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life. Variations in the sequence of DNA encoding a protein produce variations or
mutations in the proteins encoded, thus affecting the normal function of cells. Although
environment often plays a significant role in disease, variations or mutations in the DNA
of an individual are directly related to almost all human diseases, including infectious

20  disease, cancer, and autoimmune disorders. Moreover, knowledge of genetics,
particularly 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-metabdlizing 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



and Relling, Science 296:487-91 (1999)). In the clinic, such information is
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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



hapl ot ypes", each of which reflects descent froma single, ancient ancestral
chronosone (Fullerton, et al., Am J. Hum GCenet. 67:881 (2000)). The

conpl exity of |ocal haplotype structure in the hunman genome--and tge
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genotyping over 3,000,000 SNPs across each individual of a reasonably sized population

has made this endeavor impractical. The present invention allows for, among a wide
variety of applications, whole-genome association analysis of populations using SNP
haplotypes.
20
SUMMARY OF THE INVENTION
The present invention relates to methods for identifying variations that occur in
the human genome and relating these variations to the genetic bases of phenotype such as
disease resistance, disease susceptibility or drug response. “Disease” includes but is not
25  limited to any condition, trait or characteristic of an organism that it is desirable to
change. For example, the condition may be physical, physiological or psychological and
may be symptomatic or asymptomatic. The methods allow for identification of variants,
identification of SNPs, determination of SNP haplotype blocks, determining SNP
haplotype patterns, and further, identification of informative SNPs for each pattern, which
30 affords genetic data compression.

Thus, one aspect of the present invention provides methods for selecting SNP

haplotype patterns useful in data analysis. Such selection can be accomplished by



i sol ating substantially identical (honologous) nucleic acid strands froma
plurality of individuals; determ ning SNP | ocations in each nucleic acid
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interest of the substantially identical nucleic acid strands. In a preferred embodiment, the

portion of interest is between 70% and 99% of the substantially identical nucleic acid

20  strands, and, in a more preferred embodiment, the portion of interest is about 80% of the
substantially identical nucleic acid strands. Alternatively, one may wish to limit the
selection of SNP haplotype patterns to no more than about three SNP haplotype patterns
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.



informative SNP in a SNP hapl otype pattern, conprising first determ ning SNP
hapl otype patterns for a SNP hapl otype bl ock, then conparing each SNP
hapl ot ype pattern of interest in the SNP hapl otype block to the other SNP
hapl ot ype patterns of interest in the 5 SNP hapl otype bl ock, and isjedyelfis ng
at | east one SNP in each SNP hapl otype pattern that distinguishes this SNP
hapl ot ype pattern of interest fromthe other SNP hapl otype patterns of
interest in the SNP hapl otype bl ock. The_sel ected SNP (or SNPs) is an

i nformative SNP for the SNP hapl ot ype pdétern. Al so, the present invention
allows for rapid_scanning of genom c regions and 10 provides a nethod for
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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.



The follow ng figures and drawi ngs form part of the present specification
and are included to further denonstrate certain aspects of the patent
invention. The invention 5 nay be better understood by reference tao one
nore of these drawings in conbination wth the detail ed descri pti%”ﬁ'fmﬁf;e
speci fic enbodi nents presented herein. Figure 1 is a schematic of one

enbodi nent of the nethods of the present invention fromidentifying variant
| ocations to associating variants with phenotype, to wusing the associations
to identify drug discovery targets or as diagnostic markers. 10 Figure 2
shows sanpl e SNP hapl ot ype bl ocks and SNP hapl otype patterns according to
the present invention. Figure 3 is a schematic show ng one enbodi nent of a
nmet hod for selecting SNP R il ustrates a sinple
enpl oynent of one enbodi mér@@ﬁﬁggﬁﬁﬁﬁog%%%ﬁ@¢§ Figure 3. Figure 5A
is a schematic dhedolgowinhdgurssnhd dfavingefoha aft f tHehgesnngpedifichticn arikdre Of
SNP hapl ot ype bl ocks. Figure 513 is_a sinple_ enploynent of the nethod shown
in Fi gur e Bduderia further demongivefretertameaspefined tha patent inventioa. Jheinventian
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shown. in Fi; A ELgur | : | €..Qf ' f..usi ng
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enbodi nents of the present inventiqon. Figure 10 is a schematic of the

constrd@tion of Fignagishowesamm BNPdaplotpeplomks and $NPhaglatypg pattemsyst rati ng a

portion of i screening hanster-human cell hybrids with
the HuSNP gaéﬁog?:ﬁrlﬁ‘%%oﬁ?mg% f??r%rﬁ{é}lx Inc. 0 5 MAY 2006 -7 Figure 12 shows an
exanpl e of vari digarads a fchechaje lawing pegembadinkentaframethot famekotmg FWPand
human chr onosone 364 enom ¢ DNA using long range PCR Figure 13A is a bar
graph showi®@BlOBiRE Lﬂ?&%ent age of SNPs plotted against the

Figure 4 illustrates a simple employment of one embodiment of the method shown

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.



frequency of the mnor allele (variant) of the SNP. Figure 13B is a graph of
the 5 percentage of 200kb intervals as a function of the nucleotide
diversity in the interval. Figure 13Cis a bar graph show ng the percentage
of all intervals plotted against interval length. Figure 14 sh®way t0ie
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publications nmentioned herein are cited for the purpose of describing and

di scl osi nglehglgent s, net hodol ogl es and concepts that may be used in

connecti on W' t h térﬂ]l?% Pf{ %tthé k%é) @atteﬁ%tf}af Rrgenp)? rntﬁéﬁeﬁdglgtgg?l?zagx%ﬁve?feﬂZt rued

as an adm ssion are pri or

|nvent|onsmemsmbemﬁdfme@bgn14Asomﬁﬁdhumahhﬁroﬁﬂscmtelzqmmrl, "a" or "an" nmeans
one or pore. As_used in the clajn(s), when used in COI’lj upction with the
word " éQ)rrprl si n§gurg heisgefof the ff%ﬁtlmﬁ@hfoﬁ@éwnéﬁ@"eé? #ot Binctaen oitBE her ei n,

"anot her" Bérd"TtSNIPs% m gmgpco%ra 30 As used herein, when the term

"different origins refer tothefact DNA strands from
di fferent or ganirhcrpresmrmvfemm mla:les‘tbemhﬁdsd‘on igemiifyfrigrakiationsahattocBiinst r and

in a singl nisms gepo fromdifferent origins..In a diploid
or gani sm ﬁwc}el%@npa&m% egae Wﬂd %Faaraqmoalﬁ SFnichag Er?éd}%aﬁ?é&édmﬁ of a
set of pairfg &f Iahle r on%e %Dlwménl airvduﬁl SﬁP§' ngl e

i ndi vi dual aesu statla entl ca rom
di f feréht detegungg- Sdﬁéhammyp& blacks amﬂpmttemﬁ;aand fustherd, usmag dienSNP haplgty!pe and one

sequ eﬁg;g?g]roglffs %@%?ﬁgllgrs to 3lssect &%tggrrler%f%l ba(s)ersI OquISCaS-Ié and%rrugn%rsgongg.c ITﬁle ¢ acid

methods of the present invention are useful in whole genome analysis,

DETAILED DESCRIPTION OF THE INVENTION
20 It readily should be apparent to one skilled in the art that various embodiments
and modiftcations may be made to the invention disclosed in this application without
departing from the scope and spirit of the invention. All publications mentioned herein
are cited for the purpose of describing and disclosing reagents, methodologies and
concepts that may be used in conriection 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.

13 17

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



5 two or nore DNA strands--are considered to be substantially identical if
they exhibit at |east about 70% sequence identity at the nucleotide |evel,
preferably about 75% nore preferably about 80% still nore preferably
about 85% vyet nore preferably about 90% even nore preferabl about 95%
and even nore preferably nucleic acid sequences are consider

substantially identical if they exhibit at |east about 98@6sequence 10
identity at the nucleotide |evel. The extent of sequence identity that is
rel evant between two or nore nucleic aciyd sequences will depend on the host
source of the nucleic acids. For exanplg a greater than 95% sequence

identity may be, rel evant ,when | ooki ng at_sane cji es coppar.i sons, whereas
a sequence ‘P@‘@fﬂ“@f@fg@fwn?@%%P%M@%‘é&@ﬁﬁﬁt Bép?”éqlcéj whstantighs idspiieal FNAr oss

speci es Conpahjs thsdt ish sﬁ@ﬂ:ﬁﬁ&wdﬁ@ﬁ%ﬂﬂ %a5@§ @ndifl Bl BWans o ots,

reference may I nclude’ derivatives of as a I cons

nucl ei ¢ actvwe different ariginetone DA szl difethepznr is"df mekiternalualgin aed enesDNés a

speci fic singl rganj sm_.such as, a s ani n i nsect, bacterium
oPoc hsuscunEpEiHe BT bl SRietts Sha T BB TR RO SR BRRT odBla ned
as the 20 QRGHeGrt @Mhﬁﬂ]d@—-ﬁ’é‘%oﬂ@;@é@& YD SbStalfiARAMEARS) il RidiaR about
genetic regions. As used herein, the term"informative fers to a
genetic varlﬁmabcsm&'ﬂ"/mqucncsl@nbty & tiieseicleotide Eveh arefembly aboutSNPs, mdérat t ends

to dist SNP, t f th SNP _h tt
W thi n o SPRERCARANLSGRcll MR nibBtabRitant Senietpoaneprorcana b Gl ok
refers to %v%'%o?@?ﬂe%rm anInR@IS‘yJ- Qﬂtevegﬁl&é’ﬁﬁfeﬁlﬁy%Ecl@ﬁeac%quﬁﬁeyﬁ%d

herein, the term"linkage disequilibrium, "linked" or refers to
geneti c | ocdonsidered tcebmlsub@tab@albfrldﬂgmat tf@mbyfaxbxhltgaé&@smhooh%% sgreacat i on

to eth neti.c | h re i her ted non- ran ndo used
nerel n 1% naddtineHEF Rinrh e s POty st sciensSic Rt B SRl e dReyER
30 speci f | CrwaNP ndré ﬁ{l&e@%cM%Eéll?éﬂEest@ﬂﬁde@@ﬁd‘&ﬁkﬂmk%ﬁr&ehﬁ%@h&?&é Adils. por tion
of the popul ati on. used herein, the'term"SNP" or "single nucleotide

pol ynor phi gar emmelcsa greatgr tjl@h@ﬁ?/@eqmcandeohtmw\b@rd@mt thm}ablsmg@t game a
Si ngI e nitrogenous base pOﬁgtl on in

Thad! ¢ s o PR ish Shkea s dledqada Y PrTooRioy e es dagpbe RIARRL S oe.

when one r efignSmilend 0sd Geeied cSifdrisoRs. G(Dﬁétﬁﬁse”ﬁ&ﬁeﬂl Bhd tedtas deDNvahdrviasue  DNA
such as anplicons, RNA transcripts, etc used herein, the term "SNP

hapl ot yife betsegece payacludegdesivptives of VA ficho agnplicons, RNA ranscripts, nicleic

acid mimetics, etc.
As used herein, “individual” refers to a specific single organism, such as a singie
animal, human insect, bacterium, etc.
As used herein, “informativeness” of a SNP haplotype block is defined as the
20  degree to which a SNP haplotype block provides information about genetic regions.
As used herein, the term “informative SNP” refers to a genetic variant such as a
SNP or subset (more than one) of SNPs that tends to distinguish one SNP haplotype
pattern from other SNP haplotype patterns within a SNP haplotype block.
As used herein, the term “isolate SNP block™ refers to a SNP haplotype bloc.k that
25  consists of one SNP.
As used herein, the term “linkage disequilibrium”, “linked” or “LD” refers to
genetic loci that tend to be transmitted from generation to generation together; e.g.,
genetic loci that are inherited non-randomly.
As used herein, the term “singleton SNP haplotype” or “singleton SNP” refers to a
30 specific SNP allele or variant that occurs in less than a certain portion of the population.
As used herein, the term “SNP” or “single nucleotide polymorphism” refers to a

genetic variation between individuals; e.g., a single nitrogenous base position in the DNA



5 locations that do not appear reconbine independently and that can be
grouped together in blocks of variants or SNPs. As used herein, the term
"SNP hapl otype pattern” refers to the set of genotypes for SNPs in a SNP
hapl ot ype block in a single DNA strand. As used herein, the ter 5 MuNR006

| ocation” is the site in a DNA sequence where a 10 SNP occurs. As.used
herein a "SNP hapl ot ype sequence” is a DNA sequence in a DNA strand that
contains at | east one SNP | ocation. Prepgration of Nucleic Acids for

Anal ysis 15 Nucl eic acid nol ecul es may bé prepared for anal ysis using any
techni que known to those skilled in the art. Pref erably such techni ques
result in tohergsnismsdhatanvastable. rtused bereins  ONRB isdba plural pf SNPe@fiopursar e t o
det er mi ne f 0, V. tion nor e
ocat i one. MeRBeRARRT, BN RGRIGRCR o ERAeton Picfigs BbaNR)T Bl ROR AR 1T
exanpl e, | nnpliobisQBNA ghnsatipts, bl ecul ar Cloning: A Laboratory Manual (Cold
20 Spring Harbor Laborator New Yor k) 1989%9@ and Ausubel, et al., Current
Protocol s in Mdscisad herem Biedem (StIR hamiptyey blosly”™ ggﬁ@sag@qqpvﬁwr;an(t QQSN})

i ncor pokat I L&

present > el ot BREE FAS R kAR et ahd s O B Boullt BRERLLS,
cell and, tibmtkpeffrmamedirSNIQr steps-i.e., differential precipitation, 25
col urm chr omat ograpg‘ih?extractl on With organic solvents and the |ike-in

order to obtai n 2 UG{ peeine Hie torny (SNP Barlplype pritsn orelers & e setrfiggnolRes act s

may be pre i art, for exanple, by
chem cal o?&r %%lacr%?pP%?@bg})l&ﬁg{]ggﬁgfé%gﬁ%ﬁ% then may be further
treated, for exampised htxyirf tHetterad 'SP dovdfion” is dret sitiefin g TN Aneqrdiowhevetah

chaot ro i C&i\ﬁ’lts such as guani di ni um i sot hi ocyanate or urea or with organic
sol vent ¥'&s phenol and/ or HCC13 to denature any contami nating and

potentially inteyd t I , may be
desirable to rergrbb{@svlgédtl Egelsa ts fr 10%@&89%550&218%%3? ééfgél}l%c g??@g strefd

aci d- cont aitlmit ngntsiaspl least ohe SN&docdtienacconpl i shed usi ng standard techni ques
in the art such as precipitation, filtration, size exclusion chromatography
and the like. In sone instances, it may be desirable to extract and separate

nmessenger Iir)l}.l@pa,fahgmoq:pqlulc&,c;{@igglm,q,qﬁﬁyﬁgld material for this purpose are
known to those skilled in the art 5 and may involve the use of oligo dT

attachéd to a s@JuC&wsm@moteCQMmaaéeaprmmﬂ rmpalmsua:ngmyftadmlql&lﬁm e
condi tions and M8k B'Re 2% CriARNly S0H AARSRE rdsufit R SBGuclbh 028 SuliB

acid molecule sufficiently pure to determine the presence or absence of one or more

variations at one or more locations in the nucleic acid molecule. Such techniques may be

found, for example, in Sambrook, et al., Molecular Cloning: A Iaboratory Manual (Cold
20  Spring Harbor Laboratory, New York) (1989), and Ausubel, et al., Current Protocols in

Molecular Biology (John Wiley and Sons, New York) (1997), incorporated herein by
reference.
When the nucleic acid of interest is present in a cell, it may be necessary to first
prepare an extract of the cell and then perform further steps—i.e., differential precipitation,
25  column chromatography, extraction with organic solvents and the like—in order to obtain
a sufficiently pure preparation of nucleic acid. Extracts may be prepared using standard
techniques in the art, for example, by chemical or mechanical lysis of the cell. Extracts
then may be further treated, for example, by filtration and/or centrifugation and/or with
chaotropic salts such as guanidinium isothiocyanate or urea or with organic solvents such
30 as phenol and/or HCCl; to denature any contaminating and potentially interfering

proteins. When chaotropic salts are used, it may be desirable to remove the salts from the



be found in the Sanbrook and Ausubel references cited above. It may be
desirable to reverse transcribe the nRNA into cDNA using, for exanple, a
reverse transcriptase enzyne. Suitable enzynes are commercially avail abl e
from for exanple, Invitrogen, 10 Carlsbad CA Optionally, cDNA (o gpeailéd
fromnRNA may then be anplified. One approach particularly suitable for
exam ni ng hapl otype patterns and bl ocks is using somatic cell genetics to
separate chronosones froma diploid statﬁ)to a haploid state. In one
enbodi ment, a human | ynphobl astoi d cell ne that is diploid may be fused
to a hanster krbro | ast., cell ljne_that is aIsoE$@EI0|d such t hat the human
chr onosonedUsieX aekd-CoptBmgSamplen A1y a0 beavgoraplished paing stapdasd (rchniquey in

DL o S SO S A 08 xS O ST B, Y 1 P

chrormsorres were tra transferred human
chr onosones ar e Inwome hapinoey] itahait lee c(eswale & extracPaid sepsar, mekergler RNANnal .

N. Y. Acad. SCI ences 396: §9- 81w§ 982) A schematic of the procedure is
shown in Flfbclﬂléelﬁo eF’ﬁ“@ﬁ‘r“’éa ke %fthlrsﬁpfﬂoﬂeMW@W@F%H‘@HP%&@FWCHI

l'ine th%t 'a%d%e’!yqfl cﬁ@ {h@ usd BP FéMﬁ" Q&J&ﬁed(forhas%ﬁdgﬁﬁforpﬂcﬂgsE%ﬁz?cf%r lgsﬁi%m di ne

di pl oid hanmster "fi |1 ne containing a nutation in
ki nase gersarfaden Smtabibcpmhubmandnnalénalhererl@suhtto tigse stillsd mhhann aﬂdilrrmwosorres

are present bri ion r t he huma ontain ybr|d cells
i s achieve et{guni{%ﬂh%g%b Piﬁ\ Sube redsprses F\%&P@H?u may ‘iﬁsg? Fid cells
that have qe%&q}%sérr&%pmg%tgém £, ok geyerr&r&xﬁ@n Mhdedt ype

human t hym di ne ki hase gene grow i I um cont ai'ni ng HAT. O
the result |engyrhq/b$u1tja.bemmmehyrbmpdmmyllpmlabln fronptfbr ©apipls Iofitregame  hunan

par 01 cuPar GG Chr ISR P BiFEsH Sont RO AR BHGGHo. 22 havi

a locus with eitdiRrapprraéh 95meu1§r1 khifibs fok %ﬁlﬁﬁ%'&?ﬂﬁyﬁfﬁﬁb&sﬁﬁ& bRckH;

contain one 30 human chronosone 22 vari ant g variant) or a
portion t heswgisomgberechgapetiesontseparate nbromqs@meh oare Ghloshsstenea haploil i ant

(the "B" varla r [k Q t her n th h n

Chr orosoms A viond ke BoRAidd 2ot Fiohobs R0 oBF Y 4 AR M b Rl
hybrids mayo a@mnst@ﬂﬁaroma@melmﬁretth@ Rs &lko @i EMMhQHétQH@Iim ddombscthds.aré N
Figure 10, only tw of the resulting rid popul ations are shown. Once the

appr opriPat éﬂtl‘@ﬂblﬁﬁ?dj’élﬁh‘ihé hamstepeellsdo prtrd@cw&l leibeidacThesesuliong ealicodridy rei ds may
e 5012t ol B 4SER Sns b SSRGS, SRR, A FURL,
t he pr esentoftrevemsiearad hismph cliroamkomes are dhahapleid state (see, e.g., Patterson, et al.,
Annal. N.Y. Acad. Of Sciences, 396:69-81 (1982)).
A schematic of the procedure is shown in Figure 10. Figure 10 shows a diploid
20  human lymphoblastoid cell line that is wildtype for the thymidine kinase gene being fused
to a diploid hamster fibroblast cell line containing a mutation in the thymidine kinase
gene. In a sub-population of the resulting cells, human chromosomes are present in
hybrids. Selection for the human DNA-containing hybrid cells is achieved by utilizing
HAT medium (selective medium).. Only hybrid cells that have a stably-incorporated
25  human DNA strand having the wildtype human thymidine kinase gene grow in cell
culture medium containing HAT. Of the resulting hybrids, some hybrids may contain
both copies of some human chromosomes, only one copy of a human chromosome or no
copies of a particular human chromosome. For example, for a human chromosome 22
having a locus with either an A or a B all€le, the resulting hybrid cells may contain one
30  human chromosome 22 variant (e.g., the “A” variant) or a portion thereof, some may
contain the other human chromosome 22 variant (the “B” variant) or a portion thereof,

some may contain both human chromosome 22 variants or portions thereof, and some



It may be desirable to anplify one or nore nucleic acids of interest before
determ ning the presence or absence of one or nore variations in the nucleic
acid. 10 Nucleic acid anplification increases the nunber of copies of the
nucl ei ¢ aci d sequence of interest. Any anplification technique Jkniuiltio
those of skill in the art may be used in conjunction with the present

i nvention including, but not limted to, polynerase chain reaction (PCR)
techni ques. PCR may be carried out usin 1lr'[aterials and net hods known to
those of skill in the art. 15 PCR anplification generally involves the use

of one strand Qf a nuclei¢ acid _sequence as a tenplate for_ producing a
| ar ge nunbdBPges BBHPP LIRS 2RHPITHER 3t& Bk srompfhe gﬁrﬁt all drifigidO.

hybri di zed M&hﬁ@fesﬁmg@?g@d PERHARGS lﬁsﬁ@bfﬁ!@ﬁ&é‘&x ahﬁ'r??riatg@lé'ﬁgi@{]?rgf t he

tenpl at e sequence and cont e reactio xture i ncluding
dNTPs and aeleoleyntbe asdeienzylntronilthesednibnis niay belisrged byl byetdnelgohe/ ner ase

enzynme 20 prqducing a.nugcleic acid conpl epen y.to the qrigjnal tenplate.
For the ampremiakt Pexribed SRR aa RSB e OB iSOy W b RIBIPE PO e

mol ecul g, atn\ﬂ%aﬁérhrﬁﬁﬁﬁség’%ytmrg@ﬁﬂmvgﬁm_ of which may have a sequence which
is conplenentary to a portion of one of the nucleic acid strands.

El ongation of the priners wiwth a polynerase enzyne results in the

producti on fgf iNO tdou,Pl‘gl;qst randed nucl ei ¢ acid nol ecul es each of 25 which
contains a 'BH{J AN HEMAYSd a newl y synt hesi zed conpl enentary strand. The

sequences of thes pihj BEESsiaBRI 16 AhipYifiPbi GG Rusldfhcldid) ifkleitRi@R of each of

the primers results in elongation‘toward the site in the nucleic acid
mol ecul e wleteemirhieg tie pegsenee arabsenkg bf ol oragore Vadatgins am the rokcleidweidiucl ei ¢ aci d

nol ecul.es are.denatured.fqr exanple, b eating- 3Q .and the process is
fopeat 0. hlE Al SRR ERC fion THRRGS Ly imbEr S Hles R imsleis ple SFebeien fy
step servi ngefst. tﬁgpérﬁﬁlﬁcaﬁﬂn tdRBnigUO RAGME Y thedeQTSkilVinhdard Al ibkiugéd inon
protocol nmay 0 5 Y 2006 -12 involve a few to many cycles of denaturation,

hybri di zat icepiuasiPrevibh gtrresent imsentiosaacluding,Jrup noidenised ©oi polzmerasprehaie s of t he

ctrana. dendtiap FanouisridREORCR elht BRTe DUPIHR AR oY ptRy M 210

ot her meanso thyat of &8kt heiant. maki ng the 5 nucl eic aci ds avail abl e for
hybri di zation tq the priners may be used. Such techniques include, but are
not |irPted to, FSRyampiicationgpmerally inyplventhe vae ploneestiiand of spudsigapide, by

b o Syl 8Bl ey M P PRIl 04
and WO 95/ Zt7éhplate may be hybridized to a primer having a sequence complementary to a
portion of the template sequence and contacted with a suitable reaction mixture including
dNTPs and a polymerase enzyme. The primer is elongated by the polymerase enzyme
20  producing a nucleic acid complementary to the original template.
For the amplification of both strands of a double stranded nucleic acid molecule,
two primers may be used, each of which may have a sequence which is complementary to
a portion of one of the nucleic acid strands. Elongation of the primers with a polymerase
enzyme results in the production of two double-stranded nucleic acid molecules each of
25  which contains a template strand and a newly synthesized complementary strand. The
sequences of the primers typically are chosen such that extension of each of the primers
results in elongation toward the site in the nucleic acid molecule where the other primer
hybridizes.
The strands of the nucleic acid molecules are denatured—for example, by heating—
30  and the process is repeated, this time with the newly synthesized strands of the preceding

step serving as templates in the subsequent steps. A PCR amplification protocol may



Tenpl at e- dependent extension of prinmers in PCRis catalyzed by a pol ynerase
10 enzynme in the presence of at |east 4 deoxyribonucl eotide triphosphates
(typically selected from dATP, dGIP, dCTP, dUTP and dTTP) in a reaction
medi um whi ch conprises the appropriate salts, netal cations, and

buffering system Suitable polynerase enzynes are known to thos@SSWYQWPI
in the art and may be cloned or isolated fromnatural sources and nay be
native or nmutated forns of the enzynes. So |ong as the enzynes retain the 15
ability to extend the priners, they nay_?g used in the anplification
reactions of the present invention. The hucleic acids used in the nethods
of the inventi.on be | abeled to facilitate detectlon i n subsequent
steps. LabePVoRye ﬁg&/ Iemany Fycles o denaiaring hyRnidization andalongation spetipnsiopy

i ncor por at'ﬁ}gd&@%uﬁ‘fcléﬁ?ﬁl%oh ?%i’ﬁl@d’% dﬁ%lé{i@agﬂl phosphates and/or one or 20

nore | abel ed prinmers into t e anp sequence. The nucleic acids may be
| abel ed f ol | owi AighcaghPIGR mthodmypiuaﬂyemlrpfl hcat foyachievabtentd dehbtacdtiveand of one

or nore det tab det ect.abl e kno to those skilled in
Cheort e A RS R B A O he Bliaiise S HE that Pepl e mAGRE e
radi oacts vengeRtds ﬁﬁll@i@%'lﬁbﬁﬁlzﬁﬂoﬁpﬂotﬁ@‘)ﬁnhé% w&se&esﬁé}i ﬁaﬁhl@st 0

i ncorporate nucl eptides containing |abels 1nto th nucl ei ¢ acid of i1nterest
25 usi ng a indndd, bat ard @oklmited taophrb}ttal ;tohemsgdfak oa sezyhiadit meanzg yfoeexabgle,dyanpl e,
a nucl eoti de-, preferahl di nycl egt i cont i | i.s
ncubat ed viEHIPRGrhiRiegss (ReRarte Hn | Bjer arretina s A05rRP 6 BRD atunt of
TdT to i nc%é&foéﬁe@nﬁ:ﬂ%éﬁi@ s%emlctte%;iﬁgldaﬁ@ﬁ%g e DYOUETS AEWI9H25177).

