’(@ of SNP hapl ot ype bl ocks even though they are not
spatially or%tl uous on the DNA strand. In order to determ ne SNP hapl ot ype
bl ocks that will be used in association S studies accurately (build an
accurate baseline of SNPs and SNP hapl ot ype bl ocks and patterns), it is
necessary to exam ne nore than a few iR vi dual DNA strands. Fi gure 6
illustrates the inportance of exam ning at |east about five different DNA
strands for deFgnre hprogidshBPndaloktodtionefishogikg hamdvatiantst ireaky SAEPs | anouiof
informative SNPs. The top portian of Fiqure 6. .illustrates the sequence of a
hypot het  B2IOREs HPBES 1gfe SRARCy 7 iha!meore 813 dne DR LS SRLETB fe0 PROT S4ILY and
var i ant e ’ - &g{ﬂ aries
woul d not Cg%lé%%%g%g&:kh?{?g?\ﬂ%%lag@n ?ﬁ%nsr ggﬁél ts éé}%wgﬁ%dﬁn?ﬁgw%g% ts of
sequenci nexpeetpdl diad tHoNAdfer bhpessiblenSINE heiplatype paAttershotmerveddogebbPal it is

i b h [ ifd | f tion,of t m NP t
Forat ivol GG ERORR S R §haa EOREVE Sl BT oP R e case | n
Figure 6, mefh@dshiRfic ples@@Ghvdn@6R tHabthe humbehERENP ﬂhailb@p%?@tt@ﬁ§ i @RhGINFFi gur e
S.

6 have been identified, as indigcat ede(l% check mar ~ however, further
i ndi vi duahaplefyee bloek svsaallax ban 2t becapsegdbk SHEs aeralinked (Ml danye vedasr r ect | y

identified. hi [: €X - WA I irS, .St age draw
bl ek bouniareedouiileRe bRDEE EoRtEn iRy Br SFu i is ol £2° G
vari ant pigticide badeepoksibiditieS): Rridar SNIPhaplatyge bixgerhs weile (Bserved/ arrd mnth

predicts the second CST varjant), it _is 20 naot possihle to distinguish
bet wekh t highgs frarency3bamyguidds expeateq i agionglénkage casgi Shusy A& haplofyRear s
t hat the {i st ~ i i : -~ A
vart ant 5. SRS G ohotdhal ARbnl M nPlAt fhelF al 14, \GR0s RARERY, Sudl
requi r ed tuonbhraficornmohlpatt&rnbdiach dine @skigh2 repeesanisipertiang of He hapididds of t he

present invention, the.n er,of . strands anal yzed .t.o erm ne,,SNP
hapl ot y peSeBEREqueaRPOhY emﬁél‘ﬁwﬁar‘%%o%’dtﬁﬁm%g‘ lwﬁaﬁlﬁg van S&P@t is a
plurali tléposftﬂfn R aBGe at MsitiAED, ARPHE “ At MSosfioAD 4B eaRtiviahA N hdGhe | N

preferred enbodi nents, the nunber of DNA stands is at |east 16. In nore
pr ef ek edsamredudésrat positionhd lndfband 3f3. DRpnwtsedndadisidaply Y dds ¢ & aipogteicne SNP

hapl ot ype, bl o SNP_hapl ot ttern ' I Vs » kS, .at
anst 28 2fhBan, Seet PureyRR A iR iathe ML Bl Y
di scover ypdsatonbeen Jeer hral 2v3d) Varlahtsiia bjuek 26D vl ttend30 ogeuradyduieero$hinilihg
variant positions in the renmaining sanples to conplete {he process of
i dent i fyi thg vBT@Ekingdeskdeha will fnd Wcﬁwug@a@gﬁr@ PhY Reserariangs iatleakcio3of

genom ¢ DAY, ofilY l)veo%st%fin%‘é@ﬁorﬁ?%ﬁ%@wnﬁﬁ?iéﬁ%gﬂlggfg%_ﬂ%lﬁﬂgasgi Wigd

01/ 06/ 02, attorney ?I)Egket nunber 54801- 500l , entitled "Wole
Genordd SclaniikerthVse afpesities 243 andl48pend wilhnotyyagy fremdngipidugl torindizslwabn onl y
the SNPs in angt her. hypot i.cal 1C S l.e are owp. in Fi.g. 6 at 650.
As shown, by B@H%FM’G%%%J%ﬁﬁiiﬁo%mﬁ%%@g% ﬁﬁpg(gﬁw]igfquglgd\}voﬁ%ssi bl e
to see thake Rhoeksive 360 REMANOIN IR tRe Sorfdtreétidiossi SN hARoty PPBIOCkS fiahlthe 1t 1S
now possible to see that the first CjT variant does not track with the
first andSNBéeratonsglong &geroane segignef iptgrask al, oneteabodiagnt,once thaigitighnt can
be used t i I L j : S he
firot TEANAPRk s Hlcks MiEoRRARMA. BP HBiohAN o ERE ikl RRhedled °
vi ce 2ser s§iYP hhplogged bidckfnarealetenmined [fstep $36T Figerepn) e hiesime speeific on descri bed

above, a specjfic 10 enbodi nent. of the present. inyentj is that 1t .can be
enpl oyed Qfgqué%‘ﬂt%éh%lﬂ’ﬂmBﬁdlf§_wpllf§bﬂ’%§aﬂﬁélséé&ﬁ@ﬂé’é&éﬁgrhaH]é’fyaPe;)ﬁ%ﬂtkyQi s.
For examoétgar 1R i§§§ ga%%err?lgalnadmhgﬁ@é'SInQﬁSﬂH@?%egﬁfcaexﬁHogmlﬁlt%E n3RPEESHET NY

oper ati on arr zation experinent does not give a clear result.
" Resol vi n§iNP haplbtyps petns sehgctedgzen SN®. lgpplotygstdbeki ngqaatiio gheousntsiNes SdiPat i ons

in a SNP hapl ot ype sequence by, mat chi t he SNP hapl otype sequence to the
SNP 15 haifP Y abtﬁ’fntsg‘reﬂes%'y f%ﬁ“ﬁmmﬁﬂﬁ’m B?%ES @%Eﬁéﬁéggﬁg@’ooﬁ osely
rel atgs. AHAHNA SRAldsBeing B892, rla'btﬁ@xvdlms-:l Rn& NN Haﬁ@tyﬁé’?h@#ﬁé’a&esz

hapl ot ype sequence fromdata anal ysis. |In one enbodi mentf of resolving
ambi guousseBRdhfopkaryple, Hoypasteressper iRk agpietaciade surdghatat keestdradl fitheed in a

data set r. possi bl e addi.tion t attern set.. The 20 data.set. W ||
contain a@@f‘sﬁﬁﬁ@%ﬁj}aﬁi@g& 1@ ga*(,eeq‘glgﬁ h?aﬂlf,g%ypgrpgﬁfrg that né@é?eﬂé)flga fﬁ§rfoglossi bl e
assignment to a SNP hapl otype pattern. Refen~ing nowto Figure 7A, in step
710, the SNP hapl otype sequences in the data set are conpared, one by one,
to the pattern sequences in the pattern set. In sone cases, there will be
no patterns in the pattern set initially, though in other cases sone or all
pattern sequences may be known beforehand. 25 In step 720, a query is nade:

- ~h I~ 1 N o o o o - o, . o o N " . x




30 If the answer is yes, the SNP sequence fromthe data set nmay be

di scarded or, in sone enbodinents, held for further or different anal yses
(step 750) d % e answer to the second query is no, then, in step 760, the
SNP seque é% ?? the data set is conpared to 54801-5001 -31 the pattern
sequence fromthe pattern set with which it is consistent. Fr0lll these two
sequences, the SNP sequence with the |east nunber of anbiguities is

sel ected and placed in the pattern set20770) The SNP sequence contai ni ng
the nore anbiguities nay be discarded, or, in sone enbodinents, held for
further opattirhf @lexndd ih ¥padsSNP haplatyps &kckS Ik prefeasal enbuglirpetchs aumbyr bie
under st ood_further by referrlngato Fi ures 7€hand 7B. In Figure 7B, _a first

SNP sequer®¥ haplatyg patterns splpelpeBer VR @I%téa‘iu gkt %ﬁ]ttélth“e’dumhertqg@]\gat tern
t t t d
set (step P%ﬂlgtépe ﬁ%tﬁ%ﬁg 1%@?%%\ to 1dHEFF SRDGa BR&%\L}%&E%’% SEONSBF BN G091 & ned in

the patte i'S not consis any pattern sequence in
t he patt ethe BEA. strahd sshebgrcaratyerad.eIroéneGitexred| ex@abod mERC Gife mmnlndnelﬁ SNe&noved from
t he daja

10 i f t, anal , dto th
batterh s epl@%ayéfwe&g@' o Sl Sohis S YO R mom e n b Froca ¢
Looki ng_agiglfrypé &ew&c@my&t}%&ﬁ%@mﬁ%@ow%ﬁ&ﬁs iNedehter that 80%iRsr,  T?C?2,

is conpared to t e sequence ‘contained in the pattern sét (step 710). Now
there is thed)NAtstrands lzeetgjm&xzed nlnt dedlitpoat inesomestambodimeamaof tigdprese@?? i s

C0n0) S et ohe R (nted ot B oo 50 el o5 AR Mbri P INOE A er

sequence béink Bgalpalitaes idRatediffonk Bnal Rss. qltfrre%lh ¥, ingk@nitodRdnt, 0@ pattern
sequence, T , in the pattern set. In step 0, T?C?? is conpared to

TTCGAIQ 0 BVAestrands aighedns @ebaédufé%h@wtﬁee mﬂeensahﬁiu ageifqund 4o oquachrorlyear | y
does; thugl,le S‘I%gﬁg '%t%f@bﬁ"? %ha?edtﬂ] g%gggn set _(770) and T?C?? may be
or

di scarded or er an yses. The third sequence of the data
set in Figure ®OBcé the SNPapldypépatferisdf intsrestanp seleded, onfdiidive( S Rfoy10) , i S

found not _to sistent with TTCGA 20 nd_.is thus added, t.othe
pattern stéxese(gﬁBﬁa& H@e palliiranag sstrammed;( ﬂ#i‘b@?fgﬁwq 13- IS PFAERACT o
conpared BPbl&':r s&'@)‘flc&?ch%a?e SNPS I RAL LBk At é«ﬁ%@?@g@ﬁ? Ik} 1511‘6%%56?\9&%&% set, step

710), and 1s 25 found e consistent wt 720) . second query
( 740) I howcarstroetee (stéps] SOTACAgwon $i Bigeres 4wintl 3 ilustrateCR@R?1 2An t3 0T TeGARd The

answer is.no Sd%l?%??? and CTACA are then conpared (760) and the sequence
with the "gBYE er of anbiguities, in this case, CTACA is held in the

pattern set ang IG'?’Q{E% kepdilg ﬁrxﬁi&d thdt @ Hewslodi SIBNINAk XBbseh forddvaligtien.f or
further anal yses (770). % e fifth SNP sequence in the data set in Figure

7B i s ?T?byonermby sa\elt,stéqﬁéﬁﬁ@@cmhwwan@wsw ke fast PN AP B damiotyea and
CTACA (71 %%93 t 135@% CA Thus,
t he answer “%ﬁgufé‘}?ifg |}soo§lﬂeé§h§f)$®g%’ mgigé\%&ldggg@f%%% is consistent with
nor e Zmanmtﬁnmapaeﬁeesofthsqﬂmmedemnhimedpattern set. In step 750, SNP

sequence ?T??A. s held for,,f nal y Qr arded ved f

anal ysi s). Anot tHHEP™ F%eééhof%équgglﬁslx?m@ ?/\gdtlm‘?gtm Ppe e‘%é? HB?ﬁniﬁt one
pattern sgguenssviieh HeAIoLk }ﬁ‘@ﬂdé’s 1§M°m§ﬁ&&1%lﬁ@ géﬂe%‘r&éié’nsd 6}10%1 eR&h l'eslnc"ATTG
the sequences are 5 "conbined" to solve the anbiguities GS) and the

" conbi nedonesasaediroentiod thedurestnt mvme)npmf@maﬁlvsmss cadibe |celnalatedrasalye ratio
hybri di zat or oth kno n.t he
erl oyed votanaroRIEN: Rl B SNIREIR AR BALY AL Tulbd FBHT
Phenatsy pegqitirddto Itiniiaish @43HoSISP Bhla@iy@e parter i?aha@rcaﬁsﬂéleu&moﬁacnh@tw
bl ocks, SNP hapl ottype patterns and/or I nformtive SNP
1aplotype patferns under consideration (number of informative SNPS) in that block.
Another measure of informativeness might be the number of informative SNPs in the
block. One skilled in the art recognizes that informativeness may be determined in any
number of ways.
30 Referring again to Figure 2, SNP haplotype block 261 contains three SNPs and
two SNP haplotype patterns (AGA and TAT). Any one of the three SNPs present can be

used to tell the patterns apart; thus, any one of these SNPs can be chosen to be the



10 identified may be used for a variety of genetic anal yses. For exanple,
once informative SNPs have been identified, they nay be used in a nunber of
di fferent §§§ﬁ$7ﬁ_for associ ation studies. For exanple, probes may be

desi gned é "% oarrays that interrogate these informative SNPs. O her
exenpl ary assays include, e.g., the Tagman assays and | nvader' assays
descri bed supra, as well as conventional PCR and/or 15 sequencing

techni ques. In sone enbodiments, as shddn in step 170 of Figure 1, the

hapl otype patterns identified may be used in the above-referenced assays to
per f or m assforh@ivie N fou diie SNPThibktypypakierna doo exdmsibadithy detetneined thang
hapl ot ype patterns.in_jindividuals with the phenotype of |nterest (for

exanpl e, SHEPMINEEsicacKLeAtAIRS hi aéﬂ’ﬁeﬁfT§T|P€é!U§P= the suBe ganeple 30l captain ARE who
respond i r r t aring
tho frequenas P pRH RLas ANt iR on 1] LBy Rath oS FRLY

hapl ot ype tipatliecSNP fir thewetoay position scenGy ik fgstang tiofd $NES wiltlbahss. Prsf ey abl vy,

h SNP hapl ot ttern det it
be. that. ofnyMERUET P BRBILHE D A BB A er Tt Braglock g FHusne

hapl ot ype spalsligfid&l 9 1 1T0aeaRB /N § ﬂéédéd%' cﬁﬂ&gﬂfsﬁ tESpHRAHR- frdh eé’(gpdthélo n t 0
t he ot her enbodi nent’'s of the nethods of e present invention disclosed

herein, t ﬁmmm@w hegpltitypeorlatk 362a¢aniains tbreetSNi’S (tve pesstionsrio npft hathenot ype.

o B AR YRR A B R A B HVEEL o

a defect ibhcleits ohe ofiid Bree!SNIRRAR bE ¥vARABOIVRE oh® pattcth Filog! @Blothendhud dual
may be the result of nutations in Gene Y and 30 Gene Z. Thus, the genone

scannifg tepafrmptivensssoif thisdlqskasand totalBNPs dikidat by infprmatiee NBswedadon of
varying g £ of the
54501 2000 SayBASRE pifins. ST Lo RBEDRLLRES col M ATP BRI afia MEOKRR 0 &
phenot yp)epattdmsﬁme@Gamﬂ A@@AGE Agdid, Ay (ﬂ]l%lmgtlfb:cfsmﬁ&é]ﬁycﬁéd’egsbf$tc(t®tle)peg8g of
Figure 1) or a sti ers (step 190 o gure escribed in
the previ Ba%erbiﬁo ﬁ%ga erghes IHBHmé?W@SFﬁﬂféNS I%OC §§60|5é‘?t?b%ﬁ§ g’t" es is
to conpar gy flhﬁfo‘hﬁ%&%ﬁyn%de@NPd:@ﬁxPé&éWtB@gQ@érﬁs@rns inindividuals with a
phenot ype of interest to the SNP hapl otype pattern frequency in a control
groupldf i ndi vtigmad 3 pravidea apireple exadpleef gonktticianilysisaiVhes seirsl SIXR used to

make the SNP hapl o e pattern c rison., The a roach of

et JablenpR bRt e Ein & HRRT & B bs efe SRR LS Siinbte SRS anni ng
or genot ypd igoriRitine SXPKN B exNath é)ﬂé’l@n Qbéset\ﬂlei@a HREE coittains, fas Eamhlefsix eadi ng
all 3 billion bases of each individual''s genone-qr even reading the 3-4

mllion c&hieandie SNRaarerngydaseodintinguish e nafiems ehinteestshipniormstivensgsinpl e
popul ati o e I I mati ve
BRPe. pr ov D28 Sbekls 3° GHRRFENDOAS1ACT89E S9n iS58y Bl ime bl
assoc2@t i Genelallysjicaking, m’nams@?’ distinat SNEdlap]lotypemeemsrem bd d1pmpg,dlsaiedons as

descri bed, above., 15 Fi ure i I I strat ne t hod of
det er ni ni Héuﬂeﬁgﬁ %,enatéf LR pyitab 1%&@@%%6%]813 1[‘}1 tbﬂse Ie%fgettwo
i nventi OHSNmaﬁto%e%ﬁQemfs !ilethters@wsdw&¥9é bloti carsmfgué gﬁp%hﬁﬂdlb% a@rttgr m ned for

genomes of a control population. In s frequency of informative
SNPs is détff@mﬁtlﬁ@dvetweHQbmmslfdﬁeraar@ltlnﬁr:@afmﬁwpﬁmrm,|abl¢astStA@pSsN®0@01ddd 8l 0
may be pe[lf(a %E real WAls) the af orenenti oned SNP assays to anal yze the 20
i nf or mati ve& BRPESI & popul ation of individuals. In step 820, the

inforpmtive SNR §té}$ﬂ4@@f¢ﬁlgﬁlef3r ofdesthe pfoidiidivaidds 818 SNIPehpIPSY ildck s equency
conpari sons may be made or exanple, by determning the mnor allele

f r equency determBed: adest isRaripraad Ehweﬁtrmp%@lrly pralvates the SOW kaplatyee blogksded by
t he total I j i n each
o ot o AR Bl P LRl WAL QUL ARG oo
the infor nﬁdsmnaewah\d@s) dm@@hawun@fauaibitfdefeexmes bareikes foit dxanfple quetheySNP

occun~ence_ in the COH}%? versu c¢linical popul ations are sel ect ed for
§ élsswﬁi

anal ysi s. Wdheeaddef e mighioek fanma hﬁlseors%hleél&ré*asaqa HapTedtyie? Bf¥cks t hat
cont ag@ thR ok Qtfaﬁ?)%%tt b \iererbI I\ﬁfﬁ)c%t .tplérllfl] B i1 MM afdd dnB ehﬂ')'bﬂm'léfﬁeﬂlﬁ% es the
genom ¢ region of “interest (ste : e genom c regions are analyzed by
geneti c oprobéessl ogi cal net hods known in the art (step 850), and the regions
30 are anal yzed for possible use as drug discovery targets (step 860) or as
di agnostic markers (step 870), as described in detail bel ow



54801-5001 -34 Uses of Identified Genom c Sequences Once a genetic |ocus or
multiple loci in the genone are associated ~ith a particul ar phenotypic
trait--fog,@naspe, @ disease susceptibility |ocus--the gene or genes or
regul atory el enents responsible for the trait can be identified. These
genes or 5 regulatory elenents may then be used as therapeutic targets for
the treatnent of the disease, as shown _in step 180 of Figure 1 or step 860
of Figure 8. The genom c sequences i de¥P1 i ed by the nethods of the present
i nvention may be genie or nongenic sequences. The term "gene" intended to
mean the open hekigiregt, fassume thaketiF) Déldc sagjuecespidie sk iSiNFplokatswpt iTes, intronic

regi ons, as.well dj,acent. 5 and.3'. non-coding nuycleot.i sequences
oot ved Aot TR ASIPERE biocks it Mot St SRt uit b Bn bl ST kb
beyond t hgadi SPLEHIoBbe btk AaSeiebicd chfalris ol &) SR bt SINP@etitien1 The
ORFs of an identified géne may affect the disease state due to their effect

on prot ei steps g end 820 of Figrigad)i Tk ynformpasivieness ofiimybleelyiseateatatest (stepe
identifie ene, .or ngeni uenc. ffect. .t i by

| mact] ng i et is AR R R SRR b fnis o ERRE URERP R,
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suppositories, injections, inhalants, gels, mcrospheres, and aerosols. As
such, adm nistration of the agents can be achieved in various ways. Agents
may be systemic after administration or may be |l ocalized by the use of an
inplant that acts to retain the active dose at the site of inplantation.
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cel lul ose, cellul ose derivatives, acacia, corn starch or gelatins; with

di sintegrators, such as corn starch, pdato starch or sodium

car boxynet hyl cel l ul ose; 30 with lubrica~lts, such as talc or magnesi um

st ear at e; magdeicinpdesidr éalthiswkdsh, adihottesttpath fioarh fuego vigr @genpar ofwdrstesnd ang
agents, pres&&ygtives and fl?vqring ag%nts. Addi tionally, agents may be

f or mul at ed 1§ YorBdp? eipalessopiss ¢ gopihm iy WRdTagheadhyerte’4801- 5001 - 41 di ssol vi ng,
suspending or eflsigfad died MM BalibIAHHER! oG BPUPinTHL fRfHods Such as
vegetabl e or other simlar oils, “synthetic aliphatic ‘ac gl yceri des,

est er s of ofiihgipeesest inpdmaioh ds Bgksis’ oalgmitbpy | Riflestrgl syedgdritharsdlvie tibedngled, with
conventional additives such as solubjlizers, .isotoni nt suspendi ng
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agent s mawhi@ ditddgk wﬂgnt@m@%mbﬁ&@rmﬁks@tarsoagdrﬁhﬁ%ﬁqmﬂy SdeBHPGrMER,

i nhal ation. The agents identified by the present invention can be

f or nul at ed, Whess fpmabdwutestzpsth weighptladn e spurep e bbegalady beenadetermined. That

di chl or odi f Luor,onet hane,. propane, i t,foge ndythe like. Aternatively,

agents nal” toé_aﬂggﬁlﬁew g’e@gﬁ%p&?fso‘?ﬁyegf@? Cf’ivji ﬁ e\ﬂfgtoﬁﬂﬂn%}eéjrﬁf"té%' Sg%ecsases

such as etheleitty ung aharaRnOs MBI §ie mibinturh eb@est-frath eft@hate] idledtsif ingd 10
agents of the present invention can be adninistered rectally via a

suppok{ t ofyandrplaxes Bhrsiges mdiptivg fronneg lenejemlenesatione s pHeriyoisae Hlibeter |

