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promised insight into pathophysiologic mechanisms and the development of novel

therapies for common human diseases. Family studies clearly demonstrate a heritable
predisposition to many common human diseases such as asthma, autism,

20 schizophrenia, muitiple sclerosis, systemic lupus erythematosus, and type I and type II
diabetes mellitus. For a review, see Risch, Nature 405, 847-856, 2000. Over the last
20 years, causative genetic mutations for a number of highly penetrant, single gene
(Mendelian) disorders such as cystic fibrosis, Huntington’s disease and Duchene
muscular dystrophy have been identified by linkage analysis and positional cloning in

25 human populations. These successes have occurred in relatively rare disorders in
which there is a strong association between the genetic composition of a genome of a
_species (genotype) and one or more physical characteristics exhibited by the species
(phenotype).

It was hoped that the same methods could be used to identify genetic variants
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additional tools and approaches will be needed to identify genetic factors underlying
common human diseases.
Analysis of experimental murine genetic models of human disease biology
25 should greatly facilitate identification of genetic susceptibility loci for common
~ human diseases. Experimental murine models have the following advantages for
genetic analysis: inbred (homozygous) parental strains are available, controlled
breeding, common environment, controlled experimental intervention, and ready
access to tissue. A large number of murine models of human disease biology have
30 been described, and many have been available for a decade or more. Despite this,
relatively limited progress has been made in identifying genetic susceptibility loci for
complex disease using murine models. Genetic analysis of murine models requires
generation, phenotypic screening and genotyping of a large number of intercross

progeny. Using currently available tools, this is a laborious, expensive and time-
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20  polymorphisms in the plurality of organisms. The distribution of phenotypes

associated with the species are then compared with the distribution of alleles in each
haplotype block in the haplotype map in order to identify haplotype blocks within the
haplotype map that potentially regulate or affect the pheﬁotypes.
Y One aspect of the present invention provides a method of associating a

25 phenotype exhibited by a phurality of different organisms of a single species with one
or more specific loci in a genome of the single species. In the method, a haplotype
block in a haplotype map is scored based on a correspondence between variations in a
phenotypic data structure and variations in the haplotype block. In some
embodiments, the phenotypic data structure represents a difference in the phenotype

30  exhibited by the plurality of different organisms and the haplotype map comprises a
plurality of haplotype blocks. Each haplotype block in the haplotype map represents a
different portion of the genome. The scoring is performed for each haplotype block in
the plurality of haplotype blocks in the haplotype map. This results in the
identiﬁéation of one or more haplotype blocks in the plurality of haplotype blocks




the plurality of haplotype blocks in the haplotype map. This results in the
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20  identified in a genotypic database. The candidate haplotype block has a plurality of
consecutive single nucleotide polymorphisms. In some embodiments, each single
nucleotide polymorphism in the candidate haplotype block is within a threshold
distance of another single nucleotide polymorphism in the candidate haplotype block.
In some embodiments, there is no limitation on the distance between the single

25 nucleotide polymorphisms within a candidate haplotype block. A score is assigned to

~ the candidate haplotype block. This identification and scoring is repeated until all
possible candidate haplotype blocks in the genotype database have been idenﬁﬁed,
thereby creating a set of candidate haplotype blocks. Next, a candidate haplotype
block having the highest score in the set of candidate haplotype blocks is selected for

30  the haplotype maps. Then, the selected candidate'haplotype block and each candidate

haplotype block that overlays all or a portion of the selected candidate haplotype
block is removed from the set of candidate blocks. The process of selecting a

~ candidate haplotype block for the haplotype map and removing the selected block and
all blocks that overlap the selected block from the set of undiscarded blocks is

4
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where ZDjnira and ZDjye have the same meanings presented above. In some
embodiments § is the negation, inverse, negated inverse, logarithm or negated
logarithm of the ratio presented above. In some embodiments, X Djngs OF ZDjner 1S
raised to a power {e.g, %, 2 or 10).

25 In some embodiments, the specific genetic locus in the one or more specific
genetic loci identified by the systems and methods of the present invention has a
length that is less than 0.5 of a megabase, between 0.5 of a megabase and 2.0
megabases, or less than 10 megabases. In some émbodiments, the phenotype -
investigated by the systems and methods of the present invention is diabetes, cancer,

30  asthma, schizopherenia, arthritis, multiple sclerosis, rheumatosts, an autoimmune
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In some embodiments, the phenotypic data structure represents measurements
of a plurality of cellular constituents in the plurality of organisms. In some
embodiments, the phenotype data structure comprises a phenotypic array for each

30  organism in the plurality of organisms and each phenotypic array comprises a
differential expression value for each ceflular constituent in a plurality of cellular
constituents in the organism represented by the phenotypic array. Each of the
differential expression values, in turn represent a difference between (i) a native

expression value of a cellular constituent in an organism in the plurality of organisms;




In sonme enbodi ments, the phenotypic data structure represents nmeasurenents
of a plurality of cellular- constituents in the plurality of organisns. In
some enbodi nents, the phénotype data structure corrpt('-i ses a phenotypic
array for ewerogdesargani smin the plurality of organi sns pamaisemenoz2os3
phenotypic array conprises a differential expression value for each

cel lul ar corBd (paexpression yalug of the gellwfar canstifgent in thoprgenismafiesthen t he

organismre 1 Ge: Al T f e iff tial
xpr osei on Cepnat i ditn bR AYeH Bl iAok BRpBm il el BEEH | 2
expressi on ved plarmbedlogied] lagémr Iconsd doiboditherits) i pepiaetalibs 19 d dheini@l pl ural ity
of organisns; 6 WO 2004/ 067720Q PCT/ US2004/ 002293 and (ii) an expression
‘val ue of t h&owBeTNd havingraelesuleniveight of frss Hag dAP Raligaser the or gani sm has
been expgsed to : : ' he: 10on is a
phar macglr?ogi cal g%gcﬁ{lé %Q@Jsl%%eﬂs 8% gé?érrgg}\t?lg% Qlﬁﬁg%gtg?‘%aﬁ bar ﬁg#lﬁéa%?%tﬁem cal
conpound hadiffeyers ongrnesmslisng meaibghof thé single Spedicina AR Baduealrrivéd frdmaone

enbodi nents _of .the.present inventio n ofganismin the plurality of

di fferent of5Hhes i e singlesprgies, op c@h@?@reréq%éwé ?ie@i the megberl e sipdle; ssue
derived frog%&ies_rrenber of the single species, or a cell culture derived
fromthe nmenber of the single species. Another aspect of the present

i nventi on provi désother asppattof thepresgnbinvetiod pedvidek@ coomputes pragrane projductct | on
with a nputer system .The.conputer progr roduct conprisges a conputer
r eadabl gé)st a’tﬁ%“ﬁ%&’%‘%ﬁ“ﬁa%%ﬂ?ﬁgyﬁ%gm%ﬁﬂﬁgﬁﬂ%ﬁﬁed t herei n.
The conput etompRgs arabmgﬁéaafuaaam&fmge §Raiuth SRNPENHufer phetr #R ARBharfsm

phenotypic data structure, a haplotype nap, and a phenotype / haplotype
pfdcessi ng fwbedded theneingdhe compuerupgismsredhgnikmcogipeisisagsenatypiat i ons i n

enoni ¢ 15 nce f. a ralit f different argani sns of si ngl e

S o be. o daatER bl Gkl 8 haflblyf BB, ard iR Dpolbefnd "

phenot ype epfochisingdndduld. hﬁldjédﬂb'@'ri'ctdéta@fise ifl idrfseirmptvafat@alisgdomldie hapl ot ype
o}

map conprises a pl uralit%, of h%p ype bl ocks,, each_ha Iot%%e bl ock in the
hapl ot ybe nEfIuPesss esepturdliy af diftereet aiganipss of dpnge species. Jopahenosipi¢ he singl e

species. Th I ' J LS. f soci ating
2 phenot ype SRl ipetepcsciaf EnioR b aTRBRAR SRR e firet A e or
mor e speci f diffegem etganistnsc The hapltigpemap wempfises kehshlitglof hapetvpeblockhe

Compar | Son <eHAPBRIFRGISSHE TETeHB RSP TRESPOt Y6 SOER PRI Ll out i ne

conpri ses  genome of the single species. The phenotype / haplotype processing module is for

LA

20  associating a phenotype exhibited by the plurality of different organisms with one or
more specific genetic loci in the genome of the single species. The phenotype /
haplotype processing module comprises a phenotype / haplotype comparison
subroutine. The phenotype / haplotype comparison subroutine comprises

instructions for scoring a haplotype block in the haplotype map, this scoring

25  representing a correspondence between variations in the phenotypic data structure and
variations in the haplotype block; and

instructions for re-executing the instructions for scoring for each haplotype
block in the plurality of haplotype blocks in the haplotype map, thereby identifying
one or more haplotype blocks in the plurality of haplotype blocks having a better

30  score than all other haplotype blocks in the plurality of haplotype blocks.

_ Another aspect of the present invention provides a computer system for
associating a phenotype exhibited by a plurality of different organisms with one or
more specific genetic loci in the genome of a single species. The computer system

comprises a central processing unit and a memory coupled to the central processing




instructions for scoring a haplotype block in the haplotype map, this

Sﬁori?g 25 r?presenting a cgrresppn?gnce petrﬁenhva{i?tionzlinkthe 4

phenot ypi c ure and variations in e hapl otype bl ock: an

i nstruct i on‘g?’f%‘l[’féﬁzﬁgxecuti ng the instructions for scori ESTW§?""€3W3

Pﬁpl oLyp_ed HEEC _Ilﬁmemﬁ?éﬁ’ﬁipmagbnqtymédm]mst mtanﬂebl n&mk _@Iﬂggaiﬁs&ugtpﬁngﬁp![ ot y]Pe map,
er eby i degh one .anL re hapl otype bl ocks in e plurality o

hapl ot ype b[do%{z%bﬁgﬂ\ﬁ) ’n'?{g;ﬁ(fl1 @8%3 ﬂﬁ‘gloéﬂérpéo‘%eﬁ%ﬂﬁ mpfulgt dach ofimbicbhype bl ocks

in the pl ur &lesamedhindiafd Hlr@LRndl @6dz. Anot her aspect of the present

i nvention provides a corrpu%fer system for associating a phenotype exhibited

by a plurality of different organisnms with one or nore specific genetic

| oci in §he genonme of } C The conputer system conprises a

central processing uni ?ﬁai% aﬁm#ﬁg%ﬁéﬂgnM‘W&Sal processing 7 WO

2004/ 067720 PCT/ US2004/ 002293 wunit. The nenory stores a genotypic

dat abase, aFightithisypesa Sahmint bt - | gt ype ma nd a phenotype /

hapl ot ype pr,ocessi ng m)dullgf e %:{ﬁ ;*?Peﬁﬁ?céﬁn%g‘sﬁ}eﬁ@yg%ﬁﬁhﬁgﬁg]ﬁWﬁs as

present ed alitkeln agenompRf BFORESORIiPItONF: THE cRRAWNES o5 (ﬁ‘-thélprje%%nPSt rates

a conputer ;gyskem for associating a phenotype wth a haplotype ock in a

genome of an organi smin accordance with one ermbodi nent of the present

inventil®n. 10 Fig. 2 illustrates the processing steps for associating a

phenot ype mﬂézq iﬁghapl otype block in a genone of an organismin accordance
with one e Fitatesrihe processiag eteps farmseniatiofa phénoky@switiBAhaphitysnd 3C
illustrate p3&ikagY o8 eotide pol ynorphi sm (SNP) data and the

hapl ot ypes repr esgﬁ?ée}gé ﬁ@dﬁ?cﬁ'éargs‘ﬁ ért‘fcp ‘E?a‘f”g? o gubodinentiof thiepresenust r at e
sellect si nghentio| eoti de pol ynorphi sm (SNP) data and the hapl otypes

represented by the select SNP data. 20 Fig. 4Cillustrates hypothetical
quantitative phenotypic values for each of the strains represented in

Figs. 43 amgbss 3 bl I -1 he hapl.otype bl ock structure on nouse
chr omosone m%sbg?’v\?é gndd;%c %ﬂgs{@& S%&%Henég%ﬁ‘g %E’ha%é‘ﬁ@“@ T GiNEhlataggsdesent s a
di fferent Hsuwelotypearapresentedby te)seROCSNP data,

Figs. 4A and 4B illustrate select single nucleotide polymorphism (SNP) data and the

haplotypes represented by the select SNP data,
20

Fig. 4C illustrates hypothetical quantitative phenotypic values for each of the strains
represented in Figs. 4A and 4B.

\ Fig. 5 illustrates the haplotype block structure on mouse chromosome 1 between 48 to
25 58 megabases where each column represents a different mouse strain (organism) and
each row represents a SNP, The two possible SNP alleles are respectively represented
by dark shading and light shading and ambiguous haplotypes (due to missing data) are
- not shaded.
30

Fig. 6A illustrates a representative haplotype block structure on chromosome 7 (22.7
Mb) constructed using A/J, 129, C57BL/6 and CAST/Ei strains in which each .
haplotype block is set off by horizontal lines,




each row represents a SNP. The two possible SNP alleles are respectively
represented by dark shading and |ight shadi ng and aﬁblguous hapl ot ypes
(due to mi ssing data) are( not shaded. 30 Fig. 6A illustrates a

repr esent at WEB20BEM780y pe bl ock structure on chromosome 7 PC2AISZ004M0km293

construct ed i 129, C57BL/ CAST/Ei straips in which each

hapl ot ype bI %llﬁétgatte afqohwnﬁ%?%ﬁ]{g&p |bf0ﬁg§001§f soRectively psing

PCT/ US2004/ aarza 087, a%nde:smlws)%a HiBSenMEONRERINE MR ; ‘ng’@ gtssixﬂf‘s bl ocks
constructed respectively usi n? hree (A/J, 129 and Co57 ) and thirteen

Mus Muscul udresentat te boundiaf kap loqhseseelnmeébyﬂlh@ bound of hapl ot ype
bl ocks are joined by lines. 5 Fig. 7A illustrates, using all SNPs on nouse
chronmosone 1, the percentage of the total nunber of SNPs included in

hapl ot yp® bR s I(Iﬁamseﬁéln@ﬂﬁsmgo@ﬁﬁbﬁc}ﬁméwﬁﬁ1 Pd% eFHeﬁféF ¢ bfihgnonds) as

a function of the nunper of nouse strains ustra using all

,fSNPs on rTD]lc.l setalambienelovhiPs included mlmbxtyp@fblcwap?aqm}rp@andm rpmlb;b bﬁSN}’Tis a
t t SB, SC trat
comput ati onF oAt ol & o Bhdn MM E Fiher b Hss¥BbipSe’ bi ocks in o

accordance with one enbodi nent of the present invention. 15 Fig. 9

illustrates thgﬁ rreI ati on bet ween MHC K hapl otype and the structure of
one predi cfi& "R ek SNPs EhewEShAmOsIMaN cthe niebor ofdiapleiypss ar e

indi cat gl byer lﬂ@dl&‘as%%&’dtm@f@ﬂ 1k stéhea?ns%lglykc@?' cated by |ight shading,

and the absence of shading Icates mssin elic data. 20 Fig. I OA
illustrates the | evel of puI m)nary Cypl al gene expression for each inbred

se strai ﬁ#r {} ?strat es how the 79 SNPs in the_hapl otype bl ock
rT%%Jcture oFgF héég a‘FQ)% dlfusgrate ampHgEs mepPing ohPheioBpicdai ekppe gr oups
and how sevsiplﬁy@’vblsciéhﬁﬁccfdr&éﬁ%é fhth ofe eMbSdintefiSitihe fgﬂ@seﬁ?m?fgﬁ dip, aci d change

in the protein ig. 11 illustrates the processing Steps réconstructing
a biol ogical pathway using the nethods of the present invention. 30 Like

refere NEge on rts. throughout the everal
views of the "d? gt@tﬁ%tggﬁs cb%elﬁg E%@?VW%@%&@&PE‘%&?WUM@ of one
predicted haplotype block on chromosome 17 where major alleles are indicated by
dark shading, minor alleles are indicated by light shading, and the absence of shading

indicates missing allelic data.

20 Fig. 10Aillustrates the level of pulmonary Cyplal gene expression for each inbred

mouse strain.

Y Fig. 10B ilustrates how the 79 SNPs in the haplotype block structure of the Ahr locus
on chromosome 12 form three haplotype groups and how seven exonic SNPs (labeled

25  a-g)result in an amino acid change in the protein.

Fig. .1 1 Hlustrates the processing steps for reconstructing a biological pathway using

the methods of the present invention.

30 Like reference numerals refer to corresponding parts throughout the several

views of the drawings.




5. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is directed
toward conputer systens and methods for building a hapl otype map based

upon vari at \@pelMstfee genones of organisms of a 5 singl he
present invention is further directed to conputer systené’ciﬂ@%‘ﬁé?%%s for

i denti fying hapl ot ypeS. DNEEXH.ED DESCRITETION OR YHE MVEAFaONPOt enti al |y
af fect phenotypic traits associated with the species. This identification

step is perfor nthepyesemahwatibn g d?fé\é{e&%\baréc&héﬁt%} ﬁ}g{ﬁgﬁ%&f eﬁigldgk“es within

each hapl otry? bl ock in the hapl otype map nat Ussoci at ed
with the si Ryl @ngﬁé@plegmempmawmmwnat&m lmm@ms@o@inmwgmv SYSTEM

FI G t, henat y th
hapl otype. brSESERE TR psfenbiy f°§ﬂ%§lﬁﬁh§h$re%%%é9§$@mtmy§q@§p35@3?59
i ncl udes: ety Fad ld@’ftﬂ'ﬁﬁéﬁhﬁlgtyﬁé‘bfoc@szwﬂgﬂ §15| @fﬂs ap dd?ﬁ;g @%{r lkog?ngrﬁ frage unit

34, prefer ab |ncI udi ng_ one ‘or "nore
sof t war e ané B 1 enqtm;c piby asseciaied witBhe apy@emaThtyIdenmﬁdaﬂbheﬁptsy di Sk

troll d d
rorory  ( RaRFET B SR MBI HCREN » HsRifon oF Bl i 5o boploRppl | cat | on
progr ams i hloblcld:h tlng haslotypa idp anclificdotypRARE :IsEGH'ﬁt&Pﬂxtfr(Tg{eaﬁryI@E&%;eg’r age a

unit 34; nlnennry 38 may al so i nclude read-only

user |nybrf3 T stpd Yincluding one or nore input devices, such as a nouse 26
and a keypad 30, and a display 28; an optional netmork interface card 36
for connecting to any wired or wreless conmunication network; and an

internal bus 33 for irfeOMERVILWIOFAN BXEN@IRY @\ @ienents of 30 the
tem Operation of system?20 is controlled prinarily by operating system

@/ which is exEiGutletionya eptin ab f5 BERESInIY diyR2vitl B! Glihdig system 40
may be stored, in 1ﬁﬂ§0§2004/ 067720 PCT/ REnBa pHesdy i O At oty 38 In

addi tion tohaBlf@ﬂ?ﬁ 1 & geAmoot a9 qrggiismal i npl enent ati on of
15 System 20 preferably includes:

* a central processing unit 22;

* amain non-volatile storage unit 34, preferably including one or more
hard disk drives, for storing software and data, the storage unit 34
typically controlled by disk controller 32;

20 ¢ asystem memory 38, preferably high speed random-access memory
(RAM), for storing system control programs, data, and application
programs, including programs and data loaded from non-volatile
storage unit 34; system memory 38 may also include read-only
memory (ROM);

25 * auser interface 24, including one or more input devices, such as a
mouse 26 and a keypad 30, and a display 28;

* an optional network interface card 36 for connecting to any wired or
wireless communication network; and
* aninternal bus 33 for interconnecting the aforementioned elements of

30 the system.