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

| abel attached. mmgmpq@est exensioniofiprimersia PG Isi databgred by agiolyroergse

sequences ed. Suc ues .wor k. we C uenc The
o0t CRruBE i B Prsshhierby o RENL IR HEd wRBoBRARF LEPRE S5 | og
9/5/01; USShbrh 4RTPS ﬂ@meddcmtdwrmm &PrKEh aQedetiiihed AP which d&ﬁfﬁ?ﬁés thel IN-1,
filed 01/09/02 entitled "A gorlthms for Selection of Prinmer Pairs"; and

USSN [ assi m@]pna@tsab? mesjal ¢atians: and pi by ffeng sysem. Suitable wlyroereenzsmes t | ed
" Met hods %ﬁf%t f%ﬂm% hGE gr}]cf’mﬁsgpgz?lgn&f & 1§§1aEe ?H)lrr?{n%txraf %'6& ' e for

anpl i fyi ng genom use in resen i'nven 5

Anplified mqumaﬁayobmu&w&u feerhef the e@z)lmrs [Sodbngpagxhe feh@@ﬁds@étainrtﬁat rrent S
either before or after | aheli n% For exa in sgne_ cases, it _may be
ey

desi r atPe tablity fugriens the REmgHy fey jneay @é&g@ﬁbfbewaﬁc%tmfyeﬁﬁoaﬁ Eﬁﬁem with an
ol i gonucl e %s‘éﬁu &id%n Fragnentation of the nucleic acids generally may be
carried out physical, chenical or

The nucleic acids used in the methods of the invention may be labeled to facilitate

detection in subsequent steps. Labeling may be carried out during an amplification
reaction by incorporating one or more labeled nucleotide triphosphates and/or one or

20  more labeled primers into the amplified sequence. The nucleic acids may be labeled
following amplification, for example, by covalent attachment of one or more detectable
groups. Any detectable group known to those skilled in the art may be used, for example,
fluorescent groups, ligands and/or radioactive groups. An example of a suitable labeling
technique is to incorporate nucleptides containing labels into the nucleic acid of interest

25  using a terminal deoxynucleotidyl transferase (TdT) enzyme. For example, a nucleotide—
preferably a dideoxy nucleotide—containing a label is incubated with the nucleic acid to
be labeled and a sufficient amount of TdT to incorporate the nucleotide. A preferred
nucleotide is a dideoxynucleotide—i.e., ddATP, ddGTP, ddCTP, ddTTP, etc-having a
biotin label attached. '

30 Techniques to optimize the amplification of long sequences may be used. Such
techniques work well on genomic sequences. The methods disclosed in pending US

patent applications USSN 60/317,311, filed 9/5/01; USSN [unassigned], attorney docket



enzymati c nmethods that are known in the art. Suitable techniques include,
but are not 10 limted to, subjecting the anplified nucleic acids to shear

forces by forcing the nucleic acid containing fluid sanple thr%mgjﬁ &mﬁq'row
aperture or digesting the PCR product with a nucl ease enzyne. e Q anpl e

of a suitable nuclease enzyne is Dnase |. After anplification, the PCR
product may be incubated in the presence of a nuclease for a period of tine
desi gned to produce appropriately sized ff§agments. The sizes of the 15
fragnents nay be varied as desired, for exanple, by increasing the anmount of

nucl ease or ur aki of., i jon.to.nroduce | | er. fragments .or, b

decr easi ng Iﬁlﬁgbeéra‘rétﬁ?'lo 1led;¢3@2@5@twgp FSO.E#IB? ?qr;%@l?ﬁé?’? 8@9&“8“ adﬁut@%l ar ger
fragments. BEsNIhdsbedNitHheLeddkeMurnd0l 119101, iReP0 pEv0e, IfiRgeNeh AL t he
desired size is within the capabilities of a person of ordinary skill in

the art. Thior Ampifsation efilliecleie ddidsE dremeaytidudarlyatvetabld fasamiplifyingtgedo® above.

Met hods for e. Detection of .S SNP_Di scovery) Determ nation of the
presence ongg‘sf_é)ﬁ}}%e 1B, 8‘898 %&8"?&?‘”&?‘{9‘8}3@1 n a nucleic acid may be made
using any techniguplikePyaubites MATDeQhbjelttd to dtherl f3Rt ARplificdiyn irBaARhAUE 25
that permts the accurate determ nation of a variation can be used.

Preferred tetknbeforeraftet lapeding For aypanople.do somaceseddt mapbadesitablead mul tipl e

variations pth m_ni sanpl e .h Li.ng. reqgui red. So exanpl es of
sui tabl e tefém?ﬁ?iledlg%hs? ag#pgﬁgpggqu(?gﬁenﬁréqré%ﬁ?g@%%}ogl‘%#b?hglb%onf"é mf%fr%é’quenci ng
are wel |  krerapmadighigesahehbdleiavaids gétefallymbBe edrtiedbst yBRall slednit 4l or
determ ne the |ocation of SNPS in a genonme. See, for exanpl e, Sanbr ook,

et al., Mol&eypatic oedadnthat sekapwn i hearvvitable tchniquepinclige. i prsgiot

b T . | ; | . |8 |
ol ecul 31 BT bRl S5 SISt 6 st sribigh kil B E0ER "
herein by Cachi diaiziaQ Pluidlshnipdd fir@pher natedhapERuiast<ligaingd thel PRI pioducteleti m ne

t he sequence of the same genomc. regions fromdifferent DNA strands where
t he sequenceicigase enpmee Shssxaarkerf asyitablenpglegse gpaang isdimase | ofAichet ween t he

strands) ar i as the
0 enow 1 agauiticiion GVPER SHAREL Aty BELAGEacI Bine BIRARE TURICERGIERS O

Cl evel and, gahniod of timEaksipnddyogiradiee @pjaokiintelly siaed fragieatsmddie alreeoflihe

ol ynerase (Anersham, Chi cago,, I.11,.), or conbinatians of pol rases and

D oot 1 e ST B agg Hiied: 15 SamPG R AE e B L B PAFARRS Poat i on
Syst em IMar Kekatbndf indbBFAFBIpréERE SRS hentbeby d%EﬁEﬁﬁ%ﬁieyarxz(}Hdg?o rocess is

automated wi th nmachi ne h as the HamT1ton M ¢ro La 200 m | ton,
Reno, Nev. )nucRaset drgperidth ef melibafipolte produce larger fragments. Adjusting the digestion

conditions to produce fragments of the desired size is within the capabilities of a person
of ordinary skill in the art. The fragments thus produced may be labeled as described
20  above.

Methods for the Detection of SNPs (SNP Discovery)
Determination of the presence or absence of one or more variations in a nucleic
acid may be made using any technique known to those of skill in the art. Any technique
25  that permits the accurate determination of a variation can be used. Preferred techniques
will permit rapid, accurate determination of multiple variations with a minimum of
sample handling required. Some examples of suitable techniques are provided below.
Several methods for DNA sequencing are well known and generally available in
the art and may be used to determine the focation of SNPs in a genome. See, for

30  example, Sambrook, ef al., Molecular Cloning: A Laboratory Manual (Cold Spring

Harbor Laboratory, New York) (1989), and Ausubel, et al., Current Protocols in

Molecular Biology (John Wiley and Sons, New York) (1997), incorporated herein by



10 (PTC200; M) Research, Watertown, Mass.) and the ABI Catal yst and 373 and
377 DNA Sequencers (Perkin Elnmer, Wellesley, MA). In addition, capillary

el ectrophoresis systens which are conmercially available nay be used to
performvariation or SNP analysis. In particular, capillary sequenMihlill may
enpl oy flowabl e polynmers for el ectrophoretic separation, four different
fluorescent 15 dyes (one for each nucleotide) which are | aser activated, and
detection of the emtted wavel engths bxlﬁ;charge coupl ed devi ce canera.
Qutput/light intensity may be converted o electrical signal using

appropriate softwage (e.qg. ,Gno er, and Sequence Navi agator, Perkin El nmer,
V\EFI eg | ey, elﬁﬁ'dg‘clﬂl(emgﬁ]f’ﬁ @abi’%g&dsm?iﬁ‘}mﬂ : ?F@“’E)“\Plcle %'giet%?ne’a:%ut er

anal ysi s andephegbmafitereAADR AdBRL AN hERYhORqGENBRY bR &Pt £5hd A1 N, this
20 met hod may be used to determ ne the sequence of the same genom c regions

from diff edifaten@NAvariationsibetwieen thetstrends geewtsls RINA seheancingnpetheds mayd t he

di fferences vari ations bet t he. st rand re not ed. tionall once a
genon ¢ sectEe i PHPTHE Ffb oD G PRRATBLYBeen: | FEaRTHRR OIS by
sequencing, BiobhdnSicA Totp v Ignd Rid1Y, h][aq%bry%er@e (PeKERNSS thPmdebBeime 25

variations in sequence between the reference strand and other DNA strands.
These vari atdlymerasedy\mrasiBRRS higagocilakpt eorgifinatiopsiof ablymerasby ardi praoireading

t echni que invol ves the, use o hips (ol i,gonucl eotide arr for
exarpl ot HOCEERr S8 8t Foshionmh h oSt ARPHERER SNeR MY e i s
on the use Gibc&HNRIC(TaBerlsBirs! MR )dePRESrAUN, thé Proi:@gs is exofRled witNRachigs&e United
States Patent No. 6,300,063 1ssued to Lipshultz, et al., and 30 United

St at es Pat efich pithe Slagghtoig¥icrod apR280 (Bamdion, RensNevnaBgtierg hreswal Cyeleagent

kit a us ] Af f rix Pa . 09 f.fynmetri S ra,
Gy, a0 “PETSHRBH Ba et Bl Mish e PRyt 78 o 357 B o
enbodi nent sgeqaa{cerst(paﬂkhﬂmnﬁ)@pwt@agg@,m}a ref erence sequence and the other
DNA strands are scanned for variants. In nore preferred enbodi ments, nore

than 1x106 basednafdifiop«ppilspceledenpharesis suyiems wbich e commercialiyavadatie

scanned for I . § A : af a

ref erence sed u%%sgagiger?ﬁe ¥ o'glﬁ%r&t a@?b’%ﬁgg{ m%@agﬁ%gﬁﬁﬁ%}%e

pref erabl y mayléidplbaslesableeoboadrs &t elezndpliozetc separtion ablydiffereat fibemescext 08

bases are scanned,. and, nore pc{eef g‘r%bly nore than 1x109 'baéfeﬁ of .a reference
andchare! the

sequence arfyet Eedparh prElee aserATHEReY ard Ptertion of the gmitisdet er r ed
O ot Ay SR Ak Ol O P LERELE T o0
preferred toelectrical signal using appropriate software (e.g. Genotyper and Sequence Naviagator,
Perkin Elmer, Wellesley, MA) and the entire process from Joading of samples to
computer analysis and electronic data display may be computer controlled. Again, this
20 method may be used to determine the sequence of the same genomic regions from
different DNA strands where the sequences are then compared and the differences
(variations between the strands) are noted.
Optionally, once a genomic sequence from one reference DNA strand has been
determined by sequencing, it is possible to use hybridization techniques to determine
25  variations in sequence between the reference strand and other DNA strands. These
variations may be SNPs. An example of a suitable hybridization technique involves the
use of DNA chips (oligonucleotide arrays), for example, those available from Affymetrix,
Inc. Santa Clara, CA. For details on the use of DNA chips for the detection of, for
example, SNPs, see United States Patent No. 6,300,063 issued to Lipshultz, et al., and
30  United States Patent No. 5,837,832 to Chee, ef al., HuSNP Mapping Assay, reagent kit
and user manual, Affymetrix Part No. 90094 (Affymetrix, Santa Clara, CA), all

incorporated by reference herein.



10 enbodi nent, introns, exons and intergenic sequences are scanned for
variants. In preferred enbodi nents the scanned nucl eic acids are genom c
DNA, including both coding and noncodi ng regions. In nost prefe;gg%A 00§
enbodi nents, such DNAis froma manmmalian organi smsuch as a hunan. Y%
preferred enbodi nents, nore than 10% of the genom c DNA fromthe organi sm
is scanned, in nore preferred enbodi nents nore than 15 25% of the genom c
DNA fromthe organismis scanned, in norg preferred enbodi nents, nore than
50% of the genomic DNA fromthe organism’ s scanned, and in nost preferred
enbodi nents, nore t? t he gengm c IS SC nngg. In sone

an ,75% of
onbodi ment s of . 1F RESFSBROtRG B TR Dt v Rap e T A T Tgg G anhe
genone are aﬁk%th@ﬂ?ﬁ A&Hrand e 4QnRAO for GakRts. ! Hl"}gf)%éﬁgﬁrrgf El&ﬁ@%ﬂ@‘ﬁ]ﬁsﬁ)fmﬁ?@ nom ¢
) 2 y 1 nclude Single

DNA scanne Such known repetitive regions
| nt er sper s elanNuxd DebaseEbfomefiirance SkiNERce snitthe athea DN A nards Rrssgnesicies) , Long

I nt er sper sed .Nucl ear El enept LI NEs, su as LINE | and LINE2 sequences),
Long Ter mi YAD21 ¥ WOFq | réqﬁéﬁloé%&‘%éﬁg& bﬁ_é‘?srog T _EFnﬁEF&ﬁueg%ﬁcﬁd’@ﬁE‘és),
t r anspogonghed M AVERIdSAF: %d?&%ﬂ%&@%ref@ab@fllﬂ 07 bd3eLAE &R X8 More

| abel ed nucleic acids in a sgltable solution are 25 denatured-for gxanple,
by heat i ng prafei@bly@em dhanhlx1§0bases arm scamnedyianid mapre peefereblytmore dhannixdDei ¢ aci ds

is incubated w t.h DNA chip. After inc ion, .the solution i.s renoved,
the chi p ragss” Aadmentysahtiee 2t et BB hisTRb e srgned P vt T

un- hybri di zedemdicdEbddimatts dblead BLorsNBe RaBBQIoe vaiarly BRd ¢ Aotk profellic aci ds
on the chip is detected. The stringency of the wash conditions ma

be- adj ust edmbedimentssngl introps prdeions are ssantisiddosyagiaats. 1Ban Pearomoiermyefietred
hybri di.zed nucl.ei c. aci ds be.done direct| for ex le,.1f the nucleic
noP s dBot Py Elen, 3FER, Fibhs A5 pRders} SGGbndes ol ical AT Farihlse 1B r oot 1y
detected. Ipkeféri@l erhifddemens tHelRanted nQtleicaidisrd Serd@tic DNAGhINMdidgbeat abl e, for
exanple, biotin, then a solution 0 5 MAY 2006 -16 containi?P a detectable

| abel , for cediagpnénoncodingegipes. Anaensppietered qmadipenss. spehDNAaip fian agdded

prior to d 1100, g es) th ' o | | may
Bl S0 be adui URR or it sl IO Th BRI QAR e ARG PR,
speci fic fgenc@hic@NAViot the oiganidae isusasheldNinanse piefbirehembédimehe nhdro than,
streptavi di n- phycoerythrin detection system 5 In sone enbodjnents, the

ol i gondél edf v thy geipaic DA framy the ofgenisaLis seAnnedhdn prose preterred fakadimente.ont aj n

at |east 1.x,100, Bb%b&ﬁhé)gﬁmﬁﬁé %\IA hﬂé{fﬂ%n @?%aﬁfﬁg sg%%,i Nk m&spﬁreferred

ol i gonucl eot1 de arrays us e resent invention contain
at | east 1@mbodibfitspmobethapai%arfitias/genomiaDok & spamafedr Lresbreertratiodimetts of he
ol i gonucl egtide arr aé%. used in the rret.hodsft% the present inv ntégn cont ai n

at | east 50SPIIHE! IVgRien. kugwiLpepeitive regions o genome are not scanned, and do not

count toward the percentage of genomic DNA scanned. Such known repetitive regions
20  may include Single Interspersed Nuclear Elements (SINEs, such as alu and MIR
sequences), Long Interspersed Nuclear Elements (LINEs, such as LINE1 and LINE2
sequences), Long Terminal Repeats (LTRs such as MalRs, Retrov and MER4
sequences), transposons, and MER1 And MER2 sequences.
Briefly, in one embodiment, labeled nucleic acids in a suitable solution are
25  denatured-for example, by heating to 95 °C—~and the solution containing the denatured
nucleic acids is incubated with a DNA chip. After incubation, 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

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



10 Once variant |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 hybri di zati on nethodsggqm?zmﬁ
described work wel|l for this purpose, providing an accurate and rapid

techni que for detecting and genotyping SNPs in nultiple sanples. In
addition, a technique suitable for the detection of SNPs in 15 genom c

DNA- wi t hout anpllflcatlon is the Invader(§echnology avai lable from Third
Wave Technologles Inc Madi son, E of this technology to detect SNPs
may be found igw et at Clinical Chem stry 46(8):1051-56
(2000) : Ha|q0nfa&m%@ dete@f\lﬂs I, fon) exgunple., strentaridio couplgd tquphycoptythin, mambsg.

Mol ec. Pat [ d
Chenot her a;h)? d%gf Sr]@gggéf%%cl&%rorggéﬁ qﬁ &r%%%%& §\ltaﬂ@‘:'ldt o S@H%lcl ge'fseg ort
DNA pr obes digéd pribrze detectiort, ﬁrrgsahmpwgh diotinglated aﬁmb&ﬁ@r $pedificSor s:mqawve:lm
recogni zed by a nugl ease enzyne, SNP anal ysis, two separ ate reactions

Ehcamipchgh “&thﬁ lptlaﬂ%reata\f%%pbmssghrl% HEHIPSYERMary t o

are run- o83k

t he sequenge, S r agnent
terned a 3 qﬁ SomE @E]ﬁﬂ&iﬁeﬁ% e\mglsml%clcl)&gl\ﬂ %ri@g&e%@g%ﬁéﬁo(%%g ﬂc?%% gnd forms
anot her st rmwemuon cm&mngunlezstd by0 apraﬁesrp:tc heas eIneiwfeemd Wlﬁndmtmt .ahzynme

cl eaves the ] abel ed .probe, the s a detectable fluyorescence signal
t her eby i ncﬂl‘éﬁ??%t\ﬂg?’gﬁy%ﬁpd% thchloé'plgs;gia&ent e ioneGoRRn @tjefisé $F‘ivader

t echnol 0y, 10P Bldbkd\erind ] fn AfRES ﬂeFéi‘{e'd%HlHdHixﬁé& ¢ BligoriledRMGHER LN

corrplementarytoamrc ate to pro &n anpl'i si gnal
(see, for dahamptheds of mapmse;ntemveahon chigainrae le@ridt Ul;épiﬂé@peﬂa‘ﬁaﬁZ (1998); and

Zh , 0 et | PNAS 3940- th
o B et oo Qust ATt ddcelind Haye hagt dtermingd (RNE B eed by g for e
ci rcul ar _t eifphplCudqerRisinRANGRY eYsis, T Realkaty 1o Beiopeal nbabel s are

incorporated into the extended oligonucl eotide during the extension 0 5 MAY
2006 - 17 rsantrolond sampledopulationm Pl@dwbndlﬁawnb@oés Jusigedenitedpyask el fgnt i | a

d bl f duc th d d
SNPs. usi g POPLITRgerEbE ARt 4 ihid BeRidlaIPE naE e Pads Sip b, o “ona

tenpl ates PR nisesle sahiled. lFnsdddﬁfoﬁbﬁftebfﬁﬂqﬁaflﬂ@ble%ﬁﬁlbfdbtéc@cﬁrﬁ@lesmé’mbe 5
constructed to be conplenmentary to a target nucleic acid nolecul e such that

the 5' lfer epemicd?Ninwithewpampijisption-isdhe nyaderdeshnelagatavaibalafreni Hiiwd y
adj acent S'yiq. fé&gmft’a‘@e%'lh Ma 1581?6\gf aﬁﬁéﬁﬂ#&%&h@@% I&%x@ ”‘e SNP

i s not base paire Bes-T ol C|rcle
probes- ar e fommst. rgum Hdssher haylg crlwa:aB ChemBrmdoe)s 05T¢5|6$2@£w) Hall aﬁab,rrpl i shed
I vari ous M egsd 8B Y Ra800) K ghrmal. 25 9 | B Phintee Path. 9(3):158-64 (2000);
and Cooksey, et al., Antimicrobial and Chemotherapy 44(5):1296-1301 (2000). In the
20  Invader process, two short DNA probes hybridize to a target nucleic acid to form a
structure recognized by a nuclease enzyme. For SNP analysis, two separate reactions are
run-—one for each SNP variant. If one of the probes is complementary to the sequence,
the nuclease will cleave it to release a short DNA fragment termed a "flap”. The flap
binds to a fluorescently-labeled probe and forms another structure recognized by a
25  nuclease enzyme. When the enzyme cleaves the labeled probe, the probe emits a
detectable fluorescence signal thereby indicating which SNP variant is present.
An alternative to Invader technology, rolling circle amplification utilizes an
oligonucleotide complementary to a circular DNA template to produce an amplified
signal (see, for example, Lizardi, et al., Nature Genetics 19(3):225-32 (1998); and Zhong,
30 etal., PNAS 98(7):3940-45 (2001)). Extension of the oligonucleotide results in the
production of multiple copies of the circular template in a long concatemer. Typically,

detectable labels are incorporated into the extended oligonucleotide during the extension



10 Iinkage in the central portion of the probes resulting in a reversal of
polarity of the nucleotide, sequence at that point. One end of each of the
probes has a sequence that is conplenentary to a portion of a di fif'eMgmniilb
circular tenplate nolecule while the other end is conplenentary to a
portion of the target nucleic acid sequence. The target-sequence-
conplenentary termnal is constructed such that the 3'-nbst nucl eotide
aligns with the 15 nucleotide at the SNPjgite. One of the probes nay contain
a nucl eotide conplenentary to the nucleotide at the SNP site in the target

nucl eic acid whil e, the other contains nucl eotide that, i s not
conpl enent dF§FUO™ ‘h‘ﬁ QX?P%?%W@%U%‘@PB’BF@BWSE tqﬂpgeegmngﬁ figte‘&t}aglﬁ REOUBRY oy e

present in &heRARMAL BRynREGRAS My be constructed to have 3'-nucleotides
conplenmentary to the variants to be detected. 20 The probes-both target

speci fic and rollhiondgr ¢0 deseas-SINRs usimghylling direledmipdifichtéort, thrgeprobseauenoe and

contacted wi.t h a_ljgase.enzyne, \Wen _the 3' -nps ucl eotide of the rolling
circle prob@HBf P{Nzﬂg?eggéécspéw b?\n"?eﬁ' t%%ﬁﬂ&r‘é%ﬁgar&ﬁt gprq@(}lsmptgq—p@y bf’ he two
pr obes- tshe cohgh@@d t6 rae%bﬁ]?renﬁﬂfh@ ftea fafdek hiddeielabfll BolERe SichithaaRd 5y | i gated

toget her. \Wen the 3'-nos nucl'eotide of the rolling circle probe is not
capabl e of thassugpefithé prpbehybridites tothd mstaotide nmadiatehpadpadensstte thaSIWR eite

t t, th b not..l igated. . Th |i gat ed be hed d
the sanpl o T ECARELRIIES fith RS G SME S pse pasdic s PRt | abel ed
nucl eosi de  tri pliRYANALRS prodR8irBRing cRERProbs—Ab coBhbtell 8 hivawderection of

SNPs makes use of the 5'- exonuclease activity of a DNA polynerase to
generat e a teimjnals. Dhis@hybe a¢complishnddh aadousmyscior example dyeiatreduring a 57-5°

fluorescently | abel ed nucl eotide, Thi.s assay i.s frequently referred to as a
Tagan oo ke B inEniFpitis fFg bRifks Ao df PR OLadp S EE | 200s)
and BeckemucRbtidd sequétiédat Hangoidt) @ne ehd:of ebélr &Ghé pRBEY has o Selj@ére thadyA
containing a SNP is 0 5 MAY 2006 -18 anplified in the presence of a probe

nol ecul e t Famplaanialy jeg pewion péa Siferentcculmnigmplaip molesslesthilecthe ohenems bot h

a fluoresc I [ - | I I 1 ' -end

quencher - | gg é‘f%@gﬁﬁéﬁé& P %?P 3’“2‘51 é}lﬁt@é %?ééé gg’?lglfﬁtgﬁgsre g%een %g'e aﬁg%({%t’i §I%E8fF%Scted so
that the ralph@idntey temike isyonbeudiditduch thag ik Mhdst hidlediNR Sighewith thde
target DNA is as_near as_5 possible to the center of the probe to maxim ze

the di flPer feleotide Fehe SNg Sttﬁg nfge at tie robse Mar eANRia BuRlsatide camplemepiBhE and
the m smat ﬁ.@e Hﬁc?&?ide Q‘ﬁth[a gﬁﬁpsqg ih %qgftggféhl{cgeri% g@@ %{'{}2{%% oth&ecogl LiSFt matc h

probe hybridizes to the sitein and 1S gested by the

Taqg pol ynemaskeotidetiiat in nbthm@nREneagsagy In fHeiisstahiogedterotwa @subiessariants phyisi cal | y

SeParating (i urk presest s he popalacion, probes may be-consirutied 1o hadé 3 ucieondes | 2
complementary to the variants to be detected.

20 The probes—both target specific and rolling circle-may be hybridized to the target
sequence and contacted with a ligase enzyme. When the 3’-most nucleotide of the rolling
circle probe forms a base pair with the nucleotide at the SNP site, the two probes—the
target specific and the rolling circle—are efficiently ligated together. When the 3’-most
nucleotide of the rolling circle probe is not capable of base pairing with the nucleotide at

25  the SNP site in the target, the probes are not ligated. The unligated probe is washed away
and the sample 1s contacted with the template circles, polymerase and labeled nucleoside
triphosphates.