car bo‘“’a?‘eécfrfw s RPtealRylee BE v Y X%%ldsby th‘QIpﬁ@aHx@%}is Ahik Y, LRfperature, yet
are solidified at roomtenperature. "I npl ants tor sustained rel ease

f or nul at i ondemertatiext hsskmeswhat grapih& iardpresentel] bptadjaaereyflntsrul at ed as
nicrosphebgg, s&gbs, etc. with bi odegradabl e or non-bi odegradabl e 15

pol yner s. VBT 5¢, pol ymers of lactic acid and/or glycolic acid form an
er odi bl e pollyner WHMLIZESNEILESOHRER §¥6H by the host. The inplant contai ni ng
ident1¥ied &gents® ofdthe present invention may be placed in proximty to
the site of 3acti &), Kl&lthat the | ocal concentration of active agent is

i ncreased reél ati wehileoQt h@ rest of the body. Unit dosage forns for oral or
rectal adm i stralo on Extha@sMIy(@ps, elixir s, and suspensions may be 20
provi ded wherei n aghudapage unit, for exanple, teaspoonful, tablespoonful,
gel capsul e,7 t ablfef efdh ve1tBPPSI 41y, contains a predetern ned amount of the
conposi tiong of tfERAL&SE@Mw) Nvention. Simlarly, unit dosage forms for

| ect & onrfi, LAhRYERGUS 1RUMH TRk ARCAY of HIRIhSRid AGuGRIRENA] Of the
present invehtion in a conposition as a solutiorin sterile watér, nornal
sal i ne oramhatthend Shathaaetenftveraks seleatake Dl me vartex srseletted tispeovdrs eat i ons
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phar mecodyieardsgs associ ated with each active agent in the host. The
phar maceutical | y acceptabl e excipients, such as_vehicles, adjuvants,
can~i ers or diPihenelgoridyms thetguy Ye used ifpraislesting SNRdaplotynecdlogiis iedyds
phar maceu ] e I i4L.ac ] L usting
nd but 1 oy ei Ak RFETRLAR Seodith LoD MRS RERSE Ty REloPD REJofHAS
agent s an@iIThrebs)p@, 329651 E2qH)). YA gveid) alyotitlind obfathspulptithal doltie@r gpeut i C
dose of an jdentified agent is admnistered to a host suffering froma
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contenpl ated that the conpqsition w,l| he obtained and ysed under the
gui dance ‘iﬂ'f“ 13 d¥NYRIFAIeFTARIHBE: 4 hoireddmadeat eprk sigB t@?q ‘llfm\‘)fﬁr‘?ayd&é’éﬂéli ng on

the specidi e 398AbnLRubRHBMIART 198 ohtlell heBH thrb WRR:t&fer BhGIOE SRMms Bt ent
status, etc., such that 1t is sufficient to address the di sease or synptons

ther eof , thaimogant isi aliogdnregdshetesubpfoblinss arivingsafies e dhaicetipnfade agtrokvedper i ods
g]; eslleﬁ?i oﬁi"g;r t’hf: I%Eé_ig%ghﬁg g%&%rdg& 4 rl'izl')ﬁ] g?a(g/eéjepgﬁc{ on 91% c%gicgé Mhade fiud far, in the




| O The SNPs identified by the present invention nmay be used to anal yze the
expr essi on pattern of an associ ated gene and the expression pattern

correl ate Q)I (ﬂhenotypl c trait of the organi smsuch as di sease
susceptlblll y or drug responsiveness. The expression pattern in various

ti ssues can be determ ned and used to identify ubiquitous expression
patterns, tissue specific expression patterns, tenporal expression 15
patterns and expression patterns inducé’&‘by various external stinmuli such
as chem cals or electromagnetic radiation. Such determ nations would

provi de i bhbranaot cb:pemdegaalt}i fugiré olngitésam oafthd spdutgendo aﬂnqbﬁ(d:ﬂemt; sOpc otein

product. The newy led s be d .as.di agnostic
mar ker s, Varéatlont%gb?e Hl Lgt" g“‘%’é&ﬁ'&ﬁ’b‘?nccoéﬁ% gﬂ@%@t greed ROy sease
suscept i blcbtstmc@ran%aglar ﬁ%ﬂﬁ?%ﬂé’ﬁﬁﬁﬁé algaﬁthtxnb@ttglatttéw c&rttepmutg)@sm@f the
present invention may be used to stratify populations for clinical studies.

As such, vhiémglereds ima bottegmpmannehdt écgmsmzyh becudeld [deavigs adperf@mdet er m ne

whet her the sane el c _acifd sequence is LNt he geno

o gant sm BERESe o BBk G RF IR i elege B D st DEC S el rua
or NMRNA | evede$ ofh thdrBictéRan@ fBeBAchithh@cleect e@ﬁ?é’n Shjed wieH 4 déRidgRiquesdych as
a specific tissue or organ, 25 so as to deternine the expression |evél of

t he mar keﬂchﬁﬁmrl@rlﬁ)h@ueélﬁtﬁ kewedoon £ isvused snideny dlot e lstlSédreauerst opiactsiteul ar
phenot ypi r e e
assayed afn ergt gr hete ltgs\}J?tlofttttﬂe mgrgglagf t%\%‘ c%biéclt(s 1\§”a§1% eecltJ g%s llsje %eﬁ.%%c;p

i mmunol ogiisciaé smrﬁtoﬂtdﬁsﬁéqesltcﬁésrbfbh@tm ob’am manwun&en@gacl Porteatuin@le: and t he

i ke- ¢ a t|V|ty(ggsed assays neasuring an activity associated with the
gene g odyct ver, 30 when a phenotype cannot clearly distinguish

bet ween sini | af & seases having different genetic bases, the nethods of the
present iAventf@r ddArbe used to identify correctly the disease.

54801-500%. - 43dazsALLOCAERDODE()be apparent that the nethods of the present

i nvention5can belaffdd Exrracgavingg® asi de from humans. For exanpl e, when the
organism bs anyarighfit], ExmametModg)of the invention nmay be used to identify
| oci assoqiateﬁ efg}+ /Y th disease resistance/ or susceptibility,

envi roommegt aI ERT ADCE, drug response or the like, and when 5 the organism
is a plang, E ER?'R nventl on may be used to identify |oci

associ at ed W|t epvi

tol erance and or He ? ?ﬁ{ di sﬁgﬁug& Q;ﬁ:ﬁgﬂ{ o&lbucte\lnsdenrgt ﬁgel #Eqp&ﬂu S

i nven2o onhne;s h@txe;beamdlpdxttantstthe twpambdest and pref hodast fgyuenoy dtam ohesquane] |

l i nes, }i@a li eci s or t%enera a d rea en%s descri bed, ~as 10 such}_rray
vary. It & e§6 Y8 in érqélFB%d”‘E 4t0q S PicRBIOYPeudEd WErsTn T f or
the purpoggRhcfepsisd é%'lﬂ}ﬁlt&iaarstthé’ SUrRof ﬁ{étl?&lfu@i?&éssofgcnidﬁ ,y @Nthe B TR nddi £nded

to limt the scope of e present invention, which wll be limted only by
t he appenbiesdr ad i$ let cIEdtaealda/s@sntsnﬁghTWbIIqbr é&enn li mrexgsts, de echadedsftdatizhases
cont ai nin i nf o ITB.tI o conﬁ ni n?s glr for instance, information
concernin ?/B o1 nﬁgpl otype patterns and

inforpmtive SNRgaml memﬁethedme@ulmru@t of figal dadnabasieppil SNPehaPIRFRNT
i nvention rggﬁ\{/ conprise infornation on one or rmre hapl ot ype patterns

associ at eblogks thaigmeonpassey &l PNBhetalysted inanarticulmpentyaicas2inny Adl IBWOEBR ai n

f
nfor et ! RRTRAEARE QA W el B KALIAS PR B ARERPRIEy
such as mﬂmhﬂmhodstne’theepth ventton, thstad some ambodinengeieing whetdialatidier e ar e

known genes, .gene honol r regulatory S b e like. OQher
i nf or mat i 8@“ thﬁ%lﬁs%%foﬁﬁ}%ﬁ%%tﬂp? I%I%P]Ffe thratng% e%“ﬂ)éf%t %@?&S\Qg Q?Pt lotyRgent i on
inclugle, Putk MEpdRin tﬂerat'eteﬁqmtee Iébt%aﬁ%meaubwfef 8%h eRpredgsgr i ptive

information 25 concerning the clinical status of a tissue sarrpl e anal yzed
for SNP hhmrwtayrtimdpaertt of te, p1 cﬂent ineerglonnihe atlesticat efsait tefasttlhg, p&NPefitonf r om

whi ch the S derive t abase,m ned.to inclu

Gt for ont CRR B qRRafRE piatnd (0w Ahe PRI He PRt N ERE Vil S ¥y o
hapl ot ypem%tﬁﬁkw@SN@%’%IMPArQhM&%aWF&@éﬁuI%ﬁ ﬁx@é&ﬁn@@&tﬂbé/ﬁﬂeﬁé ive SNP
dat abase. Methods for the configuration and construction of dafabases are
wi del y 30asvciaticiisl Onefsbillell ms thencioecappizeaket b1 Qihﬁ:le?malaflses it {sY8P9Fcashagy tPat ent
S, 953,727, whic WE erein |nC(t) aor at.ed b ence in its entirety. The
dat abis esUEAPEFLY HPHRIGUS FOHRS (HECPRHRB S URSHLT & SRS A% SaPhal

dat abase.



54801-5001 -44 Figure 9 shows an exenplary conputer network that is
suitable for the databases and executing the software of the present
inventiongsdycefut er workstation 902 is connected with the

applicatiol ~/data servers) 906 tlwough a |local area network (LAN).) such as
an ethernet 905. A printer 904 may be connected directly to the workstation
or to 5 the Ethernet 905. The LAN may %g connected to a wi de area network
(WAN), such as the Internet 908 via a @dteway server 907 which may al so
serve as a firewall between the WAN 908 and the LAN 905. In preferred
enmbodi nenempodientsof it msanhmvalythmmmw leadesirehle ko Wantify detsddnansdjaceds,

such as T S sor TSC) ar nal Cent Bi. ot echnol o

| nf or mat i gﬁm@g Stlaﬁftbcﬁ ha erP%S 9 Oélrlﬂétfa 6§1anf8>ggm,to tB%t O&ﬁ%*’é"% Rput er gy
platform Bﬁ!l(@@veﬂﬁl@&]gﬂﬁh@%ré AbRpaif]yQHESEAIYonCREPATA s941%l. bet ween SNP

hapl ot ype bl ocks or patterns, associated phenotypes, any other information
in the databasé& edes Wfd@tmﬁeoﬁeri)h@ﬂlDTdE@b@@k%frhﬁ Vipliee usedin assaeiptien a | ar ge
nunber of ¢ re [

ranut ot ur SPE M R LRI EhLR TR P oraigd anf B HigB anc

dient- sepm&frngrmusrmmmy&o efahiabasse gRh\ueew iadididhbl DEMVIrkEs. aFigul 650

widely available and are appro priate platforns for the databases of the
i nvent i onillupiiateytedmparancs ol exmniniga i9asiabeut/fivg differsat DY strand 5f@sent

| nf or mat | 8&c1‘n%ﬂlg SN H%ﬂ&gxﬁe §Né’k |9} %Q%ell%@t‘iénemnfoﬁméﬁvé by ] ga”d such
a presentation be redict one or nore phenotypic traits of the
i ndi vi duapomSncolﬁ Figprd® diustratys the segeticd of q:)hﬁmtlmncalrsaeﬂzﬁ od Di*ézasmth the

suscepti bi | lt resi st.a nd{ or, dr onse i ndi v Furt her,
Tho® all abyetae BFiaers BReded i Tyl PoRk Ry EBrRYE TS RHENEE | ng 1§ o
the expr egRicPBolkifibs RbuldHdt BE kiBWiPatPhiti 1SS IRBRINARIAHN Al0RHoW thE rdshRs
variations of the invention. The foll ow ng exanples describe specific
enbodi menvEseghencie lppigd MNA of tned indivadvalst He shawer insdeserahd inpassibiistoar e
|IIustrat t on not, ed.to Limt the _scope of
he 't nventt oy R aymee e B BhBmog sl E e S phe hmbi g ar
procedureﬁldma@@mue%e@@bdqumet 1€ the\bBEeSin U5 Qe HOths SPEIsat Gadhub@dtiobNA st rands
(chronpsones) froma diploid state to a haploid state. In this case, a

di pl ol 38haihiihe ipwgesianseftfigwe odiaye b?%dﬁlﬁgiedm&%nmcwetiW@hﬁ@rm@%

thym dme kinasg H&D@ve}“’%ﬁltﬁﬁ%ﬁ&lvfdﬂal afl rﬂ(%bﬂu&@@ﬁﬁ@ﬁlokl& S@RIaRSE woEldlnot | Ne
containing a nutation’int i ne kinase dgene popquaU on of the
resul ti ngbeedhrtetiyedantifighat thk sﬂ@lel For enngileiwigletomernuldhat drmstagxeérawl—lanst er

cell line 3ce re etted intag centrifu ontalnl
54801 5001100 BOTaRes iRt Hovkn (2R “0695F 61 LBbUF NESer eREgPred i
Pen/ St r eptyg fﬁ&%@&bﬁiﬂnﬂ%n%ﬂeeﬁ@ﬂggjf vaﬁ‘ﬁﬁﬁ f)iefﬂ&ﬂsel‘ﬂe 8dcoh@ Q0> TRAYRAY, iPis

m nutes, resuspended in 5 Ipetted into a tissue culture

f | ask2@ oneetingssible1s distinguish ber%fmlutﬂw bimbs p Oz tlejb dtage Astluksrft@geglﬁ own at
37 Cto cg h 5 were
pi petted |Iﬂ]f eLl%%H%grﬁ r|S E% té %n%lt (R:R,(S)n rﬁﬁgmigywngig%\ﬁ%ﬁawg %ﬁla%g% FBCS +

| X Pen/ St Aegording %@ gldut @tﬁlm&alllﬁslgnﬂ'ddﬁdamﬁmef isfreg@ectdad didvdthergdookf or 5
m nutes, resuspended in 5 ni of RPM and petted into a tissue culture
flask conbRHNqATEH. f@rﬂaIP@iRA in thm@ethy%ﬁﬁbpagqswdnwr% t%ﬁ@nbﬁ’vrcﬁiﬁrplﬁﬁ 37 Cto

confl uenc
aspi rat ed&l(;larlll Qalﬁ‘{ cel ?dgt%m@gé?gipﬁl eq%‘ﬂé %Nﬁ%a%gg%lpﬁe cel vver e then
tryps2hi zedormatie SNk isod pluralipg ifor; emimpﬂa;iadleamtaboﬁ fBepirat bastcaborﬁtr]e)s Hnnmedi um

DIVEMWlthot HAT nd i ncubat C. The | blastoid cells were
br epar ed Bitaied sihadiiens CHfonktier O PN/ Eands 1 e Gt FbePiafared
centri fugelﬁgocﬁﬁle%oéﬂe hﬁl%&oc;f[ﬁmsﬂuﬁ&sana@w foa&e'téiﬂnﬁé'@ﬁg'hﬁ;é\fbty ol | S o

resuspending the cells in 5 RPM and pipetting 1 to
fl asks coSNBuhaplng/pz@amlns,anddiamnforrmteze ds @@BﬂStQﬁLSHQWeVGIpanICM@I@I y 8-10

106 | d f 5 Th | |
Dol ot PR e iR liE U NP BOFep ket 2 ndn Bt 1P B, ¢ ugi g
t hem gpai gkn@f!ﬁae%%%l ﬂl@t\’hlnﬂ‘lt B\/Etlah\ﬁ'l\ﬂthe-r Rénainiip beihlastoothpi@t bife prBEs bhen

resuspended in fresh M The recipient A23 20 hanster cells had been
grown to @gnmﬂyuurhi@ckamllquswgmt mygnqm Beentigstieighiod gergiioddNA; Ber this

FTnsed PRt rae Ut PhopbeRe PPSRazen . BRARNARLET Subity BRahniibG

DMEM The | ynphobl astoid cells were slowy pipetted over the recipient A23
cells and the conbined culture was swirled slowy before incubating at 37 C
for 1 hour. After incubation, the



25 nmedia was gently aspirated fromthe A23 cells, and 2 nl room tenperature
PEG 1500 was added by touching the edge of the plate with a pipette and
slow y adgi g@l E@rto the plate while rotating the plate with the other

hand. 1t 61 ) oximately one mnute to add all the PEGin one full
rdtation of the plate. Next, 8 nl DVEM was added down the edge of the plate
while rotating the plate slowy. The PEG DVEM m xture was aspirated 30
gently fromthe cells and then 8 nl DM3%rwas used to rinse the cells. This
DMEM was renoved and 10 m fresh DMEM was added and the cells were

i ncubat ed 1006N-30enritled ‘@Yhadd GEnorAg 8tannig®. DVEM was aspirated fromthe cells
and 10 m DMEM_in Wn'ich 10¥% .54801- 5001 -46 FBCS @ng &Ng Pen/ Strep were
added, was addddefouithel REIqrEing heRIREEPTORRSH OB PPIVAE STES Ihaialadre

over ni ght , ' ' I j r wer e
rinsed w thﬁﬁ%fé%fca%ié?gf F%%l%%thﬁgﬁ H?F bgiaﬁiégjéd@%%?)ﬁg%%gg%&gh ﬂb‘w& ates
cont ai ni ngddiebea tigenatypiadis@pSt {sDideMpaskibldhtioche R0bIPES 680land 6R8nRlSt rep + 1 X
HAT were added). so that each pl.ate recejved approxi pately..100, 000 cells.
The mesh a CASEURSAVISe (SRR TCRG: PHE PRV s bIEro oot G (it RS P T EBRARA08S B o

pi cked ang pl aaRhd fisPardtied&ild TH! AL SRk Bk IRGEQATIRGIN GO Garladt Edifpdaked
eye (day 9-14). If a picked colony was confluent within 5 days, it was
deened heabadty pagdictionty the s¢@ndéi2 Ttvayipdi(and dde uersa)rmand ¢lae fivst 3264 wettidntp| at e.
10 DNA and slt)ock %Bytld C ItI cultbjéx}a%%\ere repar.ed framthe cells fromthe
6-wel | pl SEPEYRCH gPBsto Pretictdhy yego PR TS vi ded bet ween a 100
mm pl at e cont aimadiBtidiProthe 5peets bf M hiindddioalefpided dbs e, b ypRificThe cel | s

in the tube were pelleted, resuspended 200 ~1 PBX and DNA was i sol at ed
usi ngl@ CQembedinPrpOihapragent ingengor isribatnt eantbempeyedso pgsplvedmiguqus S8  spi n

colum. T ) t f - I re

ei t her coﬁﬁ?l#g’gﬁ %B}é%%? (l)Jl\r,%%ao%{a roz ng) g %%éﬁrrgl Aegﬁgp%%glb%gﬁgr’]%]—"g%%@ égVE‘I—|ybr i ds
Scoring f datatilben ppelsequacingloperncion anatrali ipftoidiatiap bxjetinsnatieesafot bivern

ooy oS R ek R s R ey R B R,
reagent kif, Qg h'dﬁl%fyﬁgl%%{?élnce %ﬁﬁéf’éﬁiﬂg‘ the BRPtH typ%%géi%hz toMRE&ypcan score

1494 markers in a si'ngle chip ‘hybridization. controls, the hanster and

humanl¥i phagiletybsy ngsteoi fcawhish thecBNP haplatype vequenescmessebgelygelatest he HUSNP chi p

hybri di zat,i.Qn. assay.. SNPs which were heteroz i n, the parent
yrhobl abtQrE ! oAV e HErePe Se P F R g e BeF P usi on
cel | 25 | fibf dafBsialgid hat "A" and "B" are alternative variants at each SNP
| ocation. By conparing the markers that. were present as "AB" heterozygous
in the parent Hi¢nesngbadanentiof ﬁ@OEV@&%blga%SPEEhw@typ@ saguapcessSNR or 1 B
(hem zygo i ] : Whi Lok N e

hapl oi d S@g&ﬁ#é@ﬁ%@éﬁ%ﬁ%ewﬁgﬁﬁg& et r%@éé@ﬁ%&%aﬁﬁg%%mghgesul ts
af t er2@ woddtareirwil ostagr alb&NP haplotyipd sequeybasithiat bratodbe3Fakdgtedifdr @)ssibiee t est ed

for selected narkers human chronobsope.21. The_first, col ists the
oD o bl Rt PR e PR RE i oy M Rieh A SRADHBE o' oF gnal
was obt ai gQf h‘ébl%%@@qﬁb%@&tiﬁrthec&ité sehdfd c%hs?pae&iﬁ_anwpoﬁé;% MR)paters used for

hybridi zation = $4801-S001 -47 with a HUSNP chip. ‘As expected, there was no
si gnal f ovequencesrty the paitemnsete Inapme eases.ghére ulhbe @o pTtierns ki thd peidéromet r eport s

whi ch varj s far each.marker were detected ("A', "B' or "ABY) _in_the
1 ol o o R S et A G RaRERlolElof afl ghfiGhSfalentlsimarbe flowt Meibrhfhd 1o
only 2 Anvadg W, a\yaeryis et is tha\SNPHaplotglcaspeacOftbin the Batd 36t @ALisIAAS
present, S and in sone cases the CPDl7 cells were heterozygous g"AB" for
the vari aWith a paftern sgguenceun the Patiasa s¢té gbthe angwer s aqy steritthprRuitdes e S o

| ; . B . . .
ybri d z Py R PR R AT R B B3 ook JuRBP Y HUhE e ifves, o o
present i anotliee gpatyeninadPOUD).detHe INRaplouyby sejuerdei feorh shevdatesett caustdtaitr ed in

the fusion, In cases where only B variants were present in the parent 10
CPD 17 ceVith mosgthageng peiteyn secisnee Mdheratieahedtarred in the fusion. In cases

wher & he CPD ijﬁilecﬂsbvel‘ g:}ﬁs,\gﬁ%SN?tsg WYYy th@ﬂatﬁ‘ s&%éfﬁ‘é d%?zﬁg%cf ?qnﬁ{ erred

to sonme fusion clones, variant was transferred to Usi on
cl ones. |gonshonbaimentsidét forr dather bodidfeesnt andiptes ¢iterenSOnlfthpenswarne thof

o o= SRS DU S Rl A8 SRS L'