Operation of system 20 is controlled primarily by operating system 40, which

is executed by central processing unit 22. Operating system 40 may be stored in

10




system nmenory 38 includes: file system42 for controlling access to the
various files and data sgructures used by the prese@f I nvention; 5
phenotype / hapl otype processing nodul e 44 for associrating a phenotype
with one orWiRoeH/ 6400t ype bl ocks in a hapl otype map; g@n@iUspiig/oetatiabase

52 for storing variations in _%enom' c sequences of a  plurality of organisns
of a singl ey&isETNeRor Y Ingadifen inprerdngsygep d: atypicslomplearentation gfies

measur ed di j 10 or nore phenotypic traits associated with
the single é’%%éﬁggﬁﬁﬂ}Aﬁ iJ(Plellﬁ(rilesél preferred enbodi nent, phenotype / hapl otype

processi ng nodul e 44 filerodierd @ for RnfIbRiNg bygECtodhd drivus filet uficedader i vati on
subroutine 46 for deriving a phenotypic 15 data structure that represents
a variation in a phendtugpEespeedierhe preseatriayRtionr gani sns of a single

apl ot yfe map B0 Pt egapPel iR BE AT F O tRRRER) oF G gani s
in a single species; plRactyg&with oBe DNRBLA BaPpRtYpelbidkoinyDiRaptoafRanagon |

subroutine 50 for conparing the phenotypic array to the haplotype map 80
in order to identi®y graptypodatabpiedRidor siplingvariatines ingphwnipsequeages@bai n whi ch

the distribution of | el.es M t hin t . bl ock .mat ches the distribution of
al | el es_exhi bi t ed b_yaﬂlﬁ%h p°£§(%a§lsﬂﬁ&3% Sé‘%hj%%c‘% L EXEMPLARY GENOTYPI C
DATABASES | nf or mabi Qdhehb@picidstatsiinétiand 60/thaREIBER MAshrbd digloRatsyih englat abase
52 is a «collection of loci 54 within the genone of the single species. For

each | d8us 54, or garfirgnwe bBerfotpicdnittasseninted with theistngleowesies or mation i s
avail abl e are represented in database 52. For each represented organi sm
567 variation information 58 is provided. 30 Variation information 58 is

any form of gendhiagprefefredbmbodibeipheosipedhisloBpeprodessia Mgidalesiieci es.
Representat.ive variation information 58 includes, but is not limted to,
si ngl e nucl®Jedese pol ynor phisnms (SNPs), restriction fragnment |ength

pol Yot o e b TAFLBSUE kRS s ehonds bl

15 data structure that represents a variation in a phenotype between different

organisms of a single species;
¢ a haplotype map derivation subroutine 48 for generating a haplotype map 80

from variations in the genome of a plurality of organisms in a single species;
and

20 & a phenotype / haplotype comparison subroutine 50 for comparing the
phenotypic array to the haplotype map 80 in order to identify haplotype blocks
within the haplotype map 80 in which the distribution of alleles within the

S

block matches the distribution of alleles exhibited by the species under study.

25 5.2 EXEMPLARY GENOTYPIC DATABASES

| Information that is typically represented in genotypic database 52 is a
collection of loci 54 within the genome of the single species. For each locus 54,
organisms 56 for which genetic variation information is available are represented in
database 52. For each represented organism 56, variation information 58 is provided.
30  Variation information 58 is any form of genetic variation between organisms of a
single species. Representative variation information 58 includes, but is not limited to,
single nucleotide polymorphisms (SNPs), restriction fragment length polymorphisms
(RFLPs), microsatellite markers, short tandem repeats, sequence length |

11




pol ynmor phi sns, and DNA net hyl ati on. Exenpl ary genotypi ¢ dat abases 52 are
provided in Table 1. Table |I - Exenplary Sources of Genotypic Databases
Geneti c Unworonmesour ce | ocation variation type SNP  pOT/UsS2004/002293

htt p: // bi oi h:l.oche us .bi gl nformati es/ cgi- bin/msnp/ msnp. pl SNP
ht t B: /1snp. @551 2?]Blg)rhbsr 5 ?ﬁ:ﬁm 'B?tﬁl;@ﬂﬁﬁ- ?IILEE‘?'WEE?S'Y BeRiYDiSRAbasprS2 are
http:// www premided & Tablet . edu/ SNP/ mouse/  SNP _

oo

http://ww. ncbi.nl mnih.gov/SNP/ Mcrosatellite
http://ww. informatics.jax.org/searches/pol ynorphisnformshtm  markers

Restriction httpy snformatics.jax.org/ searches/ pol ynor phi smform shtm
fragment | engt hpréplg%ff;wlgw é"és’rTﬁést")%t(%HgBm‘c Databases
http://ww. ci @enpdién . edu/ nouse/ m’rsemjﬂirﬁfpm n{f’sﬁgpc%tls(ﬁ?iﬁﬂucnbc

eng

ht t p: / / ncbi earigeb: gal o.edu/ mt. ht pol'yrorphi sms  DNA
http://genone. i ] EURE e i ;
CONSTRUCTI ON PLOTYPE RE™ i s

performed in accor danc&ininkip/eep. lenbbdi ment of the present invention. The

first several g@ﬁps of .t he rrethodpil-l ustrated in Fig. 2 are perfornmed by

hapl ot ype map i vat i JHPYseireshtongé 48 (Fig. 1) and result 10 in the

generation of gnpapl ot 3 al 6o 1.56s hapl otype bl ocks. These steps
o

can be used in instances t abase 52 includes SNP

i nformation. &¥Rotypi bttptdwebagenchie whmilS@Y/SEP/hgel NPUt to hapl otype map

or ma Lypi it
derivation subg@ytine g8 iww.ncbi.nlm.nih.gov/SNP/

i; “;g Micros;tellite http://www.infonnatics.jax.org/searches/polymorphism form.shtml
- markers B

Restriction http://wmv.informatics.jax.org/searches/polymorphism form.shtml
fragment ' -
| length
polymorphisms
Short tandem  http://www.cidr.jhmi.edu/mouse/mmset. htmi
repeats
Sequence http://mcbio.med. buffalo.edu/mit, html
length
polymorphisms
DNA http://genome.imb-jena. de/public. htmi
methylation
database

3.3 CONSTRUCTION OF HAPLOTYPE BLOCKS

Fig. 2 illustrates a method that is performed in accordance with one
embodiment of the present invention. The first several steps of the method illustrated
in Fig. 2 are performed by haplotype map derivation subroutine 48 (Fig. 1) and result

10 in the generation of a haplotype map that comprises haplotype blocks. These steps
can be used in instances where genotypic database 52 includes SNP information.
- Genotypic database 52 is used as the input to haplotype map derivation subroutine 48.
In other words, haplotype map derivation subroutine 48 generates haplotype blocks
using the data in genotypic database 52.
15 _ Before the steps illustrated in Fig. 2 are described in detail, a brief description
| Qf haplotype blocks is instructive. Generally speaking, a haplotype block répresents a

plurality of consecutive SNPs or other genetic variations (e.g., RFLPs, microsatellite

12




I n other words, haplotype map derivation subroutine 48 generates hapl otype
bl ocks using the data in(genotypic dat abase 52. 15 Before the steps
illustrated in Fig. 2 are‘described in detail, a brief description of

hapl ot ype BW@GNBNﬁﬁﬂ@nstructlve General ly speaking, a hBET/Es2pfH00B198 ck

(P o’ Rt Rt S bl 2R Soisnis s oo BT b R Shvb metiaiasn) "
mar kers, shirthe fgartdmﬂae@eaessacrseqw}ﬁmyloee@aﬂisﬂ@ tYfHérsBéHn%mT’a‘?l@rBOW

met hyl atlon% in the genone of a specieS across a plurality of organisns in
the speci eskigT éﬁllﬁuﬁgl@tesladlaplﬁtme bimkl it Higt 34t there ardiaysl SWDpENl@ok. | n Fig.

th t hat t t th [
the genome. S1a) Brthr Bt fo 8 ot bbbt el Feore pPelited by
or gani s Asﬁdare@mep@senlf@m} &Egﬁtﬁﬁh§ﬁ‘tﬁ&%§g@(}e E\éa{ y@aﬁl% ha§3fdwvahle fNNPI  and

SNP2, a major value "1" or "a mnor value "0". Each value 1ndicates whether

_the nucl eot ?Qfé ﬁlsmﬂeﬂﬂﬁ@é\ﬂ’é aemcesfehf: H’nyamti@rmae?‘@’ rigach valsermonl y f ound

| hat |
i or gan; sibdiseie et R huCRRIR Nt BBt R YRS SR A e oci
represent edcchmn&ﬁs%lfo@motnﬁﬁdﬁ&am “ ’Dgﬁl&b@@nﬂn(brgy Fuad (RfhcRReuBUCPRet i des t hat
|

are nore commonly found,in these |oci Accordingly, both SNP1 and SNP2
have a naj othat/lgcisainiongasisssnidhs sRecien cont r ast respect i ve nucl eotides at

the | ocjq repr eseﬁ@%sé@éh%ﬁcl@d?ﬂ Shithe f"g‘ I%Ig%}@ese 1"0CH . dI:Etner ezfﬁ o ebot h 15

nucl eot1des that are 1ess commn f oun
SNPI and SNﬁ%amamekmF(gnm amaiuchsouduescthagam moteBomnionly fhund in fhE@aﬁ'ﬂl.SrTB A and

Bfave di ff ane errbodtma a haplotype is the
7l ecti on %ﬁ!&@pﬁéﬁﬁ’draﬂ& V%agwnréf Ug ip arg@nweﬁﬁﬁ'm%f%e bl ock.
For exanpl epesﬁecha@hmcvo%eg mﬁ@ecm&;e@ané Phnd é@f?i %{glaﬁs@nﬁesent ing

an organismin Fig. 3. Organism A has a hapl otyp
Or gani sm B Figs34 ag0Omickolidesythat aué 1e85 Gmmority found At tiisebloei. Mrdfmmﬂmﬂal | the

hapl ot ypes es in table 302 in F 3Aas wel | as which organi sns
in the }g’gec'ﬁgi gﬁﬁggg‘ée%%%tvﬁ séHOFngB that the terns hapl otype bl ock

and hapl ot ype hamepi @er dantshRAERAIB hhhediBichPRhpldt ps! TRbeLehbbdithéht, &2 1 S
described. In step 2, a candi dat e hapl otype bIock having a pIurallty of

consecut i vehapipEpq ig thmllgetmrm” P tf&ieessbrrﬁggleets«pfe@me@ iyageven hagowpady i s
et 12 000 SR o LBSRE BB B t RAAPBE R B Lt
to the organism in Fig. 3. Organism A has a haplotype of 1,1 in F1g 3A. Organism B hasa
20  haplotype of 0,0 in Fig. 3A. Table 304 lists all the haplotypes represented in table
302 in Fig. 3A as well as which organisms in the species have these haplotypes.
Now that the terms haplotype block and haplotype have been introduced, the
method illustrated in Fig. 2 is described. In step 202, a candidate haplotype block

-

having a plurality of consecutive SNPs in the genome of the single species under

25  study is identified. To do this, haplotype map derivation routine 48 starts with the
first SNP available to it and proceeds to build a haplotype block by adding to the
block consecutive additional SNPs provided (1) the SNPs are within a threshold
distance of the preceding SNP in the block and (2) no more than a predetermined
threshold percentage of the haplotypes appear only once in the haplotype block.

30  Whenever either of the above two conditions cannot be satisfied by the addition of the

~next consecutive SNF to the block then being formed, formation of the block is

terminated. In some embodiments, (not shown) there is no requirement that the SNPs

be within a threshold distance of the preceding SNP in the block. Upon terminating
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bl ock consecutive additional SNPs provided (1) the SNPs are within a
threshold distance of the preceding SNP in the block and (2) no nore than
a predet er gg@eRoiAseshol d percentage of the hapl ot ypes @ppeabo@ntisonce in
t he hapl otype bl ock. 30 Whenever either of the above two conditions cannot
be sati sfi efdritidnhd thclslotk fRtepi208the hapdotypEmap deninative r@isliRe #8 assignsil ock t hen
being formed, formation of the block is termnated. In sone enbodi nents,
(not shown)scerdpdhs haplptyneddpnki(6i6B AP0k hat the SNPs be within a threshol d

di stance of the qpreced | stanPOBetl B0 inSGhad Bt

004 065790 e/ BBEE Bibohertd thetErehall HistadO et BN i eﬁ‘i’zo’iQ t he

hapl ot ype nislpcidieridsy dtand0 niepabises 148 tlaa S gegabases, dewm thent lomegebaseapesst ype bl ock
(step 206). . 1n_various enpodinents, the threshold distance between SNPs in

a hapl ofypetham? segabases, gsless that | Meoakaga Hiicwaie ombodimants, TS M hases, | ess
than 3 nmegafas : Hah: 2 ﬁ’rg(ﬁﬁ%) ; I Hed®BEaRAge. In
sone enbodi menﬁ(zl,dd% erE%reilagitrno tthrIes 0 %ﬁ |g?6a}ﬁ%gﬁ€l§8%%i€rgﬁ%ent. In sone
enbodi.ment sperédneagp pEdEities mpiedpds im e hhygbiype blockh &rwithin agengefoetydegdend

hapl ot ypes in_a haplotyp lock jis wthi r e, between. 5 10, 10 and
15, 15 and %,102982%#2@5 2§= Hhandsp, wﬂ%‘? éﬂd%é‘%,gggsziﬂ’& e?o é'ef?%ﬂauo, or
greater thap.4Q.hdPadi 9. 3 illustrates the application of the predeterm ned

threshol d percentage as applied in step 202. In Fig. 3A, there are four
hapl ot yiles i n cafigi Hlustratestho aypiieatisn efdke pedeterminestethessheld @eteapipgn 4fpes

Constl uct iRl Rl fialeos oot SR tupapan cdidfie BiAERRECT o O
apl ot ypes @pResss mé@oﬁtmﬁpmyﬁsgabyb@,d),amdgomm@hmkeprzmtefdmyrt h 15

apl otype (1,0) is only represente a single organism Thus, the fourth

hapl ot ype el orgamyesased emesasirect theccapdidatie dapletypa blosky Fhersfose leacheld ful |y
twenty-five,perce of ._the hapl.oty - I are only

repr esent edthgi‘? he?pfélgWSf %ppg?raﬂloﬁg rtrl1% Elsoglgémttge E%)ﬁét%%@?c 'hggééfgﬁgﬁdat e hapl ot ype
bl ock. 1lsf tHupIdtiieas 09 isonderepaRtmetby b shRpredn SThgethe ddurthapldigre bl ock
302 would not qualify as a candj date_ hapl ot%é)e blfung' On the 20 other hand,
i f the thrcdHpREPeBwCRER IR cangidats haplotyrs blodke and gy EweEs-TRe el i fy as a
candi date I | égeg; ; FrhRseed

per cent agehﬁﬁghgﬁe}?&sﬁ%h%ﬁgﬁhggﬁggggggg{%g’e%%%tqu I??@ggs gaananditedat e

hapl ot ype bioeokstruchthEicandi@B:; haphstyee block. If the threshold percentage in step 202 1s

set at 20, then block 302 would not qualify as a candidate haplotype block. On the

20  other hand, if the threshold percentage is set at 30, then block 302 would qualify as a
candidate haplotype block. In a preferred embodiment, the threshold percentage is set
at 20 and block 302 does not qualify as a candidate haplotype block. In Fig. 3B, there

o are three haplotypes that appear more than once in haplotype block 306 [(1,1,1),
- (0,0,0), (0,1,1)] and a single haplotype that appears only once (1,0,0). In Fig. 3C,

25  there are only two haplotypes that appear more than once in haplotype block 310
[(1,1,1,1), (0,0,0,0)] while the remaining haplotypes only appear once in block 310.
Thus, if the threshold percentage is set at 20, neither block 306 nor block 310
qualifies as a haplotype block; but, if the threshold percentage is set at 30, block 306
does qualify.