Another technique suitable for the detection of SNPs makes use of the 5°-
exonuclease activity of a DNA polymerase to generate a signal by digesting a probe

30  molecule to release a fluorescently labeled nucleotide. This assay is frequently referred to
as a Tagman assay (see, e.g., Arnold, et 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



10 concomtant increase in fluorescence. The m smatch probe does not remain
hybri di zed during the.elongation portion of the PCR reaction and is,
therefore, not digested and the fluorescently |abeled nucleotidgr NS
guenched. Denaturing HPLC using a pol ystyrene-divinyl benzene revﬁﬁgzygmgse
colum and an ion-pairing nobile phase can be used to identify SNPs. A DNA
segnent containing a 15 SNP is PCR anplified. After anplification, the PCR
product is denatured by heating and m with a second denatured PCR
product with a known nucl eotide at the position. The PCR products are
anneal ed and are _anal yzed by HPLC at elevated tenperature. The tenperature

i s chosen (#RYERAINNE PERIEIEOf Foreaumalscylp ghat hylridingsyadhecPRB site. Threpralp
ocatton DihoiBfhe SRR hHLRASG: LiRkclBe REHLALJBh Ges:cndilfT, 20 these
condi tions, heteroduplex nolecules pically elute befor e hono upl ex

mol ecul es. qubwhenhibelednméleotide dt ke LsmdoTht brobetseqienceisackerdKotimt tiet al .,
Genone 44(4):523-28 (200%). SNPs can_be_det ect ed usia}g sol i d phase

anpl i i cat ifgelealds 1withe probgthaheligns vath tha SNErsyein thedengshDPoigas neargéads to
whi ch pki . . : .

Al 111 Sar o NEYEHREERer Rl BRie Yo RBIDE e Meifnbbyfiflehbefiire . 1 o
site 25 f detveeel yigecortect match ipedhie@nd drezniivmatobfgrebe. anpthefACRtdaotionii ch resul ts
in a PCR product attached to the bead-the product is, digested with_the
restricti Oﬁomme@pgqu@%clbpropﬁéyb iZrgde theg NI sitin the targst NS and iz y e
results ing Gt L gl t led, pofki : i:ng the SNP
site and ad%é&_@t&%'b? hat é(‘:cgé;b] eelg";(%{é% élgﬂlt%oﬂ?? )lfnﬂtil%g?és%ﬁ%rr%g%&g rlgnded
portion. | physisillyrsepdraagNiP{ludreseant Ebeled siiclpotidedosm tire @ienclve vwdilraect

sequencgi.ng of the 30 product. For an,exanple of the use of this techpique to
dent 1) SepresEnERsRaron lbiorespence. EhR SHERNEL BIObE HotRol F3mAB FDBAAD00L) . O
5 MAY 2005 dquhifg PRleorfdafbdny foriioR bOePCR tedcforSaag FRhd e Rt @i%e§t&?ax§f1ﬁ@s of
one enbodi nent” of the methods of the present invention. OnCe SNPs

(vari ant s) flharescangp datiebdlateltotde immimpvpenchely, e.g., the nethods descri bed
supra (step 110,0f Fi.gu .SNP_hapl ot ype..bl.ocks, SNP hapl otype 5 tterns
W Ehin each SnPLRABPHES HELE! tine & Brlaey S PRy GEr-EReEVFISF PLHE CORBHER ot ype
patterns may iQepseheneble fhasPdtn BBYscd8 idehlifyRITBs. OX DA isefthent BRI a

alternatively, ~—one may focus the analysis on only a portion of the SNPs
| ocat edd FSNPaig 2R amplified. Sdfter gmpli§nmiona thg R R grodust is denatered by deatingiapd SNPs

of the form.Cog-> or GG <-> | ddi;tipn, in one. .e di t of the
present i n\?g)(r{l:%% v(gﬁt,lltg’%ceonflggﬁasmrieg%?# P:%%%r\”l@l@g?d%n@?@gﬁggﬁﬁs re those
SNPs  whoseé pbsitien. CPRPOR fppsdiictsar g ReRY and ak AhlyzeBy HPLC at elevated

temperature. The temperature is chosen to denature duplex molecules that are

mismatched at the SNP location but not to denature those that are perfect matches. Under

20  these conditions, heteroduplex molecules typically elute before homoduplex molecules.
For an example of the use of this technique see Kota, ef al., Genome 44(4):523-28 (2001).

SNPs can be detected using solid phase amplification and microsequencing of the

amplification product. Beads to which primers have been covalently attached are used to
carry out amplification reactions, . The primers are designed to include a recognition site

25  for a Type Il restriction enzyme. After amplification—which results in a PCR product
attached to the bead—the product is digested with the restriction enzyme. Cleavage of the
product with the restriction enzyme results in the production of a single stranded portion
including the SNP site and a 3°-OH that can be extended to fill in the single stranded
portion. Inclusion of ddNTPs in an extension reaction allows direct sequencing of the

30 product. For an example of the use of this technique to identify SNPs see Shapero, ef a/.,
Genome Research 11(11):1926-34 (2001).



frequency in a given popul ation. For exanple, common SNPs are those SNPs
that are found in at |east about 2% to 25% of the population. In a
preferred enbodi nent, commbn SNPs are those SNPs that are found g’l at, | east
about 5% to 15% of the population. In a nore preferred enbodi msrﬂ,”&Yom&)n
SNPs are those that are found in at |east about 10% 15 of the popul ation.
Common SNPs likely result fromnutations that occurred early in the

evol ution of humans. Focusi ng on common 1%\IPS mnimzes systematic allele or
variant differences between control and ‘éxperinental popul ations that
appear as di sease or drug- response associ ated, yet result only from
mgratory HPMeAMAlSS nating practices; i.e., focusing on comon SNPs
decreases the fagj Lt . : r . '

anonal i es. Mor eg}i\} r?qg%?ngr%h\r%ﬁ@ﬁ}f’g%avpégig %ﬁﬁgﬁ?%%gégﬁépgg{f)wp@%%%ﬁoﬁgrcl’fof t he
human popuh@piessnt invekiicly Ohe SNESEatants)ManE bedh lovdted b disddhvyred byl ;exg.@mee to
di sease and dru response studies. Along the sane line, SNPs in ich an
variant is Iﬁﬁh‘écgs\ﬁ@

_ geriie yupigdatep Aby obBigere i PRI baplohpmblasks SR haplowpere
embodi mynt 5,88, W:fthﬂ'{ ERFRNP I@f)ﬁ&ﬁ%egﬁr]%)éﬁ 9hd in%ﬁ%{gﬁhg SN?JS'?QII t‘ﬁé gﬁgﬁﬁgﬁ%y%ef t hese

However, cértain anal yses may ormed 1 ncludrng sone

si ngl et on $iems AR the détetthinédWhene h@Kise 811 SNPS e Chridnts IDbdtedAREAtivEns or
popul ati ons that have been influenced by m grator?/ practices and the |ike.
In step 120n6may;fgersdha analyfis amenly apertion ofimsSHPs Jogeted e Eor examples dhegiseal t o
hapl ot ype ' -~ Vardzast s I e onme or
chr onosone Sﬁ%%cag%lﬁg%gﬁi %ﬂ@n@gg{% ?lggrll\gfg o?éﬂsﬁﬂajhl?agp{ %??6)2 cglf%% kcédg th

Al t er nat i veldyitiongificanembbdionanoof the pre3bhtiinamaes thefirns & ona@nonosPELsfic to
sone di sease or dr u% response _nechani sm nmay be assigned to the SNP

hapl ot yfe dfeaRran SHFPs EFOEPs. whoseiless cemmop form agessAkatia MBMERY | on of
show ng ho | o : j i genone,
and that gt ih § v iadRpliool For REBHle, i RN e e B0 e
bl ock. |f Sdmdiant Eaytpbomal% ¢ DS owé the ppojatieh.elya preftrdentodivent dcdnemon

7S ot RO oIS din a bpo RBSABYL Y o ety P o °
per form ng Qogshat e L i t

hapl ot ype %?ht@gfan‘?; n egdgamésrﬁlnif{ﬁgf §F§§§\é§%§§§ﬂ?‘sﬁ@ﬁ“ﬂag‘% &?E%ﬁé?ﬁt l%he%use
t he SNR$ aroé the poipelitipmoCorNo Rshlekelraresaln from miratiomstbat aeoumexhéaylyiie the
biallelic, i.e.., 0 1(1:ur inonly one of t gfporms., .not _all fo nucl eoti de
pase poss) BVPIIiPRE) Mireas; EORSEOTeBeY SRS FUPIAS TeP@alit elsle BHVah much
10 hi gher f#@queRe Betiiah ciRk] dnd exiRthiat Bopulatforl Mt hp PUGRIS 1SERE or dhgS, SNP

hapl otype bl ocks are. chronosomal” region hat tend to be Inherited™as a
unit, w t h respoedeassocidtsd, yatesult only from migratory history or mating practices; i.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.



nunber of common patterns. Each line in Fig. 2 represents portions of the
hapl oi d genone sequence of different individuals. As shown therein,

i ndi vidual Whas an "A" at position 241, a "G' at position 242f5 glmgn "A"
at position 243. Individual X has the 15 sane bases at positions 241 242,
and 243. Conversely, individual Y has a Tat positions 241 and 243, but an A
at position 242. Individual Z has the sane bases as individual Y at
positions 241, 242, and 243. Variants in block 261 will tend to occur
together. Simlarly, the variants in b€tk 262 will tend to occur together,
as will those variants in block 263. O course, only a few bases in a
genone are showfigue Ripgeiidesone [iMustration ohshowizmbes veridrts, 2gudlly $N ke ocdvo de at

Past gnnent apoaed ks Ebaiogte, APt b A G Spartem iR fur Vi, "o
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bl ocks fromthe | ocati ons al on% a genomc region of interest. In one
enmbodi ment expevtas thatgh¢ nimber of pgsdibla biPdtapbéytm mtkesabecreahfr adiNRd, SNP

hapl ot ype pat n n th ucted.25 SNP hapl ot ype bl ocks are
det er ni F}f’ ‘t@;?@é‘f?i‘é)?%’éﬁwot b %evgbé V5 eose ﬁ@ ‘?Vtg‘mnéngﬁ‘ﬁe number
of SNP haplrﬁeth{cnﬁ o el RESREL ﬁ@éﬁﬁinqﬂatnﬁé n&hl?er%tist\qibr?%ﬁn%eoﬁdﬁehﬁ in SAGIBNBO 1 s
no greater than about five. In anot her specific .enbodinment, the nunber of

SNP hapl ot yeplopae tbéiCkss soilis than decanpthiesPiRy grplinkedoplet #'s astheataripntst he
nunber of $ NS, necessary,to identi SNP. hapl ot ype
patterns i nNgfl?ec’ﬁ? g? ﬁgﬁ ]%33 Ee;hcgch 1456 gt?% ﬁwBéc?%bs %taql@ I n ot her
wor ds, enoygibleSiNR Ba8PpSsIIRI ARt Cakds SN'PGhP Gla@lns ke SHRFIRHGL 2 rtieh
patterns per block are selected, such tha Ieast hal f of the DNA strands

anal yzéé whugheh&e@eacssﬂmanmlicbbg@@ep@dtma nom-hakagcra:asmé“bum@éwolﬁapﬂmpef our 0 5

MAY 2006 atterns seletedi SNP, pe bloc [n.a ref rred
Sboat mont PIRoRs iR Sl gions dhaf 5600 106 int iRt Bl Rl a e | otype
bl ock is eguaibet 6 dobnditpRRinsOEaciNhe iNFRS. QlrivprRsdddd fSHiBSs JTRRERSAGH to

i dentify SNP hapl otype patterns in greater than 70% of the DNA strands

bei ng anal \ggeeme saquess of diffesentdadiziduelai s shown ﬂ@rTmﬁb@lde \B’Nrasanﬁ‘fpia@t ype
tt « SNP
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t han 8Q@% ofsamé B&e%c&lﬁ’oﬁ@dsl {22 nghdenual ﬂﬁdersél?l mdﬂrhduaw,haslatsarmsmons
enbodi nents of the pbr esent invention, SNP hag otype patterns t hat occur in

| ess than a4térd dh Bbftlt Aghpesitionidé s tIndivilial 4 has e samp pased ag ndiaiatiynalt ed
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sanpl e out tigf vdriantsad Bloek 262 nall eadfis ocoud tddelter,Sis will those variants in block 263.
Of course, only a few bases in a genome are shown in Figure 2. In fact, most bases will
20 be like those at position 245 and 248, and will not vary from individual to individual.
The assignment of SNPs to SNP haplotype blocks, step 120 of Figure 1, is, in one
case, an iterative process involving the construction of SNP haplotype blocks from the
SNP locations along a genomic region of interest. In one embodiment, once the initial
SNP haplotype blocks are constructed, SNP haplotype patterns present in the constructed
25  SNP haplotype blocks are determined (step 130 of Figure 1). In some specific
embodiments, the number of SNP haplotype patterns selected per SNP haplotype block in
step 130 is no greater than about five. In another specific embodiment, the number of
SNP haplotype patterns selected per SNP haplotype block is equal to the number of SNP
haplotype patterns necessary to identify SNP haplotype patterns in greater than 50% of
30  the DNA strands being analyzed. In other words, enough SNP haplotype patterns are
selected, for example, four patterns per block are selected, such that at least half of the

DNA strands analyzed will have a SNP haplotype pattern that matches one of the four



Once the SNP hapl otype patterns of interest are selected, informative SNPs
for these SNP hapl otype patterns are determ ned (step 140 of Figure 1).
Fromthis initial set of blocks, a set of candidate SNP bl ocks t hjght MAy 2006
certain criteria for informativeness is 15 constructed (step 150 of Figure
1). Figures 4 and 5 illustrate steps 120, 130, 140 and 150 in nore detail.
In Figure 3, step 310 provides that a new block of SNPs is chosen for

eval uation. |In one enbodinment, the first block chosen contains only the
first SNP in a SNP hapl ot ype sequence;'ghus at step 320, the first, single,
SNP is added to the block. At step 330, 20 informativeness of this block is
det er mi ned. patteris selaeted veersh SNRliapdotgirblhelp | lotayprefeired etnbodintkat, ithecumberafie

genet ¢ regh I blppe Biiins et pes SNP B aNcloR Shd %o edeoer AOSNE on,
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t o di sti nguihs PNmstnarEhlbeingphalyygae Ipane prafervaicembariimentdthe auinbar 6 WP ot her SNP

hapl ot ype patterns under conside e} nupper .of informative in that
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i nformati veness nay be determ ned in"any nunber of ways. 30 Referring again

to Figure 2the DNRA ktaquids byipg abilyzdd. 26 additinn.dnseme kmbedidMBss efitbie presant SNP

hapl ot ype patterns..( and TAT). Any one. af the three SNPs p nt can be
uaed tort el ventinostf BpEn s arbens aloctiEip Towaban & pfEcLpekpe S CRUD SRs on
to be the Ooe%%\ﬁ_‘ély%g@@e‘e%?xﬁhéi@d)frﬂﬁatdn\é@rs§.'\‘?of Q;Eanhhé,?m ShPeRBRliRIeH D §F BRL t er n.
For exanple, 1T it is determned that "a sanple nucleic acid contains a T at
the firldk pJoNAtsirands arkbeingnpalyzady SAPRablotyepattems drat Arefbund tveocsaciormaly
position and a T %t rthﬁtthi rgﬁosiai on. Iagyit is determned in a second
sanpl et hat"sSREPEQ! Phiep AL JIUBREd 051 41201515 s a G the first and third SNPs

will be A's. ThugnceliNe §NPﬂﬁpl'EB}g>‘é%ﬁexﬁ§ of ThitRésTBid RRARVSinfdhftive SNPERSH veness
value for this first block 1s'3: 3 total SNPs divided by 1 informative SNP

needed to dheeiSuhaptotyprepaiigmsaradetemynedGiap 1§0d Figursi in Fram this igitjel set

hapl ot ype blQck,262 cont ai.ns, t P Wo _positions dg not. have.
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previ ousl y-natucidd stepl196 bf Fiiye PNEFigired Hénd Mlﬁﬁtrﬁ%'@fegﬁ@ﬂo,tl@m?v@ At s to
tell one pattern fromthe other; thus, 10 the informativeness of this block

is 3: 3 totinmappeadi vi ded by 1 informative SNP needed to distinguish the
patterns. SNP haglot ¥ps BLOSHH G8%iaeORbAl New blotk oPSRPs MiobdiPtort atation. '

In one embodiment, the first block chosen contains only the first SNP in a SNP haplotype
sequence; thus at step 320, the first, single, SNP is added to the block. At step 330,
20  informativeness of this block is determined.

“Informativeness” of a SNP haplotype block is defined in one embodiment as the
degree to which the block provides information about genetic regions. For example, in
one embodiment of the present invention, informativeness could be calculated as the ratio
of the number of SNP locations in.a SNP haplotype block divided by the number of SNPs

25  required to distinguish each SNP haplotype pattern under consideration from other SNP
haplotype patterns 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



patterns (TAACG and ATCAC). Again, any one of the five SNPs can be used to
tell one pattern fromthe other; thus, the informativeness of this block is
5: 5 total SNPs divided by 1 informative SNP needed to distinguish the
patterns. 15 Figure 2 provides a sinple exanple of genetic anal ysi0s5 @hﬁlﬁ‘ﬁ
several SNP haplotype patterns are present in a block, it may be neg ssary
to use nore than one SNP as informative SNPs. For exanple, in a case where
a block contains, for exanple, six SNPs,and two SNPs are needed to

di stinguish the patterns of interest, tFR&i nformativeness of the block is
3: 6 total SNPs divided by 2 SNPs needed to distinguish the patterns. 20
General |y dp@amative SHE fordhiy SP benlofyrs patiem. INp exarpdls: if piais geterraingd thagp be

di stinguis i . S . SUi t S.
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"passes" and t t hi_ngs, happen. . Eirst, this_b]qQck. of one SNP (SNP.position
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Second, an hqg]f&mlgﬁg%ﬁggﬁleélg@tggghﬁﬁghg’)agkléerﬁgded to this block (step

320) to create a new , cont ar ni ng positions 1 and 2, which is
t hen 1Q5anal yzedigure2tphivsddsla suspleaxamplelaf gehketi8 amblysisndéhen deheral SWNBshol d
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SNPs and two SNPs are needed to distinguish the patterns of interest, the informativeness

of the block is 3: 6 total SNPs divided by 2 SNPs needed to distinguish the patterns.

20  Generally speaking, as many as 2" distinct SNP haplotype patterns can be distinguished
by using the genotypes of N suitably selected SNPs. Therefore, if there exist only two
SNP haplotype patterns in the SNP haplotype block, a single SNP should be able to
differentiate between the two. If there are three or four patterns, at least two SNPs would
likely be required, etc.

25 In step 340 of Figure 3, once the informativeness of a SNP haplotype block is
determined, a test is performed. The test essentially evaluates the SNP haplotype blocks
based on selected criteria (for example, whether a block meets a threshold measure of
informativeness), and the result of the test determines whether, for example, another SNP
will be added to the block for analysis or whether the analysis will proceed with a new

30  block starting at a different SNP location. Figure 4 illustrates one embodiment of this

process.



bl ock C, containing SNP positions 1, 2 and 3, which is then analyzed. In
this illustration, C also neets the threshold neasure of informativeness
and it is added to the set of 15 candi date SNP hapl ot ype bl ocks (step 350),
and another SNP (here, SNP position 4) is added to this block ([ﬂéﬁﬁf@% ) to
create new bl ock D, containing SNP positions 1, 2, 3, and 4, wh hen
analyzed. In the Figure 4 illustration, SNP bl ock D does not neet the

t hreshol d neasure of informativeness. SNP, block Dis not added to the set of
candi dat e SNP hapl ot ype bl ocks (step 358533' nor does another SNP get added to
block D 20 for analysis. Instead, a new SNP location is selected for a round
of SNP bl ock eValkigire dngssume thergpsraddDNA sgiuence plithekx SNPdodagons Hget t he

t hreshol d neasure i.nformativeness,..a, new bl E. is.sel,e d t hat
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the threshold measure of informativeness. SNP block D is not added to the set of
candidate SNP haplotype blocks (step 350), nor does another SNP get added to block D
20  for analysis. Instead, a new SNP location is selected for a round of SNP block
evaluations.

In Figure 4, after block D fails to meet the threshold measure of informativeness, a
new block, E, is selected that contains only the SNP at position 2. Block E is evaluated
for informativeness, is found to meet the threshold measure, is added to the set of

25  candidate SNP haplotype blocks (step 350), and another SNP (here, SNP position 3) is
added to this block (step 320) to create new block F, containing SNP positions 2 and 3,
which is then analyzed, and so on. Note that block H fails to meet the threshold measure
of informativeness, is not added to the set of candidate SNP haplotype blocks (step 350),
nor does another SNP get added to block H for analysis. Instead, a new block, I, is

30  selected that contains only the SNP at position 3, and so on.

Once a set of candidate SNP blocks is constructed (step 350 of Figure 3), analysis

is performed on the set to select a final set of SNP blocks (step 160 of Figure 1). The



have an i nformativeness of 1. O her groups nmay consi st of a hundred or nore
SNPs, and have an informativeness exceeding 30. 15 An alternative nethod
for selecting a final set of SNP hapl otype blocks is shown in Figures 5A
and 5B. Looking first at Figure 5A, in a first step 510, the car(th st BN,
hapl ot ype bl ock set (generated, for exanple, by the nmethods described in
Figures 3 and 4 herein) is analyzed for informativeness. In step 520, the
candi dat e SNP hapl otype block wth thedggghest i nformativeness in the
entire candi date set is chosen to be ad to the 20 final SNP hapl otype

bl ock set (step 530). Once this candidate SNP hapl otype block is chosen to
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original SNPsif iterest andchat thava highleie? 0Dmforafativegss. eTRB, bhdeusd! dadtiatea

si npl e errplé(ﬁ/mant of the method of selecting a final set of SNP hapl ot ype

bl ocks 1865 %@qutﬁpqﬂiﬂ@ﬁ}?s@fggvallpqﬁqu iﬂgﬁﬁe@l%?y hesééélpéﬁélée%emquigrenﬁ, a set
| df . . ol ock
accor ding To"PRE srPRInE AT, BIBSpP kel i ARCHHARE HPLE S AR o ype

bl ocks 5 caot oneckrenpsheallediscdates magrooasisraf onhydi single SNPy ahdhby defmmicios ment
under the sequence, and are_designated by a letter. In addition, after the
letter, thdarsROIRGmApEREssObE SUERSBLIEY Fensinal & hupdred pbrm&%%rn@pg

candi dat e %e%?ﬂk%ﬁ@ &E?&&e@dih%?,b.ocat ed at the extreme 5° end of the
sequence, and has an in?or mati veness of 1. Candi date SNP hapl otype bl ock R
is |ocdbed at t Her dternative nBthoglfdr sdfledting adanlism of SNEdploaypediodkafioshuani veness

of 2. 10 Accarding to fi S5A i first st 510, dj.dat NP

napi ot ype. o1 ueees 54 S 5y i peigiieaia T Beg e 10; HECRUECEBENT, e s
habl ot . : . . : _ d t

apl otype %kg%ﬁlg\éﬂbi&ktsgﬁgeﬁﬂrﬁg&%r %ﬁ%@%ég%&'tﬂ@ﬂ‘éﬁl%dé GesehBSER HiguRe3 adgled to

the final pl otyp l ock set (s
herein) is analyzed for informativeness. In step 520, the candidate SNP haplotype block

with the highest informativeness in the entire candidate set is chosen to be added to the
20  final SNP haplotype block set (step 530). Once this candidate SNP haplotype block is
chosen to be a member of the final SNP haplotype block set, it is deleted from the
candidate block set (step 540), and all other candidate SNP haplotype blocks that overlap
with the chosen block are deleted from the candidate SNP haplotype block set (step 550).
Next, the candidate SNP haplotype blocks remaining in the candidate set are analyzed for
25  informativeness (step 510), and the candidate SNP haplotype block with the highest
informativeness is chosen to be added to the final SNP haplotype block set (steps 520 and
530). As before, once this SNP haplotype block is chosen to be a member of the final
SNP haplotype block set, it is deleted from the candidate block set (step 540), and all
other candidate SNP haplotype blocks that overlap with the chosen block are deleted from
30  the candidate SNP haplotype block set (step 550). The process continues until a final set
of non-overlapping SNP haplotype blocks that encompasses all the SNPs in the original

set is constructed.



520 and530). In the case of figure 5B, candi date SNP hapl otype block Mw th
an informativeness of 6 would be the first candi date SNP hapl ot ype bl ock
selected to be 15 added to the final SNP hapl otype bl ock set. Once SNP

hapl ot ype block Mis selected, it is deleted or renpoved from thd icegydiléfat e
set of SNP hapl otype bl ocks (step 540), and all other candi date SNP

hapl ot ype bl ocks that overlap with SNP hapl otype bl ock M (blocks J, N, K
L, 0 and P) are deleted fromthe candi daEg SNP hapl ot ype bl ock set (step
550). Next, the remaining blocks of the andi date SNP hapl otype bl ock set,
namel y SNP 20 hantyebIocksA B, C. D Qand R are

anal yzed for inf dlvatzates 3 pmple ﬁnglpwelstzé thqlﬁéthpéﬁﬁﬁﬂiﬁ%@gsﬁmaﬁéﬁloétype
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overl ap wi tisl&sfdatHeatgrpme 37 end<01Fthe lsmqmnce bhdhdsmanknfoBnattvemest &2 ar e del et ed
fromthe candi date SNP hapl ot ype set d the O MAY 2006 - 2
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bl ocks for highst indermativerest iseheet tobe addedi td atteefiBNS NPalpipbitypeeblbtlossk gstépst ep
160 of Figu 1 or exa orit be applied
for this gu$2§£@53(g gl? ngtlte usr‘ﬁgg %ﬁ%w)ﬁn@%’?‘fHﬁﬁﬁhéyn%énusedp&ee

general |y, faRiriBiivereS S SHd b@@l‘i’e ﬂsy@aﬁﬁ]datel NP ﬁskslsttybemdcﬁ séb&ea ks (MT
Press) 514-78 (1994). In a shortest-paths problém a weighted, directed
cﬁ{)v \ﬁ@ab%NP

gr aph Ea)ddedvtct the hapletype hlogk setE Oncc B Py Recljeek Moisiselattedyitl ued
v 1S N TR B BRHBRC e S0 by By o OB, AT 11
other candidate SNP haplotype blocks that overlap with SNP haplotype block M (blocks
JI,N, K, L, O and P) are deleted from the candidate SNP haplotype block set (step 550).
Next, the remaining blocks of the candidate SNP haplotype block set, namely SNP
20 haplotype blocks A, B, C, D, E, F, G, H, I, Q and R are analyzed for informativeness, and
in step 520, the remaining SNP haplotype block with the highest informativeness, I, with
an informativeness of 5, is chosen to be added to the final SNP haplotype block set (530)
and deleted or removed from the candidate set of SNP haplotype blocks (step 540). Next,
in step 550, all other candidate SNP haplotype blocks that overlap with SNP haplotype
25 block I, here, only block H, is deleted from the candidate SNP haplotype block set.
Again, the remaining blocks of the candidate SNP haplotype block set, namely SNP
haplotype blocks A, B, C, D, E, F, G, Q and R are analyzed for informativeness. In step
520, the remaining SNP haplotype block with the highest informativeness, block F, with
an informativeness of 4, is chosen to be added to the final SNP haplotype block set (530)
30  and deleted or removed from the candidate set of SNP haplotype blocks (step 540). Next,
all other candidate SNP haplotype blocks that overlap with SNP haplotype block F--here,
blocks E, G, C and D--are deleted from the candidate SNP haplotype block set, and the



i =1 The shortest-path weight fromu to v is defined by (u, v) bei ng equal to
mnwp):uvif 15 there is a path fromu to v; otherw se, (u ﬂ] I
to infinity. A shortest path from vertex u to vertex v is then de&éﬂéﬁ ﬁ@
any path p wwth weight w(p) = (u, v). Edge weights can be interpreted as
various netrics: for exanpl e, di stance, tine, cost, penalties, |oss, or any
other quantity that accunulates linearly along a path that one w shes to
mnimze. In the enbodi ment of the shortg% path al gorithmused in

appl i cations of this 20 |nvent| on each P hapl ot ype bl ock woul d be
considered a "vertex" with an ge" _defined for each boundary of the

bl ock. Eac hremm%blpelmféhwaé@a%N%hHépapﬁ bioskisg. namelg KNP YPSNP
hapl ot ype bj ﬁ&i‘s AV ax?dRCQfétanal%erlfS?ﬁl(ﬁ‘ r%{ja[%%ene‘s?é)%d 's3 oﬁet erm ned by
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paraneters Of chaice; such as o he éxtent thereof) of the

vertices or gapSOthbemmas tdvebeveah (g;lbj?@ﬁo seloctS Ml eet I SNTFEh Ry pEBlbckafohs
probl ens focus on a |ven raph where a shortest path froma given

sour ce ver t&Rlysisram cppdidate R/haéotmm blopksrisigp 16Q@fiFiguembl IKpr variants
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of each edge in 30 the graph reduces th emto a single-source
h \t N
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where the t u ril nd. If
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short est pa\tah:qdr\odaglﬂms QvﬁDIM&dwﬁghMﬁ Ipkth A9, v hevalid ﬂiﬁ&lﬂﬁl&)fﬂmm@hfs-(ﬁat hs
approach 0 5 MAY, 2006 -27 may be enployed. In this case, a shortest path
from u 4l \ﬁtsfcé’lns%tb‘%‘?tf P& r of vertices u and v is found--a single-source
algorithmis run frorm each vertex. One single-source shortest-path algorithm
that may be enpl‘%;(%zd |Q, rret hods of the present invention is Dijkstra's
algorithm Dijks ’o’h thm sol ves the single- 5 source shortest-paths

helghts. gpeﬁwgﬁﬁﬂgéﬁﬁ%wéﬁf%g do 3B Bhrtini hERE £90a  BYT PP LT cos.
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minimize. In the embodiment of the shortest path algorithm used in applications of this

20  invention, each SNP haplotype block would be considered a “vertex” with an “edge”
defined for each boundary of the block. Each SNP haplotype block has a relationship to
each other SNP haplotype block, with a “cost” for each edge. Cost is determined by
parameters of choice, such as overlap (or the extent thereof) of the vertices or gaps
between the vertices.