1 S portions thereof, that sone hybrids may be haploid for other human
chronosones or portions thereof, and sone hybrids may not have either

vari ant of %ﬁﬂg 6ﬁronnsones. Hybrids containing only one variant of a
particulars4 B0k hr onosone (for instance, chronosone 21 ) were sel ected
for analysis. Even nore preferably, hybrids containing a whole chronosone
(as opposed to only a portion thereof) were selected for analysis. 20
Exanpl e 3: Long Range PCR DNA from t he-Hanst er/ hunan cell hybrids was used
to performlong-range PCR assays. Long range PCR assays are known generally
in the arthapdteRasequiRe Troeaepaied sefl With Ghasiit 8 .cohdistbite Feédnpkae dwbong range
PCR protocol from the Boehringer Mannhei m 2S Expand Long Range PCR Kit,

i ncor por atseghenegseihs BIP segpencendth the leaa.tmumhep@ﬁ@@blgwuem%quﬁﬁgdnﬂ pracethe

eauence. T P EARSEEOIRE DS AEBREL e Anbiting e R AR A"  or oo

into a sofdiseaided, vt Oigrsaiie kRMoBinidhts, Relddbit fuRBEcdrliffekhesipes Epaalysexasker "
whi ch recogni zes sequences that are repeated in the genone_(e.g., Al u and
Li ne efenent s) (T@@ée;so]q/_mg:prog@ss sy Seiunderstpop furtheg by referring to Figures 7A and

WWW. ~eno kN~ : | ol [

nerei n by Pernt ey SR R s P BR S R R
by subst i futhepgtteacht (s@epdil 0). cAnthis|paatit) ttereaie hdpatteep eapuences equieinee if the T, G

or O 54801- 5001[ i&} ith "N'. The s %L):&nce out put after this repeat
mask subs PREGR FEntad TCKEh Imaeaisishens WGBS PaT SRS Au0Ss IndBF B R ARy | desi gn
program ( @niaRcBrdmk of SN@eslﬁngetnc@ :T;T@?L@ j{sgﬂéﬁ re¥NEd GoRAHE 'aatra'%gf;(o?é% T

nucl eotides in length and mel ting nperatures of over . The

desi ghed petained fopdiffiarentfanalysds),iagd addei3owkespatteamset EL80) .ntIhepapemopeamowhi ch
then "chose''' 5 primer pai ich would PCR anplify a given region of the
genone bu a%%é’%??‘fﬁst‘?ﬁ?eng%’tf%%ﬂwm the adjacent PCR products. The success
rate for |ong Lasgag Egﬂluﬁtigql-ecmzwgéb@&d INBejueakd @ thé gitecel, $7@Mdid hi s
prinmer design was at [east 80% and greater than 95% success was achieved

on sone pEPHPHAG tosthe BeARSACCINIVRRIORBRE Patlsr ot (Rien B0y Mopt Bewdsrng or | ong

range P . e i fi
et hei m AT plface el RO OATHIERGS oYl i MR SRGREL 98, oo |
PCR r &faict 720). Theunswes td e swecidquerny §d9), whether SpPcefluance FaGP?T &, cohbistenrr M x 1
was prepared for each reaction in 1.5 nml m crof g}ge t ubes ori ice and

i ncl udes ¥THMRIP (RASI Wr2BF™ $8A4ENET INBP BRHAAFO!EIS FPofyCUEIeAHE tRAS Bronapse

Wi t taker pafedd sdfudeedPFCHA, i the dartd@ TV NI &®l TeOM i@'cHin?&'eQM PrcefAT P,
dGIP, and dTTP at 15 10 mMeach (Life Technodl ogies Cat.# 10297-018) for a
final contedeteratincowhish seapEneg kefs teamhrepipguising BUCHrleNA dogspghat.e.  Mast er

Mx 2 for r i L.C r, e CR reaction
Vit or 150 SRS HRLRUERA GF0AR KRD: 108 Ul fcalls SREM GFF (o
Wat er2( Bi furlibi srtadses.); 5 L 10 x PCR buffer 3 containing 22.50 nM MyC 12

(Sigma, 20 Cat.# M 10289); 2,5 L 10 M MWC 12 (for_a final. MJC 1 z concentr
ation of 2.7S mehlrérﬁaq@wso{t%éﬁﬂwétlﬁingleraJBela G?3&% )C@i?zﬁFﬁtéSr‘%ﬂnilRaé@% of
prem xed pr+ | EJ r:

bt opr i atel Topas EpRAs) Subfndpdt b bp choioh Sl TICEA OB SnBELRE: jea
t ubes wert® thapgen seti(XHY), Theddurilf segeehcbiin Efguye 2Dt CEACNeC@TACA se. At this

point. the PCR 25 i, N un according to.the follow n rogram
Brep 1. o THOATRALRr DR Pufift Sebend pos Bouard sroptepd 1BLEM B e 5.
anneagj Nofohd to3kk EfBistnt HithTMET GLOY. ETIRRCOHRT &ﬁ-ﬁ(’m@? nbWes RiatémE s used;
step 4: elongation at 68C for 1 m n/kb of product; step 5: repetition of

st eps 2- 4CBBCA ennsistest wathtbothaC? 8P a9 Td (€145 The papve:is saGofGt??3andec; step

7: anneal } for 30 sec: ste . _el.ongation a 8C for 1, mn/kb.of.. product

pi o5 adat e e Hhenibinet R iR BERAUERR Pl B R bt Ll iy o

two- step RERswadd, dTRE a5 holdiR e el skt afRC?T20ls dsdirded @erHeVat e

tenpl ate; step 2: 94C for 30 sec; steg 3: anl ealing and el ongation at 68C
t

for 1 miiavakisispforbelsdaefurther anplyses (B9t i ti on of steps 2-3 38 times for a
totalypf 39 p8Pdx §919]sequence in the data set in Figure 7B is 7T?7A. This SNP sequence
is compared to pattern sequences TTCGA and CTACA (710) and is found to be

consistent with both TTCGA and CTACA. Thus, the answer to query 740 is yes: 7T??7A



-49 cycles; step 5:94C for 30 sec; step 6: annealing and el ongation at 68C
for 1 mi~/kb of product plus 5 additional mnutes; and step 7: hold at 4C.
Resul ts ofégaﬁéé@pg range PCR anplification reaction for various regions on
human chr o ) 14 and 22 were visualized on ethidi um brom de- st ai ned
agarose gels (Figure 12). The |long range PCR anplification nethods of the
present invention routinely produced anplified fragnents havi ng an average
si ze of about 8 kb, and appeared to fai32-to anplify genonmic regions in only
rare cases (see Gl1 on the chronosone 22 gel). 10 Exanple 4: Wafer Design

Manuf act urieconsistent dith aidre thadR@e Paddrnisepetdreinghd paferoédt ghnsiep &80,iSMP pr obes
to be contai ned on an oligonucleotide array (chip or wafer) was_defined
based on Se@eReHAN ‘BNAbsidianrbeanahsts ar dissardgd gemened Fram asglY§hucl eot i de

sequences A")%‘qu@eé Qﬁﬁ-ggcglﬂg6%5%@12%&1&%?1%%@}8@%?'{@2%?hggﬁtjﬁ&n RURlehGl ¥ avai | abl e

dat abases. ences were uter-algorithnms were
15 used t CCEFTYmdhSNBIsequzagy frpinithe dzis ka i§ GPATTE, the sequenbecirar i ng t he
probe-contai nj ng_arrays. Arrays were actured by a |ight-directe

cheni cal sg?ﬂlﬁagql stOﬁeﬁlyeé%fsaéngEﬁ@%gﬁﬁlﬁ;sané&m (pOBThiS CRBITPERIS AJFH hesi s
wi th phot gl {hte[}Qﬂfeﬂp@t.CAB@ilﬁ'bhﬁaah‘aP 'Plgf:)ﬁ@i?ﬂloqﬁ,es%ﬂueﬁ%ﬁrg Jrine ¥ RiqBes Wdwn

92/ 10092, or U S. Patent Nos. 5,143,854; 5,384,261, 5,405,783;" 5,412,087;
5, 424, 186in the4a5nH3Hg erbpldvet] BGHaly3s 83DDig80Rs SIEP pudedBleqosBiopd0, 193, all of
20 which are incorporated herein by reference in their entireties for all

ur poses. ,Using.a i es. of photaldthogr.aphi sks, t,0..define exposure
Bt o on ARSI TN B pies MDD R BOLGIOEE S S BRPB hert o
synt hesis ste rocess ,cqns t ed. hi gh-densi .ar.eas..of
o T gomaci eot | danpSSEIEPBRRa OSSR S5 S Pe FeieTR Sickds SRR Phea
posi t1@n. idddtifitPhay BE el fofgivaridy \WEEénetiy RhA19Sds Z Bbr SlamMp1é, DAEOUFbIMARE | N
parallel. 25 The synthesis process involved sel ect |_vel.y illumnating a
pﬂgt gl- =o { ESE&S élayfgbeagsd@uﬁgd,rthw:w bpagf% ing numpst of diffsisghasays fo;r o were
gcti vat edQ%%@i? ﬁ{)a&ftl[@%.mﬁeé(gfggleégﬁ%%ﬁ%g%tg %mv%éggogﬁggsr%‘g é?%attf ers were
t hen i ncubadreshand theseanfolnastve SNPY. cOthetlexengiaty absags arludepeipl, thedlaecur r ed at

the activated positions on the wafer. Once _coupling took place, a new mask
pattern mé%safzasoané@ﬁwrdéaa%w q%@'ﬂ%@ufﬁpmgs selgs wggvep@w@i?@étp HXN anot her
chosefs nugdpesdiferecllSesPr 0CeSs was repeated until the desired set of

probes was obtained. I'n one specific exanple, 25 ner oligonucleotide probes
were used, whehesontreernbridimentntds shawe ivsiep 1 Heoflgeretlo theehapl Bug0patE0B81 - 50

auer o6, BB ART e IR Rl S HAOEHS GRTRLE SRR ROt
probes i dehisingd! bel R cdhiplished bl deRRhiiyg lpdiigpeptets ih didividealt Mithtteent h base.
'n some Cgﬁeer}l%fypgtof linef\e?rzgt (%o? e);an]iglz, i?lrd?vti)c?usals\/\g(rh?bi ilggeg Sgrtcicglgr giggar;e %E ray.
20  individuals who respond in a particular manner to administration of a drug) and
comparing the frequency of the haplotype patterns in these individuals to the haplotype
pattern frequency in a control group of individuals. Preferably, such SNP haplotype
pattern determinations are genome-wide; however, it may be that only specific regions of
the genome are of interest, and the SNP haplotype patterns of those specific regions are
25  used. In addition to the other embodiments of the methods of the present invention
disclosed herein, the methods additionally allow for the “dissection” of a phenotype.
That is, a particular phenotype may result from two or more different genetic bases. For
example, obesity in one individual may be the result of a defect in Gene X, while the
obesity phenotype in a different individual may be the result of mutations in Gene Y and

30  Gene Z. Thus, the genome scanning capabilities of the present invention allow for the

dissection of varying genetic bases for similar phenotypes. Once specific regions of the



Once fabricated, the arrays were hybridized to the products fromthe |ong
range PCR reactions performed on the hanster-human cell hybrids. The

sanpl es t&?@_g@ml yzed were | abel ed and incubated with the arrays to allow
hybri di zation Of 'the sanple to the probes on the wafer. After

hybridi zation, the array was inserted into a confocal, high performance 10
scanner, where patterns of hybridization were detected. The hybridi zation
data were collected as light enitted fP8m fl uorescent reporter groups

al ready incorporated into the PCR products of the sanple, which was bound
to the prgaesne fHeifeatifiebapbaseasodiaed hithsarpli @ldriphenatype, donsp régi@nstmaay t o
probes on_the wafer hybridized to th er re strongly an roduced
stronger 5% §iedias df S“tol’fﬁlé’éa%ﬁﬁétﬁ?:égo gﬁéﬁgu gﬁ"l‘r?%ﬁ’é‘ﬁ’é%é@.m%ﬁ‘ﬂgést% t he
sequence @g@omghlglz_n of each probe on the array was known, by
conplenentarity, thé identity of the variation in the sanple nucleic acid
appl i ed to theApdetseibadirathe weeyidudeatagfapbdoneSoethod pEcanducisgassdqigfianechni ques

used in the,present inventjon are t.o, those skil.led.jn . the art and are
i ool ohea arES B CompMe TR hER Rt Raf 8 BaiOu bR Bafeli n b s g ehips,
U.S. Pat eﬁlﬁenb‘%?e Bf 2Re§38 1RMENEhaplo®yps pitterNBreqntp th Sésntrdlgiup di. | n 20
addi tion,” 60/223,278 filed on Augusft 3, 2000, and non-provisi onal

appl i cat i pdividulsilng pefeued method, 8sMatoe IHBs areoskd temaknthaddiist 3, 2001,
drawn to scanners and techni qu for ol.e waf. scanni are al so

hcor por L EbEs B REbSP PP an R pioid s tehEFRrP R Balhilus. 25
Exanpl e Sadviasiagé 6Véradiiie? Whole NOmiBapAmRing@SzeabtypliFaiethbds SR tRelarf went y
i ndependent copi es of chronmosone 21, representing African, Asian, and

Caucakl andatefoipsiepbal ediag al 31 byBien bases ofsgehdpdivklyal y cenomarapevype structu
ey . _ arSCt A
re 1w dﬁQ&thhegj-ﬁ%lg HiforrdNDS BT I%ggl‘af: Tﬂ%\r—’{)rgy%foﬁﬁétﬁ/e@}{ by

separ at ed "USI odent human sonatic techni que (Figure 10),
di scussedsaagii@pepulation need &y endeerdtngie Reading thae palteubnahfematicofNPst ed of

human chronosone 21 gengm c  DNA uence consisting of 32,397,439 bases.
Thi's ref eRTEKIES %ﬁﬁs Blmstonaalie't %?U%_ﬂ&ﬂ@t LR SEIRIRIELINP he
resul ti ngex%'acte@?x%ar?@&,cﬁﬁ:se%ﬁex(ilﬁ&%lISU uliibAdiGs BEQHBEESHoNR! € assayed for
54801-5001 -51 variation with high (?en3| ty oligonucleotide arrays. Eight

uni quié ol i gonuligenst§ idlestratesarher® e ofione hethpdrof darerminisggenetici nt er r ogat e
bas of 1.7

G 11 or entegte s CrREPRyBeSO4 IR BRogh iR ES:  BEEREDE G Pt ah over a
total of jafghititk SKBE Bdetepiniid fLgd@Rfes S h BEnteo]l Popilatsss | in BesgrI0, Bed tiling
frequency of informative SNPs is determined for genomes of a clinical population. Steps
800 and 810 may be performed by using the aforementioned SNP assays to analyze the
20  informative SNPs in a population of individuals. In step 820, the informative SNP
frequencies from steps 800 and 810 are compared. Frequency comparisons may be made,
for example, by determining the minor allele frequency (number of individuals with a
particular minor allele divided by the total number of individuals) at each informative
SNP location in each population and comparing these minor allele frequencies. In step
25 830, the informative SNPs displaying a difference between the frequency of occurrence in
the control versus clinical populations are selected for analysis. Once informative SNPs
are selected, the SNP haplotype blocks that contain the informative SNPs are identified,
which in turn identifies the genomic region of interest (step 840). The genomic regions
are analyzed by genetic or biological methods known in the art (step 850), and the regions

30 are analyzed for possible use as drug discovery targets (step 860) or as diagnostic markers

(step 870), as described in detail below.



5 strategy (Chee, et al., Science 274:610 (1996)). Light-directed chem cal
synt hesi s of oligonucleotides was carried out on 5 inch x 5 inch gl ass

waf er s purg @6??60 rom Affymetrix, Inc. (Santa Cara, CA). Unique

ol i gonucl eotides were designed to generate 3253 minimally overlapping |onge
range PCR (LRPCR) products of 10 kb average | ength spanning 32.4 My of 10
contiguous chronosone 21 DNA, and were prepared as descri bed supsa. For
each wafer hybridization, correspondin 4 RPCR products were pool ed and were
purified using Qagen tip 500 (Qagen). Atotal of 280 g of purified DNA
was fragmdiseedf lisinnifie@ Geboofic $8p0eDoes- Phor - A11 buffer PLUS (Pronega) and 1

unit of DNAase (Life Tecluiolgie /In itrogen) in 370 volume at 37C
For 10 min 7ol 1Ged EySirdar i mulRE o B ShporBe s edsroefivit Srho

fragnente aﬁfcﬂfﬁﬁlﬁh&o‘@éﬁ@ réfdiol & '\‘ﬂg Bk ﬁ@@eﬁﬁ'ﬁil%\%l&hs Tk %@E@%éneger
Manhei m and 20 bi ot i n- N6-'ddATP ( DuPont Cfor"90 mn
and heat |onmguiamv®dtmtﬂﬁ@oﬁleuble1ﬂor thertran'ldaebbad:eetlﬁdd sﬁh@bgsnmre hybri di zed
to the_wafer 3M Tet r anet anmni chl ori de,
020156 e TR Ui AL TS et H B eR IR T SOt YoPtime of 14
20 nl  per dMRARS asdhoWBGn kRp 186 01 i ﬁhwr &t std@60GH 18 Sre B8 MEheldeNSREE REidcky 10
4X SSPE, washed three ti mes in 6X SSPE for 10 mn each, stajned using
strept avi ddentiRphr erpethedsof Hismrsens inygntian may be geie PEPYNERBIC SeQueneasi1il. The

125 gy b S ek BXeBbiDh B BBl AGRARR Bl BRI et o

cor res ponqbbkygepmiets hﬁtr@xﬁs esgigisesent]] anadiacehng lasd B\rafdntcodefgeummheel and
hybridized to the wafer as a single reaction_ .In to

ol i gohbic] estueRess Il veddy Hhevsgniaten ofexpeysigprEfhs gepe ela émalmt .l%le bm@nt
copi es of

chromsonéﬂéégfavxlgggélg 11 Q?B%ﬁjf]twgﬂhaeprhﬁé gﬁ? ﬁ%r&alﬁnhq% Ji%erﬁﬂaﬁﬁff%é‘%gg%% ng

| ong rangma?@ﬁecﬂ.tﬁ?dﬁeassmyksdunmel@ﬁf&ghenﬂpmmgtr@@m@ iﬁgmn@atmlypthener
design software with hi ate, stringency. paraneters. ul ting

or ot wePBRp g Setnge ) BB ik on T R e o ey AP g isease

t enper at Uk@tedy ith éﬁl%ﬁ@@ev{empﬁe‘sm@h apbpeeHtits o Bxpressidd M Frotedr. 14 kb. A
pri ner dat abase for t 54801 -5001 -52Z entire chronosone was generat ed
and sbi t whieecrelimisshemmic seauenges At sedieddydpieting the dentified gensrsubstantially

non-r edun rs:tha Ly S sequence
With a m ﬁ?@&f &flelj?i.\cfelc %m@ sé’qéj%éjeanl%g o 1?191\(1?5@% cﬁj%aléér%%t ?I\jaglﬁyl%A

pri ner sekeeloém&lafmisb@m slegaisty bedaym Exaﬂmhple;ihe W/eln’ﬂa.y beased tpdedstt dr LRPCR
reactions were 5 perforned using the Expand, Long Tenpl ate PCR Kit