30 Fig. 3 illustrates another point relating to candidate haplotype blocks. There is
no limit to the number of SNPs in a candidate haplotype block as long as the criteria
imposed by step 202 are safisfied. In other words, there is no limit to the number of
SNPs in a candidate haplotype block as long as (i) the SNPs in the block are

~consecutive, (ii) each SNP is within a cutoff distance of another SNP in the genome of
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are three hapl otypes that appear nore than once in hapl otype bl ock 306
[(1,1,1), (0,0,0), (0,1,%)] and a single haplotype (t"hat appears only once
(1,0,0). In Fig. 3C, 25 there are only two hapl otypes that appear nore than
once i n hapveu¢p#streock 310 [(1,1, 1,1), (0,0,0,0)] whiPerubmos/@Entisni ng
hapl ot ypes | v_appear ,once in block 31 Thus, |f the threshol

per cent age :a% %%?"?%E’ %ﬁ"ﬁg? P\‘?Bertlhﬁ'll GGRtO%G’@r(?‘?B‘}ag‘E)P’%@R}‘MWWEWGtﬁ%@( as a
hapl ot ype bhealgiqdeut, if the threshold percentage is set at 30, block 306

does qualify. 30 Fig. 3 illustrates another point relating to candi date
hapl ot ype bi ocksAsTpiedebevs, aftap alcandidate bapltiypabiotleis idéntiEbiPst isnssigmedndi dat e

hapl ot ype b lngras._ th riteri | nposed hy step 202 are satisfied.
In other m%cg)géfaﬁe@r@i %‘?ﬂ‘be qn?etm%{m rﬁo{ﬁ'@ Hﬁ%ﬁé’r‘wﬁmnéfipécqrﬁ l%%Eandi dat e

hapl ot yge bh@akerast SINPaSvifhn thé blokh eivitdasy th , ive, (ii)
each SNP is within a cutoff di stanf:e of }ﬂafn%% e?em&%&?ﬁﬁ%ﬁg?ggﬁ% of 14 WO

.2004/ 067720h4ptsttypesip the therko Io illesiente cadidasmhaplotype( 106k 302(FipBA) hiem a
Cbove. ot oFRLE9E2 BladelBy RAFLAIBER 1 CodiatE el R oI R 3B e

score at sty aX@dre of3 dividedtiyblodi SRiatedqD. 1RRE (MBRIGRhablOYRRLIRR 31D kg Score
Is the 5 nupber of SNPs-within tf}%ﬁblggk I vi ded bythgﬁg uare olfmghe

nunber of ¥ s @ricoreph i dptideddry five sqnared(©&60). Thoseidfakillrinthe, arcwiidi dat e
hapl ot bl.ack.: Q- ' . 5 of 2 divi.ded.,by f squar ed
(0. 1253’1@6Caé@?%éaﬁ‘gaﬁé@k‘%ﬁﬁ@%’ﬁ@%@é‘@?ﬁ%%‘?““§é5’e°hﬁ%{§m%th§§%‘}“g&j%“r 8441 yi ded
by four squarsecre(c@ndidBy haplistppt Watles dndpliatstpRotih® flécBhn{shirgwithid@e has a
eqre of 4 divi dtg b% five sq%lar d.(0.160). Those of skill in the art wll
'%appr eci asc°8p?ﬂ§ © PIr&TE InypRtiop- ange, @ seme piehedinenis, the sepsidBani sms t hat
coul d be_usctidruss il ePAnd: R RnilRPbOSNPEWMR te Bl Bded By flb SCOT I N

mechani sms are within the scope of e present 1 nv [ I I nstance, in
some enbodimashes of different baplotgpesfimthettilock. Us ethei embddipe@84hé scoring number of

SNP: it hi | ock divided, by t Jaf diff t. hapl ot in th
s ! gk Adeh e Autherat et faploues 1n e
the nunber mimtSNGSdiffeteni Rapldigpdi e tlbcki 1HREN ¥ Jdwker ﬁ{%{%ﬁ{(ag(ﬁg(e@{t% er fﬂte

hapl ot ypes in the bl ock raised to a power greater t
third powerthe thisd powep). 206, a determination is made as to whether all
possi bl e candi d |.0 -hl.ocks have heen.gener at from genotypic
dat abase 52. Thg?’lgteg?g@,aan@de?&nﬁklgﬁ 1ssma& as tgw ethgr zﬂFpossﬁ')fje can81@at%

- haplotype blocks have been generated from genotypic database 52, There are any

20 number of methods by which this determination can be made. In one embodiment, ail
possible candidate haplotype blocks have been generated (206-Yes) from genotypic
database 52 if there is no SNP remaining in database 52 that has not been considered
for initiating formation of a new haplotype block. If not all possible blocks have been
generated (206-No), control refurns to step 202 and an attempt to identify another

25  candidate haplotype block is initiated. '

Once all possible candidate haplotype blocks in genotypic database 52 have
been identified (206-Yes), the final haplotype block structure (haplotype map) is
‘generated. Initially, all candidate haplotype blocks identified in instances of step 202
are eligible for consideration. In step 208, a candidate haplotype block having the

30 - highest score in the set of eligible candidate haplotype blocks is selected from the -

| final haplotype block and is remove_d from the set of eligible candidate haplotype
blocks. In step 210, any haplotype block that overlaps the haplotype block selected in
step 208 is removed from the set of eligible candidate blocks, and thereafter ignored.

Two haplotype blocks overlap each other when the two blocks share at least one
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20 nunber of methods by which this determ nation can be made. In one
enbodi nent, all possible candi date hapl otype bl ocks have been generated

(206- Yes) w@pmogepeigypi c database 52 if there is no SNPP(’T‘I‘?@MI!(OM% n
dat abase 52 that has not been considered for initiating formation of a new

hapl ot ype somgion S¥P.nAt thad Sta@oﬁmpﬁsmblblt@hk@ dmﬂqn;in@lm;;lcgweelﬂ@dkem {h206- No) ,
control ret u,[rorc)(s11 @)1 ‘ﬁﬁpﬁ)t an atterrg)tSO i dentify another 25 candi date
hapl ot ype BFoE PR (?31?% E‘éauéff?te$ ithousk 20018 de8em84? ot ype bl ocks
i N genot ypigendtaeallawesibik o ﬂi’i‘i’f‘i’ed m@agwms frbgﬁdlé%%@w‘ﬁégk Th% *Bﬁacf\ nal

hapl ot ype bl ock struct ure (hapl o IS generate niti a ly, all
candi dat e Iexpilast §agk othlencks |dent|f| ed in |nstances of step 202 are

The 30 fi ghest  SROFE 2T LGReraiatoR Raniigii e v %r?a%&ﬁé&ﬁgmé@&bkfﬁﬁki‘aivé”g

sel ect ed f remaih e thefsbieH eliBam SHIRGS. AN (52 KREDUSHrol pARRS! t of
el i gi bl e candi dat e hapl otg 1(i)étl))ldg%)ks I n step( 210 @gny r?a otsype | ock that

over | aps t K€PRAPlaed W@abqlld@ik hapbigpe black having e hghasussomanmmgﬂlefsemﬁ the set

of eligibl n t her eaf t.er. i.gnored ot ype bl ocks
overl ap eagﬂﬁ%{"ﬁ% ﬁéﬁ% ﬁ‘léa‘ie\k’g cgf bR Ct'Sﬂg?rén%{ sippindpe gﬂ%ﬂ% 5@62004/ 067720
PCT/ US2004bRRR2Seps Qoslﬂﬁm%m2 af¥ rep &t lﬁﬁi@ﬁg haﬁlbtyge% lﬂ@ﬁé'r@rhﬁn tpgHaave '
over | aggl ng hapl oti/pe blocks in the set of gﬂ e hapl ot ype bl ocks

becausé st @t shgiblehaplagypederkar Thelbaplajyrstbloeksg gelegted 1p@tmubnse

uallfled L I t t he blo overl ap each
gt her . Eﬁgs)[tgg%yg%f%&%ﬁé? 3{@19§a h%ﬁ%tyéj er?i%g‘( %pl?tgpwgp)nsé '§7 hapl gtype
bi-qcks remsu n Bteps D62 gebughf2 ielilligiilednd aptiidpeddlvagshapldtyseblodl 2- Yes) ,

control passes gack to 208 and the candi date haﬁl otype bl ock havi ng

st
the hi ghest@Bcor¥ @f@%’g A daregssefty Epraperiesdn avhichi soladl marhersaftiebred ocks i s
sel ected f&?mhﬁ@%hﬁis%ﬂs%'afés d?ﬁedfdnagi) @@9111 QRNPRGa 16! Qﬂéble etvgro o hrough 212

are repeated un no hapl ot ypes S remalrn in %l i gi bl e
hapl ot i/pe plteemtmveimm Bagek binjtedtohe bigdotypablovemap B@ds&ﬁt@:ﬁhslst’tps terations of

ste 208are ntf s the fi apl ot ype bl ock (hapl otype ma
str 5ct ure. 5 gﬂ?\algﬁ'(ﬁq ot %%3 2 Eﬁl‘fﬂeé’p Mﬁclﬁ?’@ﬁp %/Fgfi}’%jgg a
hapl ot ype ﬁélﬂgckvm& oBhRRDdL0R Hehfsedimh@&éﬂs%ﬁg?g&gE)wg?ﬁégﬁ\éeﬁg&f'1%% i n which

smal | nunbers of inbred strains (organisns or which SNP
data is aveiammhe,én Il}SItmeﬁzﬁeWher@ﬂ@snﬁ:léprtmdemtmynwbmammd memcaredtlmgd ed to the

nePLoL Y02 Ry PR RS T B GBARSE ok, Ao o0 214
20 described in Patil et al., 2001, Science 294, 1719-1723; Daly et al., 2001, Nature
Genetics 29, 229-232; and Zhang et al., 2002, Proceedings of the National Academy
of Sciences of the United States of America 99, 7335-7339 can be used.
Y Furthermore, the present invention is not limited to the construction of haplotype
: blocks based on SNPs. Any form of genetic variation can be used go generate
25  haplotype blocks using methods similar to those described herein. Haplotype blocks
can be constructed from genetic variations such as restriction fragment length
- polymorphisms (RFLPs), microsatellite markers, short tandem repeats, sequence
length polymorphisms, and DNA methylation, to name a few. For example, Kong ef
al. describes techniques for the generation of a human haplotype map using

30 microsatellite markers. See Kong et al, 2002, Nat. Genet 31, 241-247.
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using a variety of nethods can be used in the nethods of the present

i nvention. For exanple, Qn i nstances where the specjes under study is
human and there are a |large nunber of organisms représented in genotypic
dat abase 52¥08446TdR0such as those 20 described in Pati | PET/USL004/002B01,

Sci ence 294, 17 et al 2001, Nature GCenetics 29, 229-232;
and Zhang et ]Z!'MP%@AI% FINGQE BAFLQTYRE BLQCKATOBHENQFYRIG ences of
the United States of America 99, 7335DABY can be used. Furthernore, the
present invention is not limted to the construction of hapl otype bl ocks

based on SNPs. AITyStﬁb%ﬁ e Igrelmned)hpéts ineth¢ Gnaldmplotgpeldedt syocigertkatare 25

b beks” " can 8 BelE i BB P DibeE B s eeraa enied i o 7T
fragments | engiche bp @wmgrem & ﬁEf)%t?ﬁé%lgéﬁsCiﬁ ascAfl higisy 1&5@1{ éimcﬁfﬂ@r t

t andem repeats, seguence Ien)%é hi sns, - and lation, to
narme a few agzinst @ PREASLEDIC Kaik g bltedah}' th@iﬁ@@lﬁﬁ m@rts@dmm\mqe@ng ncttr.me

gener a1 on gl TR IPRRG Dokl kSR UGERE bbb PR > Se°

PCT/ US2004/ BfR288ical phéndtihlc BhGAluMARR NG OF m@mlmswmcef&mwe C
DATA I n step 216, the hapl ot ype bl ocks in the final hapl otype bl ock

structure tHgfcais @ befigrapatph BWGW]&‘?@B’PF ancha pardeiapy ploek. ¢ Fe wo@vahi bi t ed by
th f

napl oryie. bfaior caRlale il il gishitlofl BPRICHNS h p MBREEL ALY idfen

phenot ypi c theé:iypothe:tiuabpheadtylpw dama Ais;)mﬂ aereinn d dettatsusty prodiusaiiyithg function

d in step 216.i n..one enbodi t of the resent invention.is illustrated
usvng t he ?&?68% ﬁE{CPE%PS%H%ﬁ@P%g o a&é{tﬂ%PfPF EASE Rt a"’)ﬁmfﬂ@atc lybetweena, g

enbodi nent, &nb@‘é@hn@ﬁﬁé}ﬁotyb@gloa@tﬁ:ssoﬁlel%&txﬁseéfs% Hﬁ% o md%@ﬁﬁaotype and

a hapl otype bl o¢ The scorl ng function eval uates
di stri but i opmbdfdimeite bEsemiihiarbetiertrapiedt 3 joaveb soork white arhotheﬂferrhwcpfot heti cal

phenot ypi ata As,.used herein, ett r ced b scoring
Puncei of bRl aapaiRSRed FLa o bt o LAl LA BHEE Sior fya Mehstar o
between a ghanotype and a hapl otype bIock In some fornms of scoring
functions used in some enbodi nents of step 216, a better score is a | ower

score while in ofiiet lugtratgs 'éﬁndtﬂgteé@ﬁk#)mg biqﬂi&éi)%wgi 40de Blook 4Mrincludasodi nent s
f t 21 t 4 il
gan3| ggt e ﬁgilgfm (bqr gﬁ%ﬁﬂb% grndé W y %ﬁ%@%{g 641 od B35, ‘%ﬂd as 1apl%{}%§

{1,0,0 1) wh:ch is represented by organisms C and D. Block 406 includes haplotype

20 (1,0,1,1) which is represented by organisms A, C, and D as well as haplotype (1,0,0,1)
which is represented by organism B,
Fig. 4C illustrates values of hypothetical phenotypic data against which
S candidate haplotype blocks 402 and 404 are scored. The hypothetical phenotypic data
could represent some phenotype of the species under study, such as, for example, lung
25  capacity, blood cholesterol level, efc. There is a phenotypic value for each of the
organisms represented by the candidate haplotype blocks. Thus organism A exhibits
a phenotype P4 having 6 arbitrary units, organism B exhibits a phenotype Pg having
7.5 arbitrary units and so forth.
In this exemplary embodiment, the scoring function used in step 216 (Fig. 2)
30 s

Iog(%lnn:m} Eqn. 1
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hapl otype (0,1,1,0) which is represented by organisns A and B as well as
hapl otype (1,0,0,1) which is represented by organisns C and D. Bl ock 406

i ncludes haprh aoyRe4P (1,0,1,1) which is represented by siR2As C and
D as well as %I’gpll otype (1,0,0,1) which is represented b@égra%ﬂan@m I% Fi g.

4C illustrates val ues of hypothetical phenotypic data agai nst which
candi dat e hapl ot ype bl ocks 402 and 404 are scored. The hypotheti cal
phenot ypi ¢ dat a Whes| d represent some phenotype of the species under study,

h , f I 25.. i ty. bload chol est I | .. etc. Th :
< 8 phenot yp o Skl B PTRRRHOTR e Tt in ehe o e etoRge R
di dat I ' i bit henot PA havi
o arbi 11 oy T o AR Bl RRABRbE TG B D e Raing 75 arbitrary

units angd so f o, i9the BiimeNGIHH BE HifRENeEHN ifPAEnoty1e vAIGEY Bedgednunct i on used
in step 216 (Fig. 2) 30 is: Dino- S =-log Egn. 1 17 WO 2004/ 067720

PCT/ US2004/0géas thathder ot skide theaains hepletype mahdplotypd blotle di f ferences in
henot ypi ¢ val u for prganis hat. shar.e e sa hapl.ot ype i.n a
Do oty bl ook i A héive lolih il afie ot OF PR e hoprbemide®

phenot ypi ¢ palotRe cP&ipseaativd to tR SRS PRerdddfthic fiffeRbe BAREE hdpfotFTe .
hapl ot ype in a hapl otype bl ock. Equation I"is the negative log of the ratio

of the phergooypsi ¢ di fference within haplotype groups relative to the

aver age ,phenotypi c,.di.fference berween hapl o r S. To illustrate
the confutati on tr Yt 16 YomepBHo SraRelornbltR fiooh 307 Sig 0 sepoldps,

conpl et e seahe Qfmiflétk isef TeREehdRs RNSHAYRIcG/aNBs BR Seff 408 [()g%t 4¢98 (Fig. 40):
DAB= 1.5 DAC= 14 15 DAD= 16 Dsc= 12. DBD= 14.5 =2

S

Dag=15
Dac= 14
5 Dap=16
D= 12.5
Dep= 14.5
Dep=2

20 The score Sap for candidate haplotype blocks 402 is computed by considering
that there are two haplotypes (0,1,1,0) and (1,0,0,1). Organisms A and B belong to

one haplotype and organisms C and D belong to the other haplotype.

Dae + Dcp
Saz = -log| T
[DaE-Dz,
25
Sz = -log 1.5+2 ]
21-6.75

Sa02=0.610
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20 The score S402 for candidate hapl otype bl ocks 402 is conputed by
considering that there afe two hapl otypes (0,1,1, 0)/and (1,0,0,1).

Organi sns A and B bel ong to' one hapl ot ype and organisns C and D belong to
the ot her hWPI2894/4$é720S1102 - -10g DAB + Dcn | Das - D cBCT/USH0840293= - | ogl

1.5+2 1121- 6. 75 TH¢Q@2ore SO &HQ 67720 PCT/ US 004/ 002293 The
score S406 f candi dat e%ﬁa I g{l&gatég%(;@ @Q@B%( 650% Oéﬁiﬁéﬁlllgerl ng

that there él?aéth%awmpbﬂgipg@es(a 001, 1) abl (and, (()oo}ggngﬂs Qj%ﬁ ﬁ%ﬂ% C, and
D belong tg t and 0 sm B bel ongS to the ‘ot her otype: 5
S406=- 1og( DABC!(+E%1&%+% ﬁg’&@’e%ﬂ%h%th@maplomm 5 S406= -0.576 10

The scoring function set forth in Equation 1 indicates that block 402 is a
better nmatch against the hypotheti caI phenotypic data in Fig. 4C than

bl ock 406. Equation 1 is designe t Bl DRk 0b, bl ocks in a hapl otype
bl ock map that better match a p ‘%@geﬁy a single species
receive a nore positive score than hap &P ~15° pllocks that do not match

t he phenotype. 5.4.1 Alternative Scoring Functions O her scoring functions
ot her than the one provided by Equati on | may be wused to score each

hapl otype block in a hapl otype bl og maI 4R 1ene nbodl rrent the 20 ‘
scoring functionis S - .1 DinteP®y ﬁ—ﬁgWe mand ED; kr have
t he sanme neaning as in Equatl on 1. Equati aS| zes an advant age of

t he present invention. Equation 2 is capabl e 25 of differentiating

hapl ot ype bl ocks in a hapl otype map based on how well the
Sas= -0.576

£y 10

The scoring function set forth in Equation 1 indicates that block 402 is a better
match against the hypothetical phenotypic data in Fig. 4C than block 406. Equation 1
is designed so that haplotype blocks in a haplotype block map that better match a

phenotype exhibited by a single species receive a more positive score than hapIotype
15 blocks that do not match the phenotype.