25 Single-source shortest-paths problems focus on a given graph G=(¥, E), where a
shortest path from a given source vertex s ¥ to every vertex v ¥ is determined.
Additionally, variants of the single source algorithm may be applied. For example, one
may apply a single-destination shortest-paths solution where a shortest path to a given
destination vertex f from every vertex v is found. Reversing the direction of each edge in

30  the graph reduces this problem to a single-source problem. Alternatively, one may apply

~ asingle-pair shortest-path problem where the shortest path from u to v for given vertices
u and v is found. If the single-source problem with source vertex u is solved, the single-

source shortest path problem is solved as well. Also, the all-pairs shortest-paths approach



i npl enentation assunes that graph Gis represented by adjacency |ists.
Dijkstra (G w, s) 1 INITIALIZE-SINGLE SOURCE (G) 152 S03QVG 4
while QO 5 do u EXTRACT-MN (Q 6 S S U{u} 20 7 for each vertegiwsdiisu]
8 do RELAX (u,v,w) Thus, Gn this case is the graph of linear coverage o

t he genom c sequence being analyzed and S is the set of vertices selected.
Once one vertex is selected that covers a particular area of the genomc
sequence, other vertices that overlap tg_,s sequence can be 25 discarded.

O her algorithns that may be used for sé&t‘écting SNP hapl ot ype bl ocks include
a greedy algorithm (again, see, Corrnen, Leiserson, and Rivest,

| ntr oduct i gnax e snpjeysd Hihis cageTa Frastest patipfromaotossfot 09 phir ofveptieesdyand

al gorithm obt ains, an. optimal solutian to.a r.obl em by maki ng a sequence of
choi ces. Fo‘?lsi‘%@""aéﬁggq'%oﬁlrcﬁoaﬁ%?n% lfﬂgl_%?lﬁggﬁ’}wﬁﬁext he 30 choice that seens
best at the nmOMEBHe displ&ROFE shoHekiSpANEHIpbSthnEthat %ﬁ BQ)!m?Rﬁrﬁd RPthe AMBHR

produce an optimal solution. Geedy al gorithns fer Tromdynam c
pr ogr anmi nepfithe preseat imventehynniamdidsipa’s glzanthiom gDijhstohioalgerithe: soheks tht siegleh st ep,

but "t he .choj d d th Lyt | t b . d
ol gor 1 i RGeSO ERERERroBlhat et s B8tk dee & SHBR D K E b oBiedh e
subpr obl ensygeh i &Igea\ifréi?lﬁts bihonRedfie DijRBALs A6rithed fﬁ%ﬂzaaiﬁé?l Jds ver&ibgs, g hoi ce

made by a greedy ala?orl m may depend on the choices nade thus far, MAY
2006 -28 buf, whasmian

degrtastipath wenghts fromrassoutreisdese already beeredsteiminednBhat o
subprobl ens, One,  variation qf gree l.gorith i s Huf f man es., A Huffrman
greedy al gd?’if?]"nﬁl V& .?‘F§tvr}1?&gs§%mg'8f)ffimv]ﬁr é‘ﬂ’& rIﬁ'ﬁzda(i;g rﬁ%eagﬁ%g"o’ﬁ]?qtﬁn bui | ds
a tree T CQhé @aRANAsNE léndd?8f VP&t Me MRHRUMhErtQebhABHR RIS « |rko Degi ns
with a set of IC 1| leaves and perfornms a 5 i;%guence of 1C 1-1 "mergi ng"

oper at il8ns & endrelxeeali pdeepiradisting feem vFdn opx anmplementaiey mipnyriy queseg) thet of n

FLol s a priconiiny ot e SRED a8 Bhedor sk SRURRS Fraitteiney “THE o oY
least-fr equ&menfbhia@iﬁhﬁsshﬁles@mgﬁlph@i%trbﬁ’ésen@dﬂayraﬂ%&ﬁcﬁsté.he nerger of two

objects is _a new object whose frequency
Dijkstra (G, w, 5) :

INITIALIZE-SINGLE SOURCE (G, s)

S O

Q VGl

whileQ ©

do # EXTRACT-MIN ()

S SU {u}

for each vertex v Adj[u]

do RELAX (1,v,w)

Thus, G in this case is the graph of linear coverage of the genomic sequence being

15

20
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analyzed and S is the set of vertices selected. Once one vertex is selected that covers a
particular area of the genomic sequence, other vertices that overlap this sequence can be

25  discarded.
Other algorithms that may be used for selecting SNP haplotype blocks include a

greedy algorithm (again, see, Cormen, Leiserson, and Rivest, Introduction to Algorithms
(MIT Press) pp. 329-55 (1994)). A greedy algorithm obtains an optimal solution to a
problem by making a sequence of choices. For each decision point in the algorithm, the
30  choice that seems best at the moment is chosen. This heuristic strategy does not always
produce an optimal solution. Greedy algorithms differ from dynamic programming in
that in dynamic programming, a choice is made at each step, but the choice may depend
on the solutions to subproblems. In a greedy algorithm, whatever choice seems best at
the moment is chosen and then subproblems arising after the choice is made are solved.

35  Thus, the choice made by a greedy algorithm may depend on the choices made thus far,



is the sumof the frequencies of the two objects, that were nerged. For
exanple: 101 . nICIl 2. QC3. for i 1ton-1 4. do z ALLOCATE- NODEO 5. x
left[z] EXTRACT-MN(Q 15 6. y right[z] EXTRACT-MN(Q 7. Az] f[x] +f[y]
8. INSERT (Qz) 9. return EXTRACT-MN(Q Line 2 initializes the prﬂiy@{vt?gﬁ
queue Qw th the characters in C. The for loop in 20 lines 3-8 repedle Py
extracts the two nodes x and y of |owest frequency fromthe queue, and

repl aces themin the queue with a new node z representing their nerger. The
frequency of z is conputed as the sumof,the frequencies of x and y in line
7. The node z has x as its left child é% y as its right child. After n-1
nergers, the one nqde left in the gueue-the root of the code tree-is
returned i nbyticawnoydepend gganp futprecheicgs phenithe saktipas torsubpreblemst Grienal |

non- over | appj encam |1, SNRs eval uated in
a particul a%{gag%%%%@?@g@%%&%ﬁ% qurpﬁ}gr a%@aes'r &s@ﬁ%%ﬁ%g%eﬁ&?{q%ﬁlgm%NPs, SNP

hapl ot ype bdonstascteadopbidi pagilxododp and eietfgorihiaduildsla fige TeorrkdpRndmp ot of the
present invention, is that in some enbodl nents duri 28 t he cal cul ation of

i nf or mat i vednidral gpdegr hoMemovR angsro Eidegins it et o 4 Slepeesiand pseermsap

hapl oty 3 d 2 : r.m [ Ps w for
dat a copr?gr e%g?%ﬁg %f @nlolngﬂé%g{c%z ioﬁéﬁpgﬁ% t%tcgéél ?egérijlggl (llal % tg{egc\elﬁeoﬁzé?aélg', %t %?glhré@lgeéti on
of at | eastishagif nINREaclervand thacaclgtieniiaent @ RiaA@bRcp@ithardefinéd feqi@heg up
to the nearest integer) provides one set of informative SNPs which are
unusual |y phile? Pierity gueys dieved a8/ ge Hendyip idaptibnide yyve leassEenyeat okierss taone
skilled in C j i l.ys |t ry to
35 use spatr o gier; PElERTob M8 mabrathE) ool 158 Re bulef IRl REEEERT ) o
in some 0 Sshikur(éfGhe RBqeibies bfhe ttwo objetRReharasenierdedy &0f exximplé:t My be
desirable to identify sets of non-adjacent SNPs that statistically are
passed Wh ih a madilon anal ogous to that of SNP hapl otype bl ocks even

t hough t hey2.are @o€ spatially contiguous on the DNA strand. In order to

det ermi ne SNP hdpf 6ty perddl ocks that will be used in association 5 studies
accur at el y 4.bui |db aAaczaraidodegpel i ne of SNPs and SNP hapl ot ype bl ocks and

5. x leftfz] EXTRACT-MIN(Q)
15 6. y right[z] EXTRACT-MIN(D)

7. Azl flx]+ /D]

8. INSERT ({J,2)

9.

return EXTRACT-MIN(Q)
Line 2 initializes the priority queue  with the characters in C. The for loop in

20  lines 3-8 repeatedly extracts the two nodes x and y of lowest frequency from the queue,
and replaces them in the queue with a new node z representing their merger. The
frequency of z is computed as the sum of the frequencies of x and y in line 7. The node z
has x as its left child and y as its right child. After #n-1 mergers, the one node left in the
queue—the root of the code tree—is returned in line 9.

25 Again, these methods result in a set of final, non-overlapping SNP haplotype
blocks that encompasses all SNPs evaluated in a particular genomic region. An important
result of selecting SNPs, SNP haplotype blocks and SNP haplotype patterns according to
the methods of the present invention, is that in some embodiments during the calculation
of informativeness of SNP haplotype blocks, informative SNPs for each SNP haplotype

30  block and pattern are determined. Informative SNPs allow for data compression.

In one embodiment of the present invention, the selection of at least Jogz p SNPs from
each group containing p patterns (rounding up to the nearest integer) provides one set of
informative SNPs which are unusually powerful for predicting genotype/phenotype
associations. One skilled in the art recognizes that in other analyses it is not necessary to

35  use spatially contiguous groups to determine such a subset. For example, in some



patterns), it is necessary to examne nore than a few individual DNA
strands. Figure 6 illustrates the inportance of exam ning at |east about
five different DNA strands for determ ning SNP hapl otype bl ocks and for the
sel ection of informative SNPs. The top portion of Figure 6 illust#latgs28ibe
sequence of a hypothetical stretch of DNA, with the 10 variant positions

i ndi cated and vari ant bl ock boundaries drawn; however, SNP hapl otype bl ock
boundari es woul d not be known ab initio. ;equen0|ng results 610 show the
results of sequencing hapl oid DNA of th?ee i ndi viduals. As shown, in
general it is possible to have identified a |large fraction of t he_cormmon

SNPs af t er empedimentsef thegrgsent inyensien. lamawbﬁalwra& loddemtife sgeehnaeefliessaed. | n
the case i Ng Pgﬁlﬁﬁstﬁlst&ag’naﬁy ﬁss oﬁ“?ﬁ:g'le %%B%&E tﬁ%%f Sﬁﬁ;}ﬂﬁlo? portion

of Figure 6 have been i as T hdicate however ,

further indbléckilents thugh ey aea/ﬁdtlsp&tmﬂy cbh@d@ﬂu@@ktlmnﬁﬁasuaﬁa woul d not be
correctly identified at this S%FOI’ exanple, while one could at this
stage draw bl oclt G5ésiredeteEning %YR?(M%CkQZhﬁtéZﬁH bg3ged ingseciatign the fir st

-*G vay i agf R0 fcggl%@x gbtulﬂﬁ 2higk fu.&ratg’lb%ﬁbéh\ﬁ@r aﬁf‘gNi)lg‘%gfo ){;3%&)10@1 i@ 1 ant
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bet ween t hepduensk st i6 dbceasty ﬁﬂ@caﬁimémbﬁetﬁa:ag&w Mdivitit DN AgRands. Fapipedr s t hat
the first C—*T variant would predict the first and second T3A varl] ants.
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the bl ock @Olnlmkbgﬁpfgro @@orgﬁ smklaﬂ%gﬁgéﬂﬁme RN R kggy €Nt | on,
T yzecflm
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at | east about five, or | east. about 1 I n referred enbod t he
nunber G DRINAGERASHIONS @aﬁatqdéétvame& bl imdasfeéﬂé@%am%maﬁ'*ﬁ&@@w@he
nunber of %}éﬁ&ﬁﬁ&&%esﬁ?&h& ﬁ@tdoetl&o%ta%r @Eén@ LQ&uXtB%@E%%%e resiNs

hapl ot ype patterns I nformative eas wever, once
rel evant  ShReqleaving heploid DB offthed u(d1v1d&als SNEhcdumamgateyalhas pobesitsle to

per f ormed), ble to, 30 not J SItIOI’lS in the
remai ni ng sbﬁ‘r’ﬁl"i?é‘tlfﬁffﬁ fractionypf %ﬁﬁ %“gﬂbg/?%grﬂ‘ie afiv W@Gﬂﬂ%arl es

w t hout se t of such
ot hods, * cCLBEAR HDELaRidtifentid il Olsp BERTI, %ﬁﬁ%&é‘%% er 05

MAY 20016 Ihotd 16 thelpp portion lo§ ngu\iﬂhﬁ) hmvmnm identfied ras mylicatdhley clesk imaskof

perform ng a genat n the SNPs, i.n t.her pot heti cal
genomi ¢ sanpl e g[?eﬁl g‘ﬁﬁgﬁn&rﬁ‘eﬁ 1v1 aiqa%ggt ﬂg‘ b?%@( %Pfiﬁf‘%l Cfﬂ‘?ts

addi ti onal gehgleyi) i@lGnt%é%pat thik st'age ”F’d(ﬂeRQ:%Bleb{vﬁllé BnSESId Qﬁhs%'ta%@‘ﬁ%av@?’o and
640 are 5 distinguishable. Specifically i's now possible to see that the

first C4T Vidodlamundoss batween blocks 620 and 630 (note that the first C G variant predicts
the first G-> A variant, and the first C-> T variant predicts the second C2>T variant), it is

20  not possible to distinguish between the blocks 630 and 640 at this stage. At this stage it
appears that the first C->T variant would predict the first and second T-> A variants.
Accordingly, a more statistically significant sample set is required to draw the block
boundaries. For example, in the methods of the present invention, the number of DNA
strands analyzed to determine SNP haplotype blocks, SNP haplotype patterns, and/or

25  informative SNPs is a plurality, for example, at least about five or at least about 10. In
preferred embodiments, the number of DNA stands is at least 16. In more preferred
embodiments, the number of DNA strands analyzed to determine SNP haplotype blocks,
SNP haplotype patterns, and/or informative SNPs is at least 25. However, once relevant
SNPs have been identified (i.e., SNP discovery has been performed), it is possible to

30  genotype only the variant positions in the remaining samples to complete the process of
identifving block boundaries without sequencing the entire stretch of genomic DNA. For
examples of such methods, see USSN 10/042,819, filed 01/06/02, attorney docket number



track with the first and second T- )A variants, but instead, the first G->T
variant can be wused to predict only the second G )T variant (and vice
versa) and the first T4A variant can be used only to predict tH rr@egﬂﬁd,
T-A variant (and vice versa). In addition to the aspects of the S ¢

i nvention described above, a specific 10 enbodi nent of the present invention
is that it can be enployed to resol ve anbi guous SNP hapl ot ype sequences for
data anal ysis. For exanple, a SNP nay be_anbi guous because data from a gel
sequenci ng operation or array hybridizarﬁbn experinment does not give a

clear result. "Resolving” in this case may nean, e.g., resolving anbi guous
SNP | ocat i oifd 6Nt Iy entitBP Whelk dieppme Seguréng’e by nat chi ng the SNP hapl ot ype

to th NP 15 hapl ot tt to which the.S | ot
st ol osel y. r i Teagts ARttt P eictBog Py oh Ay HESNIARGUPHE an
anbi guous ;ﬂ#@oﬂh@ﬁé@tgbﬁﬂﬁni%%%ﬁﬁ%e sHovandag & AB3DY AlsShoWh, 1 erRAfE tARNt  Of

resol vi ng i guous SNP hapl ot ype sequenceés, SNP hapl otype sequences are
pl aced i n aaddidtoaalgenofypimgptaps iths rowgdssibloto see that bhicke 630 st 640Tdre 20 dat a

t will tain. all SNP t. ) t hat t al uated f
20551 bl & asUTGHTRIEoOBF APl BT EOPSSIR Boh Db Tt o RS S0Pt 7,
in step 710packR@th (BORrIaRE PRE TSLAYRASAS bulinkfesd dA¢ ArEL> ARErisATRALED, one

by one, to the pattern sequences in the pattern set. In some cases, there
wi || be no ysed topredict only He seeandel 1 Tsetriant (and virke Ivgrsa) draluhb first To? Aerarieatses

sone or all ttern sequences.my b wn .beforehand. 25 In step 720, a
query is rrac&g.%efl%edt %T\FeﬁlﬁbﬁhSIS%}‘Sgggéggevﬁ%mf(% Y¥ERESI&% a set consi st ent
With a pattern JRQHENEE td theaBRcRAIR Presait &vkﬁtiamSWobé aNPecifitep 730

provides the SNP hapl otype sequence bei ng evaluated will be added to the
pat t er i 0s etembodinngn of thevpeesenisinyergion inithat ihean briemployed wadsolya0pigupes SR SNP
hapl ot ype se nce fromthe. data.set consistent i th re than ,one pattern
sequence i %aﬁﬁ@pﬁﬁglgpﬁesgéf éggﬁnﬁl?’s_l?‘h OrErene e,gél\@‘erga}y ?%@@ﬁﬁoﬁel%fﬁ@}fge from
the data sefata®mBAgelicgueat frationor afr@f By SrididionRAp&riméeldded Aot giver 4 her or
di fferent anal yses g‘steE_YSO .. I'f the answer to the "second query is no,

then, in stoqsr solt. tResobipe’sadhis sass maoneahé sodew! yeg ambigvonpsiNBdogagons 5 MAY
consi st ent 1 ARSH FRbASCE0GE bl BT BRSNE BrlGlptichle iR e S
nunber 16f aaplogipetpatternits wikdhebt SNPaaglopy rrGequencd niobeclpRly @ldlesset (770). The
SNP sequence_contai ning the, nore anbiguities may be _discarded, or, in sone
enbodi ment sAddiignally oresoliving emay mean Feneqving an yphigues AW hgrletype seqpgace
resol vi ng 5858 a{mysip_e understood further by referring to Figures 7A and
In one embodiment of resolving ambiguous SNP haplotype sequences, SNP
haplotype sequences are placed in a data set for possible addition to a pattern set. The
20 data set will contain all SNP haplotype sequences that are to be evaluated for possible
assignment to a2 SNP haplotype pattern. Referring now to Figure 7A, in step 710, the
SNP haplotype sequences in the data set are compared, one by one, to the pattern
sequences in the pattern set. In some cases, there will be no patterns in the pattern set
initially, though in other cases some or all pattern sequences may be known beforehand.
25 Instep 720, a query is made: is the SNP haplotype sequence from the data set consistent
with a pattern sequence in the pattern set? If the answer is no, step 730 provides the SNP
haplotype sequence being evaluated will be added to the pattern set. If the answer is yes,
another query is made (740): is the SNP haplotype sequence from the data set consistent
with more than one pattern sequence in the pattern set?
30 If the answer is yes, the SNP sequence from the data set may be discarded or, in

some embodiments, held for further or different analyses (step 750). If the answer to the

second query is no, then, in step 760, the SNP sequence from the data set is compared to



7B. In Figure 7B, a first SNP sequence, TTCGA, is conpared to the sequences
contained in the pattern set (step 710). At this point, there are no
pattern sequences contained in the pattern set, thus TTCAA is no@ v
consistent with any pattern sequence in the pattern set. This oc Ef%eﬁw@ of
SNP sequence TTCGA is then renoved fromthe data set (or is 10 retained for
different analyses), and added to the pattern set (730). The pattern set now
has one pattern sequence, TTCGA. Looking_.again at Figure 7B, the second SNP
sequence in the data set, T?C??, is co%%éred to the sequence contained in
the pattern set (step 710). Now there is one pattern sequence in the
pattern sethe pritemsequgnge frogrthe patters sl witlewhiofit is corytientc &r@m tlegse 180 720) . The

answer to the seco r 740). t her. SNP seaguence T?2C?? i,s_consi st ent
meh oo Rkt ERoRE sfUERtudts Shm B RhN G RsE o £ GREREEs K Eefsh 2RIk T Lt
there !S Oy me%ﬂemﬁaﬁ(?%(g& ’ﬂﬁcﬂlﬁnmueﬂéﬁ(é@%a_iﬂiﬂg mg%&@hhﬁighit%tmaﬂ& step 760,
T?C?? is conpared to T to determ ne which sequence has the nore

anbi gui t i ediscardeh pr.dhsemg pmbodinentshheld farfoher o diféerantrizpesiof anklgsesat t ern set

(770) apd T?C?? -discarded qr held for. .20 further analys The third
sequencg of theng%(easggférfg ?rﬁgﬁ'—slséﬂuay € e‘}]ﬁglergtoﬁg‘gwerg.?ﬁr%grtg??gl%esgfoﬁ‘rﬁ%(?ed to
TTCGA (st egB7 IRFigurs7Bo4Ififkt NP ste&%xeﬂ@e,qqmﬁlig Rbmphred tdf theGfyuerdéd) contiibd S
thus added to the pattern set (730). The fourth sequence in Figure 7B is

CTACA. CTAGnthepattergipisien 7 8). PHCIuA pai, thore2re pq pattepasaquenrrces eoiaimedi tha t he

pattern se .1s .25 found.tQ onsistent. with C??72?22 (720).

The secondtpa%czrbga(%ﬁg%lvr@v]vgfssnoﬁﬁges:ls%ng%%fﬂgiac%rﬂg%%e Rt H\\%Ih% Harg%{x ﬁetC???? and
TTCGA? The Tapsoteiirrdde B0 SNPGeERAce TATGA Is thésreioPed fom o dmarsedof K60) and t he
sequence with the | east nunber of anbiguities, 1in this case, CTACA is held

i n t he 1Bat reipined for diffegentanalysgsy, andl gddadde dhe pasisovesd (F30dmThapatgrsisehnover hel d
for furthe I e fifth SNP sequence in the data set in
Figure 7B ?lgsa%’ﬁéﬁ.gﬁlls(ﬁﬂeq%ﬁi&%‘génce is conpared to pattern sequences
TTCGA and CTACALoOdKifg agdifl ai Bigh@uiB] tlicosebénd SWPSediced inwhé BatheéthTITCA and

CTACA. Thus, the_answer to query 740 is yes: ?T??A 0 5 MAY 2006 -32 is
consi st ent NP e serisnemronianaddp thespadigrnict (step 1108 Plattthers iseRe | n step

7S0. SN SefRRARerkiaind Sl th TR APl Yol B WRSEAIE g eoveC

from analy not her approach to resolving’ oWs r e>ParrpI e,
one paftlfer M2@edqhenasverdo tKeGaddid qurey 740\ \Mirday ShPsefuare THRE?RIcAnSstenti S
C?ATTG the, eque%(l:es are 5 "conbi ned’ to solve the anmbiguities, (CCATTG,
and the "¢ iRYE thanns SRt sequsa s the pattern set, is no, as currently there is only one

pattern sequence, TTCGA, in the pattern set. In step 760, T?C?? is compared to TTCGA
to determine which sequence has the more ambiguities. T?C?? clearly does; thus,
TTCGA is retained in the pattern set (770) and T?C?? may be discarded or held for

20  further analyses.

| The third sequence of the data set in Figure 7B is C?77?. C??77 first is compared

to TTCGA (step 710), is found not to be consistent with TTCGA (720), and is thus added
to the pattern set (730). The fourth sequence in Figure 7B is CTACA. CTACA is
compared to TTCGA and C?77? (the pattern sequences in the pattern set, step 710), and is

25  found to be consistent with C???? (720). The second query (740) now is made: is
CTACA consistent with both C?7?? and TTCGA? The answer is no, so C?7?? and
CTACA are then compared (760} and the sequence with the least number of ambiguities,
in this case, CTACA, is held in the pattern set and C???? is discarded (removed from
analysis), or held for further analyses (770).