( Boehr i ng@taiBnAREFSHONGE (e gﬁnﬁémam?&%apwﬁen Thempare iz Whisheeds atened
using a C?H%Bé’d%?‘t'ﬁé fre&pRe QP?C{ru&HQﬂ WRleotiNESukdes i dRtieedigrlisBed fl dher ed

hybri di za by using a pattern recognition algorithm A conbination of

pr evi Hus| Yterhege and doesaiog oaquineriaboiatiog hews hawever,Sct.ene eSABOOOR#? a., 1998) ),

was used N d I bri tte

total, 3 FElonjie s PR WA CRd Yelis o B CbsRE b oNes ek es. The
posi tion gggg)sequence of these human pol ym)rphl sns have been deposited in
GenBank' s SNPdb. Di deoxy sequencing was used to assess a random sanpl e of
227 of these sﬁnwgi itions e sequcgrnal theRANe dahadiag e@lﬂlﬂg pmerzzeowm of the
SNPs ass f ve SNPs,
atri ngont e chisfh B0 b SR SabiphewaiobBhda ple oty RosR BRI

r esulxSed changeshnghplfeml@elemdgmt ¢haagesanehe sgperee |0|ﬁﬂteednyocﬁ=51°/profena3:ﬂc Bees

present on the wafers | ded data of hlgh eno gh .qual |C§e¥%f or use .in SNP
det ect i orPe@PEe § %gsma@j a.sg‘a%%réalsaesee wgtrfl%% %f@ﬂﬂ%Sg%& ions. chRlstie nt

failure t he
350 s e Se ARl IREE i, Tudlde AT LRI BINE Bonant by, T Kr i e
bet ween bawéso mintagenesissrt qlnreti(gehesgﬂle o t]:“;xadmﬂa ddPrgtod@sforaited shemsfes t hat

ield hi uality data.in, on ct th ones, anal yzed
Yoog 1 SBudemeps o Yedopis Pkt ebdte iR 14 Bas B e Yo ¢
whet hser of7: Mat23 19%} 'cOylbehdezngMaL@éﬁ Gendal 99:5700 (1989i p@nihal ar,
approxi mately 20% of bases @i ve consistentl y poor dat a | very simlar

to the fiGetieR§: 1038&3 @Qﬁﬂbﬁam@t ky et ydMgletidardd oning danpasequenci ng

reads of 50 ual it for r ab

et ect oM SRTRMEPS RE PP ¥5N§ﬁ§r1§0%4%§?%1§>” it ?b szézie?“to

di scover rare SNPs as conpared to nore frequent SNPs is disproportionately
reduced in cases where only a |imted nunber of the sanples anal yzed yield
high quality data for a given base. As a result, SNP discovery by this

met hod is biased in favor of common SNPs. Figure 13A shows the distribution
of nlnor aIIeIe frequenC|es of all 35, 989 SNPs 30 dlscovered |n the sanple

o o o ~  a o,




54801-5001 -53 popul ation nutation paraneter (see Hartl and C ark,

Princi ples of Popul ati on Genetics (Si nauer, Massachusetts, 1997)). The
32, 397, 439, bas8s)0f finished genom c chronpsome 21 DNA were divided into
200, 000 base pair segnents, and the high-quality base pairs used for SNP
di scovery in each segment were exam ned. The observed heterozygosity of 5
t hese bases was used to cal cul ate an average nucl eotide diversity (~) for
each segnent. The esti mates of average’3ﬁucl eotide diversity for the total
data set (~ = 0.000723 and 0.000798), as well as the distribution of

nucl eot i del99B ) Sagérs,yet ahplistackaiqier 105126 (I093); 10@:sGQ0 Wmsstonhexi r  bi ns  of

cl v~onosone 21 (Fi ) within the ra of val ues prevjpously
descri bedgzaof‘ffénﬁqﬁfg%gf?é‘?}éﬁ%fd@“&/&ﬁn%ﬂ{ia?ﬂggﬁ?ﬁﬁ&c’c&feﬁr]enggbg:' 8-33 10
(2001 )) . (1b9g). exti@Mnuiedpeatd ARy 88 uddd t184RidG RirOFRRANRCtoh reliiendhiscsivgs ed by
The SNP Consortium (TSC) was conpared with the SNPs found in this study. O
t he TSC ShRésin Bragigdt, neioglenihegropsries of the pypteat et aifeat anbingderonot til ed on
t he ers. . the remaining 10,462 TSC SNPs, 4705 (45% were identified.
The estinEB8% w a s 15 observed to be greater than the estimate of ~ for
129 of the 162TROMfekbfidt Fine MaydRinHoRidsfoPMOdsE A e 6L patiahy éLGe rdltig
difference is consistent with a recent expansion of tﬁe human popul ati on
and is sipolypeptide. HRExprcsin prgtadt Pewdpelc amexpiessipp cossehe ticermorginedhGersity in

human gen 4 t ' 93: 0 ol t hat
11 503" of AU BE N, arfoned ThE PATr R A5RLE POUPdr achiral B, [he
20 sanpl etrfusicripti @tad as) trarafatioasipaitiadomteiont aichendyr o indudble @ xpegitaiviepn of
43% sj hgl et ons, gi ven t he qbserved igl;m(?nt of nucl eotjde di ver(ztjrty (Fu and
Li, CEhet Magrethscesiong 1egpgds preraliy ligiceq widshthe trasermsionglronypkehthed and

expect ed ¥aldfSididl lidkol ralibhi Bl b3 Sortiohd)nt $4HARSLRPWERirBoh dRL. T Y
rare as conpared to comon SNPs 1n this study as di scussed above. 25 Over
all, 47% dhestkentsd, régioncimayrben8Nego Wi idertifiedl depé, or imaycheateciyed frof0% or
greater estimated to be present in 32.4 My of the human genone were

i dent i fi e®O8TATE SCBH4res with an estimte of 18-20% of all such common
SNPs present i1mpd ﬁﬁ)ti‘é@'ﬂag%' cRPrediash kXdrR¥estdi @uitad S At dceB@laneNFitiBPPI NY
Worki ng Group and the SNP Consortium The difference in coverage is

expl alhedcanyeptinnal methodshalependangunesdhe perpaspfoneauessiong dior Foensadtrer s of
chronoso P_di ry.: S 1 r i bl . Of, .f.ipdings,
SNP di scg@z)g {}&\{%@}J pt)ltlar %%%2 %bcreﬁglﬁgg%gﬁélp’ es}ﬁagir'?' \?\A}?? rflwﬁ%lfsggh&la}%a%zggonal
copi es of insdut oelixssiarembinaden mithcatulonirtshecoasyer déliserfsiHighap angdnisas sidhes

original set of sanples. A 54801-5001_-54 total of 7188 SNPs.were

i dent i f i e¥CFOTAE: PHGCY ARy gmmfh, SFaiitd oellsnimgy b 4 6 9EXRCRI i9¥Ps £ ound

i n one SeleiRfl 1 HIRY SRS ithar By aiidblello LR RROMMIR Lnk fONR Slignt Wi LR
Va et dl 371 (20

previous findings (Mrth, ., Nature Genet. 2 1) and Yang, et
al ., Nat uwbereglegene 2611 ben¢f@Bm) hativasfoklgradamst-fraislamiosalohodifisNipns o

replicategsin.a second set.of samples is.strongl endent, . el e

f r bquency Sy PeREleR 3fin 58 nEtviEBlef Tl I ARY. iR IR A BB BAE (o or
nor e ti megrotdin 8r HEm&ts hargf BSlaRathcdh&Othe Pudteini Maytbseland satpusifiedanpl es,
while only 32% of SNPs with a mnor allele gresent a single time were found

in a secoff§oxiBACOVItE sppycatonamaze Ajlda1gay sepgeaed ohthe axpeessign hast aglps i n

the col |l egt.i M A1 d d t i ghly
A T e U L Rk
usef W25 f oelecdafphoresy, atinitp chiginatrgraphgpdrodtygesrificatidntectodgirese of SNP

di scovery, 339, SNPs whi.ch appeared to_have snore than, alleles were
denti f1od.  ThABEXERESI BEMERRY hersed fidhs WOBH@WQ@@H%@%N@&S{ ofth

addi ti on Quhdifs BBk GRRkbllYorPdr ANBSGib LGN paARTIE BolybiRial] St ance

[ s 1S critical for defining

bet ween conSecuti ve s 1n a collection'o
meani ngf u(mdrmplonalyztibodiess anddlargee fraginpito vythe ebtiwgisteindiloshfordlre be as short

| kb, . . i zed i f.the dist bet . tive SNP
"o o col wetasioel St e S Ot e PabbEh R ol SR ot ype.
bl ocksy TRBtkRIidsaré pRBaell iiPMRSrdaficd With cEAWAM oM vay§ Whed 812l ekpflssddr | but ed

across the chronosone, even though repeat sequences were not included in
t he SNP dpaypeptidy oppioteds is. uskd guaneiniBiaganyiy itseld odicenjpgased raoknayfn SNP

32,397, 439 finjshed ch 21 DNA .
At or VAP RORERS A e KUEP RGN o1 alel Y SRR ROk 8 BEr o

35,988 intervals for the entire SNP set and a total of 24,046 intervals for
the common SNP set (i.e. SNPs with a mnor allele present nore than once in
the sanple). The average di stance between consecutive SNPs was 900 bases
when all SNPs are considered, and 1300 bases when only the 24,047 conmon
SNPs were 25 considered. For this set of common SI~TPs, 93% of intervals

o o - ~1 —— - - RN I A T RN A



54801- 5001 -55 chronosone 21 contains allele Gat the first SNP and allele
G at the second SNP, or if one copy of cln~onpbsone 21 contains allele A at
the first ;oA .amd allele G at the second SNP, while the other copy of
chronosone 21 contains allele Gat the first SNP and allele A at the second
SNP. Current methods used to circunvent this probleminclude statistical 5
estimation of hapl otype frequencies, diyrect inference fromfamly data, and
allele-specific PCR anplification over-38hort segnents. To avoid these
conplexities, the present invention characterized SNPs on hapl oid copies of
chr onosonmbike 1Valsmtsaadwants nnaydwrﬂmptqyf@lnwstb [eseries Qfemlectmnsr ttmlasvpmrete For

characterized,, allo ect deter %N h[ Li | RES of
Chese. chr BiEeYnBY Sihe ab&ionsoF SOl Rlskalefliopk e wlran SR

represent %dn;ﬂwéﬁte& H@fimﬂﬂﬁ@hkéﬂ Byhelidmtian 8ad skecned $QchispafiRity Agtibddy hapl ot ype
structure are shown in Figure 14. The hapl otype patterns for_twenty

i ndependehtndg*tgotﬁrerlymmrtabzebceélﬁrzcrnbxlm@@aaenrpﬁwlgogheﬁ&srueélcﬂirﬁbﬁdlnmah

Chr OMDSOMgyef b SHbhalkd. 190 Pher Wi} A0 SOPRI 38BN UeltRaRk: SEABMIafrPNA
sequence W ot col ored repr 3 | ack

boxes in thbal[ led\'é anépaes eds. (Cbkel S]mngrHabdueILaeofamsndsh@bldSIﬁng&Mbctme white
boxes represent e mnor allele. nce of a box any position in a row

i ndi cat esNnY ¢l %tégld&ﬁd&su@éa fEBNé\rﬁPCS ing ghehesyy B&B@tﬂéﬁm@g@m@ i q%tPﬁitgl e
chronobsong,q P[{’{'Hta etib& BNISnRE SR RIS, bk fh@%‘eﬁvypmﬂslggﬁiplzhé?ﬁsdﬁfxeg o Fidther

chr onpsone. ri ant “bases be ween consecut’i ve S are not represented in
t he fi gur enhahbetht47iSNRS the entibiody.dAdteinativesed gnviee imblunidation ded edebdmf bl ack

hori zpntal .l.ines.. 20 Th si .io f th ase.in.chrompsonme 21 genoni ¢ DNA
coquetle HisshTRbofRs e tindios br st "Broe Ik b B S rodtetE, acont

bl ock is wﬂrlﬁa&@ohfﬁmtﬂrﬂﬁt@ﬁmers to the left of the vertical black Iine.
The expanded boxes on the right of the figure represent a SNP bl ock defined
by 26 common smmdsp@ﬂqu grnes. gerbiragmenss omilee qnmdedmmterreorsmo@m ﬁragrflertent
hapl ot ype re ent e t Conlll1oll
patterns 1|nlr9} (Saquli Ritsd ne GtPh qo b %Atedr%gener%e%thH dggrr%f rex@ ifO% of the

sanpl e) . Ji}ﬁed@ioﬁ%ct@m}nwﬂbé seditd ﬁttﬁﬁtuwﬁte@@etnaﬁtedﬂgertﬂ ihel aecer:olatstehrvect@fs t wo
i nformative SNPs, which unanbi guous]y dlStIﬂgUISh bet ween the four _common
hapl oty pegenerpllytaxe Brlty@rawntoteﬁtﬁl@u@hsrré 1QGREdIRADRE PERFBUCLIFAFE AR PTWYESH i cal
hapl ot ypefo%{etlﬂE,é?n&%fﬁ F1€ éZeq? Sos i Q?éc‘?pléﬁt RYYE" @ sérﬁﬂio%%sgeﬂ%é"h' ch
mul tiple cln~onbsones s are nmon pattern. e suc region, fined
by 26 SNPmaspapwmm@drgmmhgngatemsaqﬁmduhUaUmD@gmﬂemenmgdganabyﬁagn@agaln
see the ep Iar r f Fi e 14) ock .defi nes seven .uni que
napl ot ypeBEP PR & RSB HeR d L GHHIE reri@l The rRRReriPaet SRR SO tat a | s
m ssi ng dmaoaﬁbetiambtar\enb@ of vedBfl e 20MAsm 0 red@dSHud, R, 1dMiOF18ladedRhirudat a
quallay in all cases a given chronbsone can be aSS|gned unanblguously to

one o# th@dstbrféhe wéwr@thypy@gtmsmeablém b?rtsgrtswlwaétablyha@n@tlgpdea theegedln. of
whi ch % of all
chr oosonsl R BHn Mol aif of loRLEGABIP BATREsBEE UL B O 5

t went y- si surbber o roveep, inchdlingovickl sttfecrtgmi, mlncrbim@cflomrorrfmbn of eggiodest Jaapl ot ypes
from one another hi four rormsorres wth |pf uent
hapl ot ype&IStHoR Hlakiépsph’@d‘rs? tqr'@)raereggl?rr n&EaE%HC%HBF‘%{;X/EthW"Gsr ng
i nfornati f Iy ctalres NI IS
remar kablg%lhg@%%%%? 3’??126%hapl tgll\r%fe%{satﬁ% tettljlrgﬁ [l\‘ﬁl\e/&reér?talﬁelrdgﬁlgq %(?)H sanpl e
i s defS nemichypartides, aiddel We%dantradeemaliy by a Bhifislei tombsedhtwckyicSerdpaie

different 1Q pgssi. exi st ee |nf ramat i ve, S an be
chosen: sctinab SESERedin hBFHLE (tsmiR A xRBlcot kel #1s Niltien s A diol y by a
si ngl e SNRg9ofe of these "three SNP" choices woul d be preferred over the
two SNP conbination in an experinent involving genotyping of pooled

sanpl es, si nceAntignsapolsNmet eardiersed sndavirragulaés expsession ad#headantiiadi on of
frequenC| Se lﬂe Tfhe ant sense1eaggt?8%a0tb\é%%ﬁsenge Sl mttglegtlaeléaéirﬁgulal O{In the 15

pr esent i Vet For provi sel ection
et had of syhidRtisami¥eng oligdntelBatRIeY havihg bl@enﬁlhﬂ @difitaiongrorapplelccaid on may
dictate the sel ection of informative SNPs to capture hap] otype i nformation,
it is cleeonswusas thehexpaess sueh antisense moleraiises FOA | AfOPHBAtoR J ﬁnftlfﬁ:@S%arrpl eis
cont ai ned L ar that

- andom sargBefshBay vf byt Stadt a2helrioThRsobrsonb il SRR SWee
will often not provide enough information to uniquely assign a chr onosone
to one of the four common hapl ot ypes.



One issue is how to define a set of contiguous bl ocks of SNPs spanning the
entire 32.4 M of cln~onobsone 21 while mnimzing the total nunber of SNPs
required B%SnO%‘r) Oggfi ne the hapl otype structure. In one enbodi nent, an
optim zati aq rithm based on a "greedy"” strategy was used to address
this problem Al possible blocks of physically consecutive SNPs of size
one SNP or | arger were consi dered. Anmbi guous hapl otype patterns were
treated as nissing data and were not i-Ad uded when cal cul ati ng percent
coverage. Considering the remaining overlapping bl ocks sinmultaneously, the
bl ock w t feq@éhcehe maxi mumratio of total SNPs in the block to the m ninal

nunmber of SNPs requjred.to uniquely. discrimnate rfa_pl otypes represented
more than onceAf Al ERRNHIEIR ApksensNBiILitats, cakdlyticpudlele aciditRMEOHY She-8cks t hat
physi cal | € j th: : : #ah01l -57

di scar dedl?{b%\rg etE ’@Hﬁg%eﬁjﬁgs’ﬁ%g%gge Eéneiaﬁ{S n‘é}ﬁlglg? en&%@%ﬁ%l?guous,

non- over | Bihozygetahey ks syrtiatsized uevitivlaed 3dmiikiersd tetheqatedne @dy e t h no gaps,
and with every SNP assigned to bl ock, was sel ected.. G ven the samle size
of tweht ySTRRIGHELBHEPTeSPRE VAFGh AToPh hish (BeRme FaIhEREe theraigsiftton

hapl ot ypece@la(hkp‘%glg@fﬂ%?§eetﬂ)ﬁﬁi‘aitioﬁﬁﬁﬁte'h? liRSEIH ¥ @5’23@25%d'13@§é?ﬁ&@,9é?t

chr onosones. ng this algorithmto the data set of 24,047 common SNPs,
4135 bl ocdls Nok!l. Giiels Rep a2d3nd43¢-4 (199Md sBranples okolizodudleotialts witht aatadytiof 589

bl ocks, conprising 14%,0f I ks, .cont ai reater. than t.en Ps per
bl ook ancremmiy dsatscrhdeh viR ooy AR SonieR o et PlishRRolad §iha. L.
conpri si ngefaPobn@iledlelg. Erpﬁ@lC@ﬁQD}@ip@blb@SﬁleHﬁﬁﬁgEﬂKNﬁ hStRsysesre 10 bl ock and
make up only 20% of the physical |ength of the chronbsone. The | argest

bl ockl Gcorfieafritied in Baghddmnen . aachgpndioraamolk 549B- Yol DNA. Overal |,

t he aver NS .S : ' 1ze. . 0 [ S not
correl at :lgea\(ljmg{?%ﬁ it§ gélgg Hée ‘r%d%{r?f%ﬁ g E(@feﬁgéosifgxg%%‘g I,w%%%ﬁ ?%e?‘é’ g&g?egjéﬁ]sc Rl']icr %&dé

i nt er spercadewsédtogrrélatddenetillg nvodifiddeon-langirhamimalshe celbteamibasnmeodelher e
are an average of 2.7 commuon hapl.otype patterns per. 15 bl ock, defined as
hapl ot y e FaTeees 08 1 HRCTale %teo%pg@f\?@agmoamceﬁwen ER SRESIORES. S fver age,
the nost fheGUeAL SRR efMRSP e M ParRe i @GK irlténdeBRE @&%ﬂ’ip%gs by 9.6
chronmosones out of tl~e twenty chronosones in the sanple, the second nost

f requént geagticatly peodplaed amimals haviepgan ssegeadushgens tat chstaly $anesittedmthehe t hi rd

nost frequent ,hapl ot ype patiepns, if esent ..is represented b .

Chr omosorbat ceti Stk Y EERble I end o BF 300 it ool fRTS Srufise Pt se

chr onpsorpesterty, 6r maP beaeeice@r PaneSdpetubly Hikeddo bR Bk SHe)iD@s SloM@Eet] TYansgenic

remar kabl e, The findings are consistent wth the observation that when

hapl ot ypenjaals aiay bepreagigdhioysch Bomelespesaeeqmbigatigny wWhergethp Splagenens gsaet er ns
observed jj i e : I <1 nic
aroups. R SResL S ARl ot AL ARACARE BB AR SR SN i inefhd o

al ., 28ci engebe2@8doriydn@gratiliaio thy genSdeetoad foe xfablei imeptasiondmadudeer f or ned to

measure the i.nfluence of parameters of t apl at algaritlnn on the
eoul t 1 ng BTt TGt anE PR Apa v Bhsesr L ARSaedaasS Eierestiveo be
covered hﬁnsgym&ﬂaﬂﬁﬁlﬁagp%wwgg 3bat8 thordes QR 2shd, Phrkitcalar 3 Xders) eZ{.),% and
90% As would be expected, requif ing nore conplete coverage results in
sonewhat rfarmee, fianbers of shorter bl ocks. Using only the 16,503 SNPs with
a mnor ghlele R0 Jrieqis ut{ctOf Aty Lt AdG Rk 'Ea”p'g resi ge‘i’ I n
somewhat I ORGer Bl &gﬁs, L I (o 1111012 R T RSN =65 péll’l ran&d, S AT ychange
si gni2hi Ccanink\those@igadixens thak 206 bidl ogidxdistand ghinticall ¥ aePehaarplk&l, efich3d C
chronosones for_SNPs and common hapl otype bl ocks with at |east 54801- 500l
-58 10% fefegeie At yrafoaen gl ceryisige. tidesebiesgsae seAvencgstmat braused to
chronoso 18y S| r j i stri i -Si y

mat ched (e aneRlBenohlfie &R Hirelth G &l coBiirhaR et ASIRRE: HLATELY, |
whi ch t heo deBrnain® tiguhysioidgical asd Bibclesagibal PR wss tnvobveduh gebteiarfandtioan used
for hapl ot ype bl ock discovery. In this analysis, 94% of , bl ocks 5 contai ned
fewer thdfug sereeningmay bg parfempsd iy cemBINERN Mt COMPERMERIREOD ¢ AHOek-0Bt SNPs.

Thi S 36ONThiafls, & Pato il LBEOSKioPbPREENSERE dilkatl1do 431 MefARA0L: fBFaftzoduced by

chance associl atTdns as-arti ock sel ectron’ metho of the
pr esent disovemny on.

In addition, the modified cells or animals are useful in the study of protein function and



In an effort to determne if genes wer a proportionately represented in
both large and snmall bl ocks, a determ nation was nade of the nunber of
exoni ¢ basggoi-Bopl ocks 10 containing nore than 10 SNPs, 3 to 10 SNPs, and

| ess than 3 SNPs. Exonic bases are sonmewhat over-represented as conpared to
total bases in blocks containing 3 to 10 SNPs (p<0.05 as determ ned by a
permutation test). Based on know edge of, the hapl otype structure within

bl ocks, subsets of the 24,047 comon SNPS can be selected to capture any
desired fraction of the common 15 hapl otype information, defined as

conpl et e irpgudativat iFon exasmplpapicoey plesnall dedetions pad/er substitubarsemaybe maée indi ng
greater t . .809% of . r i IIe. Fi . shows

t he nunbe?ﬁ%lfi%%@?? e‘ie‘gﬁﬁ (?eg%%{nge @%6?@%@0% eégr{g;d%ﬁr%ﬁ%ﬁ%%‘?%a&g a?ﬁ‘?@r’ %gltll on for
32.4 M oftragéposrargedciizaion, ERr Spacific ShiRtteokintérbg indlndeybm a6 AbEmdéd SNPS
required to unamnbi guously djstingui sh haplotypes in that block that are
present miP-ntiFRARe ConsBHes tq blogk genedirtssS A SKBICSIRD PhYLIRiRARY NSAFLIVRaRenetic

det er nkne e : ' I PE | rat . . the

fract im(s)n g?u@?bgg‘t%ntﬁa'ﬁ%foﬁ’[ S|¥§(:Sa(?1 gi st aﬁ%tﬁeﬁegieé% ?%‘egnhy ] hag%% %PgﬁgE%lBegi nni ng
wi th the Skblesdidrasf the alentifedgemrmn vhdgpitothyme inndedls opatissnas fvheretihie ngt eat est
physi cal di stanpce, the cunul ative.increase in physical. coverage. (i.e.,
fraction o8V PXPresSqsh Q5 Berormr LGt Ve RRMAtintiB AdiomperTatiding (i. e,
SNPs T equigl Sid)siondgini 11§ REWHRES i8hbt SEAAMN 6:IMDB8E B gy kb 5 of
the first e;égrg%lﬁ%f ea}grﬁl%aln@ml\én% (k:hr olrimsor%g 2119’312%2}3%(1 ext’gndi nglﬂl%éekb 3" of
the | ast ehaogenin delatar helmeiorFoat pexadpinérmation eegardmgihaunorodl f468RNINMse ar e
requii d to capture all the conmon hapl otype information, only 2793 SNPs
are r_g_ui PE¥Po capture the common hapl ot ype information in bl ocks

cont ai ni N@rdtkikeRo18du1eEhSy BNESaycdad imeYefatShriré/Aid8os ardniers Aok ot al  of
1794 30 SNPs are required to capture all the common hapl otype information
in geni c Bxsnpledprrrseidingdgr spreduction ef lprgeanavaidrfadrarin pradwtyplanst i nct
genes. Th . i pyenti. tl -

associ ati SeRuABERhe BGHh 8P ARl Shichk BREkRRNE hoLuARYL FRTAET

di sease gedis. of Thit prétpiprpoadiet.r Phigessreeninghiderifieo s that ravidecsnipa geneti c
vari an%s ar? responsi bl e for susceptibility t%aco n di seases (Ri sch and
Mer i khkhgasePlasemenic ephancement 01 prdgin fynghiga in afigeiedtells orfosagsnisidaie) ) . By
conpari ng oy ¥ I.C | ant.§ai I ; d
controls, H{SOESQEGE(??%E%E (ljdéi&g?ig ng?o?t l}gl?gésrﬂgg ellitd%%{[fslre? 3}1% I;eglggi&?ﬁgéshaggl otypes in
t he humanmpéstoleee ghprotgm aysmatpmoteante, wioh 8w dapatdliyedsderivihinimithihg oappr oach

has been used to.successfully.associ at.e singl e.candi date. gepes. wi th di sease
(ATt schul BpSipg, Siher digetly, or mdirsgdy, Teptigioichat fyncion af pE iR Ene b | 1 y
of the hupa gabifuceequssisity @bluedliy bhessppaskiics aferu@tfin paraMemi it difeerent i 1 e
genone, dramatically increasing the power of genetic association 10

anal y& s ¢oacgpirasions ofkgheggentde abiain pdiftermtiphmgsmpnse toghaypREUS GORFEHIAHENS-t 0 t he
i mpl enment &t i I : d f e hapl otype
structur e?g¢18%lhg%ﬂipr%%ege‘%lorglggl,tﬁ\?i\glngﬁ?fbss a?gglﬁgrnedé%?ﬁ{rglf ggi Qttzgws]el ect the
appr opr i atencgetretion®r\balomathe $eviebof detadtipsi s. The present invention

denonstrates, t hat hi gh-density ol igonycleotide, arra i omhi nation with
Somat i c o8 Id5ERELY o) Sssapy Bap e BT s BERFdBC kiR e B e Bretels-
approach fn%te%'irginﬁhfgadsb%s,ﬂ;grﬂeﬂﬁm bR R QP RorRtiE nﬂﬁﬁlﬁg isﬁipf%sé}@?