5.4.1 Alternative Scoring Functions

Other scoring functions other than the one provided by Equation 1 may be

used to score each haplotype block in a haplotype block map. In one embodiment, the
20  scoring function i s

B ) ( %;:ZJ Eqn. 2

where, XDiyira and ZDjye have the same meaning as in Equation 1.

Equation 2 emphasizes an advantage of the present invention. Equation 2 is capable

25  of differentiating haplotype blocks in a haplotype map based on how well the
haplotype blocks compare to phenotypic data for organisms represented in the
haplotype blocks. As written, Equation 2 will assign a smaller number to haplotypes
‘blocks that better match phenotypic data and a larger number to haplotypes that
poorly match the phenotypic data. Equation 2.0 could just as easily be rewritten

30 |
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hapl ot ype bl ocks conpare to phenotypic data for organi sns represented in
the haplotype blocks. As witten, Equation 2 will assign a smaller nunber

to hapl ot ypas00pbeeks that better nmatch phenotypic data peflugeb@igss nunber
to hapl otypes that poorly match the phenotypic data. Equation 2.0 could

just as easily be rewitten 30 19 ) 41067720 PCT/US20 0 4/00 2 2 9 3
S= Die Egqn. 3 where, EDintmand & v{%&e t fpusane neaning as in Eqn. 1.
In the case of k Equation 3, |ess a?w nunbers will be assigned to
hapl ot ypes bl ocks that better match phenotypic data and a nore negative
nunbers will be vdes, 3ilkg. tm Tdpl baypibs sarbe tleating ain Bgnmat &hthe kaseplienot ypi ¢

data 3. The point is that the scoring function differentiates between
hapl ot ype Kasekon 3, &%ﬁﬁsnﬁgﬁt@e@u@b@wﬂ ¢ asvignedite Baplgrrasdlaeke thaf begier t hose

hapl ot ype ?A? lfhehgf}élcltﬁ aa &Je%eg&fvglﬁuﬁbgfs\(ﬁ pBA& éﬁgﬁ?&? pﬂ)]l?ﬁe% of skill

in the art the are er o scoring

functi ofis tt}khapommmba;huﬁeephehmypicelmﬁ@hdmamﬂetmmhedd:dmmndnhﬁ scoring 10
function is,any function that differenti ates_between hapl ot ype bl ocks that

cl osel y nadHkrentistsstygsa hanlnivpe blogkpihat merelonglyanaiph e svgn gheoiypst udy and
hapl ot t Bp@p"' In oth
eﬁgogl %gﬁt ?Oﬁpﬁgses%%r |t#ga?lg%gtt@éﬁe§%pésgﬁ§}fagﬁh%uat ons%’g,' 2 (r)]r03, e{ he

negative of Equdbosensf skill i theoart &ill aﬂpeemawﬁrasﬂlem‘are Equmbérmfsliﬂererﬂ or 3, or
the inverse n i ve of Equt or, 3. In i1l qther,

enbodl ment §°°ft“%g“%‘6’é’|nﬁ ‘iPra'R?t Efiml S§epa2]|60g}8PP? ﬁ‘i‘?b%#“n?ﬁte a?f"?fB’gi n Equation
2, a  §99akidelh Rfan (S;hﬁndti?s‘ﬂ%a%%ffe?édtﬁtés"Beﬁ%éﬁ“hhﬁ@tyﬁe bREkSRAFIQEREr function
ofythe ratio In ation 2. Vi ghted Sco Functions 20 I n sone

enbodi ment satdh atp’r@nptyge exhibitedvigrthe singleapewedsgimder fstudyrﬁnlddldgbme ibletclss t he
nuner at or /or t at r of t ratio,.prese n the ring
functon, TRt I8 boreteset AR R ipSymg. ikt ePuBAGRER e oS R0 ner
i nst ances, lstéﬁ9 ofEghficde, gfor3tth@ny@ng@bf15<?laaoﬁynczt beR tﬁémb&@e panber  of
organi sms represented in the hapl ot bl ock bei ng ared to the

phenot ypi cEqaations 4, 2.umck pothe awetSh@egﬂim@f Eapatones, 2@32 gilhetherf or s of
geneti g Varfn%&&%%ﬁts GRca% g'?[ﬂrf g{@ﬁt BHRLY %1%‘[%8&& Oolﬂez! ng consi dered,
re 0] | t'a.

or sont ot R eva aspec e un erIy I n some
logarithm of the inverse ratio in Equation 2, or some other function of the ratio in

Equation 2.

5.4.2 Weighted Scoring Functions
20 In some embodiments of the present invention, a weight is introduced into the
numerator and/or the denominator of the ratio present in the scoring function. In
some instances, this weight is a constant value. In other instances, the magnitude of
the weight is a function of the number of organisms represented in the haplotype
block being compared to the phenotypic data, a function of the number of SNPs (or
25 other forms of genetic variations such as RFLPs) in the haplotype block being

considered, or some other relevant aspect related to the underlying data. In some
embodiments, the score is multiplied by a weight factor. For example, in some
embodiments, the negative log ratio of Equation 1 is multiplied by a weight factor that
reflects the size and structure of the haplotype block being scored.

- 30 In some embodiments of the present invention, the numerator and/or the

- denominator of the ratio present in the scoring function used in step 216 is raised to a
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enbodi nents, the score is nultiplied by a weight factor. For exanple, in
some enbodi ments, the negative log ratio of Equati dn 1 is nultiplied by a
wei ght factor that reflects the size and structure of the hapl otype bl ock
bei ng scor &P 2@@%61ti2one enbodi nents of the present i nvePET/0$2004/102293

nuner at or  gRRfPle kN lnator of the ratio _present in the scoring
function used | rge %’t’ g]p? Sgﬁ%%{}éor}?s&u%rgdortpgwgr 0%5)\/\5312% Tysege

PCT/ US2004/ @ig@é@Bentyahescoriag Gunctibi square root, square, or power of 10).
For exanple, in some enbodinents, the scoring functionis S = Egn. 4

~I D~a~~l J A nunber of different scO¥iyig,functions that can be used in
various 5 enbodi nents of step 21& di segmged. These exanples are
by way of illustration only and n i[?we tion. The techniques of the

present invention are advantageous because they allow for the localization
of genetic el enehf¥mberaf diff¢rentisconngfinttions shabtarcbesysed ire@rions speci fi ¢

regi onszof : species. ..Anal ysis of the specific _regions of
t he gents)me _eihggﬁt | # | ge%[:%%;’ ?]P@patvghﬁ‘?ﬁ CHﬁ:E%se%f Jrﬁfﬁﬁeﬁ‘? grre by wap0bnt i on can
then be anallystretod unlyhed nbblimBath The 3RBRIGHECHIRD sén@&%e&{o‘h%ﬁé specific
phenot ypes aEXhi bited by the species. In sonme enbodi nents. of the present

i nventi on, egHs Recpse thestallow i thedocalizastonaff gehmsiclebqmientsythe affeacks. Each '

score is [ W8] . . reflects the . size and structure of

t he hapl O{T?géeﬂog@gg%fEé?ﬁc&y@%%ﬁ%@gﬁs&t&ﬁ%g?@wﬁ@ém%ﬁ UBPES of5 The raw
mat chi ng sdorspetific negiom of2belgdpmeuddntified b theav@inijubSofMaPres@y Score and

di vi di ng th%esttandartﬁ deviation for all the haplotype blocks that are
scqred.” ThE e PRELTAY e Beaiedered Buther (aiderdy epectiivegenestbeiraffstt specifidar d

devi at i ons pdnoBfRE exAbRMELPIhe shRiQW the nean score. 20 5.5 PHENOTYPES In
sonme enbodi nent’s of the priesent invention, the techni ques disclosed above

are used to assbricumeembotimants phithe prdsertiihenitiby, BfieHiGPERIBE foResk St udy with
In some enbodi nents,

specific I l.ocks i.n téé chr onosqne, Y
t herefore, &t%ﬁeo?ttrr%etofgagg%ypeo ofkSe E@%@Fﬁ is opplied Dy 2qweshiithat geflecistibaot ype
exhi bited iye irtestaRast 66tHeasbtyph Bk BSinki ' cApQosone
that is | ef;ﬁ than 0.5 of a _drrggg’ga_se (I\/b?,gﬂs{ﬂe}g@m[)ﬁgﬁg?mg a&%&sgs%fehan 2 M,
. bet veel? 0. 5"VEVaRatchingscoteds sormalinedbyMubirhaing atagthedmédn, raw score and

dividing the standard deviation for all the haplotype blocks that are scored. The

resulting scaled score indicates the number of standard deviations of score above or

below the mean score.

20 5.5 PHENOTYPLES

In some embodiments of the present invention, the techniques disclosed above
are used to associate a phenotype exhibited by the species under study with specific
haplotype blocks in the chromosome. In some embodiments, therefore, the methods
of the present invention associate a phenotype éxhibited by the species under study

25 with a region of the chromosome that is less than 0.5 of a megabase (Mb), less than 1
Mb, less than 2 Mb, between 0.5 Mb and 2 Mb, less than 3 Mb, less than 4 Mb,
“between 2 Mb and 5 Mb, less than 5 MBb, less than 10 Mb, between 1 Mb and 10 Mb,
less than 15 Mb, or less than 20 Mb. |

The phenotypes that can be analyzed using the present invention are any form

30 of complex trait (as opposed to a simple Mendelian trait). A complex trait includes
any trait that can be measured on a continuum. So, for example, a complex trait can

be height, weight, levels of biolqgical molecules in the blood, and susceptibility to a
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between 2 Mo and 5 My, less than 5 My, less than 10 My, between 1 M> and 10
Md, less than 15 Mo, or less than 20 Md. The phenotypes that can be

anal yzed usy®9,diagr-Rgesent invention are any form 30 of Pfﬂg@o%ﬂoﬁf@it (as
opposed to a sinple Mendelian trait). A conplex trait includes any trait

that can bedwemsupaedmen fawc dnsémuembodSoents, ahe exnapt! €ait hartiosRbRY g4 ai t can
be hei ght, wei ght ai I evelt%] of q:! ol ogi cal | ecul.es in the blood, and
suscepti bi | f?‘?ﬂ?& 1geass pu _?5.6‘.‘3 D SeRly B 6D h[@SZ’E)@Q‘_ﬁWZ@Qh{P&ﬁ sease, to
name a few. sdidtosis) MRd SRRRHIFRNIR somb EmbMIREAL tﬁ%ghéngb%@tzt%% s fididi €9 1S a

conpl ex di sease such as di abetes, cancer, ast rentra, arthritis,
nul tiple splechinied] dndieator ofitiseawe ashas, buhnatdimeitedrtb ddilbiobs presdiee, phenot ype

o e oAb gRifabllh o aEioR R T vlh sedpoimelaedesschonor v
chol est er ol liapreein./ 1w-dRNE/ KRprdikil levRN T b ¥peclARARCANAL of tePResdnNS! ty

| i poprotein levels. In a specific enbodi ment” o e presen Fnvention, the
phenot ype i &veminny dwipherotyre is dovaresistahectoianrinfeytian tyer partiedlarinieos@ct  or

pat hogen. Addi tional,.exenpl ar henot ypes .t hat may he studied using the
syst ens an‘g"gh ° 'o&ddgpn%eé‘eﬁli%%éﬁ]ﬂmpﬁswgdﬂaﬁ pﬁ:%{wg%d wingeihgsEtens st hma,
and obsessiand Miheayrhs hiegent iveidlalifolydiiinds BARNE Musgsdgre. phobi as,
and post-traumatic stress disorders. Still other phenotypes that nmay be
st udi edOusi PRIV EISOTEers, Weh ahpaniy dsarders, phobias,iand postitcaumiatic bueke di seases
such as autgj pe disorders (e.g., Addison's disease, alopecia areata,
ankyl osi ng spondylitis, antiphospholipid syndrone, Behcet's disease, 15
chroni ¢ fati gue Sithetherphendlypditha mbytRaAaRlicding 8 hRtHoME of @k bidsént di abet es,
fﬁrorryal gi.a, Goodpasture syndrone, graft versus host disease, |upus,

Meni ere's BYIES8 diclyff digqapes suel) asravtmmung disordsrs (6 ggadison's diseaset i s,

penphi gus 10 o | Lol | I.§.: 1RSSO 1 asi rhegmatic fever,
sar coi dosi ‘étlﬁ;%gﬁag?%aé@ rah?i&%{/ré% QJS }nlhfllfté’ Edt{}/)lhp%%?g%ld Sgh%o gge%g?tssdilsease’

gr anul dirat ehim)c fatigee shingdease Crolen'discascchnindcspi@siontis, lpmeteg0 cancer,
fibrodyspl asia ossificans progressiva, fibrous dysplasia, |egg calve

pert hes dia‘@é%@gﬁy PB?‘&&S&H‘S%%@ g8 verye bes disgasegipes Mesiare's s,

0st eopor oSigfeaRafRltifle s@brd6d SRyasBRAiaDrFRbL Woﬁtis,%éin{plhigus vulgaris, primary
biliary cirrhosis, psoriasis, rheumatic fever, sarcoidosis, scleroderma, vasculitis,
vitiligo, and Wegener's granulomatosis) bone diseases (e.g., achondroplasia, bone
20 cancer, fibrodysplasia ossificans progressiva, fibrous dysplasia, legg calve perthes
disease, myeloma, osteogenesis imperfecta, osteomyelitis, osteoporosis, paget's
disease, and scoliosis.
Still other phenotypes that may be studied using the methods of the present
invention include cancers such as bladder cancer, bone cancer, brain tumors, breast
25  cancer, cervical cancer, colon cancer, gynecologic cancers, Hodgkin's disease, kidney
cancer, laryngeal cancer, leukemia, liver cancer, lung cancer, lymphoma, oral cancer,
ovarian cancer, pancreatic cancer, prostate cancer, skin cancer, and testicular cancer.
Still other phenotypes that may be studied using the methods of the present
mvention include genetic disorders such as achondroplasia, achromatopsia, acid
30 maltase deficiency, adrenoleukodystrophy, Aicardi syndrome, alpha-1 antitrypsin
‘ | deficiency, androgen insensitivity syndrome, Apert syndrome, dysplasia, ataxia
telangiectasia, blue rubber bleb nevus syndrome, canavan disease, Cri du chat
~syndrome, cystic fibrosis, Dercum's disease, fanconi anemia, fibrodysplasia ossificans

progressiva, fragile x syndrome, galactosemia, gaucher disease, hemochromatosis,

22




ot her phenotypes that may be studied using the nethods of the present g
i nvention include cancers such as bl adder cancer, bdne cancer, brain
tunors, breast 25 cancer,"cervical cancer, colon cancer, gynecol ogic
cancers, HOMGRIM0877d¢ sease, ki dney cancer, |aryngeal carCRUS20046008D81 a,

| iver cancer, lung cancer, |ynphoma, oral cancer, ovarian cancer,

pancr eat i ¢ hemopbilia, Pudingtins dismasee Hurlskiyndroares bypophosphatesia, iktinéfaltercancer .

Still oth t t hat be st udi ed usi h t.h f th t
Chvent Lon IHETARG: BETEeS doand e O edioh SadrEh Sl PETBERS S ot bpor .
acid 30 malh@smedPfaiEh SRHAYomS MRDBAIsSYEREME! HaRPBlysAichAddkis SHPH! RAE,

al pha-1 antitrypsin defici ency, androgen insensitivity syndrone, Apert
_syndrome, dptbhagndipmetngphragertie |diabgtes msigdus, ngirofebrowmbiosis, MNiembnmBicks

d , di Cri d . d , tic fibrosis. Dercuni
i seace’ 1 SRR SofesHREN mastbehorlGria BT RUE sefdtGhe Grosdhulofis ag) e x
.syndrone, gehdoheseihéblagidts Rkt s¢h&oms erubheRRCAYSINGA@SIS, Satfilippd\O

2004/ 067720 PCT/ US2004/ 002293 hempphﬂ ia, Huntington's disease, Hurler
syndrome, HypdpHesHveEchsian syndromefsidkiegell diseash Smith-Magepisesndipmease,

Langer-G ed odystr | 20, rfan

syndr one, %@&eﬁéﬂ@% rgﬁ\%&%c%’ﬁ%’}@%ﬁdéﬁ?%@%g%@i gadm%&),sgﬁ%o%, patel |l a
syndrone, rigpivhegilig, sytdrahe] eisomiSubirdutssclensyiv, Thider osmtiamie uredlicgerann- Pi ck
5 di sease, Qsteog\ernesis | nperfecta, porphyria, Prader-WIIli syndrone,
proger il8, SisordsssVorstlinpebhwday dissase\Vaardeiburs sedroms, Willigms syndrome,

r ubi nst ei n, | , Sanfilippo syndrone, Shwachman syndrone, sickle
cekl di seaggéxﬁﬁoﬁﬁ[a%&g%ﬁi s syndrone, Stickler syndrone, Tay-Sachs,
thronbocyt openi Stilaslentpheradypes that amy bs yrdisdnsing tie satehsrnd alettiods oS yndr one,
trisomy, tuberous sclerosis, Turpner's syndrome, urea cycle 10 disorder, Von
H ppel - Li ngﬁiﬁ&?%ﬁ%’@*‘%ﬁé&%ﬂﬁ@%@&% P | i ams syndrone, and

Wlson's dixgRaseierdsis/artetibdlerfdif) @bnBhAOici R EsehBabnddRY iR, EMdi ed using the
systens _and nethods of the present invention include angina pectoris,
dyspl adba, chelesterobdypertansion/ lang at $yoduines; odiral, vabepgaapseaposhealr t  di sease,
endocarditis

igh 15 I I t ion, | t d , mtral
val ve prol 36%18%}5%0@%?%&% %%b%ége‘t 5?41%'?‘%%%9%33(8:21?& a g;%d?omse?/naagnfhr (Tnb(r)gi S.

Yet other phenotypes that may be studied using the systems and methods of

the present invention include the life-span of the organisms, the basal seram level of

an antibody in the blood of the organisms, the serum level of an antibody in the blood
20  of the organisms after exposure of the organism to a perturbation, the response of an

organism in a pain model after the organism has been exposed to a pain relieving

drug, etc.