30 The fifth SNP sequence in the data set in Figure 7B is 7T??A. 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: 7T7?A



to the pattern set. Additional array hybridizations, sequencing or other
techni ques known in the art nay be enployed to anal yze anbi guous SNP

nucl eoti de positions. Association of Phenotypes with SNP Hapl ot ypei] SB’[’B/%]EE
and Patterns The SNP hapl ot ype bl ocks, SNP hapl otype patterns and/or i
informative SNPs 10 identified nmay be used for a variety of genetic

anal yses. For exanple, once informative SNPs have been identified, they may
be used in a nunmber of different assays for association studies. For

exanpl e, probes nay be designed for m cr%’arrays that interrogate these
informative SNPs. Ot her exenplary assays include, e.g., the Tagman assays
and | nvaderis asssigient sathondiedbarsusrmitemsequente isthe panentsetodaktePCROASNP or 15

i t echni . nbodi ts,. i t 70 .of Fi
1 e hap1 SAYEEe AAr Phis eI RE BT Ay ey Betiead e e SR YRR er enced.
assays to p&ﬁJtHér’HP R3O AERVing bl SWE that if 1ok 8x ?,ﬁeﬂ%amﬂ%%91§y

determ ni ng hapl otype patterns™in I ndividuals phenot ype of
i nterest (fOCA&YXannd @ SNPredijwende fdos) the dataiset in§ 74 TH4T, theselqaencds slease or 20

i ndi vi dyal s, who. respond in a partic r ner, to. adni.ni gfration of a_ drug)
o comoar cAgRing” Rrbtsdhe frBRuite B ATTR e Simine et isRided ol 2
to the hapl er i t : 11BHnYd

Pr ef or abl . P B NI ALL G bR SRR B b OIS ey

however, i tintigyarbmay haemphiygd spaeiyze ambegioon SNEfnuctehtidgpositivmsar e of
interest, and the SNP hapl otype patterns of those specific regions are 25

d. In additi.op t t her . i pent s of .t he. net f th t
venti on ebBen e phfte S BT RRP RN plelRarny BROW (o the
I N L S e S g N e
i ndi vi dual iaaﬁifieafn]geﬂeoer@@dlfdr_aqz‘aﬁetyctﬁffg%ﬁéﬁci AalRae P&rlemh 18, 4028 infBRRMIVY

phenotype in a différent individual may be the result of mutations in Gene Y

and 30 GeneSNPs hpvebeen identifedothey sirarheiused imcgoamber tof diffepént braypfags ent

e on AR, F FEHL e SRR SRR A, o

identi fied ja®rB@itd theds RPSALIOE SWPS N Othed @kérh Sl AdssBREAQLID 8. HREPR AL ONS
may be used as drug discovery targets (step 180 of Figure 1) or as

di agnost i c assayk erdInvedermssay9dessfibel gpre asywellas cdneantiohad PGRiandier previ ous
par agrﬁ@h, one net hoﬁg‘BOf conducting association 5 studies is to conpare the
frequency §Fq‘§ﬂfﬂmﬁ§ﬁ) {%‘Bse patterns in individuals with a phenotype of

interest to the iphknbapbediniatspad ek ih kRAUFD Y Figirell GBOh&btypé Patier@f

identified may be used in the above-referenced assays to perform association studies.
This may be accomplished by determining haplotype patterns in individuals with the
phenotype of interest (for example, individuals exhibiting a particular disease or

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 genonz_c_:_—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



individuals. In a preferred nethod, informative SNPs are used to make the
SNP hapl otype pattern conpari son. The approach of using informative SNPs
has trenendous advantage over other whol e genone scanning or genotypin

met hods known in the art to 10 date, for instead of reading all :ﬂﬁbMAYIQiuﬁn
bases of each individual's genone-or even reading the 3-4 mllion comon
SNPs that may be found-only informative SNPs froma sanple popul ati on need
to be determ ned. Reading these particular, informative SNPs provides
sufficient information to allow statisti2l | y accurate association data to
be extracted fromspecific experinental popul ations, as described above. 15
Fi gure 8 il gememe ateeidentifiedrds dbedingmssoctedowish aptittiodlao phahetypenihasauggigpan etaly c
associ ations using.the.nethods of the pr nt inpvention. lLn ste 00, the
T equency aft WSROI eV ERers (et HUATTag e J) oL igiosts s et

popul ati on. 1donhiti&Re 310, the frequency of informative SNPs is determ ned
for genones of a clinical population. Steps 800 and 810 may be perforned by
usi ng t he af or enenddsomiad i8NKE previays paragraplslopz enetlivel FRonddatingmsioemtiBAPs i n a

popul atioon of ..i ndi vidual s,, In ste %%&P t he informati.ve SNP frequencies
from st €ps Sg'ffbesalﬁ&o groPay Elec,fnf:ﬁ%ea‘?cg’d’. eIEﬁPE%W RAtiEs AR Suihedply Wil aade,  for
exanpl e, byplﬁﬁ&tyﬁ%ﬂhfwes& RechEISREr a%ldégﬂfq?ftté %Mcg(iw%{mp%whggrvi dual s
with a particular mnor allele dl’IlVI y the totadl nunmber of 1ndividuals)
at each i nfiodividualse In ShRftroalanetbod,iinfoemativepsiRd are veml tgmhakedbaBNPi ng t hese

m nor allele frequencies. In st 25 830, the informati SNPs di spl aying a
i 11 er once BITGHPARAS Crogsc, herparech pEHSEE PoTEHee SRS e raridey

clinical popyhhdnRr 8fher WAL #3loy gbio EnetHde kB Vethe are
sel ected, the SI\%D ha|rol otg/pe blcggg(sklgéﬁag? goqyn?ai rﬁyﬁ% iemb})ir mat i ve tSNgEStgre

i dent i fli0ed,datepidrahstéad afueadingiadh billiesbasheofranb mdividea)isgenomeiorteyerst (st ep
840). Th 1 i b tl . hi ol agi t hod
cnown 1 '« ey e Scepen SR yRs el gn & B0 dralintiriable B8PS FoF b o
use as dr UgafhibRGRYE[a¥oh ﬁé&ﬁb%e%ﬁeﬁﬁirﬁ@gkﬁ%}ng%ggé AANORLY, SnfOBRARESNHEST €p

870), as described in detail below. 0 5 M -34 Uses of Identified
Genoni ¢ Sequevidessufinent anfgematiango labowstatisticallly tacpiratelassiciation dhte tgbaone are

associated wi t arti.cul ar phenotypi.c.trait--for exanple, a disease
suscept i bi I‘ei%%}?%gﬂ -PEH c_ﬁéﬁeépl%‘?magé’ﬁgglau%s’ ?Se(beﬂ?rgtﬁegﬂi’og ‘ement's responsi bl e
for thestrait cqn%he 8iiliedtatdsiaf @mbbBReit aﬁ&%@mo@of@abﬁﬁm%xgeﬁétmnts may
then be used as therapeutic targets for the treatnent of the disease, as

shown in staggciegonpesing thgmeethodsiof heqpe®sdinyentiting ulnestep 800k thefegivmiey afequences
dent 11 0 P PO e A8 ¥ EREEs bW EMoP Poliioh® 19 16/ nf ON0E ©
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 agnd 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 metliods 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.



The term "gene" intended to nean the open reading frame (ORF) encoding
specific polypeptides, intronic regions, as well as adjacent 5 and 3

non- codi ng nucl eoti de 10 sequences involved in the regul ation of expression
of the gene up to about 10 kb beyond the coding.region, but pd<sii 406
further in either direction. The ORFs of an identified gene nmay affect the
di sease state due to their effect on protein structure. Alternatively, the
noncodi ng sequences of the identified gene or nongeni ¢ sequences may affect
the disease state by inpacting the | evel*of expression or specificity of
expression of a protein. 15 CGenerally, genom c sequences are studied by

i sol ating tUses pHitdentified Gegomic Seqmenges i al [y free of other nucleic acid

sequences t hat nat inclwude the geni,c.sequence. The DNA s nces are used
ina variety of %}?g.ge 1 l@%‘ésn%l%‘flgPﬁéf) _ n%eﬂ%eeﬁsqcéatﬁcg%ggta or
quantify exprRakr 9Hermtydﬂi@ﬁaw ekdnfle i @IbQGE SbertHEMY THAs--HR Qe ARB&inet N

which cells are probed for the presence of particular nucleotide Sequences
is well estabégugtery elemantsereggnisibecfon therteaitaad bdddantifiod. Thepgigenesedrabor at i on

here, h _g.. Sanbrook, et al ., . Nbl i ng; - A Labor at
Vanual | oCoreeaspRteeth ey BRBORas § RS R (oS Be e Rt Beon. the
sequence ofdideh®, BLsHRwWni iR Glepdign &f Figuhki BOstEs %m@ﬁrigm%qj. O RAEmicCRYLAtes

regions, may be nutated in various ways known in the art to generate
target ed 25duwiedss themethpdeefghe presens giventon mhax hg Eenic 91 nergesweewrRIccHf t he

encoded protein. etc.. T ence changes. be stitutions
i nserti olrcl)s, :,tgﬁaslggﬁ%t frgﬁgdegﬁgﬁlg%ﬁ]eoorggp }n@%%(é%dcﬂ%fl%&%“f%’ ge
changes, syplypastidés) iatrbio e@dns2is KB bé K1jSRAPS AN@B' WPELdideLitotides for in

vitro nutagenesis of cloned genes are known. Exanples of protocols for site
speci fil@ rFequegessdsYdvedip theeregulation phexpression of ghe gene upite skt dp fhdeyant 22

(1993); Bar, . . : - 1985).: i.cel |l at s . Genet .
199: 537-9 (‘%‘g%%‘}‘? %glgﬁ&%‘ﬂogéﬁ}&ﬁtﬁ“ﬁeéé‘hgh?ég%ép sTl(hfs?gﬁﬁs; Ofﬁiﬁ?‘%‘ggﬁ%& at
Mol ecul ar  Ghayniffegt thé disalerstitedye dahdlatffect 68 ptbt&AstraguidarAiesimdtiveBss thepp.

15.3-15.108 (1989); Weiner, et at, Gene 126:35-41 0 5 MAY 2006 -35 (1993);
Sayers, et nepcoding ssauences efths identiodgene or agngenicissquencas mayeieatithe dispase

Bi ot echni : = ; ot 3l 2| ej ' Res.
e 5o se e bbiRtal A R e gl s ol ™o
st ruct use/ fGuneiallg pehomid sequaitepsreGtudiddcby ipslatind the pdeonified gety substandidligr t he

properties of the protein that affect its function or 5 regulation. The
i dent i fi ed figeRé othgynusdeie agd soqugnees tha dodet inshidg the grnigtpapensss

resulting g Lgle%{ﬁeg%é 884 i @ vERY OF Wals. R LKAMpR! BAYHYA Y BREFtChQN GRS SEL L e

i ncorporatin
quantify expression of the gene in a biological specimen. The manner in which cells are

probed for the presence of particular nucleotide sequences is well established in the

20 literature and does not require elaboration here, however, see, e.g., Sambrook, ef al.,

Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory, New York)
(1989) '
In addition, the sequence of the gene, including flanking promoter regions and
coding regions, may be mutated in various ways known in the art to generate targeted
25  changes in expression level, or changes in the sequence of the encoded protein, etc. The
sequence changes may be substitutions, insertions, translocations or deletions. Deletions
may include large changes, such as deletions of an entire domain or exon. Techniques for
in vitro mutagenesis of cloned genes are known. Examples of protocols for site specific
mutagenesis may be found in Gustin, et al., Biotechniques 14:22 (1993); Barany, Gene
30 37:111-23 (1985); Colicelli, ez al., Mol. Gen. Genet. 199:537-9 (1985); Prentki, et al.,
Gene 29:303-13 (1984); Sambrook, et al., Molecular Cloning: A Laboratory Manual
(Cold Spring Harbor Press) pp. 15.3-15.108 (1989); Weiner, et al., Gene 126:35-41



identified gene may be enpl oyed. The expression cassette or vector generally
provides a transcriptional and translational initiation region, which may
be inducible or constitutive, 10 where the coding region is operabjyMhy flfsd
under the transcriptional control of the transcriptional initiation region,
and a transcriptional and translational termnation region. These control
regions may be native to the identified gene, or may be derived from
exogenous sources. The peptide may be eﬁgressed i n prokaryotes or eukaryotes
in accordance with 15 conventional nethods, dependi ng upon the purpose for
expression. For large scale production of the protein, a unicellular

organi sm $RB)Sayes, e of.i Biogchyigues 13:892-6(1998):dvnes and Winiisiedert cells in
conbi nati on,.W t.h. bac j tor or cell f.a higher Lsm such as
vertebrate ,’ov}nf)cz;’r"f‘ﬁugﬁ %3?@‘5 ﬁzmﬁ’@déa&onﬁl"?ﬁ l‘f&fﬂicéa Sb]eé)‘zgﬁg is t he
expression (f@@&. Seeh hﬁtatéd?dﬁ%@ha? ibk add @ Rfudylstrubfye/RecElaSielAbheipLofakPr ess
the gene in eukaryotic cells, 20 where the gene will benefit fromnative

fol di ng an@rqieismradugh of tetdlisnthie mepfirtiescditheoprotein Bahiffeqpdpfingtien af so can be
synthes%ze? 'pa.tohe | aboratory. Wth the availability of the protein or
fragnents t?1"’(%\lreofl‘in | arge anobunts, the protein may be isolated and purified
in accordance Whé ilenffid@Hincan®l bodisloydd foy pRIdaciiB Yl Re pBRRRSbLe dsultliy
expression host and_the proteins or fragments thereof purified using HPLC,
excl usi on ehlyperiidsglaEKpresye propen prasiuet; ap BEpression cagfette inooypasttingnde ogr aphy,
or other purif.rcation techniques,. An expressed protein may be used.faor the
ot oduct | on spuiChorRarh S P Ee B e RNl B St e Bhem By Sl o
ant i bodi es tapReibfibral hed rhdiatidasltihiiation rpfdny ReRh M8y bd HANEBleRbnARtROdI es) ,
and Iarger fragments or the entire protein allow for the production of

ant i bod¥ es whowerthe prdingiegion ispperably diskodbupster the trapsertionalgontiat ofbei es) . 30
Ant i bodi estr%lr)ﬁ%ri 5 gﬁﬁ]atlo'ﬁ 18 188!:919%%?@%& ioﬁ&%ﬁ%ﬂn&gﬂ)ﬂa\f@%ina%g 'i?%l&pe
expressed “polypeptidé or protein is uSed as an i munogen, by It{self or
conj ugat ed Thesekoouel regionzimag &8 nativeao thesidentifedgenKldd mayr e derivBs Aom ot her
viral or eukaryotic proteins, or the 0 5 MAY 2006 -36 |ike. Various

adj uvant s REREEBRISSRPI6Yed, with a series of injections, as appropriate. For
nonocl onal anti LES; . ter in i een is
i sol ated, the ?g%%ﬁjglcd&%e éerée?(gf\ersn%%irlﬁgf-ﬁﬁ(zaggﬂ%y&gg{( ‘Ifyy(?%élh{;%%gﬁi %’c‘?feﬁéned for
hi gh al$ i ncénveatidriabosyhodkidegending diva therpwmpbsd for exbresslidns  Far large sdajdr i donas,
produci ng the desired anti bodi es y 5 then be expanded. Foy further.
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i sol at ed vertebrates, particularly mammals, e.g. COS 7 cells, may be used as the expression host

cells. In many situations, it may be desirable to express the gene in eukaryotic cells,

20  where the gene will benefit from native folding and post-translational modifications.
Small peptides also can be synthesized in the laboratory. With the availability of the
protein or fragments thereof in large amounts, the protein may be isolated and purified in
accordance with conventional ways. A lysate may be prepared of the expression host and
the proteins or fragments thereof purified using HPLC, exclusion chromatography, gel

25  electrophoresis, affinity chromatography, or other purification techniques.

An expressed protein may be used for the production of antibodies, where short
fragments induce the expression of antibodies specific for the particular polypeptide
(monoclonal antibodies), and larger fragments or the entire protein allow for the
production of antibodies over the length of the polypeptide (polyclonal antibodies).

30  Antibodies are prepared in accordance with conventional ways, where the expressed
polypeptide or protein is used as an immunogen, by itself or conjugated to known

immunogenic carriers, e.g. KLH, pre-S HBsAg, other viral or eukaryotic proteins, or the



and nut ageni zed by cloning in E. coli, and the heavy and |ight chains m xed
to further enhance the affinity of the antibody. Alternatives to in vivo

i mruni zation as a nethod of 10 raising antibodi es include bindin%ﬁtlwqmﬁge
"display” libraries, usually in conjunction wth in vitro affinityw

mat uration. The identified genes, gene fragnments, or the encoded protein or
protein fragnments nmay be useful in gene therapy to treat degenerative and
ot her disorders. For exanpl e, expressigg vectors nmay be used to introduce
the identified gene into a cell. Such véctors 15 generally have conveni ent

restriction sites |ocated near the pronoter sequence to provide for the
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(1995)) . ExayBl fepited ehinASRHE h 89hipBotidifatidlebivh! e target gene or fragment
thereof, and a transcriptional termination region. The transcription cassettes may be
introduced into a variety of vectors, e.g. plasmid; retrovirus, e.g. lentivirus; adenovirus;

20  and the like, where the vectors are able to be transiently or stably maintained in the cells.
The gene or protein product may be introduced directly into tissues or host cells by any
number of routes, including viral infection, microinjection, or fusion of vesicles. Jet
injection may also be used for intramuscular administration, as described by Furth, ef al.,
Anal. Biochem, 205:365-68 (1992). Alternatively, the DNA may be coated onto gold

25  microparticles, and delivered intradermally by a particle bombardment device, or "gene
gun" as described in the literature (see, for example, Tang, et al., Nature, 356:152-54
(1992)).

Antisense molecules can be used to down-regulate expression of the identified
gene in cells. The antisense reagent may be antisense oligonucleotides, particularly

30 synthetic antisense oligonucleotides having chemical modifications, or nucleic acid
constructs that express such antisense molecules as RNA. A combination of antisense

molecules may be administered, where a combination may comprise multiple different



activity are described in WO 9506764. Conjugates of antisense

ol igonucleotides with a netal conplex, e.g. terpyridylCu(ll), capable of
medi ati ng MRNA hydrol ysis are 10 described in Bashkin, et al., ﬁﬁgl 0

Bi ochem Biotechnol. 54:43-56 (1995). In addition to using t hel %Zq i ed
sequences for gene therapy, the identified nucleic acids can be used to
generate genetically nodified non-human aninmals to create ani mal nodels of
di seases or to generate site-specific gene nodifications in cell lines for
the study of protein function or regul aBfon. The term "transgenic" is

i ntended to enconpass 15 genetically nodified ani mals havi ng an exogenous
gene that isqe¢mbdy transmtted in the host cells mhere for exanple t he
gene may be altered |n seguence to produce a dlf protein, may be a

reporter gene op@d AbRYETNGHIEde antisehse lékgéjé‘ﬁo%a pi% ‘*éF a‘”‘i*r"ﬁ%’@\é‘?ﬁsce gani mal s
may be mad ous gene
I o%:/us i's aertﬂgr gg)lég Fé’g%g% ggﬁﬁﬁa{eﬁg?%b[g E&% lgsﬁég 6 llﬁtAé{}‘% E%lg%e ’ agnucl eic

aci d const rRibbzfilesagy b&asynﬁmdaadlmvxtrbagdacﬂmmmm’ecbtdmepgﬁémmméﬁem ors for
stabl e integr aél on include plasmds, retroviruses and other _ani mal viruses,
YACs, ard t$heofgden %XPF%FIQP ézgvz‘foraef@m whighdhrenbezymentaynghesized in thedigetedi gs,
goats, hors r
| nvest i gat .‘ge?}’ o‘ﬁt"ggﬁ Bti e unc |1§%‘g %/e}ifa d ﬂg&!}hﬁswgg%gr%%ﬁaaﬁﬁa ef%ﬁnﬁ(fel S,
particul ar |4, Nl usxahgtek msmm@a(mpgm Exaples &f dligohogeatales withrdtafpaivet i cal |y
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regul ati on. For exanple, a series etlons and stitutions
may be nadeofidiseaseh or icdganerats stt- @euﬁctgenejmbélfmmmlstiheeli bhes fof thdisfufdgrodnt

domains in en i.c activit r.ansport, .ot Ilzatlon etc.

Specific cd?{g't%%f‘%md’for rRgu t}é/"é"t Cﬁ‘r‘?é? %r‘%”ﬁ?ﬂ el 19 FHGOHPAY, ant i sense
construgt s defetitlal§ lindiBmal @mﬂaﬁmlﬁgm%weﬁ@@ e hat OFABIR Ran HEGRY ﬁﬁ/ﬁegenet ic
5 nutations, and over-expression of the identified gene.” One nay al so
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or tissues where it § not nor rral Tﬁr&sﬁ?d or at abnor nal tll. of.
devel Oprrent o‘ﬁeﬂl oLy BﬁreWebgwl ﬁa& inked 10 an exogenous promoter ransgemc

animals may be made through homologous recombination, where the endogenous gene

locus 1s altered, replaced or otherwise disrupted. Alternatively, a nucleic acid construct
20 may be randomly integrated into the genome. Vectors for stable integration include
plasmids, retroviruses and other antmal viruses, YACs, and the like. Of interest are
transgenic mammals, e.g., cows, pigs, goats, horses, etc., and, particularly, rodents, e.g.,
rats, mice, etc.
Investigation of genetic function.may also utilize non-mammalian models, particularly
25  using those organisms that are biologically and genetically well-characterized, such as C.
elegans, D. melanogaster and S. cerevisiae. The subject gene sequences may be used to
knock-out corresponding gene function or to complement defined genetic lesions in order
to determine the physiological and biochemical pathways involved in protein function.
Drug screening may be performed in combination with complementation or knock-out
30 studies, e.g., to study progression of degenerative disease, to test therapies, or for drug
discovery.

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



expression of a protein in cells in which it is not normally produced, one
can induce changes in cellular behavior that provide information regarding
the normal function of the 10 protein. Protein nolecul es nmay b@5§ﬁh mﬁd to
i nvestigate structure/function paranmeters. For exanple, by provi 3

the production of |large amobunts of a protein product of an identified gene,
one can identify ligands or substrates that bind to, nodulate or mmc the
action of that protein product. Drug scrgening identifies agents that
provide, e.g., a 15 repl acenent or enhaé enment for protein function in
affected cells,, or_for agents that ate or_ne te rotein function. The
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masking, either directly or indirectly, the physiological function of an identified gene or
gene product. Generally a plurality of assay mixtures are run in parallel with different
20  concentrations of the agent to obtain a differential response to the various concentrations.
Typically, one of these concentrations serves as a negative control, i.e., at zero
concentration or below the level of detection.
A wide variety of assays may be used for this purpose, including labeled in vitro protein-
protein binding assays, protein-DNA binding assays, electrophoretic mobility shift assays,
25  immunoassays for protein binding, and the like. Also, all or a fragment of the purified
protein may be used for determination of three-dimensional crystal structure, which can
be used for determining the biological function of the protein or a part thereof, modeling
intermolecular interactions, membrane fusion, etc.
Candidate agents encompass numerous chemical classes, though typically they are
30  organic molecules or complexes, preferably small organic compounds, having a
molecular weight of more than 50 and less than about 2,500 daltons. Candidate agents

comprise functional groups necessary for structural interaction with proteins, particularly



Candi date agents are obtained froma w de variety of sources including
|ibraries of synthetic or natural conpounds. For exanpl e, nunerous neans
are avail able for random 10 and directed synthesis of a wi de variety of
organi ¢ conpounds and bi ool ecul es, including expression of ranfibmjyegls

ol i gonucl eoti des and ol i gopeptides. Alternatively, libraries of natural
conpounds in the formof bacterial, fungal, plant and aninmal extracts are
avai l abl e or readily produced. Additionag y, natural or synthetically
produced libraries and conpounds are readily nodified through conventi onal
chem cal, physical 15 and bi ocheni cal neans, and nay be used to produce
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active ingredient, its use in the therapeutic conpositions and t hods
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Where the screening assay is a binding assay, one or more of the molecules may be
20  coupled to a label, where the label can directly or indirectly provide a detectable signal.
Various labels include radioisotopes, fluorescers, chemiluminescers, enzymes, specific
binding molecules, particles, e.g., magnetic particles, and the like. Specific binding
molecules include pairs, such as biotin and streptavidin, digoxin and antidigoxin, etc. For
the specific binding members, the complementary member would normally be labeled
25  with a molecule that provides for detection, in accordance with known procedures.
A variety of other reagents may be included in the screening assay. These include
reagents like salts, neutral proteins, e.g., albumin, detergents, etc that are used to facilitate
optimal protein-protein binding and/or reduce non-specific or background interactions.
Reagents that improve the efficiency of the assay, such as protease inhibitors, nuclease
30 inhibitors, anti-microbial agents, etc., may be used.
Agents may be combined with a pharmaceutically acceptable carrier, including any and

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



i ntratunor, subcutaneous, intraperitoneal, intramuscular, etc. The dosage of
the therapeutic fornulation will vary w dely, dependi ng upon the nature of
t he di sease, the 10 frequency of adm nistration, the manner of

adm ni stration, the clearance of the agent from the host, and the |ike. The
initial dose may be larger, followed by smaller maintenance dos@8 MATREIf dose
may be adm nistered as infrequently as once, weekly or biweekly, or
fractionated into snmaller doses and admi nistered daily, sem -weekly, etc.,
to maintain an effective dosage |evel. jyn sone cases, oral admnistration
will require a different dose 15 than if "‘adm ni stered intravenously.

I dentified agents, of ..the_invention can be incorporated into a variety of
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with appropriate, pharmaceutica ptable carriers or diluents, and may
be f or mul atmdmpatible vpthetpeaaetiveongredients ith usk, inslenthemptutit, compmpeitidnoandjaseous
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pressurized acceptabl e propellants such as dichlorodifl uoronethane, propane,
ni trogen appropriate, pharmaceutically acceptable carriers or diluents, and may be formulated into

preparations in solid, semi-solid, liquid or gaseous forms, such as tablets, capsules,

20 powders, granules, ointments, solutions, suppositories, injections, inhalants, gels,
microspheres, and aerosols. As such, administration of the agents can be achieved in
various ways. Agents may be systemic after administration or may be localized by the
use of an implant that acts to retain the active dose at the site of implantation.