human genome. Al though“the | ength of genom'c regions wth a ‘
hapl oYy peinsmunesssaye forpretein inding, andrtheilbke, Alsoddheer agmatt of thermmifigNiPs

enabl es the,systenmtic roach .o define,bl ocks . of e _human gepone in

o oh sovd 1Y RS SRS AR BREREalith A DeRidh Rl By SR EREHE common
hapl ot ypebe udel feredidraliningfiebisleplcrl fRgicliditoiBE piotdih af a Bt @heF&tl mbaRlged in
this enbodi ment, the nost common hapl otype in any block is found in 50% of
i ndi vi duaingermolesulerinderactinns: mewhianp fusiom@ sty of i ndi vi dual s, and the third
nost co nin.12 5% of individuals. Lt.is I o} te that bl ocks
e dopimedidhud Sochil oaPAlofuMitb: chplidalolnTRO AN el b B 1 OCKS |

of ha3g t hogahibh@leRldsR comblixba ederablyvdmalli drg@it 68i8pouisls e thg Pl ocks do not
have absol ute boundari es, and may efined in different ways,

be 25 d
dependi ngmelecelpewsightofmeredhan s and lsps thameabont a0 dakensn Gandidatedgsaisnent
provi des . f ' g Ndj G hat a
Very donstuiseaerpdiuBIRsitng (B BRATRENTaertiin bR frb @i RS 02
information. Once in hand, however, this information can be used to
identify much smaller subsets of SNPs useful for conprehensive whol e-genone
associ ation studies. 30 Those skilled in the art will appreciate readily
that the techni ques applied to human chronosone 21 can be applied to all
the chronosones present in the human genone. In a preferred enbodi nent of

T S - o



54801-5001 -60 a diverse popul ation representative of the human species are
used to identify SNP hapl otype bl ocks conmon to all or nobst nenbers of the
speci es. gg(ﬁgﬂﬁnenbodinents, SNP hapl ot ype bl ocks are based on anci ent
SNPs by exc?udlng SNPs that are represented at | ow frequency. The ancient
SNPs are likely to be inportant as they have been preserved in the genone
because they inpart sone selective benefit to organisns carrying them
Exanpl e 6: Using Associ ated Genes for @dne Therapy and Drug Di scovery One
exanple for using the methods of the present invention is outlined in this
10 pr ophehydrogerainpiding, SNPtygicaly urtydeias lepstrahamnmee carbonyk hygrokgipiraabogghones,

and fifty hapl oid genomes are an zed h he net hods of._.the pr.esent
vent i o etgPoRdrA R G IHE Wnes Bt ehemeREr s e decer ns,

i nformati Xé‘en%n%ﬁlg??gg%clﬁhﬂ c%k&)nfdr%‘a‘:é%‘tl%lié ﬁFuc%ﬁE@?ﬂdﬂélPJr&ﬁﬁtiié/&- SNP. These

fifty hapl©oid genone rise the control genones of the present study

(see st eppdl3a@Omatic Firgeines $@)stitutedbwitle g ogmaenifchdOMave fanmti®0d grogisvi dual s

havi ng. an_obesi t henot are assaved for. varjants., b i ng .l.ong di stance
POR - nearatet RSBt R I R e R P leBled LU PR Bl e8ha: ent o,
6, 300, 063ptsRids dadchatidRs il Zcidel st@bids, puniged pyligfdintQUesvtaes Rirudiaral
5,837,832 to Chee, et al.), and the frequency of the mnor allele for each
i nf or mat i ¢ealagypEricemybrabeRs theigof or this clinical popul ation (see step 1310
of Figure . T i noe al . ' f i ' SNPs f or
the two pgéﬁlg%t%g%esn%:%rg Ogg%grﬁ}aogllf gé’\tﬁ%ee?#%%g%ﬁ Hoi®s gr{rzfﬁldé 4 ﬁ%@%g 6ggpul ations
are det er giniigdictod nhav csipbumlsi Fat éxanglg mufree@nRtmaint hieravnidsse for rindenee
informative SNP | ocatiaons (steps 1320 and 1330). The SNP |l ocation with the
| ar gell  drnd drestdsynthesinal aivids vasienepforgaig eRipRspnge Ay RIS MOlReUESnt r ol and
clinical | | f | : iqaf o ' ocation
sel ected @gmgg%%@g%gbgwoif |n§81§%ﬂ|89%%p g%%ggé%ﬂdﬁll%g? ﬁ)é{d@i.skggx?}% &tl%’ span 1
kb of nonbodiiegoSetuenmeifunds inttheformdifbgeteagi bmgalngladt &l afimelhextracdi ng

region of the leptin e (ste ). Anal ysi.s of e variations contained
w thin ¢ eler i Do R ar i Hena TR bR el R I ERl s ¢ egi on | s
responsi bligrafiey arfdeidpeahdLdte edadilP enddiimhRugh @bnveiBohA RhéMicHE PRysivdlt h a
commensurate | ack of "'expression 30 of the Ieptin protein. Fi bro:{)I asts are

obt ai hed fddnpehesnieg! aeqanyyand giay Usiuspdip. producecesbinaiaripl libgsige Kgowhaced in
tissue-cu I r.ag. Fnt o I | gce I } of the
sagor- sooi b ie AL T ANE RF e RbiEed [ ApE or BAREL il o HBEBR°, | <l
cul ture fhablesatylitions dikyhtioAf dserifiedtidig amsdifitationperc | enfpedadest@ctukslesh medi a
i s added éqe % , Hams F 12 nedia, with 10% FBS, penicillin and

streptony aﬂf)g.-The tissue is then incubated at 37C for approxi mately one

week. Al {ef the @@reeﬁiﬁ@%gﬁ%‘ﬂ lﬂn&iﬁg %%Q?,%rﬁ'b@',nﬁ#@é?ﬁh‘d%%lé%lé‘sﬁﬂ%?ﬁéj S every
It o

several days. After an ad ional Two Wweeks in culture, a nonclayer of

fi br oMl astaipladge gdshel, eererthedite) ean disectly pp sidmeettydprantlesodetesthbilasigndlar ger

fl asks. Tge.vegt or_derived.f.romt hﬁ Mbl onefy rru[i ne | eukem a virus,. which
contai ns a®ka ALY Fcinds FadiofRaPesatRorescsTsy l@fé’é‘ By R ?Iézélfnref’cstpic‘b‘ﬁcenzyrrps
for cl oni Badaghicled®Bal piracles eaX PhREEER. pattit@esd hEGk dilteV 8pE@Tic bididgeated with
calf intestinal phosphatase to prevent 10 self |igation. The
dephosphomplegplggiinciyds @airs.vaeh arbiptin picheireptanidin dlignximpandguidigaxigefc. dtard

purified. I : gpﬂep 0 I i i h by product,
is isolat tehg%) @c@n $85 eg’?}}eaégoﬂf}ﬁ%?gﬂy%ﬂ%re‘yﬁ 1‘# ﬁ&trrlll‘e%lgg%g%@él&f or

cl oni2fg i with atnndecandethat protagesiior veleatiorn iamicotdaase with khewMplaedyresur i ne

| eukem a virys |inear backbone and the |leptin gene fra nt, are m xed

t oget her éwaﬂftdiqf@&heagqaﬂaltwabmlmqlgcgéén therereeN g Ay ﬁﬁ'@ﬁm uig s used to
transt o MopeptOlile ARG ehfaltACIES! Ae Bl AcRIANRIEMA AR EO RN

| canamyci n.” Kananyci n phenotype and restriction analysis confirmthat the
vect or hasptind ppoteipgrbtgin bisding end/beptdice wperpecifaok degckpgowe ihsratiengr own i n
tissue culture to confl uent 1cgensi t(%’fimn Dul becco' s I\/bdi.fi%d Eaﬂl gs Medi um
(DVEM)  wi RFPEEBSRALIPONF T cTHERG 11 tPhassiy Sueh Bpveis BibSrsTRRCIRASE t or

c fnt g@mij”ﬂhiblft%rsl 8Rtl-hiic:OBRBadentsi &tk ! BAYERGsét 0 the packaging cells by
st andar
Agents may be combined with a pharmaceutically acceptable carrier, including any and

all solvents, dispersion media, coatings, anti-oxidant, isotonic and absorption delaying



techni ques. Fresh nedia is added to the packaging cells, and after an
appropriate incubation period, nedia is harvested fromthe plates of

confl uent spagkaging cells. The nedia, containing the infectious viral
particles, 1s filtered through a MIlipore filter to renpove detached
packaging cells, then is used to infect fibroblast cells. Media is 25
renoved froma sub-confluent plate of fjbroblasts and quickly replaced with
the filtered nmedia. Polybrene (AIdricthﬁay be included in the nedia to
facilitate transduction. After appropriate incubation, the nedia is renoved
and repl aegehtswndthe lisshTheuddeanf sh¢h mhdiatnd egents fov pharmaceuticalji activieen
virtually all fibroblasts will be infected and no selecti,on is requjred. If
Uhe ¢ it e STEHIGH s SRUTORmS e oRleg DS HoE ) PaR VoD PP AR HAL has
a sel ect abl@nipatikie with3Be S&teSe iASreliRRt, BE udd B thd PeRPb@Ed codMositioabagiced cell's
for expansion. Engi neered fibroblasts then are introduced into individuals,
ei t her al oreghags desoribed herginig comtemplgiedwiuppleBghiBIL@AYe ingicdienss ounalpe be

beads, < suc 3 The 54801-5001 -62 injected fibroblasts
produc% Ié%?ﬂ%”%%%gﬁgﬁPcgngggﬁgn%iological actions of the protein are
conveyed MThe fdigulidh.mAl Begsrapdred fr Yis®i vanioagthethod fortalimiistpition. géwe i s

i solated, cloned into an expression vector and_ enmpl oyed for producing

| eptin pofgpuiatioadaay bergivengiabydiygnhalaiang pr wanbaimiecte, g irdravascular,
transcrip .?Hﬁh { i nj tiatl |0 scriptional
and transpg .oHﬁfgﬁﬁﬁﬁﬁﬁg#?%ﬁggggﬁgﬁé?h§§h§?§%§%§%3ﬁ%S%%g?%f§%|ated | eptin
prot ei n cérrdpeutis fodmaoaktion will by widelyl éepeaditg uped thematude nf iheylisegentie whi ch

bind {t; alternatively.cel.ls expressi t he engi neered | ept| ene .and
oot elh afrettrags of smbisiBtoR 4% anme o) MpHR a0 [ e aRtSORe TR HOPT | e
by, for eyrmpk€antORUAE! TRY iftiAAGE Fa} 8c RILA follotdd 9 siagbihsidich@ndeept i n

pol ypeptide for a tinme sufficient to fTorma pol ypeptide/ conpound conpl ex,
and det ectipses Thedewmpiyebe adnfinistepes] asgatiequeatly espangnwedddypt biwdeklydet ect ed,

t he conpound. t hat, .bi nds,;to.the |epti.n._pol tide. is.identified. Agents
dent 11 ePaion iR RERHb e e R BRI A w1 o
| eptin. Agfgttive 36628 NER11 Th soRiecab@NOAT adhiRisRaRén deSreqont BANYE@I®Se Vitam n
derivatives, and other small nol ecul es or pharmaceutical 15 agents. In

addi t 1on then b asinygistesad iagavgpeutly Ideatified gecatieriithe inygatinncapdy ipgorporated

- . i andi t edy by i i
el 1 g TR R oM 8P R £ Bl R o B o e R s b8 i, 1
addi ti on tamplebaastcaf e figmadmed mtd plaermbeauticalenipepitions by odebination with

sequence-specific or elenent-specitic agents.that control gene. expression
Chr ough: bIRGPHE GRRRAF LRI SeRatP g &t Apise A Frode TR EFLES of
nucl ei ¢ agleplarii 61N 9013 8BS sAE 1i861AYr Badddas fRRR] RUCh aOBBR1Y, @apsdlgs t hat
hybridize to leptin nRNA to block translation (e.qg., antisense

ol i gofuc| ewvdeds gyanusoeinbrents, selytions, suppositeriegcingecipd iglaatieaels. are t hose
that for L i it t Qck. tr cripti IRl e

ol i gonuc rpg%t”itj%gg‘]eg %géi ﬁ%gé\%h? S %ﬂg W}?Alggﬁn]togiogﬂ%dg gteggsfggggaéégge?rma based
on the clasuswahosppads any &k systehierufiel edmindtiador or hag b dnalizal bycws be a
var iety of sulfhydryl or polyneric der jvatiyes that have base attachnent
capaci t y. VSS44 AR gDt at %f QIrelafBe ARG doee ohesie mpkatioR hybri di ze
speci fical |y tpnd RfcWaRE hBhee AR Mt faE Mt 1&*&@&@&@%&@955 hedayy to the
variant leptin protein{e.g., a varlant-spe0|? c anti ody can be Used as
di agrizsst i imagentFer ofdk prepastibny, apagpricambe ased alheusiimgorabinetie: wgbci fi ¢

ol i gonucl eot i des %ﬁd.for Brg@a%k%g antibodjeﬁ are descri.bed supra.and ar a
known i n RREPREIafe additeyes i Mafit ble’s PAYICTSBNHIES UfIPRIBY A PORS: #¥ft i oned

in this spaGifiondt M Ssubhds Batosy SndnitbNRoln@¥aLE oPhothidasRciskiitd ed in the
art to which the invention pertains. All patents and publications are

her ei n i Nuodgssatless dystaldihe cehdeset eellubase slarvatives.egeciasort stergbior igaldting;dual
E;blr Ie]? 2'; L\ﬁ@é&%lsntgé%%gi'st iSL(l:C%l alls%orz%lns(iIaricﬁ,dﬂo\{ai\tg lét%lrclhyorisgﬁlih?nacta?gogy?ne%?ylg:erfﬁl?orse;o rated
30  with lubricants, such as talc or magnesium stearate; and if desired, with diluents,
buffering agents, moistening agents, preservatives and flavoring agents.

Additionally, agents may be formulated into preparations for injections by



S The present invention provides greatly inproved nethods for conducting
genone W de associ ation studies by identifying individual variations,

det er m ni n@gGNsoiap! ot ype bl ocks, determ ning haplotype patterns and,
further, using the SNP hapl otype patterns to identify informative SNPs. The
|nfornat|ve SNPs may be used to dissect the genetic bases of disease and
drug response in a practical and cost qﬁfectlve manner unl cnown 10
previously. It is to be understood that''fhe above description is intended
to be illustrative and not restrictive. Many enbodi ments will be apparent
to those ghidgsplving, suspetsbnger emygeifying (esiing agneousion nenagaeeysi spivieah suchas scope

of the |nve ul d the ef ar ter rence to the
above descr et%lﬁe R r\‘.gﬁrts%xH |yr{]st alcgﬁgﬁa%{geatcgr#? @Qg %FSroeé e%h:ence to the
appended @hplham aci@ils@ﬂgmwtemtgheolf uhd ifslesipel, ofthediventibedltagditioeskiicihisl S such

clains as~e entitled. . 64 SEQUENCE LI STING <110> Perle en Sci ences, Inc.
PATI L, NiIsalubtxerspagtonicrecEsRRependmerasis. srulfiivme ageats sanlizerepk St ephen

o0l 2807 530 <11 o0 R AR, B BSR4 i iR be L (i

60/ 327, 00Gi=ihbdlatic) The 2Qerfddidedtbficd HyShe pre3dt imbetitied barbe2fdbrhulhleddbto<16 Q> 7
<170> Patentln,v rsion 1< <211> 13 <212> <213 Artificial
sequence PXSEHIZE zgcﬁp@fﬁpqrep%ﬁapwﬁaﬁ} %ﬁ‘i} Srogittiseracthar afqpe@%tn&r%&?a <210> 2
<211> 13 344 g HINA AT dtivél %ehféll BEHNENGR § ﬁ@s?toﬁ%s?g;? thSCI\'P
Hapl ot ype: X <400> 2 ag act a ac <210> 3 <211> 13 <212> <213>
Artifici avaseyoébases &13:11133 enrﬁlmi)@mmses GavgitresoBRife bissps. of yrpteer, ientified
10 agents of the present invention can be administered rectally via a suppository. The
suppository can include vehicles such as cocoa butter, carbowaxes and polyethylene
glycols, which melt at body temperature, yet are solidified at room temperature.
Implants for sustained release formulations are well-known in the art. Implants
are formulated as microspheres, slabs, etc. with biodegradable or non-biodegradable
15  polymers. For example, polymers of lactic acid and/or glycolic acid form an erodible
polymer that is well-tolerated by the host. The implant containing identified agents of the
present invention may be placed in proximity to the site of action, so that the local
concentration of active agent is increased relative to the rest of the body. Unit dosage
forms for oral or rectal administration such as syrups, elixirs, and suspensions may be
20  provided wherein each dosage unit, for example, teaspoonful, tablespoonful, gel capsule,
tablet or suppository, contains a predetermined amount of the compositions of the present
invention. Similarly, unit dosage forms for injection or intravenous administration may
comprise the compound of the present invention in a composition as a solution in sterile
water, normal saline or another pharmaceutically acceptable carrier. The specifications
25  for the novel unit dosage forms of the present invention depend on the particular
compound employed and the effect to be achieved, and the pharmacodynamics associated
with each active agent in the host.
The pharmaceutically acceptable excipients, such as vehicles, adjuvants, carriers
or diluents, are readily available to the public. Moreover, pharmaceutically acceptable
30 auxiliary substances, such as pH adjusting and buffering agents, tonicity adjusting agents,
stabilizers, wetting agents and the like, are readily available to the public.

A therapeutic dose of an identified agent is administered to a host suffering from a



65 <900> 3 tatttcgata acg 13 <210> 4 <211> 13 <212> DNA <213> Artifici al
sequence <220> <223> Sarrpl e SNP Hapl otype: Z <900> 9 tatctacaat cac 13
<210> 5 <%%€@>§®1<212> <213> Artificial sequence <220> <223> SNP
sequence < agtaacccct ttt 13 <210> 6 <211> 13 <212> DNA <213>
Artificial sequence <220> <223> SNP sequence <9D0> 6 actgacccct ttt 13
<210> 7 <211> 13 <212> DNA <213> Artificial sequence <220> <223> SNP
sequence <900> 7 agtgactctt taa 13 -42-

disease or disorder. Administration may be topical, localized or systemic, depending on
the specific disease. The compounds are administered at an effective dosage such that
over a suitable period of time the disease progression may be substantially arrested. It is
contemplated that the composition will be obtained and used under the guidance of a

5  physician for in vivo use. The dose will vary depending on the specific agent and
formulation utilized, type of disorder, patient status, etc., such that it is sufficient to
address the disease or symptoms thereof, while minimizing side effects. Treatment may
be for short periods of time, e.g., after trauma, or for extended periods of time, e.g., in the
prevention or treatment of schizophrenia.

10 The SNPs identified by the present invention may be used to analyze the
expression pattern of an associated gene and the expression pattern correlated to a
phenotypic trait of the organism such as disease susceptibility or drug responsiveness.
The expression pattern in various tissues can be determined and used to identify
ubiquitous expression patterns, tissue specific expression patterns, temporal expression

15  patterns and expression patterns induced by various external stimuli such as chemicals or
electromagnetic radiation. Such determinations would provide information regarding
function of the gene and/or its protein product.

The newly identified sequences also may be used as diagnostic markers, i.e., to
predict a phenotypic characteristic such as disease susceptibility or drug responsiveness.

20  In addition, the methods of the present invention may be used to stratify populations for
clinical studies. As such, the genes or fragments thereof may be used as probes to
determine whether the same nucleic acid sequence is present in the genome of an
organism being tested. In addition, the probes may be used to monitor RNA or mRNA
levels within the organism to be tested or a part thereof, such as a specific tissue or organ,

25  so as to determine the expression level of the marker where the expression level can be
correlated to a particular phenotypic characteristic of the organism. Likewise, the marker
may be assayed at the protein level using any customary technique such as
immunological methods—Western blots, radioimmune precipitation and the like—or
activity based assays measuring an activity associated with the gene product. Moreover,

30  when a phenotype cannot clearly distinguish between similar diseases having different
genetic bases, the methods of the present invention can be used to identify correctly the

disease.