5.6 EXEMPLARY PHENOTYPIC DATA

25 In some embodiments of the present invention, phenotypic data structure 60 is
microarray expression data. Microarrays are capable of quantitatively measuring the
level of expression of thousands of genes; making it feasible to generate large
databases of strain and tissue-specific gene expression data. See, for example, Zhao
ef al., 1995, "High-density cDNA filter analysis: a novel approach for large-scale,

30 quantitative analysis of gene expression," Gene 156: 207-213; Blanchard et al., 1996,
- "Sequence to array: Probing the genome's secrets," Nature Biotechnology 14:1649;
Blanchard ef al., 1996, "High-Density Oligonucleotide Arrays,” Biosensors &
Bioelectronics 11:687-90; Chee ef al., 1996, "Accessing Genetic Information with
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Yet ot her phenotypes that may be studi ed using the systens and net hods of
the present invention include the |ife-span of the organisns, the basal

serum | evel ti body in the blood of the organis | evel
of an anti b“é 30(}4&15%7%@ bl ood 20 of the organisns after eﬁ%@hé@"@&#%

organi smt ' M. Qb .0 Ni k; pai n nodel
afor The ol D 0 e L BB PO ¢ B
EXEMPLARY RiEiDE YiPthe postipn@ihe kra, "siate Berdnhdl Sresdds DeRist brenlpri @3 itUsé elvent i on,
phenot ypi ¢ d%éﬁ structure 60, is mcroarr aéa expr.essi on dat ang]M croarrays
are capabl & YPNGURIFTORIAY 10A8ALyZ6 Be0s FPHRSSION Battorys B hugan g3jseh s NAFE of
thousands OfeRERE P 454N Ehd DeRBAS 47|, §od 0 &lir@ﬁée !rﬁ%@%iicgﬁ& gges _of
strain and tissue-specific gene expréssion data.” See, ftor exanple, Zhao et
al ., 1995, c<orirghefthens extpyessibhlanfaidenemicasealky Sicence? 7Ro680-686p Sclamalet &lor

| ar ge- scal e, gogﬁ%a_nt i.tative analysis of gene expression," Gene 156:
207-213; Bl BichddHEpY moniyag of genp.ripasition Paterps with aSpRBIEREIIRE genone' s
secrets, " NINW RicRl-2 8O RIY 73 UHOAR), ScihRABLAI2T1 906 MPatatiel iSRG,

"Hi gh-Density Qi gonucleotide Arrays," Biosensofs & Bi oel ectronics

11: 687-90; gEnemeahalpdis, mitrO8BGay-baved espiessiprGeomtariag lofil 90hgenies i\ Pract Na23 WO

2004/ 067720, P U ( I gh- Densi : ys, " Science

274: elp-elécagé?fﬁ%ég,%ﬁ?%ﬁ %SalPBF? F §o na Bk TR 5y 1B era, -
Nat . Bi1@t eclialyhthobafiplex PABA $hmfles _ﬁ&in% t88lor HlsrBsclit prébLtNdatisar ray to
anal yze gene éxpression patterns in human cancer,"” Naturé GCenetics

14: 457- 460; Genoahe R &304l ., 1997, "Exploring the netabolic and genetic 5
control of gene .expression on a.genomc, scale. " Science 278:.680-686; Schena
ceal 1000, BIERE ERbodR s RROR R B B TR B e W th o
conpl enent by a gbMNdAorigefd Podidtayn the BeicRatey B ilded AGhput/ id wehtomietheal ., 1996,
"Parallel human genone anal ysis; m croarray-based expression nonitoring of
1000 genes,datasgeed agarweightingFactorsdihis cappbilyy allows for 10 ¢ 9SCUSHE| on et al . |

1996, "  craant Pt o »
1996, 18 DA BRI RS e fcaf BRI SIABL ALY IRyEATALSS U510
sone enbodiSeenfos exdmtlé)@ispiCasehin Exmapiei2obglowhe aver age expression | evel

for a gene or gene products on the mcroarray is used as input, and
variation in the data is used as a weighting factor. This capability

al lows for nore £¢¢WiRlArks s AR | onal mappi ng of strain-specific gene
expression data onto hapl otype bl ocks.

In a some embodiments of the present invention, phenotypic data structure 60

20 includes measurements of the transcriptional state of organisms 56 of a single species.
In some embodiments transcriptional state measurements are made by hybridizing
probes to microarrays consisting of a solid phase. On the surface of the solid phase
are a population of immobilized polynucleotides, such as a population of DNA or
DNA mimics, or, alternatively, a population of RNA. Microarrays can be employed,

25  e.g., for analyzing the transcriptional state of a cell, such as the franscriptional states
of cells exposed to graded levels of a drug of interest.

In some embodiments, a microarray comprises a surface with an ordered array
of binding (e.g., hybridization) sites for products of many of the genes in the genome
of a cell or organism, preferably most or almost all of the genes. Microarrays can be

30  made in a number of ways, of which several are described below. However produced,
microarrays share certain characteristics: the arrays are reproducible, allowing

multiple copies of a given array to be produced and easily compared with each other.

Preferably, the microarrays are small, usually smaller than 5 cm?, and they are made
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See, for exanple, Use Case 3 in Exanple 2, below. 5.6.1 Mcroarrays
Generally In a sone enmbodiments of the present i nveriti on, phenotypic data
structure 60 20 includes .measurenents of the transcriptional state of
organi sns 380cé04a6cBRNgl e species. | n sone enbodi nents tpanssopesaal
state nmeasurenents are nmade by hybridizing probes to mcroarrays

consi st i ng fioim matevialsdhprrasablOmdenbindingf(age notleicheiddybridizptiede are a
popul ati on of ..i.nmohi |l iz ol ynucl.eoti.des, such as,a,popul atipn of DNA or
BN i i o6 COBHOTR LaplrEEr, BEpeh BT AR opf StRe APERIETIAGE Can be
enpl oyed, 2fcaftay ﬁl@&po@ﬁ@hﬂ;zbiﬂgf(é.g,emfﬁrmﬁeqrtd e ippitkt FlaifiOferk i€l |, such
as the transcriptional” states of cells exposed to %readed evel s of a drug

of i nt er esteell (a1g:storaesperibicdBMAL o5, to a speaifioelPNaydecigppthesdiomy. slawese with an

‘ordered_array of, bindi e. 9. hybridization) .sit. or _pro of many
o “the. Sendt ey @heierdilet S fuler Renits Bl RtabrfRe 12 afPOOELE o
alnost all spé. ARRo gre nidyWeQiRdré 48 one PhiXicad BindBgdaite Pedspatifio ®NAbr ways, of
whi ch several are described bel ow. However produced, mchar-r_a)is share

certai n chdibhdsor thesake of dlarity therdiseyssionbeleyy val gsguptedhat shere i anglenl ti pl e
copi es of ' to. he .pt. ed and easily conpared with each other.
Pr ef er abl y%oglh}eé%gnygé%&%@a@@%‘@‘%ﬁ, usually smaller than 5 cnR, and they

are made 24 WO 2QQ4HiCfanak ikaddokianod4itldae Smbodimem sfthe preadn invemionar e
stabl e under binding (e. ? , hucleic acid hybridjzati o&) _condié‘i ans.
Pr ef er 481 y IcAuds QpepT BROTE FssgPrepaseeagh of mihgfilidiag a polypuglpofifiesgaueneewai 1y  ne
m croarray W I £ | | 10 0 duct of a
si.ngl e gené‘mlrl 1eg§aﬂ f:\ag* Fd %glbquugé%q}gig%ggr Pﬁl&%ﬁ&@gﬁdt %&(glepsrgg%i fic cDNA
deri ved t herefémbly)has biakffarent nubleicacigesequance. Titelpesition ef edcbgrabre @ithe | ar

sequences wil| cross-hypridize to_a give I ndj sSite. Although there na
beqm)re théﬁ‘%ﬂ@aﬁﬁﬁ%gfabg‘fﬂm“ﬁg Iap %eﬁ‘g?gg’ﬁﬂtﬂ%rﬂlcwawsa g for the g
sake of cl Jehdidy akiag, SHefFibhShRn Ll @Nititatef BRH MBoliFRtdifr&8AtSprbSes pesSi Al e,

conpletely cognplenentary binding site. The mcroarrays in accordance with
one enbbdi went Iméne ¢mbeshmeninthe masreamrayois an 30 ay (eg-utiasire lwwhishreech est

probes, each .of which has.a l.ynucl eot.i de s enc hat | onpl enent ary
to a subs e&ﬁ@ﬁ%‘ém@fe’sﬁﬂﬁaﬂmﬁeﬁblﬁ n%gf%%gqréx&r %aﬁl%gggﬁec{) yo{l)éénsep(re‘ f’g? ably has a
di fferent mrNAI® aaPDNA defvsEnbefrdhE afo$i Whieh bafdiadiias preqleseonfot he  sol i d

surface is preferably known. | n one enbodinment, the mcroarray is a high
density ar PESAuctsosmgshel Aimaghalled the srapsimithe genomet thespscighof®T 60 different

probes per elzample, the binding site can be a DNA or DNA analogue to which a particular RNA
20  can specifically hybridize. The DNA or DNA analogue can be, e.g., a synthetic
oligomer, a fill-length cDNA, a less-than full length cDNA, or a gene fragment.
Although in some embodiments the microarray contains binding sites for
j products of all or almost all genes in the genome of the single species, such
comprehensiveness is not necessarily required. In some instance, the microarray will
25  have binding sites corresponding to at least 50%, at least 75%, at least 85%, at least
90%, or at least 99% of the genes in the genome. Preferably, the microarray has
binding sites for genes relevant to the action of a drug of interest or in a biological
pathway of interest. A "gene" is identified as an open reading frame ("ORF") that
encodes a sequence of preferably at least 50, 75, or 99 amino acids from which a
30  messenger RNA is transcribed in the organism or in some cell in a multicellular
organism. The number of genes in a genome can be estimated from the number of
mRNAs expressed by the organism, or by extrapolation from a well characterized
.portion of the genome. When the genome of the organism of interest has been

sequenced, the number of ORF's can be determined and mRNA coding regions
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15 cn2. I n one enbodinent, the mcroarray is an array (e.g., a matrix) in
whi ch each position represents a discrete binding site for a product

encoded by v aRi6s74® 9., an nMRNA or a cDNA derived ther in
whi ch bi ndifagntﬁfeﬁﬁ are .Ergélent for products of nost Orﬁﬁ%{{mgﬁﬁs of the
genes in the genomng *BHYinet §p eV Asequesse. Foxenapipde, thdgenbiedieng site can be a

DNA or DNA Saeahadgifrel 0erthics j RNA 20 can.specifically
hybri di ze. The DNAﬁcgr %NASaEg o%%{eltcélglﬁfege@ Se@?‘@)‘t‘cﬁdve{mg?ﬂeﬁ@@déo havd gorrer, a

ful | -1 engt HPETSRIM2tely|1683% ORFa orfoet thah 89 ginthoGlNA, AdalyBis BF I dg@gment

Al t hough i"lncﬁ\?a}?@stﬁ'}gﬁdi rren5t§I§ the mcroarray contains binding sites for 3

products of all or>affoéte IS%éhatiafﬁlﬂkﬁfé’@eﬂnmmbtetd]ﬁo&idlg(G%ﬁ’eagci es,

such conmpreehBnovgenasse b MY sdgcessarily required. In sone instance, the |
mcroarray will 25 have binding‘sites corresponding to at |east 50% at 5
| east 75% at |east 85% at |east 90% or at |east 99% of the genes in the |
genone. Preferakl the mcroarray has binding sites for genes relevant to

~the action of ag??gzuléreg?r'i"ﬁﬁrré'P&%stfo!')M'F’ﬁ’aﬁrﬁmsoI ogi cal pathway of interest. A
"gene" is identifi e% ag an.open reading frame ("ORF") that encodes a
sequence of pr efEPg fiﬁ qfe: e grobghio wisch g partigulanpolpmatdotde faokeuehi ch a 30
nmessenger ifically hyRAds ' : Lsmor .in.sone cell in a

mul ti CF({)]I ull%gr61 or)’i aﬁi‘sm ?ﬁ%ﬁ%&%@"ﬁ%@%&“ﬁ“&“&ew}@l@a@n% esti mat ed

from the RAffBEIecde sopmpis. dx pneambotiiyni he pRSIBARF BmiA% BYy S%hepo! ati on

froma wel Frﬁﬂﬁr'%ﬁﬁsi' eed ort.ion of the genone. Wen tﬁe genone of the

or gani sm of ' T nt'ef oofeSh &S ndstyativesand daalasues eorrespandingob aflekst 3 poftfonbe

det er m nedofxach gdsAn teRem } : 25 0 7720 PCT/ US2004/ 002293
|:ent| fi ed by anal ys?gcgof tﬁgg%)%%}s%'qg}e/gnagge.e oo(r%l?rg?éﬁﬁﬁ IopESOf dlighome of
Sacchar onr YEER@E AR fosipdemeniary Foeh oc BMA mimicy,. sequenced, and is reported to

have approxi g : | onger than 99 amino acids. Analysis of the

ORFs idr;di cat es1 tlﬁjg%ﬁn?ﬁéfaé g?%mi? nlﬂﬁﬁ%‘ia?fﬁﬁk’uraﬁséﬁpﬂblkeﬁﬁp'@@ﬁed&’atdm-pr otein

produdts (@idktldmihybhdehtial with ,or 9Fk 1B46- 567 . 6.2 Preparing
1398 o SeLanE REABATO, o

Pr obes for UM cro ra%'g As not ed above, the Sarticul ar
pol ynuc!l edl'F§¥ d1s&at pe modikicdiat thediasemhigty; mihz ssgar Mot@Rorafipedi ment of the

i nvent i on phsspha@YIBHRIAE N nucl eoti de sequence. |n one enbodi nent,
t he probes ofpat he mcr oar%%%?%lmb%‘ % gi8yibBesphprotijoateder i vat i ves

and anal ogues) DBbA coshoolithined, tfor @andpRa sl pglg,%;gsg ngain P‘Iafg‘?}ﬁQP@ﬁ%e in the

enome of jes.. | n some enbodi nents, he probes o
g afhpRREHS Br gene segments from genomic DNA, CD?\IA (e.g., by RT-PCR), or

20 clones sequences. PCR primers are preferably chosen based on known sequences of

the genes or cDNA that result in amplification of unique fragments (e.g, fragments
that do not share more than 10 bases of contiguous identical sequence with any other
fragment on the microarray). Computer programs that are well known in the art are
useful in the design of primer with the required specificity and optimal amplification
25  properties, such as Oligo version 5.0 (National Biosciences). Typically, each probe of
- the microarray will be between about 20 bases and about 12,000 bases, and usually
between about 300 bases and about 2,000 bases ih length, and still more usually
between about 300 bases and about 800 bases in length. PCR methods are well
known in the art, and are described, for example, in Innis e al., eds., 1990, PCR
30 Protocols: A Guide to Methods and Applications, Academic Press Inc., San Diego,
- Calif.
An alternative means for generating the polynucleotide probes of the

| microarray is by synthesis of synthetic_ polynucleotides or oligonucleotides, e.g., using
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mcroarray are conplenentary RNA or RNA mimcs. DNA m.mcs are polyners
conposed of subunits capgble of specific, Watson- 1% Crick-1ike

hybri di zati on with DNA, or of specific hybridization with RNA The nucleic
acids can bWOBHT8H at the base noiety, at the sugar nBCPU§004002288 t he
phosphate b bone. enplary DNA m m ¢s.i ncl ude, e.qg. hosphor ot hi oat es.
DNA can be %ﬁéqsﬁi%{a{%fx%%BW@@%@eW”W%@%?féﬂm l%éé*fuc@w AcipCR")
anplificati @gs gl BeS46BNBRESf 410 e ' IQPUt CINGY, . .RT- PCR), or
20 cl ones sequences. PCR pri ne?ts‘ﬁ'é:l@e@b?e; erab yeghosiené'g%%é%y“?%éu nown
sequences ofequRkceg aredspioallychatednhdbbul Bsmb tabout 5807bhdek ircRhibNmefe uni que

f t @ t hat t sh than 10 bases of
cont guous. FESHAUY BEMEER o 20 g B bisehds somo srbedimiens, SHEEH cr oar r a
y) . Conpst elm_;cnéi@g&i_agrﬁlchﬁetnoﬁun@tumghse 0 ad Buttﬂﬂr%oz;ﬁéan?irli?rngeﬁzgfi sl the

design of prinmer with the required specifi¢ity”and op np "Fcation
25 propert i é§ noedehoes n@leig ecid enslbgues Ma§ behised asrtandifs sissifences) . Typical |y,

each probe ne .. cr.oarray, W.l | bet ween.about 20 bases and ahoqut

12, 000 basegbrgjﬂ%urﬁ%‘uépleffam lschasn %@‘%ﬁ@g‘@“ﬁhﬂp%@ﬁm 10809 bases in

| engt h, -and(seé,ielé.,E@foﬁn'éﬁmllblys,r@.g&&@%ﬁ_s@@.@ﬁé; P90PRaRESs 30 08%2.0‘“ 800 bases
€

in length. PCR nethods are well nown in the art, and are cribed, for
exanmpl e, in | nnik aternative embedimenigobe hpheRizGoPsittsde.gl, the prols) are made Met hods

al dAppl igat } 1.¢._Press Anc, i €90 Calif. An alternative
means f%g ggﬁlgﬁjé%sﬁﬁ(ggfﬁﬂéa%gg[oégﬁ%ﬁl%8?%’ Bﬁﬁ%‘sg‘%&s e’g%reﬁsﬁ‘ise%’&qed%gsié’& is by
synt hesi s ofnserjsithdrefrom (Piliydiues b 0199deSetimied 2@mmedgot i des, e.g., using 26

WD, 2004/ 067720 PCT/ US2004/ 002293 N-phosphonate or phosphoranidite
chem stries (Froehler et at, 1986, Nucleic Acid Res. 14:5399-5407; MBrid

Cypi cai 1y bet wear anoiietud Bhdves S5 hhg SWbce ¥ MiaREmS “Tor e typi oal 1y
nucl or 0 actds i noraaeonare aRPhAEREeul Ruohdifen SRRE, TRCh PR i i t e
to, inokineeg, ﬁ\_em_rgmse,pbladnin\(e £., pulypRipgleas; ingloal PobALBSaniEY, HRoMEREsAS bi ndi ng
sites for hry%%lrdl %a}all 02% Aér% (raxargpl e of a Sli.ll ttﬁglle n,u(;L_el c acid a__r;al oggue I's
pepti de nuctéEMeT Ratgialy Lo greterred methodhior gitaching the maddeg acida tqa ar3esiss66- 568:
U.S. Pat. N printiagdnQBaa) plates, as is described generally by Schena ez al., 1995, Science

270:467-470. This method is especially useful for preparing microarrays of cDNA

- A second preferred method for making microarrays is by making high-density

20 oligonucleotide arrays. Techmiques are knownfor producing arrays containing

thousands of oligonucleotides complementary to defined sequences, at defined

locations on a surface using photolithographic techniques for synthesis in situ (see,

Fodor et al., 1991, Science 251:767-773; Lockhart ef al., 1996, Nature Biotechnology

14:1675; U.S. Pat. Nos. 5,578,832; 5,556,752; and 5,510,270) or other methods for
25  rapid synthesis and deposition of defined oligonucleotides (Blanchard et al,

Biosensors & Bioelectronics 11:687-690). When these methods are used,

oligonucleotides (e.g., 20-mers) of known sequence are synthesized directly on a

surface such as a derivatized glass slide. Usually, the array produced is redundant,

with several oligonucleotide molecules per RNA. Oligonucleotide probes can be |
30  chosen to detect alternatively spliced mRNAs.