The following methods and excipients are merely exemplary and are in no way

25  limiting. For oral preparations, an agent can be used alone or in combination with
appropriate additives to make tablets, powders, granules or capsules, for example, with
conventional additives, such as lactose, mannitol, corn starch or potato starch; with
binders, such as crystalline cellulose, cellulose derivatives, acacia, corn starch or gelatins;
with disintegrators, such as corn starch, potato starch or sodium carboxymethylcellulose;

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



and the like. Alternatively, agents may be made into suppositories by m xing
wth a variety of bases such as emnul sifying bases or water-sol uble bases.
Further, identified 10 agents of the present invention can be adm ni stered
rectally via a suppository. The suppository can include vehiclEsMautlis as
cocoa butter, carbowaxes and pol yethylene glycols, which nelt at body
tenperature, yet are solidified at roomtenperature. Inplants for sustained
rel ease fornulations are well-known in the art. Inplants are fornulated as
m crospheres, slabs, etc. with biodegr atHbl e or non- bi odegradabl e 15

pol ymers. For exanple, polyners of lactic acid and/or glycolic acid form an
er odi bl e pdlispolwmg; fmpendingver ¢mulsifenathet inyantageedus sr nodymeousHolvent, it & ni ng

identified a s of ,the .present Jinventjon nay .be d i imty t
the site offCBETiIoAT otbe SRURT oo Yruhelc SUbEatIe ST oeoShE Vi ent 15
i ncreased rghkdtic\ugids @r bﬂ@ﬁfeﬁé%ly‘%ﬁ)l;%ﬂ&if%ﬁkd, WithicoHPSABRal diafiRs hih A9r al  or

rectal adm nistration such as syrups, elixirs, and suspensions may be 20
provi ded wselubilizers sigptonissigorss.cabpendingragentaremudsifitiegageotn stabilizeralbhéspoonf ul |
gel capsul e t abl et _or. suppositor ont.ai ns a,predetern ned .anount .of the
dormos o1 odlesgrARIS: FREbEn b DEN b BiEReTh Arrashl Jortiiiportlp D gaBRRiedr or

i nj ection Qi inAAIEEKE TAE ag AR Sidety BB phBRY¥nt iFRIREA S5n b rmaRAURE of the
present invention in a conposition ds a solution in sterile water, normal
sal i ne or pmssurized ptceptabltearopdntsysuele aedichlbiodifzremethaneT propepe aiittdgeat | ons

25 for the noyel. unit dosage for of, the,present i.nvention depepnd on the
parti cul ar “BoMAla AUFREY e 8RR b mad i pposiReE bu axige 4

phar macody Rrﬁﬁét? Df B9 SRl B Emuldi B LRBEs AGIAMEASRObaded FlrehAOatntifie
pharmaceutically acceptabl e excipients, such as vehicles, adjuvants,

carried§ @egends ofiibe presendieventionl cdnybeadniinistsires] neotatlp erigupippositobr Eowver
pharmaceutical |y accept e 30,auxiliary s t ances, such, a adj usting
nd but 1 or sigposR 8T Belled eI air e nto S SRSl PR AT B | B

agent s and gly8ls| whizh niil€at bead idnpetatare! Péilafe Jolidiftd AP Him fempRrdtth@r apeutic dose
of an identified agent is adm nistered to a host suffering froma 0 5 NMAY
7006 -42 di seasémplangifenugiained selasseifermalations argyelbdnewpinctie artt dowlantsed or

system c, i . cj;fic dis e .. T oungds .are m ni st ered
at an eff e%ﬁ“@[ég%%% gégr%%%gp}i%ﬁeat éla]503\’/8trc ’ gﬁgﬁﬁdg%%gabg‘gg?%%'g?d?grﬁ%a%?%e di sease
progr essi ompolyaerd Eob exaipid] tpodiinhets af Iaed £id add/or dycdienicRifetatag@drddible t he
conposition will be_ obtained and used under the guidance of _a 5 physician

for in vivaolyger thehis wlktolespied by she/hase pEheipdens sortamingidentified aggetnof thed
91T L Ol DSy BRSSP Bl s b D 11
si de ef f ectenceftr@tiinaattiveBagent 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



be for short periods of tinme, e.g., after trauma, or for extended periods of

time, e.g., in the prevention or treatnent of schizophrenia. 10 The SNPs
identified by the present invention nay be used to anal yze the rﬁgﬁm on
pattern of an associ ated gene and the expression pattern correl

phenotypic trait of the organismsuch as disease susceptibility or drug
responsi veness. The expression pattern in various tissues can be determ ned
and used to identify ubiquitous expression patterns, tissue specific
expression patterns, tenporal expressi orf15 patterns and expression patterns
i nduced by various external stimuli such as chem cals or electronmagnetic
radi ati on. dBeeds cidiserder. nAtitni)mistraztmnlrﬂa}pbmphtel lochhizentadrispstemeag dembindme dhunct i on

of the gene and/.qr its protei uct The ne ntified sequences al so
may be use&hea?eﬂﬁﬁéli‘f&%%er cﬁ’ﬁé B ar%admwterﬁm@%/ﬂn&%%&t%%‘i?f’ég?ﬂcgt hat
charact eri gtk sﬁﬁkﬁ@le%%ngd SEARE (RG] hﬂ%g}esélxn fa ay ¢ Ui ARAARY Mﬁ&?Sﬁ 20 In

addition, the nethods of the present tion be use o st ratl
popul at i onsoﬁtemplatedrthaiathe s&mphsﬁmn v@ﬂl I:mrﬂﬁa,metdmdgaaéandm the agdant of & her eof

may be uysed, as bes fo e,glwén r the sa nucl.ei ¢ aci d sequence
1S or esont PPASERE 3R i ust B CO5F Gl vem SREHI S IRESPEIHC AGRI ARDn .t he
probes may fhgnised &mzwwﬁﬁfd@%erpmtmﬁ@%@ Sulh i1t 7 id RerQEQaRi smto be

jested or a part thereof,” such as a specif t1Ssue or organ, 25 so as to
det er m ne taldressxpe éesasenr bwuptoms ftheréa, whrlkenmmzmg sidb effectpr €=airoent n@yel can

i ko se. . PRET PN BPROI W 2l ARG g g NireSTeaind Pt Shtimige fmfh e

customary GLRGBMEHS thldfiflerd of sdhPBpARINRYI cal net hods- Western bl ot s,
radi oi muné precipitation and the |like-or activity based assays neasuring

an actil0ity assdbe&NPd iduntified hy theepresept instersion iy eoused to 3falydeshe a phenot ype
cannot cl ea distin h bet sim | di seases havin f.ferent
genetic ba§§%‘¥ qupep%&h%f?ﬁl a5iot Vﬁ@%ﬁ“@?@ﬂﬁ‘q RPETIRIPP Rattery © elateg&ogo i dentify
correctly thghordiis8as6f the orgMiith ARAGs ﬂﬂ%aﬁ'sﬁ%epﬁ&l@”’&‘-ﬁr% Repanprneat that

t he met hodsS of the present invention can be used on organlsns aside from
humans. Forfhexsprpsseon peitiern mrvenouSgt@asu@manéaeainteammdland u$ed topdenbifids of t he

i nvention used t.0 i QCi .associ seas

resi ot anceroppTSyiRBier fr PREG WoiedBiolt B AiRmfd cabhy PRESRE or e
l'i ke, agmd \pﬁ@é}néartdf@(pﬁersgaﬂpﬁtlfermnauwda@tvarfbbeeﬂahapﬂmmh $ueR ak BN&HicChI@0r MY be
used to identify loci associated with disease resistance/ or

suscept i bi Elecyomagnetie sadiationalSuely Hetemminatiensavald pigeidsiisfosmatiensiegardinge .
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 fested 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 whena 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.



It is to be understood that this invention is not limted to the particul ar
nmet hodol ogy, protocols, cell lines, aninmal species or genera, an% re ﬁnts
described, as 10 such nmay vary. It is also to be understood t hdlt WW@H
term nol ogy used herein is for the purpose of describing particular

enbodi nents only, and is not intended to |limt the scope of the present

i nvention, which will be limted only by the appended cl ai ns. Dat abases 15
The present invention includes databasqi containing information concerning
variations, for instance, information coﬁcerning SNPs, SNP hapl ot ype bl ocks,

SNP hapl otype patterps .and informati ve SNPs. |n sone enbodi nents, the
dat abases of thg?sc’p}lég‘é‘ﬂ be ApRasent Shat g methady ofdhe Prsselt MrlienBen eah Briesedr nor e

hapl ot ype Bﬁ‘B{;ﬁ%ﬁﬂﬁlg?%Q?&ﬁ{ Rfhan¥ Fay LS \ﬁ&@ﬁhg&gg@gaﬁ% Gn aﬁigfiaﬁ She Dt abases

may al so cont ornmati on associ a i varration such as
descri pti veeittioofihe iinventbw iay b esglioddentifg Biebaiseciaed) O, with diveksh t he
variation occurs, such as whether the variation is |located in a known gene,
whet her t hissistaneed og SeskaPtiiiys envienmenishiglsareeodrug sepprateryhe Bkg. and whear by
and theclike. her i i Q- abases of the
o esent™ i ni SR joel B Te i dd el H1E) DERSHA L dHnERES

i nf or mat i oassocietsd wWithtdisease rebistan®d/ o Busgéptibilitg ¢nvirogmemal wldriticeahd st at us of a
ti ssue sarTBI e, a(gal yzed for SNP hapl otype patterns, or the clinical status
of the pat N&RICIGIBHARGCeh t he sanpl e was derived. The database may be

designed to inc Iff LS ; ] vVal iati dat abase, a
SNP dat abase, aitq%ﬁﬁh%g?%tﬁ&géﬁglt%gkn‘%gﬁ(gm%hgg@gtf @boeﬁ%?tg{t fg?fr%I dat abase and
an i nf or matiethed@bBy qat@bals ccellizeh adiind] apedidserr gondra gindatdgentsaiestribed,sdsr uct i on

of datapases _are widely 30 available, for instance, see Akerhlgmet al.,
(1999) U, ssuchapayntary, bisalsote beiderstdod that s Wmanﬁko&wp@?daheé@nw?qré%r ence in

its enti reg%-ggs-@}ﬁ ek iQflarl d¥boldfi &R 33198, { Ms Rt ih{eﬁgﬁptotlﬂni@ﬂle%g%ﬁé de or

external d ase. 05 2006 -44 Figure ows an exenplary co ter
net wor k t haf the presenttimEngof,orhiciheillib¢ hinitsé snigrty the xpentedgaintse sof t war e of

t he present invention. A conputer workstation 902 is connected with the
application/data server(s) 906 through a |ocal area network (LAN), such as
an et her nepafffases® Printer 904 may be connected directly to the workstation
or to 5 the Ethernet 905. The LAN nay be connected to a wi de area network
(WAN) , 15uch as Thhpresant arventioroglndesdaalpatsenataineg wdorngfion chieimingy al so

corve 25 Adiaell, belueen he AN, 900, audplhe kA 008, PLRerr o
such as They R hd PR Astan Thfbimstive NI 8n 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.



Nat i onal Center for Biotechnology Information 909, through theed ﬂgg\;@]ﬁ 908.
10 Any appropriate conputer platformmy be used to performth r
conpari sons between SNP hapl ot ype bl ocks or patterns, associated phenotypes,
any other information in the database or information provided as an input.
For exanple, a large nunber of conputer workstations are available froma
vari ety of manufacturers, such has those available from Silicon G aphics.
Client-server environnments, database servers and 15 networks are also w dely
avai l abl e and are appropriate platfor ms~%or the databases of the invention.
The dat abases of the invention may al so be used to present information

i dent i fyi ndigur@ siBNP ansgieniplgne cpmputer retivarkathat in dinitabiifer therdhtabasds aad

presentatign e used t redict. one or,nore phengtypic aits of the

i ndi vi dual ??‘@[‘T}Eﬁg _tsﬂﬁﬁ’ e HlVFBt’?}’re%li"B’B"‘PP‘ﬁéwﬁg‘_s ’QBQ@%‘S

suscept i bi kbAnecleg Siifi tAe 6FpIRAGOI At kot¥e{ SSDBMEBuH a 28] drBshatvdHalLATkyr t her,
the databases of the present invention may conprise information relating to
t he expr essudas angthemeyP0dHna nointend0é nudy hehronpenteskdizstlp to thieerbrigitation drdo

vari atigns ,of -t he invention...The .faol | ow exanpl es descyi eci.fic

enbodi nént §heo§th?rﬂgt d;;b}se ?@‘ﬁ @r}ﬁ VBN tqed:ﬂmc&ﬁe@qf ﬁeW‘Hg?I@P inﬁ‘%org I@Fﬁ'ﬁf NE#Sar e

il Tustrati yi ifferdeh 908 M@ iatedhyaesepbE7 WhichinyedIsedrieOas 2relwalllbbtvidag ticope of
the invention. EX |l e 1. Preparation of Somatic Cell Hybrids Standard

ampl e 1:
procedur es WANSHang thedlehAN 99&n &n preservagremhodidents thewarkataiohmasn DNA  strands
(chromosones) from a .dipl.oid,state to a,haploi ate..ln IS _case, a

i pl o1 SocEmeR R LY Suf o Sadese pnatind R Sera st BRe °
thym di ne Kafigss (@aRe fhaSiotethrshyt RfAmAtioh 909! 1RTBH Bl ihieRicpbd@st cell line
containing a nutation in the thym dine kinase gene. A sub-popul ation of the

resul t g cel | s Angpppiephiate gomphies pletfamaimdiyrbg us erformdhoseseessry Hanst er

cell line A23 cell s, wer P&t L iLnto,a centrifuge .tube, containing.0 5 MAY
2006 - 45 160RPSBRERPIR e SR S5 me Bl ol e e MR LR B RN R M A o
10% gl ut amirfermatidhén G@dRtbageasitiffolrigash prbvided8s AdimphiorF o eRamiple SSlarge
resuspended in 5 mM of RPM and pipetted into a tissue culture flask

cont ai ni nghumben of Rpputes Wotkstatipheane\avpilabls Bema wricyfimanybacsurgisosshdies 37 ¢

to confl ue 3 - 1] ] . i ipetted
nto a conties oflabfiots SHicbh Crapitby ek Ry BBt Splabad SV G
Pen/ St 18p hethQPhsgireiblasividelyeyhlabiddad areCapptapriategsiaifarinsfoPthe datiibéses obthel nut es,

resuspended in.5 mM of RPM and pipetted into a tissue culture flask
cont ai ni ng®¥6NB4N. RPM . The | ynphobl astoid cells were grown at 37 C to

conf | uence. 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



To prepare the A23 hanster cells, the growth nediumwas aspirated and the
cells 10 were rinsed wwth 10 mMl PBS. The cells were then tryp5|@%éﬁ? th 2
m of trypsin, divided onto 3-5 plates of fresh nmedi um (DVEM wi

and incubated at 37 C. The |ynphoblastoid cells were prepared by
transferring the culture into a centrifuge tube and centrifuging at 1500
rpomfor 5 mnutes, aspirating the growh nmedium resuspending the cells in
5mM RPM and pipetting 1 to 3 ml of cel;ks into 2 flasks containing 20 ml 15
RPM . To achieve cell fusion, approximtély 8- 10 x 106 | ynphobl astoid cells

W th DVEM anﬂﬁﬁ%@fg@ﬁgﬁg@ﬁ PRl B oSS o P T IS, g
the DVEM addw%fz\t%@%g%wsﬁ(?@n?fd@%&ﬁm&ﬂ%%&%ﬁ%ﬁ@ﬂ?%ﬂd? SN afd €S

DVEM The reci pi ent anst cells bee rown to con ence and
split 3-4 dgggedmicos gssubeuliurs iflask eoxtainiapd 5 mlaRPMlhmednmn NThe l'yﬁrp&@%astorﬂ I uent

The ol d rredl was rem)vc; nd t’afi't‘fcells re rinse threet V\AE(Sjl
trypsi ni zeﬂe S3Hde #TNE ‘f{? JPEABNEDLS Bt the spREtimer hwmay %’iﬂb@ fdo‘? Scel | s

were Sl owl el fglicadn@Yentlifed @64 Bitithinh2d AERP SN dnidha sHpPRERadyy cul ture

was swirled sl'owy before- |ncubat| ng at our er I ncubati on,
t he 25 medPen/Saep éavd glumﬂpmerweledldﬂcd)mmthﬁ;geﬁat t¥0 pm fond nZinntes,r oom

t t PEG 1500 th f th t h
D1 pet o ancFSeTRIG: I o IBEY P EREteAINR EuTHE FaNTo A S HaL S dtle. wi ¢ h
the other Rangf. The 1§:ﬁ%@d&&fl@xé1r§ak&b§;&ﬂ@at@7wwts chifflu@dd all the PEGin one

full rotation of the plate M was added down the edge of the
pl ate while rotap mrﬁg:atehhe pi2a themsteovtlis, thetpeovARGhENEN wisxaspirscdvas] the pelisat ed 30

ently fromthe c m.. DVEM.was used rins he cells. This
DVEM wdl" ReteXsbS i DO EE5T The Somkaroen T baaean St ol e o

Incubat ed §Rided@ntd N5 phites &?re@h nﬁﬂﬂhﬂg mwwubmmm ﬂicﬁgatédﬁ’tm'/t"@e cells
and 10 M DMEM in which 10% 0 MAY 2006 -46 FBCS and | x Pen/ Strep were

added, was Thellystphoblastnisl aslls vere pisparhd h&ﬂanifetemgahd alkk into a centufyige ¢ube

over ni ght te ncub e .medi a was. pi nd.the cells were

Y rena i st R 3E LRl F s TR R RS SRR Aol e A ed e o e
cont ai Ni NgthekRSHi PRI RPMIAnd DifeMEM 1B MNHEEIE Gio PBRsks tontdigmeSonsip + | x HAT
wer e added) so that each plate received appr oxi mately 100,000 cells. The

medi a Was Mged on the third day fol |l ow ng pl at| ng. Col oni es were picked
and placed int OEggch eceﬂlfﬁl§181§ gﬁﬂﬁl}gﬁgﬁrrﬁ P(gx\ﬂ)sfy of)f%istf) cpcell i%?d eye (day

9-14). If a picked colony was’c cened
centrifuged at 1500 rpm for 5 min. The cell pellet was then rmsed 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%



healthy and the cells were trypsinized and noved to a 6-well plate. 10 DNA
and stock hybrid cell cultures were prepared fromthe cells fromthe 6-well
plate cultures. The cells were trypsinized and divi ded between aj 3@y g
plate containing 10 m selection nedia and an Eppendorf tube. The cells in
the tube were pelleted, resuspended 200 | PBX and DNA was isolated using a
Q agen DNA mni kit at a concentration of <56 mllion cells per spin colum.
The 100 nm plate was grown to 15 conflug@ce, and the cells were either
continued in culture or frozen. Exanple 27 Selecting Haploid Hybrids Scoring
for the presence, absence and diploid/ haploid state of human chronopsones in
each hybri dBesanddxsksnfttep are gddedewas added o the celly spipchywarsdhemallopgd to
(Affynetri&muk? overdfonpanta G ara, CA  HuSNP Mapping Assay, reagent kit and
user manual, yme X Part No. 900194), which can score 1494 markers in a
single chip hyBifiedincabativn, thdsnalmivaOhspirated and diesdels wandrikyedwithd? B oi d

| ynphobl astoid cell |ines were screened using the HUSNP chip hybridization
assay. Any 18gpellsipere thepdrndsimited aps (iyided amangimiaeseanéaining peigeistn mediai d

di pl oi dcce i [ f i i fuskon | i ne.
Asoune. £ nalOVEN G HEICE OGP EBE - Bl paP ) (t HAE 6 AR peh Bicon. by
conparing tdreiveRafEosinidiely 108060 PEIRS i n@lia WS clﬁﬁg&r &g akisd d4y follewhar ent
diploid cel] line to the same markers present as "A" or "B' (hem zygous) in
t he hybri dglatingeCplonies wernpicked andariacediinth 2devdl plates ppombgsiogling skl n each

hybrid lin 5 . BE i I : I st er
cer ' hybri G BREESH O0D- HsHPBAThY B bl §idll ShalstR vy RERETS' O
human chr oreslthyend the cklie wiete ¥ psixatadrand chévet so h lbewdiUSARR. chi p mar ker

desi gnations. The sec(gnd col umm reports whet herg(g signal _was obtai ned when

the hahter cel PMHuandsteckhybadgel culiwies werarspasedfiomdhe pelbvirem sha -9illo 5 Mvay

2006 -47 w N j ] I e yar ker
n the hanE; CABHETRE Sulf el (TBRRRL R thd JHR1A RTAS DNHIR RIe bofhillT
each mar kel 0 weselectéinantdia afd & FppenBorfoube ABie)cellnin the tubieplee gelpmednt human

| ynphobl astoid cel]_1i D In so i nstances, |y an A variant was
present, iﬁsgmngodﬂ%@% éN& B’aﬁl%ﬂqﬁ tUSIRgS *aggréﬁ&ﬁ/ iyt 43 sone cases
the CPD17 desit & eLENIR%Y 3D B r ' T t two

col umms reg%t tr e regglrﬁl mn ﬁ gﬁ(%flﬁgc%g%ﬁ g%?@?"??@?ﬁ?&%@ﬁ“&ﬁﬁ/ hanst er
hybri d$5 ( Hptondlwinde, andithieycblls wei2)eitherecdmyibuéddinzetuneior frozbe HUSNP chi p. Note in
cases where only A variants were present in the parent CPD17 cell Iine,

only A variants were transferred in the fusion. In cases where only B
variants were present in the parent

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



10 CPD17 cell line, only B variants were transferred in the fusion. In cases
where the CPDI7 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 chronpsones
are present in the hybrid cell lines resulting from this fusid %Wdﬂ@%s,
that sonme hybrids may be diploid for some hunman chronosones or 15 portions

t hereof, that some hybrids may be haploig for other human chronosones or
portions thereof, and sonme hybrids nay'ﬁ t have either variant of sone

chr onosones. bri ds containing only one variant of a particular human

chr omosome WitharHuSNE ehipe As expeciers thsmpwas o signa feranyanardier igrtheahamsteniosll Even

nore prefe , f Nt ai Nl ng. 0 a d to only
a portion % r%‘o y%ﬂg gals“g&é%e? ggé ?Vglr‘:ﬁgna yg?cg.eg%%%e& %t&%gér)lgﬁl?ange PCR
DNA from t hB” bietre8rin hendiploidpdrert\iriadl Symplsoblesesdd tell hige, [CPDM7. dagomange PCR
assays. Long range PCR assays are known generally in the art and have been
descri bed, InsfapgesexHyBR & varignt was picsindan ome istansergenl PeR yarisnbyas presedta t he
Boehri nger i Lk ol r.por d rein by
rof or ente B i RS M PRET R ERRRZ oS A RF AR BET BB RS "ver e

desi gned i fwd fuhfd tepwdt g 168011 when BUlEE asie GuBpIRe frohDfwosdiaN ienidhg 23
megabase contig on chronpsone 21, was entered into a software program known

in the arthreidsi(Hyerd I ead Hybpd a) aredkedizedwithiibe BudRichios Najegueasees t hat
are repeat Glelohoh/1g VAR GelSprlsens M dle ARG PLATRIE MG SR Saridits Ferd 30
mt and P. een,” Www. penone. washi ngt on." edu/ uw cg

I anal ysi st padsfdrrediie dienfasibn. [n ooy wheraloal) Bewdants Byreeéheinaby pardite repeat ed
sequences were_"nmasked" 2% the program by substituting each specific

nucl eotq deCBP1Y kel hieg oalydd vadgie e transferred @ de feyom By qopes wirasthesg wit h
"N'. The s i i tut | : n fed
nto a coghprLrg) e RHE bEledd b A GRIEk R RER AU LSl B SIS P
primers t haid aBariaigveitansfefrad togthausientiotes it shdubdibé indeidod toveldri ng

tenperatures of over 65 C. The designed priner output fromdigo 6,23 was
then fed iﬁ‘@ 01%@ PRHPHHP IR eiomes BsRreseyt mthﬁgygrﬁéveﬁkh%rw?%&fmnpm

anplify a gk i QTe, I Qi i t he
adj acent P S%EE 8 gitcgg’ %tegﬁ%g@gs r aétyeﬁefc{g@ %ﬁofr%%%ﬁg%mwgﬁ%ﬁl&%r
commer t§ al portianstherabf, éhap sahe hpbridsanay behaplgid fererthatdsimn chesnabmiesast 80%
and greater tha 95108/05 ccesg V\B.st achi eyed aqn sone ogajagl)n of human
chr omos omeROTtigRs teteph Apd samye hyfrisls agy| not have ST varagéo LSESMPHENSy nand

Long Tenpl Ay 6rididntaining 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)



10 System from Boehri nger Mannheim Cat.# 1681 834, 1681 842, or 1759 060. In
the procedure.each 50 L PCR reaction requires two master mxes. In a
specific exanple, Master Mx 1 was prepared for each reaction |rn% g,mﬁ]ﬁ

m crof uge tubes on ice and includes a final volune of 19 L of @ 1

Bi ol ogy Grade Water (Bio Whittaker, Cat.# 16-001Y); 2.5 L 10 nM dNTP set
cont ai ni ng dATP, dCTP, dGIP, and dTTP at 15 10 nM each (Life Technol ogi es
Cat.# 10297-018) for a final concentratign of 400 Mof each dNTP;, and 50 ng
DNA tenpl ate. Master Mx 2 for all react®ons was prepared and kept on ice.
For each PCR reaction Master Mx 2 includes a final volunme of 25 L o f

Mol ecul ar Bidl "0y Theaeguenyavetput(afieo thitiepeatiaask substitutic® wasRBR fedfifitera 3

cont ai ni ng _22.50. (Si .20 Cat . # 10 , 2.5 L 10 C 12 (for
2T nal NpESRERA et aks BT Sosidreprian (Qlieh G980 sélect RARETH TR Vadded

| ast) Six e‘ﬁfe?kﬂah@@%u@feoﬁdé‘é%ﬁ%t%ﬂd%ﬁ%élﬁﬁ{ peltdigteoPover 85 PCMEBEEr M X
1) were added to appropriate tubes, then 25 of Master Mx 2 was added to

each tube. d@ignedtpuives owpuefrompPlegh 6.23 xas thended mitd a geugrom ivéii¢hythem tichost’ur ned

to ice._At this point.,.the P 25 cling was begun according to.the
Fol | owi g PBGT BHR it OoIdGeR ATl bl i chil eShoranioy s PEgEl 2. oac
for 30 secyyglaphvith meraaj%eéﬂt:mﬁ Poddqs. Stke ﬁfcce%st—ﬁgrpﬁir@%i{)aﬁgépékq&m te for

the primers used; step 4: elongation at 68C for f product; step 5:
repetiti oncommerialysavailablggrotoamssaniddhis aritner desigrd wa9atdyast 88%, andegredter 94C f or

30 ; st <0 i f 30 ;. St .. el ti t 68C f 1
wi /Kb of  PBGR BFas B AP T R OB o NGB S HEPOOBE hol d at 4C
Al ternatively, Antimﬁe@pﬁ%owh&ggﬁgwww&%e $kprhdll ondferhflhte FERN N tO

denature tenplate; step 20 94C for ec; step 3: annealing and el ongation
at 680 f oSystemifronk BogtringeoMaonheimtay- #4:681 Pt 168l 42.0dr 1968060.2I18th88 t i mes

for a total of.39 U Y 6 -49 cycles; step 5:94C. for 30.sec; step 6:
anneal i ng QW(‘}C%F%'F@C&%O(I\)@“ g’t%qgg?&ctfc@rreﬁmﬁqsﬁyv%ngfer i Jee sprgbe %X%ng’ti onal
m nutes; anghstet BAx 1w Prépardd fofeadnasatition 191 .5themlPoRigs amEeo R aaap! i fication
reaction for various regions on human chronosones 1% and 22 were visualized

on et hi di uincbident dralsiodimed! B ak odéolsciar Biolapydinade Water (BieWhittaker.ange PCR

rogrens o kbt REORREE IS L IRRLERSTP shNFARaA TR ACT HEROGHTRTIRRP' | ' o
anpl i fys genomM e STechndloiys Cae] (2894H 8f £ Q fidal boRentrdin ¢FA0ONVISEE 22

gel). 10 Exanple 4: Wafer Design, Manufacture, Hybridization and Scanni ng
each ANTP; and 50 ng DNA template.