66 CLAIMS 1. A nethod for selecting SNP hapl otype patterns, conprising:

I sol ating a substantially identical nucleic acid strand froma plurality of
di fferent %d g%(ﬂ)j for anal ysis; deterx~n.ining nore than one SNP | ocation
in each noctdr cid stra~id; identifying SNP | ocations in said nucleic
acid strands that are |linked, wherein said |inked SNP | ocations forma SNP
hapl ot ype bl ock; identifying isolate SNP hapl otype bl ocks; identifying SNP
hapl ot ype patterns that occur in each -88P hapl vt ype bl ock and isol ate SNP
hapl ot ype bl ock; and selecting each identified SNP hapl otype pattern that
occurs in at | adstittshouldbe appaiers uis tianhetbdyofithkepileb@ninveutbetah Raisdd st r ands
fromdifferent origins. 2. The nethod of claiml, wherein said fjrst

i dent i fyi AjyOLABISIMS §51éétfr@m7htﬁwsmlf opexnEdeVhendhs Preamiswrs an anistal.d8s - pat hs

al gorith P, bl ocks are
non- over m&lﬁgwﬁ;r@’e%g?ﬁmgo’?[’ﬁ c?g ?é d]TID IM?T}elO\%%?g(?%églalgag&Etd%l e lally

I dent i cal redistaned/or amcdptﬂilh@zndsnmhﬁ]efwabmlahndeemg 1mb1men tbd:)bkﬁ, aﬂd)Wlhen about

100 di fferent origins. met hod of claimd4, wherein said substantially
i dent i tal MEOEEAHE KA laa%it %%réh%@r%f the iveion TEak be Wisae 14%@“3 lofier ent

ori gins. fgockhed mhﬁ&a@ regllsﬁhég/ §r sWR&S it S&fvﬂoﬁl‘rﬁ?x?t%ﬁmérﬁ ck¥nidenti cal

nucl eic acid strands are from at | east abo t 25 different origins. 67 7
The net hoberbicidelrasistalce. wherei n sai d substantially identical nucleic acid

strands are from at st. a ferent The met hod of
ol o m 1, wher el CohedTCptePA A P et £ 2t Fieh B e 2areiiBe M ande ar e
genoni ¢ bﬁi@th@ﬁél@@f‘ﬁalot%col}r&llﬂﬁ%@@ﬂmﬁﬁl spéoidsBr gexlémehﬁlﬁlréhg&lts'd%@&ibeﬁ% percent
of genotni ¢ DNA'froman organismis isolated and ana d. 10. The met hod

of cl Ml m suchwiesresiryy His dlextobequnderstgdilaa dlse ermimologly dis eians falths

purpose of describing particular embodiments only, and is not intended to limit the scope

of the present invention, which will be limited only by the appended claims.

Databases

15 The present invention includes databases containing information concerning
variations, for instance, information concerning SNPs, SNP haplotype blocks, SNP
haplotype patterns and informative SNPs. In some embodiments, the databases of the
present invention may comprise information on one or more haplotype patterns associated
with one or more phenotypic traits. Databases may also contain information associated

20  with a given variation such as descriptive information about the general genomic region
in which the variation occurs, such as whether the variation is located in a known gene,
whether there are known genes, gene homologs or regulatory regions nearby and the like.

Other information that may be included in the databases of the present invention

include, but are not limited to, SNP sequence information, descriptive information

25  concerning the clinical status of a tissue sample analyzed for SNP haplotype patterns, or
the clinical status of the patient from which the sample was derived. The database may
be designed to include different parts, for instance a variation database, a SNP database, a
SNP haplotype block or SNP haplotype pattern database and an informative SNP
database. Methods for the configuration and construction of databases are widely

30 available, for instance, see Akerblom et al., (1999) U.S. Patent 5,953,727, which is herein
incorporated by reference in its entirety.

The databases of the invention may be linked to an outside or external database.



I dentical nucleic acid strands are isolated and anal yzed. 11. The net hod of
claim1, wherein selected repeat regions fromsaid substantially identical
nucl ei c ag4g015_ &ﬂnds are not analyzed. 12. The nethod of claim1, wherein
said nore“than one SNP | ocation is determ ned using at |east one nucleic
acid mcroarray having at least 1 x 106 probes. 13. The nethod of claim12,
wherein said mcroarray has at |least 10 x 106 probes. 14. The net hod of
claim 13, wherein said mcroarray has Af- 1 east 50 x 106 probes. 15. The

met hod of claim1, further conprising: after said determ ning step,

i denti fyi Aiguwh? sliovaNR dxam’dahy)n@nputemetwmtkythntriseuitalblesfa'r theplatabasdstayd of

i dentical nucl.ei¢ acjd str and excl udj sai d once-.oc L ng SNP
| ocat i ons SHCGEASFYLME® ofahe s ThivEIP (A ETEP A YORGERB UL S | 81 ng:

sel ecti ngc@hnebiRd kk@tl%' thé X}&ﬂw@@&{/&{tﬁ‘sélbéts)‘996¥lﬁ§ugl]3§toc£1ra‘?é’élﬁéﬁvbﬁ< (Iepi d
substantially identical 'nucleic acid strands; and 68 sel ecting a SNP

hapl ot ypesyshtas en athetret 99T cAmsintes 904 msftbefcpenﬁmdtdlgmlyi testhie vagkdisticamarital | y

i dentigcal ,Nuc] ei ¢ [ and re ting.said seco lectin step
it S b et S ot AT Ry R St R o R Bl R YN Sl 5
subst ant i gleliitet @948 ¢iala gAuSHa81s6rve£ 90y Whichmels alsb/servEns anfretad b@tfwe‘éh @hem 16,
wherein said portion is between about 70% and 99% of said substanti all y

i dent i cal WI%S enddied-ANORAd n pregerretigmbodinhrids, die wPIkstaiay makher ei n sai d
S ands.  JuPhhERRRRAHAOHA Sl e TSN oo RS SELortil e SR
hapl ot ypeNational Center for Biotechnology Information 909, through the internet 908.

10 Any appropriate computer platform may be used to perform the necessary
comparisons between SNP haplotype blocks or patterns, associated phenotypes, any other
information in the database or information provided as an input. For example, a large
number of computer workstations are available from a variety of manufacturers, such has
those available from Silicon Graphics. Client-server environments, database servers and

15  networks are also widely available and are appropriate platforms for the databases of the
invention.

The databases of the invention may also be used to present information identifying
the SNP haplotype pattern in an individual and such a presentation may be used to predict
one or more phenotypic traits of the individual. Such methods may be used to predict the

20  disease susceptibility/resistance and/or drug response of the individual. Further, the
databases of the present invention may comprise information relating to the expression
level of one or more of the genes associated with the variations of the invention.

The following examples describe specific embodiments of the present invention
and the materials and methods are illustrative of the invention and are not intended to

25  limit the scope of the invention.

Example 1: Preparation of Somatic Cell Hybrids
Standard procedures in somatic cell genetics were used to separate human DNA

strands (chromosomes) from a diploid state to a haploid state. In this case, a diploid

30  human lymphoblastoid cell line that was wildtype for the thymidine kinase gene was
fused to a diploid hamster fibroblast cell line containing a mutation in the thymidine
kinase gene. A sub-population of the resulting cells were hybrid cells containing human

chromosomes. Hamster cell line A23 cells were pipetted into a centrifuge tube containing



patterns are selected. 20. A nethod for selecting a data set of SNP

hapl ot ype bl ocks fox data anal ysis, coxnprising: conparing SNP hapl ot ype
bl ocks fors4gpf 3pHpt i veness; selecting a first SNP haplotype block with a
hi gh informativeness; adding said first SNP hapl otype block to said data
set; selecting a second SNP hapl otype block wth a high informtiveness;
addi ng sai d second sel ected SNP hapl otype block to said data set; and
repeating said selecting and adding sté&psS until a region of interest of a
nucleic acid strand is covered. 21. The nethod of claim?20, wherein said
sel ect ed SNRnhaMEM yp@hixholdis fetal dovion serem GRS) rglX Ren/Stee+éthgldtaofine | ai m

20, wherein a ed orit s used to performsai.d select] st eps.

6’ 25 A nieheeornnErd o rin ot m il (e aRpI s e\ S ke 684 oo
pattern, GRmReH $itddtisSRt RN HRE cSNRnDAP] Py REMIGhEdENS ThelyBpi¥tsta®! ot ype
bl ock; conparing each SNP hapl otype pattern of interest in said SNf

hapl ot ype cBllpwkretgsown Bed 7° S ¢paphencgp &t g samergng fuman dyrephobilastadicel lsSNP

hapl ot ype : ] ecti . At ) [ 415t SNR e

patt or i ot ppuEiFEL bagi ke KR p ARSI ReBel Bl kRIS LIRE ) o
i nterest fPea/SuepherossShitdmipt %V@ﬁdﬁ&tdeﬁﬁ‘ﬁﬁ%ﬁfat i180@ s forl Tmautes, SNP

hapl ot ype bl ock, Wherein said selected at |east one SNP is an informative

SNP for sasuspanded inshml ghBPdH e pinstted pyo p fissigicyltaxdlagk speipme B wtk. 24.

The net ho‘i‘ﬁf?fl i r 04}@,5,' | £4o ' said selecting step
until a su cll'gfnlfe lﬁﬁ%égasc};ﬂictﬁpg{r;vﬁ%t veh%r\gg %fog&?g}lg%teéd to distinguish a
portion of SNP Togpémry the A hanmsta cells, ahePiewitamk dinypeaddspokted 2bd thehellget hod

of claim 24, wherei, i | ect ed portion of SNP hapl otype patterns is
about 1005tese HBGH8us 6% PERP b oL Ype (B Duriuesch g ISRERSS! of y pe
bl ock. 26 4ivii&t dRS BOh1Rtes 6F REIR rRAdiu TV Widhdhit SB BGnAGndibafel @03 PPC SNP
hapl ot ype patterns arlows identification of a disease of interest.

The lymphoblastoid cells were prepared by transferring the culture into a centrifuge tube
and centrifuging at 1500 rpm for 5 minutes, aspirating the growth medium, resuspending
the cells in 5 ml RPMI and pipetting 1 to 3 ml of cells into 2 flasks containing 20 ml

15 RPMIL

To achieve cell fusion, approximately 8-10 x 10° lymphoblastoid cells were

centrifuged at 1500 rpm for 5 min. The cell pellet was then rinsed with DMEM by
resuspending the cells, centrifuging them again and aspirating the DMEM. The
lymphoblastoid cells were then resuspended in 5 ml fresh DMEM. The recipient A23

20  hamster cells had been grown to confluence and split 3-4 days before the fusion and were,
at this point, 50-80% confluent. The old media was removed and the cells were rinsed
three times with DMEM, trypsinized, and finally suspended in 5 ml DMEM. The
lymphoblastoid cells were slowly pipetted over the recipient A23 cells and the combined
culture was swirled slowly before incubating at 37 °C for 1 hour. After incubation, the

25 media was gently aspirated from the A23 cells, and 2 ml room temperature PEG 1500
was added by touching the edge of the plate with a pipette and slowly adding PEG to the
plate while rotating the plate with the other hand. It took approximately one minute to
add all the PEG in one full rotation of the plate. Next, 8 ml DMEM was added down the
edge of the plate while rotating the plate slowly. The PEG/DMEM mixture was aspirated

30  gently from the cells and then 8 ml DMEM was used to rinse the cells. This DMEM was
removed and 10 ml fresh DMEM was added and the cells were incubated for 30 min. at

37 °C. Again the DMEM was aspirated from the cells and 10 ml DMEM in which 10%



27. A nmethod of determ ning informativeness of a Sl ~~'P hapl otype bl ock,
conprising: determning a nunber of SNP | ocations in said SNP hapl ot ype

bl ock; detggmi.Bhglg a nunber of informative SNPs required to distingui sh SNP
hapl ot ype patterns of interest in said SNP hapl otype bl ock; and dividing
sai d nunber of SNP |ocations by said nunber of informative SNPs to produce
a quotient, wherein said quotient is said informativeness of said SNP

hapl ot ype bl ock. ~0 2g. A method of T 8t er ni ni ng informativeness of a SNI'
hapl ot ype bl ock, conprising: determ ning a nunber of SNP | ocations in said
SN ' hapl &BSeandl ladlen/SMepevarapddddnyanaddad to thercelds, whidlowengttherealBNRsl toequi r ed
to distingui El’{ SNP &?Pl otype patterns of interest in said SNP hapl otype

bl ock froME8EH CTRE" wherein said nunbez of iz~forxnatxve SNPs required

to di stingui shASRPiapdtRiny iR mafid Radsspahtell AhEHRells Sveferiibel RiQIPRY.I veness
of said SNP hapl otype bl ock. 29. A nmethod for determ ning di sease-rel ated

geneti c | dbf celistwerathea tpimisimidediend dividpdenymeplgeyermtdaing selegia nefaof sai d

pattorno PR PFRER O RBR K GPERH %S RPT 080 b SR8 BT i i ng
SNP hapl otaceived apprekingatdly Q00,000 talisd Tk $nddin Radiitapetsh Mephitddayofdlloanth

COXr ~pari n.ag“ frequenci es of said SNP hapl otype patterns of said _control
popul at i oRlafingnhCploaipsavees piskest andplaced o FApvelt plgtes yaen becemning viskileiadi seased

popul ati o I . §far e ~ i r Les:d fgl.ca I Lons of
di sease-r gean\tggﬁi ?eerrl(éi?%’ % 1?'20{}%%%8&6%%%@%82%&3@% gg&mﬁ?ﬂé?ﬁ%é‘?a SNP
hapl ot ypehgdthy end shearells detetrypsivezedi andaboved as b 650ell pldievi dual s in a control
popul ation. 31 e pet hod .of, cl.aim29, wherein, said, SNP. hapl ot ype patterns
Protxisaid popbimgrdnaciohuiueltultien ot MESHTI Boimins velsarpn B eline
rtaethod @fyiecdidufBs2She WOIRS Wb t%biﬁihzléﬂ‘BQJ Hﬁlde}d%e@%@% a0 rehatak %Qntuﬁi:i),r{ggTﬁ;

| east one nucleic acid mcroarray having at least 1 x 106 probes. 33.
met hod of 1¢diseleeti@2medihendamEppandorfitatreo Atheaglilh istha tubleewese palletsd, 106 pr obes.

gf‘oblge mreetsgs%%ngefd ﬁoadlrpBQ}g ’ancY\BﬁAe s %gfagedrﬂsﬁ]rgoa {aggn B%JSA ffjlntinilkelé1 zﬁta 50 x 106
concentration of <5 million cells per spin column. The 100 mm plate was grown to

15  confluence, and the cells were either continued in culture or frozen.

Example 2: Selecting Haploid Hybrids
Scoring for the presence, absence and diploid/haploid state of human

chromosomes in each hybrid was performed using the Affymetrix, HuSNP genechip

20  (Affymetrix, Inc,. of Santa Clara, CA, HuSNP Mapping Assay, reagent kit and user
manual, Affymetrix Part No, 900194), which can score 1494 markers in a single chip
hybridization. As controls, the hamster and human diploid lymphoblastoid cell lines were
screened using the HuSNP chip hybridization assay. Any SNPs which were heterozygous
in the parent lymphoblastoid diploid cell line were scored for haploidy in each fusion cell

25  line. Assume that “A” and “B” are alternative variants at each SNP location. By
comparing the markers that were present as "AB" heterozygous in the parent diploid cell
line to the same markers present as “A” or “B” (hemizygous) in the hybrids, the human
DNA strands which were in the haploid state in each hybrid line was determined.

Figure 11 shows results after two human/hamster cell hybrids (Hybrid 1 and

30  Hybrid 2) are tested for selected markers on human chromosome 21. The first column

lists the HuSNP chip marker designations. The second column reports whether a signal

was obtained when the hamster cell nucleic acid (no fusion) was used for hybridization



71 35, A nethod of constructing a SNP hapl otype bl ock map using nultiple
whol e genones conprising: arranging SNPs found in at | east about ten

per cent of54§§f ?Od‘fnm e genones into SNP hapl otype bl ocks. 36. A nethod of
maki ng associations between SNP hapl otype patterns and a phenotypic trait
of interest conprising: building baseline of SNP hapl otype patterns by the
nmet hods of the present invention; pooling whole genomc DNA froma

popul ation having a common phenotypic t47ait of interest; and identifying
said SNP hapl otype patterns that are associated with said phenotypic trait
of i nt er estith 8HuSNRAehipetAxoakpodted, [thdram@ no wigaaldbnanynmarkenrin the hGhksr edlle used

for said buildi d I d |dent|f ing steps. 38. met ho entifying
di agnost i Samplex dg ty Bjrﬁﬁ‘l“gp Fports g ‘?ag;raﬂﬁl%?rnqasﬁﬁggfqrwrg&pgcta{ dtding to
clai m 23, «phef eAB PaiHe | alﬁmﬁa 5ﬁfeht%n$é}ﬁ§meheolgét@s%@mms dEHkers Based on
associ ations. 39. ‘A nethod fox |dent|fy|ng rug dlscovery targets

conpr|3|ngwum@snonhumngvammtMappaﬁmpempanmen%@ummoMyaJﬁw&maeemspGEﬂn;fy|ng

a chro so | ocati o ssoci,at ed SNP ” att

et or s AGE In e e CEDR 7 GBS RGeS b AR e BB Mieditton and
sai d di seas§colaffls repb? tBe}eRGH When Audlbic ABRISARBIes |f1Q>‘ﬁﬁ€W@Bhrﬁé‘n/HarH§iélduet of
expression of that chronobsomal |ocation that is associated with said

di sease; Whitidsi(Hlybeid andHadrid®) @mhyrbﬂémﬁlwuhdbeﬂuwmhlm Tdc@dme@se@f
expr essi nghgle CPX[}a 4 Sl%f?me? aeFédlg?r?{he%Ql e&rp éi’Dl? &F ﬁlqe, o% eg varlgrrﬁs were

di sease i cover
transferred in the fusion. In cases where only B variants were present in the parent

10 CPD17 cell line, only B variants were transferred in the fusion. In cases where the
CPD17 cell line was heterozygous, an A variant was transferred to some fusion clones,
and a B variant was transferred to other fusion clones. It should be understood, however,
that often only portions of chromosomes are present in the hybrid cell lines resulting from
this fusion process, that some hybrids may be diploid for some human chromosomes or

15  portions thereof, that some hybrids may be haploid for other human chromosomes or
portions thereof, and some hybrids may not have either variant of some chromosomes.
Hybrids containing only one variant of a particular human chromosome (for instance,
chromosome 21) were selected for analysis. Even more preferably, hybrids containing a
whole chromosome (as opposed to only a portion thereof) were selected for analysis.

20
Example 3: Long Range PCR

DNA from the hamster/human cell hybrids was used to perform long-range PCR
assays. Long range PCR assays are known generally in the art and have been described,
for example, in the standard long range PCR protocol from the Boehringer Mannheim

25  Expand Long Range PCR Kit, incorporated herein by reference or all purposes.

Primers used for the amplification reactions were designed in the following way: a
given sequence, for example the 23 megabase contig on chromosome 21, was entered into
a software program known in the art herein called “repeat masker” which recognizes
sequences that are repeated in the genome (e.g., Alu and Line elements)(see, A. F. A.

30  Smit and P. Green, www.genome.washington.edu/uwgc/analysistools/repeatmask,

incorporated herein by reference). The repeated sequences were “masked” by the

program by substituting each specific nucleotide of the repeated sequence (A, T, G or C)



40. The nethod of claim 39, wherein said associated chronosomal | ocations
are prioritized for drug discovery targets based on a set of criteria that

i ncl udes E&ﬁgtk)ﬁ in a highly conserved region and | ocation in an

i ntergeni g% . 41. The nethod of claim 39, wherein informative SN)?s
are used in said associating step. 42. The nethod of claim4l, wherein said
informati ve SNPs are assayed using at |east one nucleic acid mcroarray
having at least 1 x 10~ probes. 43. Thd8nethod of claim 42, wherein said

m croazray has at |east 10 x 106 probes. 44. The nethod of claim 43,

wherei n st “N°C IThakéienbPsutit alfepgis ePeat nlddk siisBRfidn W theéh BEMEA Of
determ ning a SNP hapl otype pattern of an individual conprising: assaying

for at | egpmegisealiyivailaple prmesigeigngsogrampEtlised 330 %o srdgat primgrSNEL Wergl ot ype
L . . f i Cing “tari g SN
resent i orealn BREb SRcRby IR Eheh rSRER oI AORRI BLIK o SVBNES 20 He 000 0

sai d SNPsdésigned PNmepapipat frpe Mligeak®3 Wys tHegf@l inwed Progene GhiohGhé0rchobP®

hapl otgpe patterns having few anbj guous positions. 4?. A database

conpr isi nBIBREPaEs ek, yatld) S dk amplity; a @yert regiangd ihesnonr byl bayenminagani sns,
wherei n sai : i el lﬁ?essléf: o r J wherein
sai d data zfglgg ?ilﬁlgﬁé gd ﬁg‘%’? gp?rrgg(gg%ﬁ'e e |‘8err%1§1dz&é81?09,&6%[aﬂtag%ea§gﬁo%ﬂ%

conput er - cexmderoladlyravdilable pomeplssind ghiShRmeaésidnypas patasedis, amdeprtatti ed as
associ at et?l Wi é{% one or nore specific phenot¥B| c traits. 49. A database on a
conput er - PEAJAH FOFSUMERFLORISH O8I HGE PRTTHEE PYBSRRPRORMSY i fi ed as

associ ated w tRn@lﬂ%t@fivé‘%'gfocgpﬁ)?!Jﬂg%ar?é@@ﬁﬁ@és%é EQ}B&ﬁ-Loi%-Te%atg@tﬁbase of

claim47, 48 or 49, furt onprising information on one or re factors
sel ectled $ystam &ogr BoghringeisMatihegm éiat.¢ 168t 838 hB42,actldf2 06@t hethegenet i ¢

factors, rr%I a eed Jcﬁcs ors ncl L{di ng_ but tnot I{' m ted 1:[0 bi ochem call mar ker s)

behavi or sPOEHEF T8t her Sglr{/]rr%?’é)ﬁir HETSS TR MACh G BGt "haCPITHT PEPR'S | ow

f requencyMebBsMix €pestpiepatddser dchneactiog il B5 eblimifofugeltubds &i fcetpd di agnosi s

of a disease, disease_ susceptibility, or thera%% response conprising neans
#

for deteciFiigese fradyehuee of 19ads of Molegulaiology (BadeW afsa(Bier Whitiker,
o ¢ e ! . t
I ntorma '(‘f?c,#sw?ﬁoffﬂé9.55qg%pﬁlg[ah@ﬁn%p&mg%%i%?q%pgﬁﬁ, g@d’g@d%{@ se

of associations o ald otype patte s Wi th one
or nolde siemM eachphdhdieyimodogiesaCatd 19292-0d 8)rfout dmal emdatitatiomed 40 MmET. An

i sol at ed nugl ﬁkﬁ’%@g conprj si ng_at | east one informative SNP, wherein said
i nf or mat i SR ENB L Qpg SWP'Hepl ot ype pattern as determined in

accordance W tXia$tB€Mix 2 for all reactions was prepared and kept on ice. For each PCR
reaction Master Mix 2 includes a final volume of 25 L o f Molecular Biology Grade
Water (Bio Whittaker); 5 L 10 x PCR buffer 3 containing 22.50 mM MgCl1, (Sigma,
20 Cat.#M 10289);2.5 L 10 mM MgCl1,; (for a final MgC1; concentration of 2.75 mM);
and 0.75 L enzyme mix (added last)

Six microliters of premixed primers (containing 2.5 L o f Master Mix 1) were
added to appropriate tubes, then 25 L of Master Mix 2 was added to each tube. The
tubes were capped, mixed, centrifuged briefly and returned to ice. At this point, the PCR

25  cycling was begun according to the following program: step 1: 94°C for 3 min to denature
template; step 2: 94°C for 30 sec; step 3: annealing for 30 sec at a temperature appropriate
for the primers used; step 4: elongation at 68°C for 1 min/kb of product; step 5: repetition
of steps 2-4 38 times for a total of 39 cycles; step 6: 94°C for 30 sec; step 7: annealing for
30 sec; step 8: elongation at 68°C for 1 min/kb of product plus 5 additional minutes; and

30  step 9: hold at 4°C. Alternatively, a two-step PCR would be performed: step 1: 94°C for
3 min to denature template; step 2: 94°C for 30 sec; step 3: annealing and elongation at

68°C for 1 min/kb of product; step 4: repetition of steps 2-3 38 times for a total of 39



74 met hods of the invention, wherein said informative SNP is associ at ed
with a phenotypic trait. 53. A nethod conprising: identifying genetic

vari ati ong é@-?ooﬁ' urality of individuals; identifying at | east sone of said
genetic v AI}I tions in individuals that occur with at | east sone other of
said genetic variations; and using sone, but not all, of said variations
that occur with at | east sone othexs of said genetic variations in
correlation with a phenotypic state, 549- The nethod of clalrn 53, wherein
said variations are identified using at | east one nucleic acid m croarray
havi ng at cyaas steg 50410 GopilotsessterSs. aniitpdingané etpngétian ai68F G dor markbh af sai d

m croarray has at least 10 x 106 obes. .. Jhe method of claimb55,
wher ei n séﬁogu?ﬁpivso%?(?‘gwl ggméut]teﬁ; gﬁifte%g. l%gg%#ﬁobes. 57. A nethod
conpri sing: deResiMsi i 1@@&91%@11% pl At aG6IRAESIH fob OANUsRegiaskidd | onal

I ndi vidual s of said organismfor variants from said sequence; identifying

sone of shudaverpmnsemesnit and@@uweraivishalined onstivdivgahrgmida-stained agayose fir st

group;.identif.yin 0. f said | ant hat__occur W t thers of said
var i a_n% s Fn® Q; ‘é‘é&?g%ﬁ gﬁ%@ﬁ}? 485 ng{ %&gic yon Bqtf?horﬁigt()faelp?esgflnélg?r&m\%ri ant's
in said fidusihel@pfodiRePAApEfiPserhdht SRV & & efeipiediZlofdbsut\8i k) ard phenot ypi ¢
st ate.

appeared to fail to amplify genomic regions in only rare cases (see G11 on the

chromosome 22 gel).