Other methods for making microarrafs, e.g., by masking (Maskos and
-Southern, 1992, Nuc. Acids. Res. 20:1679-1684), may also be used. In principle, any
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In alternative enbodi nents, the hybridization sites (e.g., the probes) are
made 10 from plasm d or phage clones of genes, cDNAs (e.g., expressed

sequence t agghons@E772¢ NSerts therefrom (Nguyen et at, 199 j
29:207-209). 5.6.3 Attaching Probes to the Solid Surfaceé%?%ﬂ@wg???ays The

probes are #ipeafreal, fer crample] dbt HURPOS & nf36n Bybri BERion WinfRadEbuldhemade, 15
e.g., from Igegss, plastic (e.g., polypropylene, nylon), polyacrylam de,
nitrocel | ul ;  or other materials. A preferred nethod for attaching the
nucleic acids to a surface is by printing on glass plates, as is described
generally by Schena et at, 1995, Science 270:467-470. This nethod is
especi al |y usef ub.64dDther SpaFcef PheénofPid P¥m of CDNA A second preferred

nmet hod for nmaking mcroarrays is by maki ng high-density 20 oligonucl eotide

arrays. Jechni quBs meenkinowiichProRaRIUE DR 3b6ra¥So @ﬁ(ﬁ:hﬂi}?&a f@housa”d.s of
ol i gonucl eoti des conpl enmentary to defined sequences, at define | ocati ons

on a surf acBHeRG Ehur 1% 1) c Foresamplguissadidiongy thehmsiamrmapn situ (see,
Fodor et al ! L 167-173; ckhart et al., 1996, Nature '
Bi ot echnol otgﬁhrp‘@%}?%%bg%" g%&? raRgguptiaga ?ggﬁ ,‘Celgfn% e pgsuredly 5 510, 270)

or ot her megdnedspressionbelmadbigtbs kyoivh @5ihs aANSeALAQBE] teRfnddb ié’sﬁﬂrb&lﬁ:@
ol i gonucl eot i @egﬁé Bl.apnchard etal ., Biosensors & Bioel ect%o I CS

11: 687- 690)F° T fFagragof dimited semplexigl fog sestipplutretitemalysisgueh 20- mer s) ‘

of knowy s ' Ai-rect | ... surface. such as a |
deri vat i Zeg&gﬁg@@sgp@g@m@ua'ﬁ%%@ %%Wé?/ W%&’ﬁlc 1 PRASIEREEERESEE: Wi t h
several ol i gonbobpeni Ricentl Bebe s 1phied BMA 2@ 1BRNYE Fetah ¢eaD) gbashsan be 30
chosen to def ect al t.er.naéi vel spgi_ced mMRNAs. O her net hods for making

MO oar r ay S QU Testggh mﬁ%{iw Ries clasest tosp definadmBRY9gend (Mgce-gAci ds. Res.

20: 1679- 168h)shaf@yar all 55, PRcURSS- A 0% Rlg. Ky 2994( 067720
PCT/ US2004/ 002293 fype of car r ay,éa@bg&'egg’ﬁ%l%,ﬁ 0 63%‘@1§P%ﬁt%§é%1yl on

hybri di zat i tHisiesftsamplecBN Al pbals,useltas 1. SqenCinganTHisnt 6ass ¢4, ¢ PHEBOt ypi ¢

Dat a 5 ,Ekhe present Jnvention.provides additional sources of phenotypic data
for phl-egnotbgf)e%imae_gf’féogppﬁl@?%@‘g@)t‘( é?’&‘afy 2?‘3&1 ‘%BSAe%Hi’p‘-ie_ﬂ‘}eﬁcﬁlgéH@ﬁt agén to the
mi croarray (eggohoi ues wiRHGH Q@férﬁ&i)é{%mm?%%{iggsfﬁfaﬁ% {o%@t%fﬁlﬁfl ﬂ-ﬁ?@&f a cell

may be neasured by ene expression techno nown 1 n e art. Several
such t echnSPogiee<-Hr Yelgelescup 65s SeleneecdI0rd8d483n fragments of |imted

complexity for ¢l 66t QRABLE eht:2 Y Sresont SGHion, aspects of the biological

state other than the transcriptional state, such as the translational state, the activity
20  state, or mixed aspects thereof can be measured in order to obtain phenotypic data for
phenotypic data structure 60. Details of these embodiments are described in this
section.
' '. ) Translational State Measurements. Measurements of the translational state
3 may be performed according to several methods. For example, whole genorrie
25 monitoring of protein (e.g., the "proteome," Goffea ef al., supra) can be carried out by
constructing a microarray in which binding sites comprise immobilized, preferably
monoclonal, antibodies specific to a plurality of protein species encoded by the cell
genome. Preferably, antibodies are present for a substantial fraction of the encoded
proteins, or at least for those proteins relevant to the action of a drug of interest.
- 30 Methods for making monoclonal antibodies are well known (see, e.g., Harlow and
Lane, 1988, Antibodies: A Laboratory Manual, Cold Spring Harbor, N.Y.). With
such an antibody array, proteins from the cell are contacted to the array, and their -

binding is assayed with assays known in the art.
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10 as net hods conbi ning doubl e restriction enzyne di/ge‘st ion with phasing
primers (see, e.g., Eurdpean Patent 0 534858 Al, fi/led Sep. 24, 1992, by
Zabeau et al.), or nethods selecting restriction fragnents with sites

cl osest to WOREIHMERINRNA end (see, e.g., Prashar et al PCT/ISB6Y00EGC.

Nat|. Acad. Sci. Aﬁ S. A ,93:659-663). Other nethods statistically sanple
CDNA pool's, such™fEerm3{jvely preisas fp e separaied Ry tierdirensional gel 20- 50 15 bases)
in each of sltkdiHoe: % Wal | : ' uenci short
tags (e.g., 9- 1%Job_a8fs\ses‘) ﬁi?1(;?{9g{rhtéé%éﬁ%%%?ggag@hﬂ%%\%?yg%@ﬁqwlgQgeeI ative to
a defined nilRnddypicqllydayoleesgso-elatdtic ficesinglalodD Brst SheiRa ATSwelidd- 487). In

vari ous enbggli f the present invengion, aspects of the hiological

state ot hergﬁﬁﬁg{}ﬁg%ﬂr%iﬂ’?ﬁ}sﬁfqngﬁaqu 1BENsige pesse £ hHampuesH.al I ¥nal

state, the GolEkbhopiRfestldt ol MPKEAARERISH G SRl §3Q PGgmeasured in
enoty ata's

order to obtain phenotypiCc data for p prc ructure’ 60. Details
of these endfychekoe ak.c986es. biatl. Avad BrisU.SACE3 d0-T4nShgliobanal St at e

Moo nat - JBENLETER D 00lss iR 1S fosofiarno gansne 3% o tor i ng. of
protein (e. Bsultih@eleSisphtR@rins cafob bRAYRH b numeSHR R hnt A Hl%hfaﬁg r}x&‘sg out by

constructing a mcroarray in which binding sites conprisé I nmmo I zed,
pref er abl y SPRBUERIESER schnigues; westre dlatiie; iafid tmmancblqtlanalysis tying polgelonati n

speci esyenc, 2l b one. .Pr rably, antibodies are present for
a subst ant i%ﬁ (r)@(:e%(%lgﬁan%? &ﬁlﬁseg%#@am an% étleﬁ?lﬁgi, MiGFo-§equpReleg. a'?%‘i‘é) t hose
proteins reheseanthniques, licis pogsitdetodlierdifgls webs@htidl THRLSS bf alBhe MRdtiads for
maki ng rmnocl&nal anti bodi es .are well known (see, ecpﬁ(g Harl ow and Lane,

¥ ¢F.,,

Togs, Anti HSAfuRed undergivse phyvigloganl randitions, inclydingrig inleast) . Wt h
such an antd L, ' fer t r ontact.ed to the array,
and their b et id B, Ptk ST OF. Bk v ERERERNS shf o

2004/ 06772Cpedfit g8R0041002293 Alternatively, proteins can be separated:by
t wo- di ngnsi onal | _el.ectrophoresis systens, Two-dinensional gel.

el ect rgghor esis ‘% v(f;}é#'ﬁ? 6‘5@?{’ grerish dn Sofpg embgdumets OF thepesepbinyapsian,

i so- el ect righeh@Gpis idaG BEPRLoRstEdcE Shendl ' SR - PAGE

el ectrophor esi 89%3 ong a second df?reer?s%ygﬁgﬁge%?ﬁ@%ég. ) %g{?n%i’gr Sz%@at, 1990, 5
Gel El ect r dpA7sviesiestsof pRigneinrke orgafsme 56 ofd sidgipspatds, AcRiitPr ess, New York;

Shevhenko ey S8 £ 8nc 5 b A o S ok
274: 536- 539ppibpdate to the particular activity being characterized. Where the activity involves
20 achemical transformation, cellular protein can be contacted with the natural
substrate(s), and the rate of transformation measured. Where the activity involves
assoctation in muitimeric units, for example association of an activated DNA binding
Y complex with DN;%, the amount of associated protein or secondary consequences of
' the association, such as amounts of mMRNA transcribed, can be measured. Also, where
25 only a functional activity is known, for example, as in cell cycle (control, performance
of the function can be observed. However known or measured, the changes in protein
activities form the response data that can be matched with haplotype blocks using the
methods of the present invention.
Mixed Aspects of Biological State. In alternative and non-limiting,
30 embodiments, phenotypic data structure (Fig. 2) may be formed using mixed aspects
of the biological state of cellular constituents {e.g., genes, proteins, mRNA, cDNA,
efc.) within a plurality of different organisms of a single species. For example, |

response data can be constructed from combinations of, e.g., changes in certain
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resul ting el ectropherograns can be anal yzed by nunerous techni ques,
i ncludi ng nmass spectronetric techniques, western blotting, and i mmunobl ot

anal ysi s uswodoi@@bkyed onal 10 and nonocl onal antibodies, @AndudRi@heas and
N-term nal m cro-sequencing. Using these techniques, it Is possible to

identify a sild&A amtridahcef clagpésin cataimpbotdii ebupidaics] #438 chiges uc@stalinder gi ven
physi ol ogi cal condjtions, including in cells (e.g., in yeast) exposed to a
drug, or inPOMM&CUWHESfied by, e.g., deletion or over-expression of a
specific gene. 1 A r . odi ts of the
present inventi oﬁl,mg oé%%%f%%%@g 3@3 ﬂf{ci:l sgsc?ﬁéﬁ’zl%?g%‘ gﬁ%ﬁ‘ifg?%() at a
structure 6furesafdateitay cat it ided aasie @aRihivaheRiRiehRSf tompleetaigani sms
56 of a single Sﬁeﬁ%i'g%. Agtti vity neasurenments can be perfornmed by any
functi onal , Fe%i emBIG thsilevebpt commpopeds in ghedrieod eanhe apslyzedechesity he parti cul ar

activity bejqpg R alofbk £5be YHE . t he activity involves 20 a chenmi cal
transformation, cellular protein’can be contacted with the natural

substrate(s), and the rate of transfornmati on neasured. Wiere the activity
i nvol ves association in nmultinmeric units, for_ exanple association of an
activated DNA bi ndi ng conp|5e7xSW€l¥MD PRGAMIIMS of associ ated protein
or secondary confe uences ‘gf tge associ ation, .such as anounts of nRNA
transcribed, can KeYEHS3remethedsef thopesent snvegtieonymay bewiet it ASSPCiaEt i vity i s

known, - feor ﬁéﬁ@@b&:wﬁ?cﬂr@wﬁ?&rbal%ﬁﬁ&lsﬁﬁg fi&bl’ofgﬁrﬁfegrf%ﬁ% of the function

can be observed. However known or neasure he 'changes 1 n protein
activities dénbasimérds pEthp present dinteatidr) dite spaciebendensiadield aniahimah apdhaisyape bl ocks

using the nethods .of the present invention M xedAspects of Biol ogical
State. In dP?‘BFﬁgPW@"%E@ TSRS S, SHCRIBJUTIFETOR'S, HBR MEES 9 ¢ dat a

structure (frbskey?) IRY ofter {REIMRdmYSHRRnE HRAp&TREGHS Shﬂmﬁlagmkom cal

state of cellular constituents (e.g., genes, proteins, etc.)
wi thi n a pllosenhilp, yead, pivimsmr Coelgganiss iovefvernitss brfileeedsthatchesse ¢for  exanpl e,

da; b tructed. f nbi.nat j. f, e.qg., ch i
cor Lai mi20 U SA0IOREAEMAE) Tt ATes00um AN bR RgE |
certain prairgirisrabAndapesss ifeheaidDNEREe bpbekBd. 21 dpartRiull Ndus@sikdiyy, bi es. In

addition to the exanples provided in this Section, there are any nunber of
sour ces of GHelar isHe o angap derivgd drompa merwerobithe breates (ag nemousediret s of

conpl ex traiuhSned Poh ApafilediP hiusd BRih eYS el cufiQTRRHIISH I o lGnf @@d can be

anal yzed, obesity
the species.

20

5.8 FACTORS THAT AFFECT THE PERFORMANCE OF THE
COMPUTATIONAL ANALYSIS

A number of factors affect the performance of the computational analysis.

The methods of the present invention perform well when phenotypic data structure 60
25  (Fig. 1) reflects the genetic variation present within a haplotype block within

genotypic database 52. A lack of information in either phenotypic data structure 60 or

haplotypic information for some critical organisms 56 (strains) will adversely affect

- the performance of the empirical mapping. The number of organisms 56 analyzed is

another important factor. The computational predictions are based upon the number
30 of different organisms 56 compared. The number of pairwise comparisons is a

combinatorial function of the number of strains analyzed. A haplotype map covering

40 to 50 commonly used inbred mouse strains would enable the computational
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measur enent nodel s can be used, etc. 5.7 SPECIES AND ORGANI SM5 The systens
and met hods of the present invention may be used to/associate 10

phenotypes with chronopsonal |ocations in a variety of species. In sonme
enmbodi nent SWBR0MHETEY esent i nvention, the speci es under WITAGAS2004£002293 ani mal

such as a PRATH 'oﬂ%ﬁ%’ rats, dogs ts, chickens, horses,
cows, pigs, m ce%)]’lé)ﬂr&H rmnkeypsr.gééﬁﬁﬂgeentuog%%%arve %@&%%W%ﬁﬂs t he

speci es undegnetic ity regelatingb anide ran@mhs'da%soom/@q@h io\faftys, or C
el egans. However, it is believed that the use of 15 %i hl'y 1 nbred organi sm

(e.g., various ng’u?tg’elseﬁl? fagnts,gfthe pressnbiny piony dereriegeriotypic dazfor or gani sm
& Collular o IR e b 8 R eise 52 O v waffofrivey &
mouse bri ntheppisatrimeentionrthare prrteiwashao aﬁ@w@@orghﬁiﬁhg% in%fn gll culture
PERFCRANCETTE £ TRt PP SRIRE S gt abovsPSmietogs ot o botopen 20 et ¢ ho
oventfon. per o B B (ot structure 60 25 (Fio. 1)

reflects the genetic variation present within a haplotype block within
drruct tre 60 or - hapl oYy BLUGTRGRING: BIAEAGICAR T o gani s 56
(e Bl | o Bl i Bty B e,
o Qani o 58, Loumar ou - MRe AR BBk AT BURE, ol DlesPl nRnfich

conbi nat or iy biofqgieal pathiway istused hersiodo nefin aty blogicanabyese th whichapk@d ype map

covering - | % used inbred nmouse strains would enable the
conput at i o;bglgglgeoag Eﬁcg\%ﬁg‘%f)gﬁ%??% RESH 6. PME?%“G P 2e8P BTadyet ifet hod of
t he presentthé speeiot under kdhave substantial power to identify genetic |oci

regul ating a w de range of di sease-associ ated phenotypic traits. In sone
enbodi mént's of th&ePLE% primane hanletsipe mhp for thessipa sepiat andiatsmdiyds - bet ween

5 and 1000 ;gf 3Rk IaNE; | typl £ databhase 52. Lo some empodi ments of 5
the present inventi olr?,g@ltl%%rng@%e el & © BY%ﬁmiéél%gﬂaﬂw&@t 5§ n
genot ypi ¢ 52. This can be done, for example, using steps 202 through 214 (Fig. 2). Next, in

step 1104, a first haplotype block is identified in the primary haplotype map that
highly matches a phenotypic trait exhibited by the single species under study. This
20  can be done, for example, using the techniques described above in relation to step 216
of Fig, 2.
At this stage of the method, the haplotypes in the haplotype block identified in
1 step 1104 are examined. Each haplotype in the block is represented by one or more
organisms 56 in genotype database 52. In step 1106, a haplotype in the haplotype
25 block identified in step 1104 is selected and, in step 1108, a secondary haplotype map |
is constructed using only that data 58 from the organisms 56 in database 52 (Fig. 2)
that are in the haplotype identified in step 1106. Because only a subset of the
organisms 56 are used to construct the secondary haplotype map, the haplotype blocks
in the secondary haplotype map are likely to be different from those in the primary
30 haplotype map. Construction of a secondary haplotype map is advantageous because
it provides a method for subdividing a genotypic database 52 into subgroups.
- Analysis of these subgroups, in tur, can identify additional genes that affect a

_ phenotype of interest in the species under study. The remaining steps in Fig. 11
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dat abase 52. I n some enbodi nents of the present invention, there are
between 20 and 75 organisns 56 in genotypic database 52. 5.9 EELUCI DATI NG

Bl OLOG CAL WARMANYE240 Fig. 11 illustrates a nmethod for glugdfHabdenesa
bi ol ogi cal pathway that exists in the single species under study using the

systems andpfRide0ds mefholl REwRICR SRS stbpY&IDE c@ibe anflyRéd| BOWERY, dydlopwal is used
herein to nmean any biol ogical process in which a gene or gene product

af fects t helnghparédall appresiate thatthersrire any sedidicatinss éo Ge nipshsl mpeisiog in  t he
i d . | 02 i 2apl o, f h
SPeel o mooflr™li{ ol 120 SEFR. 08 e B DI AR B TR e o

|
set of orgameppBedibnventiggenot ypi ¢ database 52. This can be done, for {
exanpl e, using steps 202 through 214 (Fig. 2). Next, in step 1104, a first |
hapl ot yp® bl ock Ingtapdd Ao detatminationés padensity whetherdherpis mbaplathiea blogk ghl y i

i

TRCehes @ PSRPLA| Rl Pl AR ITHE, S0

This 20 can usin cribéd above in

rel ation ton@itewalZhée, tted hdpi@ypeblodd intthé Seceddagchaplotipramapivilabt ovbitap
hapl ot ypes in the, hapl otype bl ock identified in step 1104 are exam ned.
Each hapl ot ypk thedirstaplotspe black geapified imgteml 16 Mrachaplotymsytdockoingbti sns 56 in

genotype d i > 25 bl ock

i dentifi eda%e"r%&glt% pﬁaﬂ%ﬁ% i @épgﬁﬁé%gg?t%ﬁgﬁpéhgbg%gg}p%f&)%ﬁs2@&%% ary

hapljot y}gé nﬁps),dlﬁobgh&ltpaﬂﬂ%@dh&t&ihdgdamig)a l?]dm}frodﬁihaﬁ&g hﬁgslo:c‘gnpblgbcb,r gani sns 56
i n dat abase, 52, (Fi.g. 2 that .are in the haploty identifi in step 1106.
Because onl Sglergrfgegbg giep 35}04[, ﬁ‘é‘} (1’3 Fg‘&‘?ﬂ@ﬂ%ﬁ B h&?létyﬂgg]@df @%Bﬁ%‘f’r“tﬁé‘ip t he
secondary haplogt Mgﬁldmﬂp—’ t he hapl otype bl ocks in the secondary hapl otype
map are likely to be different fromthose in the primary 30 hapl ot ype nmap.