Master 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 MgC1, (Sigma,

20 Cat#M 10289); 2.5 L 10 mM MgCl, (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: 34°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



The set of oligonucl eotide probes to be contained on an oligonucl eotide
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 sequenfégpvweng
defined, conmputer algorithnms were 15 used to design photolithographic masks
for use in manufacturing the probe-containing arrays. Arrays were

manuf actured by a light-directed chenicgéﬂsynthesis processes which

conbi nes sol i d-phase chem cal synthesis™ th photolithographic fabrication
techni ques. See, for exanple, WD 92/10092, or U S. Patent Nos. 5, 143, 854;
5, 384, 261; cBlep0ger §§4°C forfxeosstep &, annenling@nd 8loags i@y 685 far4, Bogkb of

5,800, 992; 6,.040,138; 040,193 all of .20 i are incorporated herein by
reference PWdPé§1?S%§%4£¢%PP@én“§%Sr alé" ?‘%Z.f*ﬁ%@_@%. Jsing a series of
phot ol i t hogr aphResul8 ok thellongRhbORPCRBOIMICEISH Bt Yol MidlsasSomufist rat e

(wafer) followed by specific chem cal” synthesis steps, the process
const r uct ebumamehramagimes ldrand?2 vedre vishglined oh ettididm poviddessstained hgareser ay, with

each prpbe_i;n [ f4n osi ti ltiple r obe.reqi ons .were.

synt h e5|§z B3 pﬁ%lﬁ)rfa gggot}éqe@’ngﬁad’gfa E@&?%Hf%iaa% gae%?gs g{}ﬂ}eﬂ)égsiegt IBV?Pg‘é’Qs

i nvol ved Sﬁiuﬁﬁél?;\pﬁicwcéd Arvipli fld firdbSn eht PNRARY B ReRieE Qe B aBGut 83BPEAd at e by
passing |light through a photolithographic mask wherein chem cal groups in
unpr ot ect e@prgrisd o kilrte amplify genothip yegidng ih pyllitrare ThgesdedecGl ]l arethg- act i vat ed
Substrate VY-‘Erf ers e\'\?ig hen incubated with a chosen nucl eosi de, and chem cal
coupling ot L UPPEE" S ‘H activated positions on the wafer. Once coupling

t ook place, a new mask pattern was 30 applied and the coupling step was
repeated with another chosen nucl eoside. This process was repeated until
the desired set of praobes was obtained. |In one specific exanple, 25- ner

ol i gonltl eEﬁlaelepkoﬁ’&ervke%m%wufmr@ Hylridigatioreand ReamiBg was t he base to
be 0 5 MAY 2006Ths®t glieligoauclegtiderprpbastie be gentained enl an oligenusleotidaamayach

nucl eoti de, present. ikn uences- .one e, compl enent a t 0. t,h
sequence aﬁglﬁ%r‘;‘éaéer e grgg t@‘?\e%gt)%&%e%n fhagﬁpia%ﬁI\Q‘%SU?‘?‘Eg%qBWIt%%HWJFQ gl?'gbe
except foroligsputiBotideaefidhcOrTere bhibdSHBnSchS@Sseqaénce S Apbrtd@inpubliely probes
were present on each array. 5 Once fabricated, the arrays were hybridized to

t he productwilpble datebases. oQace tha geobe peenessovere defimasy fompitar dgonithms were

moubalea EAS FiertbRLg BBoasdutls BAMRYERvonio RBpBRRIAE e EBREORRE ™

probes on ikEsnaieys whfd minifyddired bz atlighidirédial eehiyal WasthéSpot&ded Whigh a
confocal, high performance 10 scanner, wher e_tgatter_ns of hybridization were
det ect ed. qq@%mﬁs;s@ph@-ipgﬁei chamipal synglesis 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 cdupling 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



collected as light emtted fromfluorescent reporter groups already
incorporated into the PCR products of the sanple, which was bound to the
probes. Sequences present in the sanple that are conplinmentary t oﬁiﬁs on
the wafer hybridized to the wafer nore strongly and produced st

signals than those sequences that had m smatches. Since 15 the sequence and
position of each probe on the array was known, by conplenentarity, the
identity of the variation in the sanpl eé@ucleic acid applied to the probe
array was identified. Scanners and scanning techniques used in the present
i nvention are. known those skilled in th i‘?ﬁ’?nd are disclosed in, e.g.,
U S. Pat endugisd. %OQBR“’@S‘BWETP {odntemog@tggﬁw 16% pregeng in eaghesg raghesgaUayse--

6,262, 838 %Hgg}dbgcogg%g{&n to tRe éé&eﬁ&%ndlﬁéﬁ% ap%}r‘atw %%e?#hﬁéa‘?%th@m 223,278

filed on August d non-provision F'cabion aimng priority
to USSN 60camRBleiéftaty prote emceaugmﬂte 1Birte2fB baselr wome@asspatiesss 1@rd 08 echni ques
for whol e wafer scannin also i ncorporated herein by reference in their
entiretiesPFOES W&T"Iprﬁiﬁ‘g% BN Y Evanpl e 5: Deternination of SNP Hapl ot ypes

on Human Chr omDgpEe fadlicdt \é@%é/ az'ré}@% g&lidlfélﬂ% n@%d&&§ ?}Hﬂstﬂgﬁm?ranz% 4 for

representing African, Asian, an chronpbsones were an
SNP di scov@CR mmholnapénﬁd:ryrmé cmtthmhamster huliam cetldpybeids. oThesanpiessiobe aﬁélytascbm

each individu i c par at ed usi Qden humap somatic cell
hybri d tecl‘i‘f‘i’?%@@‘\’,ie‘iifﬂéﬁﬁnés%ﬁ Li’§'§‘¥%l Os‘ilis\“éhﬁ“f ge g @ﬁéémﬁ tedhfuence for
t he anal y5|p§0 gg)g@ Yo Mol human chronmosone 21 genom ¢ DNA sequence

consi sting”of 397, 439 bases. This reference sequence was masked for

repetitive seqﬁém:hysbradlzhtmhetheeﬂmj’ s ps@ledan®d, 86/ ftxak digh fffgrmahiceuni que
sequen wer e ass ed for O Y 2006 -51 var n.w.th hi h density

ol i gomi@l eSt3N8¢E" &’ Iqyatiergs aﬁgyml%fﬁeﬂa‘r%éﬂ ‘Laf}?e&?-:@“d&ﬂeﬂn #8WeISes in
| engt h, m%@[lé&&%@sﬂ@h{ é}ﬁi%t'éﬂ %ﬂ{ BuGascbnbpdiie cHipd YReRBMREGpGRATATRRIRR 21

bases, for a total of 8 different oligonucleofides. These
ol i gonucl e BCRAwedwoty &f thdsanpls,buhleldms'bouml to dheaprobés. eghences pricegrd in thaaf er

Sei ence 273180 1A BEsPPPRGREY In mebesci bRtk B ORYRR oahd Shper ot

ol i gonucl e%ér%@ﬁaﬂ@ﬁo&@deﬂ'sﬁ@ng@#hgﬁﬁ'ls %dnﬁﬁ&he&e@én@@shh&'@ﬁ%ﬂéﬁ%@hés Bih&hased
from Affynetrix, I'nc. (Santa Cara, CA). Unique oligonucl eotides were

desi gnédl t Segeauenae andxsBion ofieach prpbe or thearaly s knowgeby eoTRlCPERalityRAER)
D 09Ut Oty X S b PP RIRRE h Sh RS RS o o
hybri di zat iQatifiedr ScasRas dhd ¢abRRCR cRAigdecised iethe phssehtadveitidn\wes na fof | ed
using 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.SS.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 (F igure 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



Qagen tip 500 (Qagen). Atotal of 280 g of purified DNA was fragnmented
using 37 1 of | OX One-Phor-All buffer PLUS (Pronmega) and 1 unit of DNAase
(Life Technolgies/lInvitrogen) in 370 1 total volunme at 37C for 10 mn

foll owed by heat 15 inactivation at 99C for 10 min. The fragnmentfedypr Bgpct s
were end | abel ed using 500 units of Tdt (Boehringer Manheim and 20 nnol es
of biotin-N6-ddATP (DuPont NEN) at 37C for 90 mn and heat inactivated at
95C for 10 mn. The | abel ed sanples were_, hybridized to the wafers in 10 niM
Tris-HCL (pH 8), 3M Tetranet hyl anmoni um™Xhl ori de, 0.01% Tx-100, 10 g/ n
denatured herring spermDNA in a total volunme of 14 20 nl per wafer at 50C
for 14-16 heaoeton witb hvghfdensityweligonutlastide dyrayef Eight nnigixe si§RBucleatiddseehchhr ee
times in 6 SPE for 10 m n _each, ,stained usi streptavidin R

phycoer yt hr Sﬁb a?‘?ﬂﬁ%fngé"’ NGT Wﬁeﬁj? h}t%?ﬁafee??ﬁﬂ 103'; ﬂ%ﬂs“‘iﬂer?@‘? LR AsOmS s
amplified byasesstorianbaDo. v X B0t caféremasligonadédiles STRAR baydliclotideAReded/ M )
and by repeating the staining step with SAPE. 25 PCR products corresponding
to the baselistbesénverariotal ef aightalifierentwaler desiavslusiag agmevidbusly describet tiling he

waf er as a single-yeacti,on..|ln tal, X, 109 0l | ucl.eqti des.were

synt hesi zedS%IS{%g?’[g%h%fte‘?]fs %flsn%ec%ﬂ‘(gg (rlﬁgaﬁébewégﬁfhr 5%&2?”’6@% #'%Hr omosone
21 for DNAlpeautgdteydas @dﬁi@@out%qmnwﬁ]quscmglﬁmﬂ@ggﬁéham&ﬁpI ified from
a rodent- hurman hybrid cell line by using | ong range PCR. LRPCR assays were

desi gned ushfiymgoxdncgSasta®age; CAr desi gn software with hi gh-moderate
stringency paranet.ers... The . resultin rimers were pical | y 30 nucl eotides
inlength with t qlﬁee(l)l{%o%df%tf‘%éngﬁ%épwﬁ%%ete#1%% ?HW&&‘X%?V%{ PiP%€on si ze
was from 3 ikfzeldndd PCHR(DRPORY pebdLate 3 €0 k®avdrhe: 18nh Mpann20 4’8, entire
chronmosone was generated and software (pPicker) was utilized to choose a

mi ni mall0setcoptigupyp chromeneran] pii¥Ae ard whrgtpronasehasriereriheshsepve rfg eadt wafer

chr onosone . 1 e i o I t n [.ac l'i cons.

Al ternative y?d]%%[géhp?:‘\lr?r%s\r%ﬁ&slgg %g'[p Wﬁ%@%@@e%g? ?fﬁd‘é@ﬁ \Yeﬁéj@rgﬁe{ﬁues > herein,
was enpl oy a@iagdnRPCR0 €Hsiandna vl 6f 28Peg fodpiEBed BINYY wab Grabreed ubigp g7

Tenpl ate PCR Kit (Boehri ngﬁ: Mannhei with mnor nodifications. The wafers
wer e scanned afdi0XgOre-Bherr pibpffey FLES firepgpa)sand dnenit ofdpS4aseléfedet ect ed as

cre scanned Adi¥gee-Lhrdkn it ol e
conbi nat i ot BARAE A R ELCF0r R R RrleBERET ] m P s

280: 1073 ( ifs8)yationm99tG st Manthethetfraphieated asadlicanvat tad belay kingdisnat i on
patterns. In_ 10 total, 35,989 SNPs were identified in the sanple of twenty

chr omosonedinitypbTddSpehreneer Mraheiay gad 2@ npolesid Siothchienddpdie aat NERX) Aave
been deposisyed bR et imhi¢Rted at 95°C for 10 min. The labeled samples were

hybridized to the wafers in 10 mM Tris-HCL (pH 8), 3M Tetramethylammonium
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

7

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



D deoxy sequencing was used to assess a random sanpl e of 227 of these SNPs
in the original DNA sanples, confirmng 220 (97% of the SNPs assayed. In
order to achieve this lowrate of 3% fal se positive SNPs, stri ngﬂeﬁgﬁvlﬂﬂﬁ
threshol ds were required for SNP 15 detection on wafers that resulted in a
hi gh fal se negative rate. Approximately 65% of all bases present on the
waf ers yi el ded data of high enough quality for use in SNP detection wth
35% bei ng di scarded as being fal se negati,ves. Consistent failure of |ong
range PCR in all sanples analyzed accouriis for 15% of the 35% fal se
negative rate. The remaining 20%false negatives are distributed between
bases t hat CRE¢Shromaspmeya§gengrated epd geftware ?plthlm wanetilized ée chagse ayi el d hi gh

i d i | i ) ) 9 .
gener al , 1 p R of ol kB Relert B AU TERTREI e B ERE 0P, o
it will yietghehieghitigaalihinal dasriap bEhecchiaditicag arpicom palehimied), yndRimes al |

bases give consistently poor data is very simlar to the finding that
appr oxi mat &lgctmpgpghoddeserbgdyin Exapglesd. dietean was seplsiedi ARP(Eareacymssowe bases

e Nat ur SIS R TR0 B Fonk e R, R TR PR M Kfher S 1o
mor e fr equeddifiifiend. STHi wafe8paré baRfddhsmg Lt bhilt @asRa] Washie, only a

limted nunber of the sanples analyzed yield high quality data for a given
base. As a resSMNPs worppddieaedasal iprdhhybriflizatien biowsing a patiese sgecognifigior  of

conmmon SNP LQur : cALstr ' ] L] el [equenci es
of all 35, GgPURbcR pBRARBbAG AT ol AoRltS (Wil 4 Roleh

chr onosoneg80:GeTiEt1i088 W.avisatsed iy detevd SN baed dnailtetddehybridizatiorpatehisomasones in
t he sanple, was gsti mated wi.th twg neasures of nucleotide diversity: it the

h
aver agé! hei®plo?3s %%?M/’S pere 1dentified igy thesamplepfiywenty shepruesemss,n hhapeicmhut at i on
s achuse T Sealiss of Me bkt polbu BB AR @ belPRiloBidd CRBRhL SINFAR 100!

21 DNA wer ®idHoxy dapheheihg wab (s<dQ0 absesea patlomsagprrif227 afithebdISNRE ghthgual ity
base pairs ,used for SNP discovery in each_se nt wer xam ned. The

observed h&tignal ﬁg‘sﬁa’ﬂ’%f 0%1%%2193@@%) ﬁé@‘e%ﬁﬁ pyeql Hprderdogehisver age
nucl eot i de gl sf Si o g i : ge
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as wel 15 as dethetioni ot watbrstthas mesmitedhircd kigh ifalse nkigatvestate, Apprasimately i66%cufrdli guous
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in all samples analyzed accounts for 15% of the 35% false negative rate. The remaining

20% false negatives are distributed between bases that never yield high quality data
20  (10%) and bases that yield high quality data in only a fraction of the 20 chromosomes
analyzed (10%). In general, it is the sequence context of a base that dictates whether or
not it will yield high quality data. The finding that approximately 20% of all bases give
consistently poor data is very similar to the finding that approximately 30% of bases in
single dideoxy sequencing reads of 500 bases have quality scores too low for reliable
25  SNP detection (Altschuler, ef al., Nature 407:513 (2000)). The power to discover rare
SNPs as compared to more frequent SNPs is disproportionately reduced in cases where
only a limited number of the samples analyzed yield high quality data for a given base.
As a result, SNP discovery by this method is biased in favor of common SNPs.
Figure 13A shows the distribution of minor allele frequencies of all 35,989 SNPs
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



Consortium (TSC) was conpared with the SNPs found in this study. O the TSC
SNPs, 5,087 were found to be in repeated DNA and were not tiled on the
wafers. O the remaining 10,462 TSC SNPs, 4705 (45% were identified. The
estimate of w as 15 observed to be greater than the estimate of it 5% &@ﬁ
of the 162 200-kb bins of contiguous DNA sequence anal yzed. This B ce
is consistent with a recent expansion of the human popul ation and is
simlar to the finding of a recent study of nucleotide diversity in human
genes (Stephens, et al., Science 293:4897.2001)). It was found that 11, 603
of the SNPs (32% had a mnor allele observed a single tine in the 20 sanple

(singleton i t t . tion of. 439
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sanpl ez. O} @/?rage, 66% of all SNPs found in one set of sanples were

di scoveled #¥0lhe second set, consistent with previous findings (Marth, et

al ., Nature Genefye e2itnddfloved@P ) ]§}5‘-¥Sb %@?ﬂoscﬁﬁ? 2 ENphRiskbRred BN ehe SKP: 13

(2000)). As expected, tfailure of a SNP to replicate in a second set of 5
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more than 1. R]dn®res MBA& population and is similar to the finding of a recent study of

nucleotide diversity in human genes (Stephens, ef 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

3O 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



i dentified. These SNPs were not included in the present analysis. In
addition to the replicability of SNPs in different sanples, the distance
between consecutive SNPs in a collection of SNPs is critical for)dgiyming
meani ngf ul hapl otype 15 structure. Hapl otype bl ocks, 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

bl ocks. The collection of SNPs in this S%Ade was very evenly distributed
across the chronpsone, even though repeat sequences were not included in the

SNP di scover)( roceﬁi15 Figure 13C shows the distribution of SNP cover age
across 32, Jotal a5l S Escwere adenfifigd ysipg thatherssersanplepnan exefiash G670 ofpll
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was used to define the haplotype structure are shown in Figuré 14. The

hapl ot ype patasetheshfamosome, 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, ar},c_l 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



twenty i ndependent globally diverse chronosones defined by 147 conmon hunman
chronosone 21 SNPs is shown. The 147 SNPs span 106 kb of genom c DNA
sequence. Each row of col ored boxes represents a single SNP. Theﬂ?ﬁ@ 0
boxes in each row 15 represent the mgjor allele for that SNP, and mklte
boxes represent the mnor allele. Absence of a box at any position in a row
I ndi cates m ssing data. Each column of colored boxes represents a single
chronmosone, with the SNPs arranged in their physical order on the
chronosone. Invariant bases between consSeécutive SNPs are not represented in
the figure, The 147 SNPs are divided _into eighteen bl ocks, defined by black
hori zont al chferResomeZd C?H@l’ﬁ@ilfﬂlei%ﬁt ‘SF ff%@@ég’g allgle G abihs sesond NPy en i c DNA
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bapl ot ypes is defined uniquely by a single SNP. One of t hese "t hree SNP"
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 commeon
25  patterns inciude 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



choi ces would be preferred over the two SNP conbination in an experi nment

I nvol ving genotyping of pooled sanples, since the two SNP conbi nati on woul d
not permt determnation of frequencies of the four conmon hapl ‘?JW@EPznhd“
such a situation; thus, the 15 present invention provides a dramgti

| nprovenent over the random sel ection nethod of SNP mapping. In summary,
whil e the particular application nay dictate the selection of informative
SNPs to capture hapl otype infornmation, i% is clear that the majority of the
hapl ot ype information in the sanple is ¢ ?itai ned in a very small subset of
all the SNPs. It 20 is_also clear that random sel ection of two or three
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physi cal | y saumpid iadpfaedit lessthen $@% e tiedtotal SNRs wethe blbck. [Beverd0fiffereni’
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of twenty chronoso the algorit es a nmaxl mum of ten common

hapl ot ype psibices weulddre prtforrkd oeachc mapSeB eambnhatiyn i dnexperitiepieindarning
chronmosones. App| yi this algorithmto the data set of 24,047 conmon SNPs,
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make up onl
bl ock cont aﬁ*ﬁémﬂﬂmg'ommn SNPs and spans 115 kb of genomic DNA. Overall, the
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



aver age physical size of a block is 7.8 kb. The size of a block is not
correlated with its order on the chronosone, and |arge bl ocks are
interspersed with small bl ocks along the |ength of the chronosone. There
are an average of 2.7 comon hapl otype patterns per 15 bl ock, def ilrieHaad0b
hapl ot ype patterns that are observed on nultiple chronbsones. On average,
the nost frequent haplotype pattern in a block is represented by 9.6
chronmosones out of the twenty chronosones,in the sanple, the second nost
frequent haplotype pattern is represented by 4.2 chronosones, and the third
nost frequent pl otype patterns, if present, is ,represented by 2.1
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conpar ed t diaplotype pbtgrads reprastmek by 4 @rchaomesomes, and thothgmgost 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



(p<0.05 as determ ned by a pernutation test). Based on know edge of the
hapl ot ype structure within blocks, subsets of the 24,047 conmon SNPs can be
selected to capture any desired fraction of the comon 15 haplotyg?mY 0
information, defined as conplete information for hapl otypes presen h%qg
than once and including greater than 80% of the sanple across the entire
32.4 Mo. Figure 15 shows the nunber of SNPs required to capture the conmon
hapl ot ype information for 32.4 M of chr%nnsone 21. For each SNP bl ock, the
m ni mum nunber of SNPs required to unanﬁiguously di stingui sh hapl otypes in
that block that are present nore than 20 once (i.e., common hapl otype
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genore that pl alasedsEringmiedes g theihgp stgctugavtinblgcks ypsetueiibhias been
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structure o
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



t he human genonme, which is required in order to select the appropriate
genetic variants for analysis. The present invention denonstrates that

hi gh-density oligonucl eotide arrays in conbination with somatic cel
genetic sanple preparation provide a high-resolution 15 approach&iﬂMYZWE
enpirically define the conmmon hapl otype structure of the human genone.

Al t hough the length of genomc regions with a sinple haplotype structure is
extrenely variable, a dense set of comon SNPs enabl es the systematic
approach to define blocks of the human g gnome i n which 80% of the gl obal
human popul ation is described by only three comon haplotypes I n general,

when appl yi the particul ar orlthm sed int nost
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human chronbsonme 21 can be a ied to all the chronpbsones present in the
human genofEveying the prtae sﬁn@ae éimmqaﬁh incofasingdhppaseraf gepatisrassasiationul tipl e
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invention is outlined in this 10 prophetic exanple. SNP di scovery is
per f or ned oappf%hiwem@ﬂpﬂi)dd@”@%h%@m@%haml%’pe stEghITSiof thednisrsLeaP@eanal yzed

by the rethods of jdien ReREm of BYEAEQ6R iaf eLaieShEptaplatype bl ocks,

SNP hapl ot ype pat m no requency
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
humnan 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



for each informative SNP. These fifty hapl oid genones conprise the contro
genones of the present study (see step 1300 of Figure 13). N@gt qmmpnlc
DNA from 500 i ndivi dual s havi ng an obesity phenotype are assaye %ﬂ
variants by using long distance PCR and mi croarrays as descri bed supra (see
al so, United States Patent No. 6,300,063 issued to Lipshutz, et at, and
United States Patent No. 5,837,832 to Chee, et al.), and the frequency of
the minor allele for each informative SNP is determned for this clinical
popul ation (see step 1310 of Figure 13) O The m nor allele frequencies of
the informative SNPs for the two po ations are conpared, an he control
and clinicd Alﬁ%‘tﬂ? QU] repTEseatAliNg H\P ﬁ)@&up@nﬁa%eww@ttp efgﬂnrl§y gkli’gni ficant
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SNP | ocation " wth e largest erence Int nor a requency

bet ween t hesShNdvhdpiatype blodkscdre based lonpapiehiSNPhisy exshaineSNBdtHaoireagmtyenied. 25
The informat|ve Iocati on selected is con ed within a SNP hapl otype bl ock
that is fGuHY freduspsn ?(ﬁlcéﬁmgﬁﬁéé‘éﬁlﬁ@%@ JRperiant asfheyfave b8ty r egi on
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the vari atl ons cont al egion In |cat es t t one SNP
posi tion i reatrhing themyi on is responsi ble for destruction of the pronoter for
the leptin gene, with a comensurate | ack of expression 30 of the leptin
protein. Fibroblasts are obtained froma subject by skin biopsy. The

resulting tgg ebs Usm ﬁ%@%«{q@%@&@%&.gg@gﬁg)mm PRRavaled into

smal | pi eces. es 0 1t are praced on the
bott om of a wet (kmra&campledbr asmg theurctbedstoftiee fresenkinventomie dutlimed mﬁthher 24

hour s room.t enper at . ur esh nedia.is dded Ham s F12 dia, with
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subsequent |y  chahged 5 every several days. After an additional two weeks in
cul ture, ahaplotipapbrckefSNE Wasp@tenmﬁgwtlvwémmnd ha;xmaliek: frequendni zed

and scal ed i nto L er. fl ctor, derived from n nmurd ne
ouken a vifPiRech PRy SR nEhes® oY TANG SFTPimes Coaice e Rerial SR pR e
W th restrltﬁéﬂ,@&nemgﬁg%eg@ﬁlg@@m gm% fjagnent to be expressed. The

di gested vector is treated with i nt éestinal phosphatase to prevent 10

sel f-lilgation. TNeat, @MD@@MM&(&II éﬂQ individuals havingan olesity ahenotypstasel on an
R I T N e ST
necessary, afsgl UshédStaes Phlefit N6, YBCHE3 issued vl ipshutz, ef al., and United States
Patent No. 5,837,832 to Chee, ef 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 1s

placed in tissue-culture medium and separated into small pieces. Small pieces of the



nmol ar quantities of the Mol oney nurine | eukem a virus |inear backbone and
the leptin gene fragnment are m xed together and joined using T4 DNA |igase.
The ligation mxture 15 is used to transformE. coli and the bacteria are
then plated onto agar-containing kananycin. Kananycin phenotypel aMay 2005
restriction analysis confirmthat the vector has the properly inserted

| eptin gene. Packaging cells are grown in tissue culture to confluent
density in Dul becco's Mdified Eagles N&ﬂ' um (DVEM with 10% cal f serum
penicillin and streptomycin. 20 The vector containing the leptin gene is

i ntroduced into the packagi cells by standard techni ques. Fresh nedia is
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|l eptin polypeptide is nti1fied. Agents identified via this nmethod can
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



i ncl ude conpounds that nodul ate activity of leptin. Agents screened in this
manner are peptides, carbohydrates, vitam n derivatives, and ot her snal

nol ecul es or pharmaceutical 15 agents. In addition to biologicag gﬁ E to
identify agents, agents may be pre-screened by choosing candid 5 é?ﬁ ts

sel ected by using protein nodeling techniques, based on the configuration
of the leptin protein. In addition to identifying agents that bind the
leptin protein, sequence-specific or el nt - speci fic agents that control
gene expression through binding to the I'éptin gene 20 are also identified.
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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 oligonucieotides). Such agents
usually contain 20 to 40 bases, are based on the classic phosphodiester, ribonucleic acid
25  backbone, or can be a variety of suifhydryl 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.