10  Example 4: Wafer Design, Manufacture, Hybridization and Scanning
The set of oligonucleotide probes to be contained on an oligonucleotide array

(chip or wafer) was defined based on the human DNA strand sequence to be queried. The
oligonucleotide sequences were based on consensus sequences reported in publicly
available databases. Once the probe sequences were defined, computer algorithms were

15  used to design photolithographic masks for use in manufacturing the probe-containing
arrays. Arrays were manufactured by a light-directed chemical synthesis processes which
combines solid-phase chemical synthesis with photolithographic fabrication techniques.
See, for example, WO 92/10092, or U.S. Patent Nos. 5,143,854, 5,384,261 5,405,783,
5,412,087; 5,424,186, 5,445,934, 5,744,305; 5,800,992; 6,040,138; 6,040,193, all of

20  which are incorporated herein by reference in their entireties for all purposes. Using a
series of photolithographic masks to define exposure sites on the glass substrate (wafer)
followed by specific chemical synthesis steps, the process constructed high-density areas
of oligonucleotide probes on the array, with each probe in a predefined position. Multiple
probe regions were synthesized simultaneously and in parallel.

25 The synthesis process involved selectively illuminating a photo-protected glass
substrate by passing light through a photolithographic mask wherein chemical groups in
unprotected areas were activated by the light. The selectively-activated substrate wafers
were then incubated with a chosen nucleoside, and chemical coupling occurred at the
activated positions on the wafer. Once coupling took place, a new mask pattern was

30  applied and the coupling step was repeated with another chosen nucleoside. This process
was repeated until the desired set of probes was obtained. In one specific example, 25-

mer oligonucleotide probes were used, where the thirteenth base was the base to be



75 58. The method of claim57, wherein said scanning step is perforned
using at | east one nucleic acid mcroarray having at least 1 x 106 probes.
59. The méaémgsdbfl clai m 58, wherein said rnicxoarray has at |east 10 x 106
probes. 60. The nethod of claimb59, wherein said mcroarray has at | east SO
X 106 probes. 61. A nethod for selecting a SNP hapl otype bl ock useful irx
genom ¢ anal ysis, conprising: isolati n% a substantially identical DNA
strand from at |east about fve differenf-ori gins for analysis; analyzing at
| east about 1 x 106 bases from each of said substantially identical DNA
strand fr querst. [Feasproatrowerefuseetodfefreg@atadinugleosde phesarnt in pachgequenee-+ han

one SNP | ocati pn an each DNA strand; identifyin NP Locations in said DNA
strands t A& PRPECHRRBENERHEBE Fobgey A7 et Pl pip o T 1A e Snp
hapl Otypecé}hﬁl%ﬁlénﬂa bbé ¥rdagt @Nﬂeﬂﬁﬁie@ﬁﬂﬂI%sd@%ts@ﬁq@%aée@aét 10GE Y x11p° each SNP

hapl ot ype block; and selecting each identified SNP hapl otype pattern that

occurs i npmhbys weregmesgnsearbeachatrapnl |y i dentical DNA strands from different
origins. 62. rxi .et.hod, for detern ni,ng,. rpacogenonkc-r.el ated genetic
Coct i oot a0Brt BRCRRbRCAGE S PR ARG TRrOPER o Gy e
phar macogpORTesctiof péresindaRatthhdrstér-huiRdndel1SyBdds. dEhedampiésntg behiRalpagd ot ype
patterns fromat |east 16 individuals in_a conixol population; 76
det er i ni Wgrednreledgidonghatedavitle the army vieraliondixbridizatian phte spaalettoithe an
altered rrﬁﬁgrg Sroxf %@rni stration of a substance; and conparing frequencies
of said S apl otype patterns of said control population wth, frequencies
of said SN |I' hsépteftydkzapiahthe BSapivasisettddridios anddal, i parfoadbnden an
altered manner to adm nistration of a substance, wherein differences in
sai d ¢ qupéﬁ%qreglhere patterns of hybridization were detected. The hybridization data were

collected as light emitted from fluorescent reporter groups already incorporated into the

PCR products of the sample, which was bound to the probes. Sequences present in the

sample that are complimentary to probes on the wafer hybridized to the wafer more

strongly and produced stronger signals than those sequences that had mismatches. Since

15  the sequence and position of each probe on the array was known, by complementarity, the

identity of the variation in the sample nucleic acid applied to the probe array was

identified. Scanners and scanning techniques used in the present invention are known to

those skilled in the art and are disclosed in, e.g., U.S. Patent No. 5,981,956 drawn to

microarray chips, U.S. Patent No. 6,262,838 and U.S. Patent No. 5,459,325. U.S.S.N. In

20  addition, 60/223,278 filed on August 3, 2000, and non-provisional application claiming
priority to USSN 60/223,278 filed on August 3, 2001, drawn to scanners and techniques
for whole wafer scanning, are also incorporated herein by reference in their entireties for

all purposes.

25 Example 5: Determination of SNP Haplotypes on Human Chromosome 21
Twenty independent copies of chromosome 21, representing African, Asian, and

Caucasian chromosomes were analyzed for SNP discovery and haplotype structure. Two
copies of chromosome 21 from each individual were physically separated using a rodent-
human somatic cell hybrid technique (Figure 10), discussed supra. The reference

30  sequence for the analysis consisted of human chromosome 21 genomic DNA sequence
consisting of 32,397,439 bases. This reference sequence was masked for repetitive

sequences and the resulting 21,676,868 bases (67%) of unique sequence were assayed for



i ndi cate | ocati ons of pharnmacogenom c-rel ated genetic loci. 63. The met hod
of claim 62, wherein said SNP hapl otype patterns are determned in, at

| east 50 gmgjéx& als in a control population. 64. The nmethod of claim62,
wherei n sai hapl ot ype patterns from said popul ati ons are determ ned
using informative SNPs. 65. The nethod of claim 64, wherein said
informative SNPs are detected using at | east one nucleic acid mcroarray
having at |least 1 x 106 probes. 66. ' fRé- met hod of claim 65, wherein said
~m croarray has at |east 10 x 10g probes. 67. The nethod of claim 65,
wher ei n saarthtioh ovidaiipladeisity oligohekstids Brraysl (hglpnlms oligonucleotides, each
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chloride, 0.01% Tx-100, 10 g/ml denatured herring sperm DNA in a total volume of 14
20  ml per wafer at 50°C for 14-16 hours. The wafers were rinsed briefly in 4X SSPE,
washed three times in 6X SSPE for 10 min each, stained using streptavidin R-
phycoerythrin (SAPE, 5 ng/ml) at room temp for 10 min. The signal was amplified by
staining with an antibody against streptavidin (1.25 ng/ml) and by repeating the staining
step with SAPE.
25 PCR products corresponding to the bases present on a single wafer were pooled
and hybridized to the wafer as a single reaction. In total, 3.4 x 10° oligonucleotides were
synthesized on 160 wafers to scan 20 independent copies of human chromosome 21 for
DNA sequence variation. Each unique chromosome 21 was amplified from a rodent-
human hybrid cell line by using long range PCR. LRPCR assays were designed using
30  Oligo 6.23 primer design software with high-moderate stringency parameters. The
resulting primers were typically 30 nucleotides in length with the melting temperature of

> 65°C. The range of amplicon size was from 3 kb-14 kb. A primer database for the
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30 discovered in the sample of globally diverse chromosomes. Genetic variation,
normalized for the number of chromosomes in the sample, was estimated with two

measures of nucleotide diversity: 7 the average heterozygosity per site and  the
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population mutation parameter (see Hartl and Clark, Principles of Population Genetics

(Sinauer, Massachusetts, 1997)). The 32,397,439 bases of finished genomic chromosome
21 DNA were divided into 200,000 base pair segments, and the high-quality base pairs
used for SNP discovery in each segment were examined. The observed heterozygosity of
5  these bases was used to calculate an average nucleotide diversity (w) for each segment.
The estimates of average nucleotide diversity for the total data set (w = 0.000723 and =
0.000798), as well as the distribution of nucleotide diversity, measured in contiguous
200,000 base pair bins of chromosome 21 (Fig. 13B), are within the range of values
previously described (The International SNP Map Working Group, Nature 409:928-33

10 (2001)).

The extent of overlap of 15,549 chromosome 21 SNPs discovered by The SNP
Consortium (TSC) was compared with the SNPs found in this study. Of the TSC SNPs,
5,087 were found to be in repeated DNA and were not tiled on the wafers. Of the
remaining 10,462 TSC SNPs, 4705 (45%) were identified. The estimate of was

15  observed to be greater than the estimate of © for 129 of the 162 200-kb bins of
contiguous DNA sequence analyzed. This difference is consistent with a recent
expansion of the human population and is similar to the finding of a recent study of
nucleotide diversity in human genes (Stephens, et al., Science 293:489 (2001)). It was
found that 11,603 of the SNPs (32%) had a minor allele observed a single time in the

20  sample (singletons), as compared with the neutral model expectation of 43% singletons
given the observed amount of nucleotide diversity (Fu and Li, Genetics 133:693 (1993)).
The difference between the observed and expected values is likely attributable to the
reduced power to identify rare as compared to common SNPs in this study as discussed
above.

25 Over all, 47% of the 53,000 common SNPs with an allele frequency of 10% or
greater estimated to be present in 32.4 Mb of the human genome were identified. This
compares with an estimate of 18-20% of all such common SNPs present in the collection
generated by the International SNP Mapping Working Group and the SNP Consortium.
The difference in coverage is explained by the fact that the present study used larger

30 numbers of chromosomes for SNP discovery. To assess the replicability of the findings,
SNP discovery was performed for one wafer design with nineteen additional copies of

chromosome 21 derived from the same diversity panel as the original set of samples. A
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EEE <<<dEb{evious findings (Marth, et al., Nature Genet. 27:371 (2001) and Yang, et al., Nature
Genet. 26:13 (2000)). As expected, failure of a SNP to replicate in a second set of
5  samples is strongly dependent on allele frequency. It was found that 80% of SNPs with a
minor allele present two or more times in a set of samples were also found in a second set
of samples, while only 32% of SNPs with a minor allele present a single time were found
in a second set of samples. These findings suggest that the 24,047 SNPs in the collection
with a minor allele represented more than once are highly replicable in different global
10  samples and that this set of SNPs is useful for defining common global haplotypes. In the
course of SNP discovery, 339 SNPs which appeared to have more than two alleles were
identified. These SNPs were not included in the present analysis.
In addition to the replicability of SNPs in different samples, the distance between
consecutive SNPs in a collection of SNPs is critical for defining meaningful haplotype
15  structure. Haplotype blocks, which can be as short as several kb, may go unrecognized if
the distance between consecutive SNPs in a collection is large relative to the size of the
actual haplotype blocks. The collection of SNPs in this study was very evenly distributed
across the chromosome, even though repeat sequences were not included in the SNP
discovery process. Figure 13C shows the distribution of SNP coverage across 32,397,439
20  bases of finished chromosome 21 DNA sequence. An interval is the distance between
consecutive SNPs. There are a total of 35,988 intervals for the entire SNP set and a total
of 24,046 intervals for the common SNP set (i.e. SNPs with a minor allele present more
than once in the sample). The average distance between consecutive SNPs was 900 bases
when all SNPs are considered, and 1300 bases when only the 24,047 common SNPs were
25  considered. For this set of common SNPs, 93% of intervals between consecutive SNPs in
genomic DNA, including repeated DNA, were 4000 bases or less (again, see Figure 13C).
The construction of haplotype blocks or patterns from diploid data is complicated
by the fact that the relationship between alleles for any two heterozygous SNPs is not
directly observable. Consider an individual with two copies of chromosome 21 and two
30 alleles, A and G, at one chromosome 21 SNP, as well as two alleles, A and G, at a second

chromosome 21 SNP. In such a case, it is unclear if one copy of chromosome 21 contains

allele A at the first SNP and allele A at the second SNP, while the other copy of



10 10L910%& ()-17 ! 10%&' ()-610%& ()-410%& ()-210%&' ()-F1s10%&' ()-< <+</<x<<
=A=xY:/ 10109%&' ()-, 10%&' ()- 109%&' ()-&L0%& ()-S 10%& ()- mO%& () -

10~ ==>] >>§"§/§1E §)0110YF10%&' ()-3"10%&' () -
- 1098 () 8 f 109&' ()-109& ()-"?t ?2?#@ GOAJE: /
10"f109%&' ()- ! 109%&' ()-"10%& ()-&10%& ()- 109Kk ()-10%& ()- A AAB?C\ CCdE: /
10s310%&' ()-1 10%&' ()-190g 10%& ()-)s!10%& ()- ("10%&' ()-
&10%&' () - CCJDDDRESETEUEdYNC 10 10 10 165-109%&' () -
9s! 10%&’ () - S89$10%&' ()-610%& ()-5 10%&' () - UE EdEFuHH. J}~<YNC 10!yl | M10%
& () - " 9$10hRin{oso MBI SLARR ()lele mmﬂms([ PNB abduele)G atltbe@econd SNPKKE MMMUI3YNC
11 f1 1 MP1O%&R 16l 1 MB1OY&' () - "'fII 0%&' ()-."1;
|1 MBLOY&' O ggrm PEBIBREOME 211 qontais Ayt h IHSOEEIE BHSF 81 thes8aulp: () - S

109& () - M@ while H oG copy of chromosome 21 contains allele G at the first SNP and allele
A at the second SNP. Current methods used to circumvent this problem include statistical
5  estimation of haplotype frequencies, direct inference from family data, and allele-specific

PCR amplification over short segments.

To avoid these complexities, the present invention characterized SNPs on haploid
copies of chromosome 21 isolated in rodent-human somatic cell hybrids were
characterized, allowing direct determination of the full haplotypes of these chromosomes.

10 The set of 24,047 SNPs with a minor allele represented more than once in the data set was
used to define the haplotype structure are shown in Figure 14. The haplotype patterns for
twenty independent globally diverse chromosomes defined by 147 common human
chromosome 21 SNPs is shown. The 147 SNPs span 106 kb of genomic DNA sequence.
Each row of colored boxes represents a single SNP. The black boxes in each row

15  represent the major allele for that SNP, and the white boxes represent the minor allele.
Absence of a box at any position in a row indicates missing data. Each column of colored
boxes represents a single chromosome, with the SNPs arranged in their physical order on
the chromosome. Invariant bases between consecutive SNPs are not represented in the
figure. The 147 SNPs are divided into eighteen blocks, defined by black horizontal lines.

20  The position of the base in chromosome 21 genomic DNA sequence defining the
beginning of one block and the end of the adjacent block is indicated by the numbers to
the left of the vertical black line. The expanded boxes on the right of the figure represent
a SNP block defined by 26 common SNPs spanning 19 kb of genomic DNA. Of the
seven different haplotype patterns represented in the sample, the four most common

25  patterns include sixteen of the twenty chromosomes sampled (i.e. 80% of the sample).
The black and white circles indicate the allele patterns of two informative SNPs, which
unambiguously distinguish between the four common haplotypes in this block. Although
no two chromosomes shared an identical haplotype pattern for these 147 SNPs, there are
numerous regions in which multiple chromosomes shared a common pattern. One such

30 region, defined by 26 SNPs spanning 19 kb, is expanded for more detailed analysis
(again, see the enlarged region of Figure 14). This block defines seven unique haplotype

patterns in 20 chromosomes. Despite the fact that some data is missing due to failure to
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'pl 3 $10W&aﬁﬂlefHﬁ%hM¥\§b‘Pﬁé\f4Nith infrequent haplotypes would be incorrectly classified as
common haplotypes by using information from only these two informative SNPs.
Nevertheless, it is remarkable that 80% of the haplotype structure of the entire global
sample is defined by less than 10% of the total SNPs in the block. Several different
10  possibilities exist in which three informative SNPs can be chosen so that each of the four
common haplotypes is defined uniquely by a single SNP. One of these “three SNP”
choices would be preferred over the two SNP combination in an experiment involving
genotyping of pooled samples, since the two SNP combination would not permit
determination of frequencies of the four common haplotypes in such a situation; thus, the
15  present invention provides a dramatic improvement over the random selection method of
SNP mapping.

In summary, while the particular application may dictate the selection of
informative SNPs to capture haplotype information, it is clear that the majority of the
haplotype information in the sample is contained in a very small subset of all the SNPs. It

20  is also clear that random selection of two or three informative SNPs from this block of
SNPs will often not provide enough information to uniquely assign a chromosome to one
of the four common haplotypes.

One issue is how to define a set of contiguous blocks of SNPs spanning the entire
32.4 Mb of chromosome 21 while minimizing the total number of SNPs required to

25  define the haplotype structure. In one embodiment, an optimization algorithm based on a
“greedy” strategy was used to address this problem. All possible blocks of physically
consecutive SNPs of size one SNP or larger were considered. Ambiguous haplotype
patterns were treated as missing data and were not included when calculating percent
coverage. Considering the remaining overlapping blocks simultaneously, the block with

30  the maximum ratio of total SNPs in the block to the minimal number of SNPs required to
uniquely discriminate haplotypes represented more than once in the block was selected.

Any of the remaining blocks that physically overlapped with the selected block were
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5  two independent chromosomes.
Applying this algorithm to the data set of 24,047 common SNPs, 4135 blocks of
SNPs spanning chromosome 21 were defined. A total of 589 blocks, comprising 14% of
all blocks, contain greater than ten SNPs per block and include 44% of the total 32.4 Mb.
In contrast, 2138 blocks, comprising 52% of all blocks, contain less than three SNPs per

10 block and make up only 20% of the physical length of the chromosome. The largest
block contains 114 common SNPs and spans 115 kb of genomic DNA. Overall, the
average physical size of a block is 7.8 kb. The size of a block is not correlated with its
order on the chromosome, and large blocks are interspersed with small blocks along the
length of the chromosome. There are an average of 2.7 common haplotype patterns per

15  block, defined as haplotype patterns that are observed on multiple chromosomes. On
average, the most frequent haplotype pattern in a block is represented by 9.6
chromosomes out of the twenty chromosomes in the sample, the second most frequent
haplotype pattern is represented by 4.2 chromosomes, and the third most frequent
haplotype patterns, if present, is represented by 2.1 chromosomes. The fact that such a

20  large fraction of globally diverse chromosomes are represented by such limited haplotype
diversity is remarkable. The findings are consistent with the observation that when
haplotype pattern frequency is considered, 82% of the haplotype patterns observed in a
collection of 313 human genes are observed in all ethnic groups, while only 8% of
haplotypes are population specific (Stephens, et al., Science 293:489-93 (2001)).