Construction of Anseopkieithe gLty pstemnpl dss fodudint Segtion§. I0Sdmise In t

provi des a .ho r subdi vidi a genot ypi. at.abase 52 into subgroups.
Analysis of SeHiEs 10 BiRimeme PR uR TRt (e Ret @GNS ¢ ha
affect & Piﬂ@ﬁtﬁieﬁgﬁe {1047t BE @ethildintde8tiSPS ¢0 S Shid REFIbtyDb BIBEK iddMedds@mai ni ng.
steps in Fig. 11 31 2004/ 067720 PCT/ US2004/ 002293 " provi de one nethod in

whi ch t hesepaiitiyeiche mousergenema that ychules theweaneatic hydwcarbor k¢deptor (A7) he art

wi |l appreciate-th her e n di f.i catd ans. 1o t hod. _conpri si ng
ot eps- 1110 PRI el st TRRRSL i R 1WSsbifen 10 TohE Sl t hi
t he scope ofeprebdngedin €seumi 10 oMBOhaotype block illustrated in Fig. 10B were used to

construct a secondary haplotype map (Fig. 11; step 1108). The secondary haplotype

(]

20  map included a haplotype block that correlates with Cyplal expression (Fig. 11; step
1110-Yes). This secondary haplotype block included the Arrf locus. From this data,
a determination was made that high expression of the Arnt gene product can modify
the effect of the Afir locus in mice as detailed in Section 5.10.3 (step 1114).

Returning to Fig. 11, in the case where a haplotype block is not found in the
| 25  secondary map that correlates with the phenotypic trait under study, a determination is

made as to whether any other unselected haplotypes remain in the first haplotype
block (1112). If so, (1112-Yes), one such haplotype is selected 1106 and steps 1108
and 1110 are repeated. If not, (1112-Noj}, the process aborts (1120).

30 5.10 EXAMPLES

In Example 1, the characteristics of haplotype blocks generated using the
‘techniques disclosed in Fig. 2 as a function of the number of strains (organisms)

present in genotypic database 52 are presented. In Example 2, the systems and
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S5 In step 1110, a determ pation is nade as to whether there is a hapl otype
block in the secondary haplotype map that correl at és with the phenotypic
trait. In ':T&e nontrivial case, this haplotype block in the secondary

hapl ot ype n&f 24%77%bt overlap with the first hapl ot ypeP@HGBRIH0EHI | fi ed

in step 110 .0ck in the econdary, hapl ot ype map t hat

l:or rel gt es ;ﬁ\}egﬂﬁﬁ% ﬁ%ﬂﬂg tﬁ%@%a@ﬁﬁ%}?@sq@o%ﬁw@ q‘i’@}l”l‘b&%@ﬁ;‘gﬁd B’Pg‘l ogi cal

pat hway t hatnbredohause strging with haslos pé blBRs: e Hrhhik shae Isg%t&?gaﬂ rg?thmli(s
otype -bl'oc

i dentified iﬂthSte 1104, .and (ii) a locus formthe ha
i dentified Ph™EPESeItINVERUGare Lped; ta gorsiructanbielegiogi pethovayt fie Beampletl e of st ep

1114 is fou ' ' i l.ow...ln__Section 5.10.3, .a hapl otype

bl ock t hat ?%Fdrng@tggﬁsétﬁa?ﬁf%%’?"’asp‘%e‘x‘gr“gé%‘f“SHS‘? o dfteBnigg whichs | dont i 11 od
(step 119D4) chrpmosteadrdgiehsiare Sewinkies s d@udbatbRi S hapl ot ype bl ock incl udes a
portion of the nouse genone that includes the aromatic hydrocarbon receptor
-(Ahr) locus. This haplotype block is illustrated in Fig. 10B. In Section

5.10.3, the specs'_p&lmgﬂbfespnt ed in Goup Ill of the haplotype bl ock
illustrated in Fig. | OB were used to construct a secondary hapl otype nap

(Fig. 11; step 18 apdot ype 20 nmap jncl uded a hapl ot ype

bl ock that correl at egmgnﬁﬁhé%@%gﬁaa%%%%g%ﬂ%ﬁm(tésﬁ’mgﬁlfe 5% 'aﬁ?d!ﬁo- Yes).

Thi s seconddty:\apseSNRoRodhkecotn).i BNPutiesveiandlleld PaMSreriEhRimdhE s data, a
ression of the Arm gene product can -

det er rrilrbati% was, nmade th?t hi(?h_ x%

modi fy ©t he ePHR USHE aniigpgte éééilst Tovehpus aneglpdfer reisequencing S trgaed 5. 10. 3
(step 1114)genfigicuesiong 4 ' , o r | otype bl ock is
not found igr?n,t he 25 secégr@%gr%bz?ﬂéFag%c%?zg?’a]\t]ggg'l%il?'hlfﬁﬁge“ﬁﬁﬁ%otypi c.
tirgi t undere3pifhpalyzedieersrall within nowis biologitall g impcrtanh@inb s lexafiyarties

unsel ect ed iﬂ@gé&ﬁy&gﬁ I main in.the first hapl o%ype bl ock (1112)7 If so,
(1112- Yes) , o 8S SRURLEY [EiRns Witin the genes avere wglvardl Thelielie108 and 1110
ar e r epeat enforthtiondh ex -i@dtynichig 2 . .10
EXAI\/PLFﬁ In ExanFI e l,dr‘g{?)lif%(:%grtg%lt ertia_géttsigggﬁﬁdfsgﬁgﬁegtté%%ﬁg%tg%%ghéener at ed
usi ng the PRRYRAF geRsHC HprdatiopaEwng hast inbredl ragusa straine t Aonoted forlselmusber  of

Bl o 2. VrenEanafe SR8 or B0 Shtisar 2 Piimos 36807682585 Difet hods of
the present! #h2eht,iNuuraGenetiesdof L2037 ¢blfsén anenotoIDNengakRndfl abned from
b e s o LB Bl e Sl o
pat hway . | Borkt@e®)|resuttinglil®he presence of 'SNP haplotypes' appearing within block-like
20 structures (Fig. 5). Each haplotype within a block apparently originates from a

common ancestral chromosome; while the size of a block reflects other processes,

including recombination and mutation.

There are several methods for defining a haplotype block, and the suitable

deﬁnitiqn depends on the anticipated application. For analyses of human genetic
25  variation, the haplotype block structure is generated with the goal of minimizing the

total number of SNPs required to cover a significant percentage of the haplotypic

diversity within each block. See, for example, Patil ef ol., 2001, Science 294, 1719-

1723; Daly et al., 2001, Nature Genetics 29, 229-232; and Zhang et al., 2002,

Proceedings of the National Academy of Sciences of the United States of America 99,
30 7335-7339. This type of haplotype block structure is useful for human genetic

analysis, which requires genotyping a large number of individuals for association

studies. However, this approach does not produce an optimal block structure for

e_x_penmental murine genetics; which involves characterization of a smaller number of
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systens and net hods of the present invention are used to determ ne which 5
chronosonmal regions are responsive to a. perturbation. 5.10.1 Exarrple 1

The exenpl agy 68001¥pi ¢ dat abase 52 used in this exanpl eP(’J’I%U% Al e at
(http:\\nmouseSNP. Roche. con). SNP di scovery and all el e characterization were

10 per for meglyrgishsl gnm%gﬁgagée,g R8s dnBrafd Q A uenci ng
of targeted gerﬁomnc regi ons. Sseue C%ru e g QPI%EO %Iﬂ %‘glﬁééncg&&

1915-1918. Rawingenblocks thategé snalleaimdizez entl whick hatd a lasg diversdinplatyie ol ogical ly
| mport ant genes .exons and key intra-genic regulatory regions within the

genes were GHECYHSH The allelic information in exenplary genotypic

dat abase 52 was BRghitafthd RseRN A6 typészo&mhét%aﬁ)@é@ﬁf& sk {BG RISk C

vari ati on anmong these i1 nbred nouse strains for SNPs in the hunman
genome (% eehaplobypediaakp lgeneried uSmgkncsWn methodr] the Sovel mugh@DehymAZng-siep23; Dal y

et al., 200 t ur tiLfs 29, 32; Johnson et .a 0 Nature
Genetics 2 tiz\%gglﬁﬁngqegechgs ispd ‘?'ﬂ’sa Zf)wgf"?:a?“eﬁ%’imfﬂwnﬁg fjf ®nouse
genone are hﬁﬂ'otg?é meuastﬂstmré 8 he tdiGe hdhomBe mfseﬁeﬁ&@arei yzobVill P4 ot ypes'
appearing wthin ock-like 20 structures (Fig. . Each hapl ot ype wi t hin
a bl ock appagserilgsy 06&Maj¢ ﬁaq*»egcsf)raudwahaxdoﬁymsr(nameg ¢ emmbn onsyfre; whil e

mutat on. _TRAFELRP oL BRR S YRR R B R e e A PREVR S bck,  and t he

suitabl® deéthdddtih el zdﬁ@@i@@Egnﬁl’bahﬂ?aﬁé&éd%@ﬁhﬁﬂn@@ﬂihleqﬁl@ﬁlb%e bloeks. aral yses
of human genetic 25 variation, the haplotype bl ock structure is_ generated

Wi th the go@examplei Hiesiruetug of h@iﬂﬁtﬁfpabbﬁkﬁfﬂ%ﬂtmﬁﬁ@NPQalb’@qgfﬁléW $@iover a

SL0n 11 canlBgteenaes et A RORIRAG o) YETShphh R aBRaP oF

2001, Nat unsingdnahbred A28 Mi220u2 X2aindt hbany Ahaledis of tB@@&etcha@eﬁmdl ngs of
the National Acadeny of,L Sciences of the United States of Anerica 99, 30
7335- 7339. PrfieRt if%g Sgﬁ‘ﬂﬁéﬂeﬁ%f%eS]fﬂ"(?élba%l?WBEPl?P% siryctyects showa in figrm

genetics a , g 2 | Vi dual S
o aseaci aD el e 1L B o B

opti mal bl d:écbcksgclmatad bad (BASTﬁBmethemm sfaimwith the nyaoedlleds(. eV\ﬂASﬁ/Emvol ves
characteri éﬁa i on. of ~a smal | nunber of 33 WD 23: 04/.067720 gg%/ U§§004/ 002293
i nbred st r 478 UiP daplpEer 36! B 1any OLe IR 2 h IHE oo SEFAPTHn st udi es
in mce by OHWMSWENICSPTQET/E?&I&%{S%&%@ltﬂeerﬁmbf‘al%léﬁzerearﬂﬁ udddiseh have a

| ess di verse "hapl ot ypi
haplotype bloc constructlon and the haplotype blocks were based upon analysis of

20  genetic variation among the 13 Mus Musculus strains. The general properties of the
haplotype blocks on chromosome 1 generated by analysis of 13 Mus Musculus strains

using steps 202 through 214 of Fig. 2 are shown in Table 2.

Table 2 - Properties of the haplotype blocks on Mas Musculus chromosome 1

25

SNPs Num of Avg. size per | Avg. Num of | % of SNPs | Total

per block | blocks block (Kb) haplotype per block size
block (Mb)

>10 24 106 3.25 59 2.55

4 -10 47 94 = 2.36 22 4.42

2-3 69 50 2.30 12 3.44

1 79 N/A 2 6 N/A

Total 219 74 2.31 100 10.41

Even when the analysis is confined to Mus Musculus sirains, the number of
strains analyzed significantly affected the structure of the haplotype blocks. When

polymorphisms from an increasing number of Mus Musculus strains were analyzed;
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conposi tion. Because of the desire for haplotype blocks that have smaller
size than those 5 hapl ot ype bl ocks generated using l{nown nmet hods, the novel
met hod conprising steps 202 through 214 in Fig. 2 was used to anal yze
nuri ne geneWPéOQ?g’PT”&?i on and to define the hapl otype blREKUS0462298 e Of

th Thi t hod | [ 1 NP dl f allel
frequency) *TRACEPFr sLET e dorddiimel sone i eminion pMaspred in onst r uct i on
of hapl ot yp@a@smk?h@"ﬁpldtﬁﬂ%E]?‘_Elﬁ@ g@usp“ermct@e;%%%st% SESE%[if&cfaFgElal ns 10

included in the analysis Significantly a Of the

hapl ot ype bflifiérest frpes thatobinimadpising 18 1serains (Fig.t6l) e Firf 6Bdph obrp@isbh 6£kS
C57BL/ 6J and

resulting f l,ysl s of just 4 strains 29/ Svd, A J,

CASTIEi ) ( FATO ks Comtipieredomclrantosoms A (R wagataseshising? (s B8

MusMus cuf usarslt CFBIFEY 108 MBONMBsculAgh¥S] ! l£Hid present
in four strains gene)g ated a ske(\j/\"}ed hap?o?%%p%%égﬁtggph@}déﬁéﬂys&ghovvn I n
the 15 hapl &eypeeddydines. on chronpsome 1. In this situation, over 33%of the

94 hapl otype bl r d. had ,CAST/Ei as.the only strain with the
ninor allele (i ‘%’Cﬁ%ﬁ{g&lﬁ% gftsﬁ'&ﬁw&“ﬂ}fﬁe e ?ff%??‘éetoﬁétthﬁlg SPHUENY ot her
strain). Foof thdhapldt@eshlocksShIBstiA8H b nevd ftainst e GARH-Fi fie aEﬁ Q%uest rains
havi ng t he r;‘lnor allele were not used for haplotype % ocC onstruction;
and the haﬁ otype bl ocks were based upon anal ysis of 20 genetic variation
among the 13 Mus Muscul us strains. The general properties of the haplotype
bl ocks on chronosone 1 generated by analysis of 13 Mus Muscul us strains
usi ng steps 202 TdeodgPrafdetties ofihg haplotfR HORMAn Mud Milstulas Table 2 -
Properties %fg t he hai)l otype bl ocks on Mis Miscul us chronmpsonme 1 25 SNPs
Nuth of Avg.chEPBasame 1 Ay g fungtipngf the prmberef sirging uspd in Hlewmphitatites bl ock
(Kb) hapl otype per block size block >10 24 106 3.25 59 2.55 4-10 47 94
4

2.36 22 4. -%ﬁ? 5623012 3-A 1—79 3\7@2—1—9—74 2.31
100 10.41 l%{ﬁyvhs ]Qd't k%ogar%ﬁl yslﬁg‘_(ff_; ﬁo %eqlig‘@' Rrs '\/I_@TJ%‘?;‘UI usé¥rains, the
nunber of |Strai al s! YRTRET o SafiPhct ed t heNEs r ucdtlefke of| t he
hapl ot ype |bl ocks|.en > B8 ynpr phi snPeF r om dhaplabipessing nupisesthof (Mus
Miscul us dtrainsl werelanal yzefd: block* per block* | block* | SNPs
13 7 1270 71 14.61 2.66 82 108
12 7 1139 67 14.01 2.57 32 104
11 6 1248 68 15,41 262 - 84 106
10 6 1139 65 14.25 2.45 81 101
9 5 1225 66 1533 2.48 83 104
8 5 1056 77 10.49 2.39 77 67
7 4 1228 96 9.27 2.21 72 81
6 4 1101 81 9.98 2.19 73. 44
5 3 1067 75 10.99 2.11 77 80
. 4 3 933 72 8.74 2 67 27
} 3 3 594 46 7.93 2 61 19
*

only blocks of 4 SNPs or more are considered
15

As seen in Table 3, the number of new haplotypes in each block increases only
slightly as additional new strains were included in the an.alysis. There was an increase
of 0.05 new haplotypes per strain added (Figure-7), indicating that each additional
strain usually had a pattern of polymorphism that fit within an existing haplotype