with reference to the appended clains, along with the full scope of
equi val ents to which 15 such clains are entitled. 0 5 MAY 2006 64 SEQUENCE
LI STING <110> Perl egen Sciences, Inc. PATIL, Nla COX, David I%f BERNO,
Anthony J. HINDS, David A. FODOR, Stephen P. A <120> Met hods oMo ¢
Anal ysis <130> 054801-5001 <150> US 60/280,530 <151> 2001-03-30 <150> US
60/ 313, 264 <151> 2001-08-17 <150> US 60/327,006 <151> 2001-10-05 <150> US
60/ 332,550 <151> 2001-11-26 <16 7 <17 Patentl n version 3.1 <210> 1
<211> 13 <212> DNA <213> Artificial sequence <220> <223> Sanple SNP
Hapl ot ype: W<400> 1 agattcgata acg <210> 2 <211> 13 <212> DNA
All patents and publications mentioned in this specification are indicative of the
levels of those skilled in the art to which the invention pertains. All patents and
publications are herein incorporated by reference to the same extent as if each individual
publication was specifically and individuaily indicated to be incorporated by reference.
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 is to 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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<211>13 <212>DNA <213>Artifici al sequence <220> <223>SNP sequence <400>6
actgacccct tttl1l3 <210>7 <211>13 <212>DNA <213>Artifi ci al sequence <220>
<223>SNP sequence <400>7 13 agtgactctt taa 66 0 5 MAY 2006 CLAIMS 1. A

met hod for sel ecting SNP hapl otype patterns, conprising: (a) ilsofitilfg a set
of substantially identical nucleic aci@strands froma plurality of
different origins for analysis; (b) determining nore than one 'SNP | ocation
for each nucleic acid strand in said set; (c) identifying SNP | ocations
that are linked,in said nucleic acid strands wherein said SNP |ocations
that are Iinﬁ@@t&gEghQ SNP hapl ot ype bl ock, thereby identifying sai d3SNP
hapl ot ype bl ock; (d) igentifying i sol ate SNP hapl ot ype bl ocks; (e)

i dentifying SNP hapl otype patterns that occur in the SNP hapl ot ype bl ock
identified ideistep (c) and the isolate SNP hapl otype blocks identified in
step (d); am®i(® dél ecting each identified SNP hapl otype pattern that occurs
in at |east 148> &®said substantially identical nucleic acid strands in
sai d set. 2.<“the AEtHSGidF SEFH"RE1, wherein said identifying SNP | ocations
that are qu&sQ)is determ ned by a greedy algorithmor a shortest-paths

.algorlthn] <223> Sample SNP Eaplotype: Z
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3. The method of claim1l1, wherein at |east one or nore SNP hapl otype bI ocks
are -identified in step (c), and said at | east one or nore SNP Eu | ot
bl ocks identified in step (c) and sai @6i sol ate SNP hapl ot ype Bp ddk <l re
non-overl apping. 4. The method of claim 1, wherein said plurality of
different origins is at |east between about 10 to about 100 different
origins. 5. The nethod of claim4, wherein said plurality of different
origins | ELAIMS at | east about 16 different origins. 6. The nethod of claim
5, wherein said plurality of different origins is at |east about 25
different origins. 7. The nethod of claim6, wherein said plurality of

di fferent lori gAmsethesl far sdle;ain'g Mhn'plcﬁﬁpe pﬁtli:ﬁmanﬂprmurig;i ns. 67 0 5 MAY 2006

8. Th t hod I d | |
i dent iecg}3 ngclgf) ’ agmd tr571 Pglttad’é g}%lger\é%ﬂpélf‘? ifdggl "FH %E’t’ﬁ%d of
claim 11, whehaaltyalf diffasit umgmscfbr aradysps; ur al | ty of d| ffer ent origins

t |east t 10, . Th
vehod of cl ai (07, AETRRRE O Qo o7 SE doostan 87 HvelEn ASEISHENL o s

subst anti al Isyidisggnti cal nucleic acid strands are isolated and anal yzed. 11.
The met hod of aim.| er i sel ected r ions from at | east two of
said subst antféll I y‘dF’btg?ﬁw’t‘]‘ﬁ agatiops, that; @S‘Pﬁ‘%&g sé'rdenﬂﬂflca?fﬁﬁy‘?éﬂ‘ss 12. The
met hod of clvaiefelﬂsaxﬁuwlocamr {hal B lirkell Gorms Al SNF eHaplotypel Becfth&t®p (b) ,
excl udi ng fr&p ?Mr;al%ﬁ‘ hgé Iocatl ons that are characterized by an
all el e that ¢2¢ %Né)ﬁ °'iyﬂe "9F%l set of substantially identical nucleic
aci d strands. ﬂ;}; Tltaent {ngngmgm efmﬁ(;klger conprising: (i) for a SNP
hapl ot ype bl oc

identif ei t her st eg1 sel ectl n a SNP
hapl ot ype patt@n tMsRiEESY MPWPFQQ%%HH tP‘FF“§é‘? ssé%f ially
i dentical nygdneikied irPéksl(c)ahamstSisolatd $Ni>% mypcé bPoEksHagitiTienRe stleb (u)kaﬂdem ted
in step (i), further selecti n a. SNP. g otype l_Pattern that has not been

previ ously sel @bt edse1sFHRE £3y ! gqtg'&d(S{IjP PletyRe,Patiemy that gecurs, uy at deastiwe npst
frequently in said smhiddbbsaftRliadenatd] YudleieatidGahnd3Us s@idGeaCi d strands anmong
SNP hapl ot ype patterns of said SNP haplotype block recited in step (i) that
have not been previously selected in either step (i) or step (ii); and
(iii) repgati npheSkeihol iolf k1aiAt 1, lwhdréin B@rid&fifahE ShaPlRitds tRabiSiiked have been

sel ect ed,
determined by a greedy algorithm or a shortest-paths algorithm.

3. The method of claim 1, wherein at least one or more SNP haplotype blocks are
identified in step (c), and said at least one or more SNP haplotype blocks identified in
step (¢} and said isolate SNP haplotype blocks are non-overlapping.

4. The method of claim 1, wherein said plurality of different origins is at least between
about 10 to about 100 different origins.

5. The method of claim 4, wherein said plurality of different origins is from at least
about 16 different origins.

6. The method of claim 5, wherein said plurality of different origins is at least about 25

different origins.

7. The method of claim 6, wherein said plurality of different origins is at least about 50

different ongins.



wherein said nunber identifies a portion of said set of substantially
identical nucleic acid strands. 14. The nethod of claim 13, wherein said
portion is between about 70% and 99% o67said set of substanti aﬁg%ﬂ dBht i cal
nucleic acid strands. 15. The nmethod of claim 13, wherein said portion is at
| east about 80% of said set of substantially identical nucleic acid
strands. 88 0 Thevmetdod cigm T,h‘ehmmrﬂbdhaetftwoldlsmﬂlsabstamdbeldmm@l mwleiE t han

about thr?{_q @Eﬁ%ﬂﬁ%&r’%ﬁ%’ﬂ ns are selected. 17. A nethod for selecting

a data se s for data analysis, conprising: conparing
SNP hapl ot ype bl ocks for |nf or matr veness; selecting a first SNP hapl ot ype

block with a h r n . sa i P | ot vpe bl ock to
sai d dat aaset Jrgé; g@ Qomgiﬁgtﬁ%g@d%aag%vy%gﬂbﬁ éc i ?ﬁt&gﬁﬁfﬁpgﬁgm s

i nformati nmmpessat leastdemgersente f gewpmd DMNA otmech @dRidnapl ot ype bl ock -to said
data set; and repeating said selecting and adding steps until a region of
interest of a nucleic acid strand is covered. 18. The nethod of claim 17,

wherei n s@i.d sTEhenicthdd SKiRIdiapl, othepsn rat mktsl ar®® bases v lab ppstngre df%aidThe

met hod of Iar rejn a.gree sed to performsaid

sel ecti ng n]gy ldfﬁlca%"ﬁkt"%ﬁ'%‘g ?ﬂ?tdrﬁﬂﬁa"%r"’nf ormative SNP in a SNP
hapl ot ype pattern corrpri si ng: determ ni ng SNP hapl otype patterns for a SNP
hapl ot ype {J)I oc ri.n ch _SNP h patter i nt er est sai d
S\P hapl of H1B of Sk 1 avistam SR BRh ePeatToR Bop o sk Berotishis oy d S

hapl otypesdbbtmtﬁny&ehmt itgeibcill Godnts ﬁeaoﬁﬂayzem a first SNP hapl otype pattern
of interest that'distinguishes such first SNP hapl otype pattern of interest

from ot her SNP hapl otype patterns of interest in said SNP hapl otype bl ock,
wherein sgid S‘H{ﬁﬁétﬁi&ﬁ'tcldnﬁQ§ﬁ1rm&Q;oﬂblﬁmh§ an informative SNP for said first

SNP hapl ot ype patt in_ said SNP ha bl ock, 21. The nethod of claim
20, further O#BF %em%?f%ﬂ’ INT g‘@é’i/%%t FF&f Sﬁﬁﬁﬂocgtlmg,}lpqtp{g ent
nunber  of charbefiZEa by iR aflbIPthal bEcus Lo lofbe irOsatd sétldrgmsaauatypraéﬂﬂcarhuelacSNP

hapl ot ype atterns in a SNP hapl ot ype bl ock.
P ypaci strands. P yp

13. The method of claim 1, further comprising:

(i) for a SNP haplotype block identified in either step (c) or step (d), selecting 2 SNP
haplotype pattern that eccurs most frequently in said set of substantially identical nucleic
acid strands;

(ii) for said SNP haplotype block recited in step (i), further selecting a SNP
haplotype pattern that has not been previeusly selected in either step (i) or step (ii) and
that occurs most frequently in said set of substantially identical nucleic acid strands among
SNP haplotype patterns of said SNP haplotype block recited in step (i) that have not been
previously selected in either step (i) or step (ii); and

(iii) repeating step (i) until 2 number of SNP haplotype patterns have been selected,
wherein said number identifies a portion of said set of substantially identical nucleic acid

strands.

14, The method of claim 13, wherein said portion is between about 70% and 99% of said

set of substantially identical nucleic acid strands.

15. The method of claim 13, wherein said portion is at least about 80% of said set of

substantially identical nucleic acid strands.



22! The nethod of claim 21, wherein said selected portion of SNP hapl otype
patterns is about 70%to about 99% of SNP hapl otype patterns in said SNP
hapl otype block. 69 0 5 MAY 2006 23. T6& nethod of claim 21, yheygizlisai d
sel ected portion of SNP haplotype patterns allows identification of a

di sease of interest. 24. A nethod of determ ning informativeness of a SNP
hapl ot ypel®l ocKhe captlod of migim Hht whereini ng momuthze rabofit Sixee 1SOPahapdotgpei N sai d
SNP hapl o determ ning a nunber of informative SNPs required to
di stingui éﬁ%g‘lcﬁ% t%c{'ype patterns of interest in said SNP hapl ot ype bl ock;
and dividing said nunber of SNP | ocations by said nunber of informative SNPs

to produ a guotd in j.d td et 1S, sai,d | nfornmativeness of
said SNP ﬁgpl o%qylgﬂéeljh&gItﬁ(:')rc\éag"'rgl?lhAfi ne h%eg%gféﬁ(;@tme‘?@yﬁf r%)gw?‘ﬁffg? gg‘lai %ﬁgg's of a
SNP hapl otompeisiog:ock, conprising: determning a nunber of SNP | ocations in
said SNP hapl ot ype .bl : et pning.a nunber of informative SNPs required
to distingui shcoé%%%{’?&gypﬁﬁ%%gggwwﬂ?%’st in said SNP hapl ot ype

bl ock from eacdelectirnper frst@NT Iexplotypa blbck with @ high finforniativeneist ve SNPs required to
di stingui sh SNP, ,hapl.q tterns.of interest is said informativeness of
sai d. SNP hap|W%§algh§E§N§g{i&l Ipgkdo 53 g‘ﬁﬁ"ér m ni ng di sease-rel at ed
genetic | oci Welebiirigla secdndiSIPihalogpé Bldgjewit a Righ sfeHiatvaessy | ocation of said
di sease-rel ate enetic |ocj, rising:, deternining SNP hapl otype patterns
in SNP hapl ot y‘%@‘ I R“§°‘F‘f§?’ﬁ”§fc{gﬁg§gﬁm¥%bw %q%iﬂr"é?get*iaﬂda control

popul ati on; dekgdatihg sdid seitding apd addiesteRtintil BSedith SNBidrPbPb Yieleiblagiaks from
individuals in. a di s‘?ased popul ati on; and conparing frequencies of said SNP
hapl ot ype p&fA"etsfOVGFesai d control popul ation with frequencies of said SNP

hapl ot ype patterns of said di seased popul ation, wherein differences in said
frequencies indicate | ocations of di-sease-related genetic locj. 27. The

met hod of 1&| ai Hheogrethpfl o Pl pi@aild Srperesh Spidh )‘iﬁ%"‘?ﬁlatﬁﬂ’r feplgpge JHlodks nithed i n at
| east  SO0honbebk¥dmeipal S i n a control popul ation. 28. The nethod of claim 26,
wherein said SNP hapl otype patterns from said popul ations are determ ned
using informative SNPs. 70 Q 5 MAY 2606 29. A method of constructing a SNP

hapl ot ypejgol oChhetRethodSdf RGBT ! Wiithréin WiaRle8y SIBHRARSSs uked WP pérfdrinGaid scRABENT SNPs
found in ?;tp | east about ten percent of said whole genones into SNP
SIeps. .

20. A method for determining an informative SNP in a SNP haplotype pattern, comprising:

determining SNP haplotype pattemns for a SNP haplotype block;

comparing each 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.

21. The method of claim 20, 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.

22, The method of claim 21, wherein said selected portion of SNP haplotype patterns is
about 70% to about 99% of SNP haplotype patterns in said SNP haplotype block.



hapl ot ype bl ocks. 30. A nethod of making associ ati ons between SNP hapl ot ype
patterns in SNP hapl otype blocks and a phenotypic trait of interest
.conprising: building a baseline of SNRhapl ot ype patterns; pobtiMayZiBhol e
genom ¢ DNA from a popul ati on having a common phenotypic trait of interest;
and identifying said SNP hapl otype patterns that are associated with said
phenotypi®8-tr mgthodjofiel i, wheygin saif eeleptedportion fof NB hanl@gpe patiemedliows

i nf or mat iiﬁ%tiﬁ n BF £aivseoffidresal d building and said identifying steps. 32.
A met hod of 1dentifying diagnostic nmarkers conprising; identifying
informative SNPs according to claim 20, wherein said informative SNPs are
di agnost i mar Erﬂﬂir@ﬁrﬁg | 2t ] ' tifying drug
di scoveryﬁf ar g%ﬁéﬁggﬁ%%l Sl ng. as%@%ﬁ%&é agﬁg tﬁg}gﬁg%]@g%l{ g%’ﬁ"%rgr S in SNP

hapl ot ype bl ocks wideterminihgsa@umber of SNE tncations ingsaid ¥R pistypeblockocat i on of said

associ at ed SNP hapl f%ﬂ' : t ; LA N r .S al oci ation
of said chrom)somalcg ocg’fngg% n%@&sgf g}‘ﬂ%ﬁaﬁgsﬁ‘;ﬂ’s?&%ﬁ g’e?‘%@?ﬁsg gﬁﬁ
chr onosonal hdpityipetterny of antpress drussid SNP lspiotyps dlooky apd t hat  chr onpsonal

| ocation that is as ' > .1 ' ' . r.eine.sai el d

chronmosomal | ocati 61?1‘8%1?8 %a?%?%%btfg? ?wéog%tfogggf %artl g‘?mﬁg{m?%rﬁ?ﬁ%ﬁﬁég?

| ocat i on t hprbdice aagetientawhaieinistill quatiant ¢ selisformativanas of) sadd SHBteplptypar get .

34. The matggcq(dof cl ai m 33, wherein said associ ated chronosomal | ocations
e

are priorit for drug discovery targets based on a set of criteria that
I ncludes location in a highly conserved region and |ocation in an

I ntergeni,g regi o The. nethod of cl ai erei,n. informative SNPs are

used in 331 d %@%@?g‘g}dﬁmlpglﬁ.m%gws 68&@?"’%%%’1% FB®BFEdet er ni ni ng a

SNP hapl ot ype pat t éetwermining a ShilthdrapSNP Jopatidab scsidNPamplotypelblockiual conpri si ng:

assaying for at least one inforpatiyve .SNP,. 3 net.hqd, faqr .defjnd SNP

hapl ot ype patterns%gtfmé'mgﬁe%in g%r Ot\sllfggstgfamé Es écﬁe%@acgngﬂﬁ%uﬁb%ﬁg .

i dent i f yi nghapldgpe pateesssdf interegy dnaideS8NRoliapluotyipt bloklefromh@adhi alies, of sai d speci es;
wherein said number of informative SNPs required to distinguish SNP haplotype patterns of

interest is said informativeness of said SNP haplotype block.

26. 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 in SNP haplotype blocks from at least 16
individuals in a control population;
determining SNP haplotype patterns in SNP haplotype blocks 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 diseased population,

wherein differences in said frequencies indicate locations of disease-related genetic loci.

27. The method of claim 26, wherein said SNP haplotype patterns are determined in at least

50 individuals in a control population.

28. The method of claim 26, wherein said SNP haplotype patterns from said populations are

determined using informative SNPs.



arranging said SNPs into SNP hapl otype bl ocks by iteratively selecting for
SNP . hapl ot ype patterns having few anbi guous positions. 38. A nethod for

sel ecting a SNP hapl ot ype bl ock useful 76 n genom ¢ anal ysi s, c&ﬁqmt/s?ﬂﬂﬁg:
isolating a set of substantially identical DNA strands from at |east about
five different origins for analysis; analyzing at |east about | x 106 bases
from each2%f shimethododcamstrinetingya SN harileste gk mapt ysingctsultiple svkiolt gsaermes

det erm ni [

dent | cal SRR prdtihe SNs Fiq n £ (M ob A can Ut BRI RIOAR B SNE

| i nked i nhapleityge botksof substantially identical DNA strands, wherein said SNP
| ocations that are linked forman SNP hapl otype bl ock; identifying SNP

hapl ot ype patterns that occur in said SNP hapl otype bl ock; and sel ecting
each i den30 f i eAl nighad fvfi piabing pesopiatione brtwebraSND beplotypd pattamy imfSNFahaplotype
substantl d s i.pn said set. 39. A nethod for

determ ni k%ﬁnda %(?}(')g n‘J(:)trl{’laD{:Afr etfgmgegmﬁ%negu c loci without a priori know edge
of a sequence tmildinge biseline affSNPiaplofypaparems;genoni c-rel at ed genetic | oci,

conprising: 05 Y 2006 72 ni.n oty s. i.n.SNP

hapl ot ype bl 0&?3%8&@%53‘1"85 ﬁ% pg?‘g PB“Q‘F% E‘E’B’ﬁ?? ?“°§81§Lﬂa§t‘1 on;

det er m ni ngirtddthapl ot ype patterns in SNP hapl ot ype bl ocks from i ndi vi dual S
that react in,an.alter to. ad |st1’at|o Qf a..substance; and
conparing fredB@omEs Hf&?%p‘%ﬁﬁpﬁﬁeﬁ?%ﬁaﬁﬁ?? fathgpidg, q@mt?

popul ati on witdrkst. frequenci es of said SNP hapl otype patterns of said

i ndividuals that react in an altered manner to admnistration of a
substance, wherein differences in said frequencies indicate |ocations of
phar mac ogan o Themivded cgimn 80, ivheteitinforbtive BINPs aRtudedIfop Eaid baldingRd smber ei n
said SNP 8 ot sg% patterns are determined in at least 50 individuals in a
control g ‘B’l% 5:41. The method of claim39, wherein said SNP hapl otype
patterns from said popul ations are determ ned using informative SNPs. 42. A
met hod of__identif Ieas one.informative SNP conprising: storing in a
dat abase NP rﬁﬁ%\?@%“ﬁm E%‘Pﬂ?é’é?‘lfmgﬁﬂgres of nultiple organisns;

applyi ng the net hOdd@nﬁfy&fymﬁﬁﬁa@k SNPgia8Grdifl toccladl 200 whareth saldohMema e

2Pl OLYPe DLGEKS. | omob ikl 2t AL v SIPS.and

33. A method for identifying ﬂrug discovery targets comprising:
associating SNP haplotype patterns in SNP haplotype blocks 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,
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.
34, The method of claim 33, 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.

35. The method of claim 33, wherein informative SNPs are used in said associating step.



for each said informative SNP identified marking said SNP as informative in
sai d dat abase. 43. A nethod of identifying SNP hapl otype patterns in SNP
hapl ot ype bl ocks as associated w th one or nore specific phenotypic traits
conprising: storing in a database SNP hapl otype bl ocks derived fippgoHippres
of multiple organisns, and applying the nmethod of claim30 or claim31l to
sai d database to identify informative SNP hapl otype patterns as associ at ed
with one or nore specific phenotypic tHaits; 0 5 MAY 2006 73 associating in
sai d dat abase said identified informati ve SNP and one or nore associ at ed
speci fig phepot ypi raits,  for C ai d SNP hapl o e tterp identified
sear chi fﬁg ed‘g Hnég(?(ﬁoéﬁgeﬂﬁ'ﬁ}"@t @éz\ﬁ’bpgﬁ%ypgpgt}t% 'B i éﬁdﬁ%&%&%& aj d

i dent i fih@WidabiRoRppisRgype pattern; associating in said database said SNP

hapl ot ype bl ock with said identified SNP hapl otype pattern; and associating
in said database said SNP hapl otype patterns with one ore nore associ ated
speci fi ¢ phexssiyingifor atdedst ene infbrmatine SNR.hod of claim 42 or claim43, wherein
sai d database further stores information on one or nore factors sel ected
froma gyroup, consi stjng Qf. enyvirqnnental factors, other genetic _factors,
rel at ed%][ act‘%rrgetﬁ?filtj%%ﬁﬁmﬂ%tgﬂ%ﬁ‘agrqtﬁﬂeeﬂat{eﬂ‘sngéhéﬂﬁc@élOTW%%E%W ef spfsvi or s,
and/ or QpefsingPol ynor phi sms, including but not limted to |ow frequency
SNPs, repeats, insertions and deletions. 45. The nmethod of any one of
claims | to 44, wherein said nmethod is inplenented in software. 46. A kit

f or di agnosiidentiffying 8NP peegnt i genames efipukiptel dygdnisms ofsridtsperiespy r esponse
conprising neans for detecting a presence or absence of SNP hapl ot ype
patterns or infaormative SNPs in_a sanple of genonic DNA froma patient,
wher ei n t he 35RpeIRG Tt PO spHKe WS haPlotyRe oblReksi by essgpiehi selertngs AXBI ot ype
bl ocks, : W ekl f said SNP hapl otype patterns or
infornn}%ai%\l}gyp% Pg&?\,isﬁﬁxl%%{ae or @%é@kgggg?@lc phenotypic traits on a

conput er-readabl e nmedium 47. A probe conprising a nucleic acid conprising
at | easi8.oneA neflodfert seleetiGNPSNRibapletype bhuick usedtl ih garsdmiomnralysi§, eomptising SNP, as
determ ned according to the nethod of any one of the clains 20- 23,

i ndi cates a SNP. hapl otype pattern. i SNP hapl o e bl ock and. wherein said
at | east ondsolating aP set o%psubseantiaﬁy idengcﬁ DNA stragds %rgr% at least about %ve d%ferent

origins for analysis;

analyzing at least about 1 x 10° bases from each of said substantially identical DNA

strands in said set;

determining more than one SNP location in each of said substantially identical DNA

strands in said set;

identifying SNP locations that are linked in said set of substantially identical DNA
strands, wherein said SNP locations that are linked form an SNP haplotype block;

identifying SNP haplotype patterns that occur in said SNP hapiotype block; and

selecting each identified SNP haplotype pattern that occurs in any of said substantially

identical DNA strands in said set.

39. A method for determining pharmacogenomic-related genetic loci without a priori

knowledge of a sequence or location of said pharmacogenomic-related genetic loci, comprising:



Informative SNP is associated with a phenotypic trait.
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determining SNP haplotype patterns in SNP haplotype blocks from at least 16 individuals

in a control population;

determining SNP haplotype patterns in SNP haplotype blocks from individuals that react

in an altered manner to administration of a substance; and

comparing frequencies of said SNP haplotype patterns of said control population 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.

40.  The method of claim 39, wherein said SNP haplotype patterns are determined in at least

50 individuals in a control population.

41.  The method of claim 39, wherein said SNP haplotype patterns from said populations are

determined using informative SNPs.
42, A method of identifying at least one informative SNP comprising:
storing in a database SNP haplotype blocks derived from genomes of multiple organisms;

applying the method of any one of claims 20 to 25 to said stored SNP haplotype blocks to

identify said informative SNPs; and

for each said informative SNP identified marking said SNP as informative in said

database.

43. A method of identifying SNP haplotype patterns in SNP haplotype blocks as associated

with one or more specific phenotypic traits comprising:

storing in a database SNP haplotype blocks derived from genomes of multiple organisms,

and

applying the method of claim 30 or claim 31 to said database to identify informative SNP

haplotype patterns as associated with one or more specific phenotypic traits;
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associating in said database said identified informative SNP and one or more associated

specific phenotypic traits;

for each said SNP haplotype pattern identified searching each said SNP haplotype block
stored in said database for said identified SNP haplotype pattern;

associating in said database said SNP haplotype block with said identified SNP haplotype

pattern; and

associating in said database said SNP haplotype patterns with one ore more associated

specific phenotypic traits.

44,  The method of claim 42 or claim 43, wherein said database further stores 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.

45.  The method of any one of claims 1 to 44, wherein said method is implemented in

software.

46, 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, wherein the SNP haplotype patterns or informative
SNPs are in SNP haplotype blocks, 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.

47. A probe comprising a nucleic acid comprising at least one informative SNP, wherein said
at least one informative SNP, as determined according to the method of any one of the claims 20-
23, indicates a SNP haplotype pattern in a SNP haplotype block and wherein said at least one

informative SNP is associated with a phenotypic trait.