25  Several experiments were performed to measure the influence of parameters of the
haplotype algorithm on the resulting block patterns. The fraction of chromosomes
required to be covered by common haplotypes was varied, from an initial 80%, to 70%
and 90%. As would be expected, requiring more complete coverage results in somewhat
larger numbers of shorter blocks. Using only the 16,503 SNPs with a minor allele

30  frequency of at least 20% in the sample resulted in somewhat longer blocks, but the
numbers of SNPs per block did not change significantly. For one region of about 3 Mb, a

deeper sample of 38 chromosomes for SNPs and common haplotype blocks with at least
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¢ () ;tiow&‘”%t%%?ér%‘g/%‘ sty Rk ddonty PG Vossomsaingd moehondve SNPs- 100 ()
-1pl,  $109#is(donkirm$th@PAhe larger blocks seen in the data cannot be produced by chance
associations or as artifacts of the block selection methods of the present invention.
In an effort to determine if genes were proportionately represented in both large
and small blocks, a determination was made of the number of exonic bases in blocks
10 containing more than 10 SNPs, 3 to 10 SNPs, and less than 3 SNPs. Exonic bases are
somewhat over-represented as compared to total bases in blocks containing 3 to 10 SNPs
(p<0.05 as determined by a permutation test).
Based on knowledge of the haplotype structure within blocks, subsets of the
24,047 common SNPs can be selected to capture any desired fraction of the common
15  haplotype information, defined as complete information for haplotypes present more than
once and including greater than 80% of the sample across the entire 32.4 Mb. Figure 15
shows the number of SNPs required to capture the common haplotype information for
32.4 Mb of chromosome 21. For each SNP block, the minimum number of SNPs
required to unambiguously distinguish haplotypes in that block that are present more than
20  once (i.e., common haplotype information) was determined. These SNPs provide
common haplotype information for the fraction of the total physical distance defined by
that block. Beginning with the SNPs that provide common haplotype information for the
greatest physical distance, the cumulative increase in physical coverage (i.e., fraction
covered) is plotted relative to the number of SNPs added (i.e., SNPs required). Genic
25 DNA includes all genomic DNA beginning 10 kb 5° of the first exon of each known
chromosome 21 gene and extending 10 kb 3’ of the last exon of that gene. For example,
while a minimum of 4563 SNPs are required to capture all the common haplotype
information, only 2793 SNPs are required to capture the common haplotype information
in blocks containing three or more SNPs that cover 81% of the 32.4 Mb. A total of 1794
30  SNPs are required to capture all the common haplotype information in genic DNA,
representing approximately two hundred and twenty distinct genes.

The present invention has particular relevance for whole-genome association
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diseases (Risch and Merikangas, Science 273:1516 (1996), Lander, Science 274:536
(1996)). By comparing the frequency of genetic variants in unrelated cases and controls,
5  genetic association studies can identify specific haplotypes in the human genome that

play important roles in disease. While this approach has been used to successfully
associate single candidate genes with disease (Altschuler, ef al., Nature Genet. 26:76
(2000)), the recent availability of the human DNA sequence offers the possibility of
surveying the entire genome, dramatically increasing the power of genetic association

10  analysis (Kruglyak, Nature Genet. 22:139 (1999)). A major limitation to the
implementation of this method has been lack of knowledge of the haplotype structure of
the human genome, which is required in order to select the appropriate genetic variants
for analysis. The present invention demonstrates that high-density oligonucleotide arrays
in combination with somatic cell genetic sample preparation provide a high-resolution

15  approach to empirically define the common haplotype structure of the human genome.

Although the length of genomic regions with a simple haplotype structure is

extremely variable, a dense set of common SNPs enables the systematic approach to
define blocks of the human genome in which 80% of the global human population is
described by only three common haplotypes. In general, when applying the particular

20  algorithm used in this embodiment, the most common haplotype in any block is found in
50% of individuals, the second most common in 25% of individuals, and the third most
common in 12.5% of individuals. It is important to note that blocks are defined based on
their genetic information content and not on knowledge of how this information
originated or why it exists. As such, blocks do not have absolute boundaries, and may be

25  defined in different ways, depending on the specific application. The algorithm in this
embodiment provides only one of many possible approaches. The results indicate that a
very dense set of SNPs is required to capture all the common haplotype information.
Once in hand, however, this information can be used to identify much smaller subsets of
SNPs useful for comprehensive whole-genome association studies.

30 Those skilled in the art will appreciate readily that the techniques applied to
human chromosome 21 can be applied to all the chromosomes present in the human

genome, In a preferred embodiment of the present invention, multiple whole genomes of



3#10%&' () - F! N3#10%&' () - F&$10% & ()-!S) &B10%&R' () -! X&$P10%&' ()-109& ()-{. @I}
9+1 10! S31$10%& () - ! S31$10%& () -
, ) $109%& ﬁ; 1Z (l,)<(il ) P10%&R ()-ZI & ' $10%&R ()-m fl &' $10%& () - MIKLW aBl1
10I S" 109442 P 10% t & ( )-I 1"10%00& ()-1109& ()-Z10%& ()- 10 10i; VxV7Bl
101 $109%&' () - ' al $109%& () - 'kl $109& ()- ! SMP1O%& ()- #MPLOUR' () -
"laMbl0%&' ()- V +0r S10! #10%&' () - 109& () - mMLO%& ()- 10 10
10! XI /' $109%&' ()-L! Xl /' $10%&' ()-L5< g }{60rs10! |°110%
& ()-"Tkl " 110% : & ()-"3h10%& ()-,#109%& ()-m;, #10%& ()-m #10% ()-g | %<
Y[ 9rsiot! Nldl%l@"/ﬁop(l])aﬂoﬁ ¥ép1$ééﬁ)l%(&ve( ()f thé hilmhﬂ.@%&ie(s)ar "Ised 10N fly-SNP
| "1 10%p& ()-" | 110%p& ()-" @! ItN:LO%&I ()-2109%& ()- 10 10
haplotype blocks common to all or most 1ne1ﬁbers of the species. In some embodiments,
SNP haplotype blocks are based on ancient SNPs by excluding SNPs that are represented
at low frequency. The ancient SNPs are likely to be important as they have been
5  preserved in the genome because they impart some selective benefit to organisms

carrying them.

Example 6: Using Associated Genes for Gene Therapy and Drug Discovery
One example for using the methods of the present invention is outlined in this

10 prophetic example. SNP discovery is performed on twenty haploid genomes, and fifty
haploid genomes are analyzed by the methods of the present invention to determine SNP
haplotype blocks, SNP haplotype patterns, informative SNPs and minor allele frequency
for each informative SNP. These fifty haploid genomes comprise the control genomes of
the present study (see step 1300 of Figure 13).

15 Next, genomic DNA from 500 individuals having an obesity phenotype are
assayed for variants by using long distance PCR and microarrays as described supra (see
also, United States Patent No. 6,300,063 issued to Lipshutz, ef al., and United States
Patent No. 5,837,832 to Chee, et al.), and the frequency of the minor allele for each
informative SNP is determined for this clinical population (see step 1310 of Figure 13).

20  The minor allele frequencies of the informative SNPs for the two populations are
compared, and the control and clinical populations are determined to have statistically
significant differences in three informative SNP locations (steps 1320 and 1330). The
SNP location with the largest difference in the minor allele frequency between the control
and clinical populations is selected for analysis.

25 The informative location selected is contained within a SNP haplotype block that
is found to span 1 kb of noncoding sequence 5’ of the coding region and 4 kb of the
coding region of the leptin gene (step 1340). Analysis of the variations contained within
this region indicates that a G at one SNP position in this region is responsible for
destruction of the promoter for the leptin gene, with a commensurate lack of expression

30  of the leptin protein.

Fibroblasts are obtained from a subject by skin biopsy. The resulting tissue is

placed in tissue-culture medium and separated into small pieces. Small pieces of the
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=>aT? AL W]T(})le ]\'/gctg-loderlved from the Moloney murine leukemia virus, which contains a
kanamycin resistance gene, is digested with restriction enzymes for cloning a fragment to
be expressed. The digested vector is treated with calf intestinal phosphatase to prevent

10 self-ligation. The dephosphorylated, linear vector is fractionated on an agarose gel and
purified. Leptin cDNA, capable of expressing active leptin protein product, is isolated.
The ends of the fragment are modified, if necessary, for cloning into the vector. Equal
molar quantities of the Moloney murine leukemia virus linear backbone and the leptin
gene fragment are mixed together and joined using T4 DNA ligase. The ligation mixture

15 isused to transform E. coli and the bacteria are then plated onto agar-containing
kanamycin. Kanamycin phenotype and restriction analysis confirm that the vector has the
properly inserted leptin gene.

Packaging cells are grown in tissue culture to confluent density in Dulbecco's
Modified Eagles Medium (DMEM) with 10% calf serum, penicillin and streptomycin.

20  The vector containing the leptin gene is introduced into the packaging cells by standard
techniques. Fresh media is added to the packaging cells, and after an appropriate
incubation period, media is harvested from the plates of confluent packaging cells. The
media, containing the infectious viral particles, is filtered through a Millipore filter to
remove detached packaging cells, then is used to infect fibroblast cells. Media is

25 removed from a sub-confluent plate of fibroblasts and quickly replaced with the filtered
media. Polybrene (Aldrich) may be included in the media to facilitate transduction. After
appropriate incubation, the media is removed and replaced with fresh media. If the titer of
virus is high, then virtually all fibroblasts will be infected and no selection is required. If
the titer is low, then it is necessary to use a retroviral vector that has a selectable marker,

30  such as neo or his, to select out transduced cells for expansion.

Engineered fibroblasts then are introduced into individuals, either alone or after

having been grown to confluence on microcarrier beads, such as cytodex 3 beads. The
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Such agents are identified by, for example, contacting a candidate agent with an isolated
10  leptin polypeptide for a time sufficient to form a polypeptide/compound complex, and
detecting the complex. If a polypeptide/compound complex is detected, the compound
that binds to the leptin polypeptide is identified. Agents identified via this method can
include compounds that modulate activity of leptin. Agents screened in this manner are
peptides, carbohydrates, vitamin derivatives, and other small molecules or pharmaceutical
15 agents. In addition to biological assays to identify agents, agents may be pre-screened by
choosing candidate agents selected by using protein modeling techniques, based on the
configuration of the leptin protein.
In addition to identifying agents that bind the leptin protein, sequence-specific or
element-specific agents that control gene expression through binding to the leptin gene
20  are also identified. One class of nucleic acid binding agents are agents that contain base
residues that hybridize to leptin mRNA to block translation (e.g., antisense
oligonucleotides). Another class of nucleic acid binding agents are those that form a
triple helix with DNA to block transcription (triplex oligonucleotides). Such agents
usually contain 20 to 40 bases, are based on the classic phosphodiester, ribonucleic acid
25  backbone, or can be a variety of sulfhydryl or polymeric derivatives that have base
attachment capacity.
Additionally, allele-specific oligonucleotides that hybridize specifically to the
leptin gene and/or agents that bind specifically to the variant leptin protein (e.g., a
variant-specific antibody) can be used as diagnostic agents. Methods for preparing and
30 using allele-specific oligonucleotides and for preparing antibodies are described supra

and are known in the art.
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5 The present invention provides greatly improved methods for conducting genome-

wide association studies by identifying individual variations, determining SNP haplotype
blocks, determining haplotype patterns and, further, using the SNP haplotype patterns to
identify informative SNPs. The informative SNPs may be used to dissect the genetic
bases of disease and drug response in a practical and cost effective manner unknown

10 previously. It isto be understood that the above description is intended to be illustrative
and not restrictive. Many embodiments will be apparent to those skilled in the art upon
reviewing the above description. The scope of the invention should, therefore, be
determined not with reference to the above description, but should instead be determined

with reference to the appended claims, along with the full scope of equivalents to which

15  such claims are entitled.
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<210> 1

<211> 13

<212> DNA

<213p Artificial sequence

<220>
<223> Sample SNP Haplotype: W

<400> 1
agattcgata acg 13

<210> 2

<211> 13

<212> DNA

<213> Artificial sequence

<220>
<223> Sample SNP Haplotype: X

<400> 2
agactacata acg 13

<210> 3

<211> 13

<212> DNA

<213> Artificial sequence

<220>
<223> Sample SNP Haplotype: Y
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<220>

<223> Sample SNP Haplotype: Z

<400> 4
tatctacaat cac 13

<210> 5

<211> 13

<212> DNA

<213> Artificial sequence

<220>
<223> SNP seguence

<400> 5
agtaacccct ttt 13

<210> 6

<211> 13

<212> DNA

<213> Artificial sequence

<220>
<223> SNP sequence

<400> 6
actgacccct ttt 13

<210> 7

<211> 13

<212> DNA

<213> Artificial sequence

<220>
<223> SNP sequence

<400> 7

agtgactctt taa 13
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1. A method for selecting SNP haplotype patterns, comprising:

isolating a substantially identical nucleic acid strand from a plurality of different

origins for analysis;
determining more than one SNP location in each nucleic acid strand;

identifying SNP locations in said nucleic acid strands that are linked, wherein said
linked SNP locations form a SNP haplotype block;

identifying isolate SNP haplotype blocks;

identifying SNP haplotype patterns that occur in each SNP haplotype block and
isolate SNP haplotype block; and

selecting each identified SNP haplotype pattern that occurs in at least two of said

substantially identical nucleic acid strands from different origins.

2. The method of claim 1, wherein said first identifying step is determined by a
greedy algorithm or a shortest-paths algorithm.

3. The method of claim 1, wherein said SNP haplotype blocks are non-overlapping.

4. The method of claim 1, wherein said substantially identical nucleic acid strands

are from at least between about 10 to about 100 different origins.

5. The method of claim 4, wherein said substantially identical nucleic acid strands

are from at least about 16 different origins.

6. The method of claim S, wherein said substantially identical nucleic acid strands

are from at least about 25 different origins.
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are genomic DNA strands.

9. The method of claim 1, wherein at least ten percent of genomic DNA from an

organism is isolated and analyzed.

10. The method of claim 1, wherein at least 1 x 10® bases from said substantially

identical nucleic acid strands are isolated and analyzed.

11, The method of claim 1, wherein selected repeat regions from said substantially

identical nucleic acid strands are not analyzed.

12, The method of claim 1, wherein said more than one SNP location is determined

using at least one nucleic acid microarray having at least 1 x 10° probes.
13.  The method of claim 12, wherein said microarray has at least 10 x 10° probes.
14.  The method of claim 13, wherein said microarray has at least 50 x 10° probes.

15.  The method of claim 1, further comprising:
after said determining step, identifying which SNP locations occur only once in
said plurality of identical nucleic acid strands; and

excluding said once-occuring SNP locations from analysis.

16.  The method of claim 1, further comprising:
selecting a SNP haplotype pattern that occurs most frequently in said substantially

identical nucleic acid strands; and
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said substantially identical nucleic acid strands.

18.  The method of claim 17, wherein said portion is at least about 80% of said

substantially identical nucleic acid strands.

19.  The method of c¢laim 16, wherein no more than about three SNP haplotype

patterns are selected.

20. A method for selecting a data set of SNP haplotype blocks for data analysis,
comprising:

comparing SNP haplotype blocks for informativeness;

selecting a first SNP haplotype block with a high informativeness;
adding said first SNP haplotype block to said data set;

selecting a second SNP haplotype block with a high informativeness;
adding said second selected SNP haplotype block to said data set; and

repeating said selecting and adding steps until a region of interest of a nucleic acid

strand is covered.

21. The method of claim 20, wherein said selected SNP haplotype blocks are
nonoverlapping.

22.  The method of claim 20, wherein a greedy algorithm is used to perform said
selecting steps.
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Uzz&{ A{\ { { { { eizhip&igleach SNP haplotype pattern of interest in said SNP haplotype block to
other SNP haplotype patterns of interest in said SNP haplotype block;

selecting at least one SNP in a first SNP haplotype pattern of interest that
distinguishes such first SNP haplotype pattern of interest from other SNP haplotype
patterns of interest in said SNP haplotype block, wherein said selected at least one SNP is
an informative SNP for said first SNP haplotype pattern in said SNP haplotype block.

24.  The method of claim 23, further comprising repeating said selecting step until a
sufficient number of informative SNPs are selected to distinguish a portion of SNP
haplotype patterns in a SNP haplotype block.

25.  The method of claim 24, wherein said selected portion of SNP haplotype patterns
is about 70% to about 99% of SNP haplotype patterns in said SNP haplotype block.

26.  The method of claim 24, wherein said selected protion of SNP haplotype patterns

allows identification of a disease of interest.

27. A method of determining informativeness of a SNP haplotype block, comprising:
determining a number of SNP locations in said SNP haplotype block;

determining a number of informative SNPs required to distinguish SNP haplotype
patterns of interest in said SNP haplotype block; and

dividing said number of SNP locations by said number of informative SNPs to
produce a quotient, wherein said quotient is said informativeness of said SNP haplotype
block.
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determining a number of SNP locations in said SNP haplotype block;

determining a number of informative SNPs required to distinguish SNP haplotype
patterns of interest in said SNP haplotype block from each other, wherein said number of
informative SNPs required to distinguish SNP haplotype patterns of interest is said
informativeness of said SNP haplotype block.

29. A method for determining disease-related genetic loci without a priori knowledge
of a sequence or location of said disease-related genetic loci, comprising:

determining SNP haplotype patterns from at least 16 individuals in a control
population;

determining SNP haplotype patterns from individuals in a diseased population;

and

comparing frequencies of said SNP haplotype patterns of said control population
with frequencies of said SNP haplotype patterns of said disecased population, wherein

differences in said frequencies indicate locations of disease-related genetic loci.

30.  The method of claim 29, wherein said SNP haplotype patterns are determined in
at least 50 individuals in a control population. :

31. The method of claim 29, wherein said SNP haplotype patterns from said

populations are determined using informative SNPs,

32.  The method of claim 29, wherein said informative SNPs are detected using at

least one nucleic acid microarray having at least 1 x 10° probes.
33, The method of claim 32, wherein said microarray has at least 10 x 10° probes.

34.  Themethod of claim 33, wherein said microarray has at least 50 x 10° probes.
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35. A method of constructing a haplotype block map using multiple whole

genomes comprising:

arranging SNPs found in at least about ten percent of said whole genomes into
SNP haplotype blocks.

36. A method of making associations between SNP haplotype patterns and a

phenotypic trait of interest comprising:

building baseline of SNP haplotype patterns by the methods of the present

invention;

pooling whole genomic DNA from a population having a common phenotypic

trait of interest; and

identifying said SNP haplotype pattems that are associated with said phenotypic

trait of interest,

37.  The method of claim 36, wherein informative SNPs are used for said building and

said identifying steps.

38. A method of identifying diagnostic markers comprising;

identifying informative SNPs according to claim 23, wherein said informative

SNPs are diagnostic markers based on associations.

39. A method for identifying drug discovery targets comprising:
associating SNP haplotype patterns with a disease;
identifying a chromosomal location of said associated SNP haplotype patterns;

determining a nature of said association of said chromosomal location and said

disease; and
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selecting a chromosomal location or a product of expression of that chromosomal
location that is associated with said disease; wherein said selected chromosomal location
or a product of expression of that chromosomal location that is associated with said

disease is a drug discovery target.

40, The method of claim 39, wherein said associated chromosomal locations are
prioritized for drug discovery targets based on a set of criteria that includes location in a

highly conserved region and location in an intergenic region.

41.  The method of claim 39, wherein informative SNPs are used in said associating

step.

42. The method of claim 41, wherein said informative SNPs are assayed using at least

one nucleic acid microarray having at least 1 x 10° probes.
43. The method of claim 42, wherein said microarray has at least 10 x 10° probes.
44.  Themethod of claim 43, wherein said microarray has at least 50 x 10° probes.

45. A method of determining 2 SNP haplotype pattern of an individual comprising:

assaying for at least one informative SNP.

46. A method for defining SNP haplotype paiterns of a species or subset of species

comprising:

identifying SNPs present in genomes of multiple organisms of said species;
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47. A database comprising SNP haplotype blocks derived from genomes of multiple
organisms, wherein said database identifies at least one informative SNP and wherein

said database is on computer-readable medium.

48, A database on a computer-readable medium comprising SNP haplotype patterns

identified as associated with one or more specific phenotypic traits.

49. A database on a computer-readable medium comprsing informative SNPs

identified as associated with one or more specific phenotypic traits.

50.  The database of claim 47, 48 or 49, further comprising information on one or
more factors selected from a group consisting of environmental factors, other genetic
factors, related factors, including but not limited to biochemical markers, behaviors,
and/or other polymorphisms, including but not limited to low frequency SNPs, repeats,

insertions and deletions.

51. A kit for diagnosis of a disease, disease susceptibility, or therapy response
comprising means for detecting a presence or absence of SNP haplotype patterns or
informative SNPs in a sample of genomic DNA from a patient and a data set of
associations of said SNP haplotype patterns or informative SNPs with one or more

specific phenotypic traits on a computer-readable medium.

52.  An isolated nucleic acid comprising at least one informative SNP, wherein said

informative SNP indicates a SNP haplotype pattern as determined in accordance with the
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methods of the invention, wherein said informative SNP is associated with a phenotypic

trait.

53. A method comprising:
identifying genetic variations in a plurality of individuals;

identifying at least some of said genetic variations in individuals that occur with

at least some other of said genetic variations; and

using some, but not all, of said variations that occur with at least some others of

said genetic variations in correlation with a phenotypic state.

54.  The method of claim 53, wherein said variations are identified using at least one

nucleic acid microarray having at least 1 x 10° probes.
55.  The method of claim 54, wherein said microarray has at least 10 x 10° probes.
56.  The method of claim 55, wherein said microarray has at least 50 x 10% probes.

57. A method comprising:
determining a sequence of an organism,
scanning additional individuals of said organism for variants from said sequence;

identifying some of said variants that occur with others of said variants in a first
group;
identifying some of said variants that occur with others of said variants in a

second group; and

using some, but not all, of said variants in said first and second groups to correlate

said groups with a phenotypic state.
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59.  The method of claim 58, wherein said microarray has at least 10 x 10° probes.
60.  Themethod of claim 59, wherein said microarray has at least 50 x 10° probes.

61. A method for selecting a SNP haplotype block useful in genomic analysis,
comprising:
isolating a substantially identical DNA strand from at least about five different

origins for analysis;

analyzing at least about 1 x 10° bases from each of said substantially identical
DNA strand from at least about five different origins;

determining more than one SNP location in each DNA strand;

identifying SNP locations in said DNA strands that are linked, wherein said
linked SNP locations form a SNP haplotype block;

identifying SNP haplotype patterns that occur in each SNP haplotype block; and

selecting each identified SNP haplotype pattern that occurs in any of said
substantially identical DNA strands from different origins.

62. A method for determining pharmacogenomic-related genetic loci without a priori
knowledge of a sequence or Jocation of said pharmacogenomic-related genetic loci,
comprising:

determining SNP haplotype pattemns from at least 16 individuals in a control

population;
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with frequencies of said SNP haplotype patterns of said individuals that react in an
altered manner to administration of a substance, wherein differences in said frequencies

indicate locations of pharmacogenomic-related genetic loci.

63. The method of claim 62, wherein said SNP haplotype pattems are determined in
at least 50 individnals in a control population.

64. The method of claim 62, wherein said SNP haplotype patterns from said

populations are determined using informative SNPs.

65.  The method of claim 64, wherein said informative SNPs are detected using at

least one nucleic acid microarray having at least 1 x 10° probes.
66.  The method of claim 65, wherein said microarray has at least 10 x 10° probes.

67.  The method of claim 65, wherein said microarray has at least 50 x 10° probes.