20. within each block. The number of haplotypes within a block appeared to plateau after
about 8 strains were analyzed. Across the mouse genome, over 80% of the SNPs fell
into blocks containing 4 SNPs or more, and on average each block contained 14.6
SNPs and 2.7 haplotypes.
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34 { WD 2004/ 067720 PCT/ US2004/ 002293 the nunber of SNPs increased as
additional genetic variation was included in the analysis. The hapl otype

map construebeshsusing only 3 strains was significantly f b8l om t hat
obtained using 13 strains (Fig. 6B). Fig. 6Bis a corrparli%sélfglﬁgﬁ%ﬁgfol ot ype

bl ocks const r uctRebdomizationtess giticate thahShiphaaRAIes Stﬂﬁﬁﬁgﬁl%dlé)c%é\], 129 5
e

and C57BL/6) .or,. 13 %ﬁ Muscul us strains. SNPs tpr_esent at t oundary of
bl ocks ar ™% theHethiod cpmrEsmp\steph 202 fhraveh 2 4 ofsiiig 23 resultadftom ederiyncr eased

from3 to 18 | 4 . | ot ype bl.ocks. _stabilized as
new strains %gtregal{%?lﬂg%géi l%hﬁlﬁﬁéﬂgﬁ% Oiléiswfg@hﬁap@yp%oé‘ﬁbpg 3 -
Properti es shdaneativapl, 87y FEPHbA chidmoBodls wikiss kb inQE&Edéﬂp&Q@feanéf as a

0

function of _t e n%ﬁﬁr of strains used in the conputation No. M n.
Tot al o REYpe BlAgk syefures grere gesreratasusingdhe mndemiytardered SBPs.oA bl ocks* of

SNPs of SN ' bl ock* r bl ock* .
bl ock* SNPSR§ nd};lgp %E%Bt@?f%i %QI%%%&@?@%&?W@%%%&’ lnﬁeﬁ?lg %5157 82 104
11 6 1248 68e #5{12,..21870)be 206timEQufil AH ABAbGEH whte BBwR. Fhe StuchRdof 85 1225

66 15.33 2.48, 83 611384 -8--5-1056_77 10.49 2.39 777 67 7 4 1228 96 9.27
2.21 72 g1 rpdojizef Plocks was ganesated by seananging SN glicle pfonmatgn apcording 70 80 4 3

Tore are conedored 1o Ak dbaftind i SppinRhtoson B8 REBARNY ot ypes. i n
each bll8ck N¥sie ablosk avere/within 1 megabase apart. This randomization process was
repeated 10 times. The properties of the resulting blocks were evaluated after each
iteration. When the SNP order was randomized, the percent of SNPs in blocks with at
.t least 4 SNPs (23% =+ 3%), and the average number of SNPs per block (5.7 £ 0.4) was
markedly decreased; and the average number of haplotypes per block (3.82 £ 0.18) |
15  was significantly increased relative to the properly ordered SNPs. The strong contrast
between the sequential and randomly ordered SNPs shows the extent of the linkage
disequilibrium of murine SNPs within the same linkage group. This high level of
linkage disequilibrium is a result of relatively simple genealogy of the commonly
used laboratory mouse strains.
20 Exemplary genotypic database 52 contained 27,112 unique SNPs; and a total
of 255,547 alleles generated from analysis of 15 inbred mouse strains. There were 15

different strains in exemplary genotypic database 52, and polymorphisms unique to

the M. Castenius and M. Spretus strains were excluded to avoid skewing the

e

haplotype block structures. Out of the 10,766 SNPs that were polymorphic among the
25 13 strains evaluated, 115 SNPs were removed because they were not biallelic, and
- 3,559 other SNPs were removed because there were alleles for less than 7 strains. The
remaining 7,092 SNPs form 1,709 blocks; and 443 had 4 or more SNPs (containing
81% of all SNPs on chromosome 1). fIaplot}pe blocks with at least 4 SNPs had 11.3
SNPs per block and 2.4 haplotypes per block on average, and covered 28.6 Mb of the

30 mouse genome.
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slightly as additional new strains were included in the analysis. There was
an increase of 0.05 newq\hapl otypes per strain added (Figure 7), indicating
that each additional strain usually had a pattern of “polynorphismthat fit
within an eXP3PHM§7HApPI ot ype 20 within each bl ock. The neabwus2eefooapl ot ypes
wi thin a bl ock a% 2E;ﬁd to plateau after about 8 strains were anal yzed.

Across the nouse g@ ,mB\?@r 80% of the SNPs fell into blocks containing

4 SNPs or nore, ng on gverage each bl ock contained 14.6 SNPs and 2.7
hapl ot ypes. 35 110 Upgshbigies Batenodpnicationd ity 06zatied tysdordndadetbod t est s

I ndi cat ed t pat & I . ur roduced,, US| t he net hod
conpri si ng g?(fggmg%% thrgﬁgﬁgﬁg@%%gt%ofﬁm%@%l% 1§ aggery hi gh | evel
of linkage ®lesanharlltn2000numiUnigdPnss PatthiApphesiontiona snkeekgiedFor

random zatigp, 1,27 Ps, on chronosone 1 were arranged in random order and
5 hapl ot ype %f%e&la%‘f’?@gtoarf%PW@@h@wwlmsﬂw CentwbRhgnogiiter ed
.SNPs. A rangemsorflel n L4410 t by random y draw ng
integers from the seté&rpjlﬁ,eg??’.2.0,%12%‘%#%%@@2?%%9??%3@%%f\é?rflglﬁﬁ‘&a‘ﬁ%nbers wer e

drawn. The seuldibe oeraputbtidrially prediviahbyzedrehlios kifal yasofgaesstasiedaty T earrangi ng
SNP al l el e iqfo tian %cicordi e random order, Ile retaining the

: ng.to t Lo
ori gi nal chPBABESHEM pRigtmgyse F@g”’ﬂ’@%ﬂ?ért seitent oRediede sharing wiithinkeenemis wi t hi n |
negabase ap@?lons.-rhi RtdrAheich $ak bRRe B RCGERBhe coé‘ﬁ)gﬁfo%e& ci‘sﬁ%ﬁfeknes- The

0 I uated*a C

properties the resulting blocks were eva er ea iteration.
Wien t hE) SNeheapHipes inashaplotyisrmarecf, the heugegeoant isof beBdPsraj B bl ocks with at

wae mar keartaontit it Ciutes i tiga Tt hu e masiscisgioe Bor  bi ock
3382 0. 18)mitdl Saes Piteni ApSRBGEIN09/MET SBSAH Urfled i E ﬁa&n} Rgﬂlgc{a perly

ordered SNPs. The strong contrast between the sequentia randonm y
ordered SNPL/QKBl. tTe comelation ws deterntinedkygraloudiiting s heightivedng of theur i ne  SNPs

within the i - Thi Lah.l.eyel. of |inkage. di sequilibrium
is a resul tﬁgﬁgﬁeqegtb %%? gﬂeg‘uﬁ fceﬂgféﬁggﬁg%’é@né?pif)ﬁ@e 8D %}‘Vﬁé‘éggl abor at ory
mouse st ai pieno@picHifferphar hetgendiappthe Gaduph Bfhafion TPt dhdhard I%Z;gklZ uni que
SNPs; and tci(t.al of 255,547 alleles generated from anal yst f 15 inbred
nmouse st raﬂ% ck ippciaplofgieanans The; scerercopputed paing Eqpationxefop Eashyhagletpe y pi ¢

dat abase 5XjodWaiBly FHHKEL 5484 HE E%%ﬁzgt‘“@% gﬁlﬁb‘?uljglof gl%ﬁltagf%ity%% Hingl M. Spretus

strains were excluded to avoid s
process 1s repeated for all haplotype blocks in the haplotype map and the best

matching blocks are reported.
20
3.10.2.1 Use Case 1 (MHC)
In the first use case, the haplotype-based empirical mapping method of the
) present invention was used to predict the chromosomal location of the K locus of the
Major Histocompatibility Complex (MHC), located on murine chromosome 17 (~33
25  Mb). The known H2 haplotype for the MHC K locus for 13 inbred strains was used as
input phenotypic data for this analysis. The H2 haplotype of each of the 13 strains
was converted to a number. Strains with the same H2 haplotype were assigned the
same number. This phenotypic data was then empirically analyzed for correlation
‘with the haplotype blocks by phenotype/haplotype processing module 44 (Fig. 1)
30  using Equation 1 as the scoring function. As illustrated in Fig. 8A, two haplotype
_ blocks showed a very strong correlation with the phenotypic data. In Fig. 8A, the
-vertical axis is standard deviation and the horizontal axis is mouse chromosome

number and position. The calculated correlation was over five standard deviations
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hapl ot ype bl ock structures. Qut of the 10,766 SNPs that were pol ynorphic
anong the 25 13 strains .evaluated, 115 SNPs were renpved because they were

not bi al | el we.20@nid7728, 559 other SNPs were renoved becausg-4
alleles for less than 7 strains. The renmaining 7,092 SI\E% /P%E){r?#d{ﬁiy&

bl ocks; and atehd thedvetagerforal ipPhypse HEREbIPdAg ThELYA;
chronosone }1 Hapl otgﬁgl bl ocllgs W th at Iegiét 4 %ﬁl&l%g@h%tfﬁ%‘ﬁé&%ﬁ? per

bl ock and 2.%11511%%’.8?@109 atighad the pegaotypicadaty waye well fFigue\Ryad dter Mo of t he
30 ; 4/ 06 CT/ US2004/ 002293 5.10.2 Exanple 2 |
ni tod ot o¢ e pn BR RS BREnRhBHe) omgeblg conenia widl dvafeaiaihet hod

for Predi ct Both @htheprdienslh ip® BRocitd Wbre @AMHLF &3 bnghhgi. filed
Decenber 000 gir?g Uni tagg@gt at gs Pal:teen[&&?szgglgpﬁg%ﬁzg?'g@%@% entitled

15
5 " Syst eth andtoMSthiv).rad woresdirestly adjacent trthe bnasvn Resificnr (RHEEOT0 tdcus)
Phenot ypi ¢ liad & §it s Ll 11 | i
Cogur et ng LRy 8 Blustrats &8 o RIANenddbn NHE T RAPSI B B et Do

correl ati vestaudiry of snofrefibes aipleiype bidtidon elbricsede 17,9 bnbred nouse strains
and t he extent of%gsll \IM%I_e sharing within genomc regions. A determnation
h

was made as™FEARAf jor 3ad pens alelehire sespedsivelyordic@ed e dark whesting anda

hapl ot ype rrﬁ@]t% difewhoy k tter way to conputationally
anal yzi ng conpl eé>l< l{gal ts&ﬁﬁﬁﬁ}ﬂ%@ﬁg%@nﬂo@,{sﬁ%e t hods disclosed in United

St at es Fatent Application 09/737,918 and United States Patent Application

10/ 015, 167. The corre i was determ ned by cal culating the negative |og
of the ratio of the %@@F%&ﬁ?@ﬁa@bm di fference within hapl otype groups

relative to the g [ b f 3 . ; rou Equat i on
a1 Ve Lo L BnBUeOR) U ched BB BB R AT T
quat |t on t1 Wféwnféa?fhnthﬁpv?wgbto 16e|brmlfj(gw$ﬂg ﬂdmregatﬂuugtl_ﬁdﬁb@ﬁ@@;:@g (]E.élge s: Ize
and struc e ot ype ck. is process |s repeated for a
hapl ot ype b géQfgl ?ﬁng%cgleﬂg{’)%gmg%ﬁﬁﬁcaéﬁﬂi‘ liﬂ@éo’ﬁ’gaé? ACthly dh IHENSBRIks ar e
reported. 2ficbosbthe? athohsMbfedsfioube cMilks). HRe fraﬂit??]é(ﬂcrhg/aroﬁac‘r%or??e%

e

. €pt01t r)
hapl ot ype- hased, enpiri cal napping nethod o resent I nvention was used
to predict #He lignd hdmgeomporct oban wtracdilela praicin somplek it rédajatds the

Hi st oconpatj bl ik, &thﬁgﬁ\t (0 O gée% s, ?nrgslurgilrggi ;g]o?yc%fgfig Aromane 17 (-33

hydrocarbons (found in cigarette smoke and smog) and 2,3,7,8-tetrachlorodibenzo-p-

dioxin (TCDD). The level of induction of aromatic hydrocarﬁon hydroxylase activity
20 in murine liver microsomes (AH phenotype) varies by over 50-fold among inbred
mouse strains (see Nebert ef al., 1982, Genetics 100, 79-97) and this variation is
thought to be due to differences in 4% ligand binding affinity (see Chang ef al., 1993,
Pharmacogenetics 3, 312-321). The AH phenotype of over 40 inbred mouse strains
was previously characterized (see Nebert ef al., 1982, Genetics 100, 79-97); and 7
25 strains were in the mouse SNP database described in Example 1. The AKR/F and
DBA/2J strains were AH non-responsive, while the A/J, A/Hel, C57BL/6], BALB/c)
and C3H/He]J strains were AH responsive. The phenotypic response of these seven
strains was evaluated with phenotype/haplotype processing module 44 (Fig. 1) using
Equation 1 as the scoring function. The haplotype block containing the A/4r locus on
30 chromosome 12 (29.6 Mb) was computationally predicted by module 44 to be the
most likely region to regulate AH responsiveness (Fig. 8B), its correlation with the
phenotypic data was over 10 standard deviations above the average for all haplotype
blocks analyzed in this second use case. In Fig. 8B, the vertical axis is standard

deviation and the horizontal axis is mouse chromosome number and position.
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25 Mo). The known H2 hapl otype for the MHC K | ocus for 13 inbred strains
was used as input phenot(’ypi c data for this anal ysi s/ ~The H2 hapl ot ype of
each of the 13 strains was converted to a nunber. Strains with the same H2
hapl ot ype W¥O20&iBAed the sanme number. This phenot ypi BCHASHO4RIZ296hen
enpirically analyzed for correlation wth the hapl otype bl ocks by

phenot ype/ hapl ot ype processing nodule 44 (Fig. 1) 30 using Equation 1 as
the scoring function. [ t ' ig. 8A, two haplotype bl ocks
showed a very strong g‘@?'ﬁéﬂ%“f‘%ﬁ%ﬁﬁ"’?@ phenotypic data. In Fig. 8A the

vertical axis i sGstemgassdiod@viiids wrosahtbréhaolesirdianplidadiwefsp nouse
chronosone ., nunbgi%geapr}g?posi tion. The calcul ated correl ati on was over five

standard de{if&ie olyps thabpn b analpzeddy nadyreang lvop cumplestiaitsare he aver age
f [ LS, lLAdi.G , di cted
hapl ot ype. bFack ety ReBRsRd P RES oras Bede SBRLOGh BloAdREn tfe B o) “and no

.ot her  peakghdnntyphalatmstaetige 60 (Rig.eRh tbilke egmamanngpas pdmotypds frét ati on Wit h
this phenot}/ e. ..Both of th% predi ct ed hapl ot ylt))e bl.ocks were on chronosone
17 (33.7- 33lEPyRLG Framaspeeitia gene RipTessigh datapbbeprripeally mapnsdente to t he
known posit B1B&ks Qielﬁtigpé‘eﬂ ; | G4 il Al el ation
bet ween MHC E%ﬂc}htgfi)el otypeMS'(k, , b?h%{oa?t?&éﬁ’g&%lh@&gélraﬁec‘ﬁﬁ?ggﬂgﬁl%%% predi ct ed
hapl ot ype bexpesssion. disooresangle, Biyt¢cdtome B458 (Cyplgabthaids yequivkd for and ni nor

el tively. indi .b 'k shadi d light shadi
wher eas! 01 SRR BT Mo it st S i its i dhoosn R Eber 49 n Che
second use Magighi, 198e, Bﬁﬂh&ﬁ%ﬂ@lﬁﬁﬁ%l@@ilfiﬂqtzmpP&% J7BL hogh g]‘ellg'ﬂ,e i C)

present invention was used to identify loci regulati the AH
phénot ype (#7%284) iy differeatially epraseefiio tings obfainad Gromt inbredyuinuse atrdon

%!

Ahanot v 4 in difercgtiely eprasmiioings obt catriun
L raind) - TRaks YAV, bl T % Wl Bl 6% RRAIERRREY, CplAT eaai ng

conponent ofxpedssion ferasach inbral m@sesehin sl ex that regul ates the
met abol j sm of inporfant environnmental agents, i pol ycyclic aromatic

) i ncl udi erl\?
hydr ocarbons (f atginchigahOdy Wes deiermines;ag felleses) T RNA was isolated
2,3,7,8-tet ' 5 Pacn D1 B . A vel i .qn of
aromatic hy%%(%@L%ﬂbﬁ%gﬁ%ﬁﬁ%gepﬁaﬁ%a@g y BI\TlAn&’r?hr&f ﬁeﬂ%‘%ﬁ’é@%ﬁ]&?ﬁ&oms (AH
phenot ype) gemeratisn bfjlabsled CRAf 2l hyaridiagidortb Uidv2 Henethip® sak fere( see Nebert

et al., 1982, Gendet igs 100,. 79-97) and_this variation 1s
performed as described in the Affimetrix Expression Analysis Technical Manual.

Experiments were performed on three individual mice for each strain. Image files
20 were-generated from microarrays using four scans (HP Gene array scanner) and
analyzed using MAS 5.0 sofiware from Affymetrix, Santa Clara, CA. To eliminate
the possibility that the large number of different cytochrome genes may produce
o \ inaccuracies in the microarray data, pulmonary Cyplal expression was also measured
“ using by RT-PCR analysis, performed according to known methods. The level of
25 expression of CypJal measured by RT-PCR analysis was completely consistent with
the microarray results (data not shown).
Only 7 SNPs were identified within the entire 8-kB Cyplal gene among the
Mus Musculus strains analyzed. None of these SNPs were located within an exon;
and the pattern of polymorphism across the strains did not correlate with the level of
30  pulmonary Cyplal expression. Therefore, the quantitatively distinct level of
pulmonary Cyplal expression among Mus Musculus strains was likely to be due to
polymorphisms in other genes, which regulate Cyplal expression in frans. For these

‘reasons, the pulmonary Cyplal gene expression data set was evaluated with
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t hought to be due to differences in Ahr ligand binding affinity (see Chang
et al., 1993, ° Pharnacogenetics 3, 312-321). The AH phenotype of over 40

i nbred nouseoséwMse was previously characterized (see pNebediosabal, 1982,
Genetics 100, 79-97); and 7 25 strains were in the nouse SNP dat abase

descri bed i phdmoapphepldtypd bﬁcéslﬁﬁ%/&n@diﬂk 44:@&. 33 uﬁh%ﬂhﬁh’iio%ra‘é‘ tiftHcorin
non-responsive, while the A/ J, HeJ, C5/BL/6J, BALB/cJ and C3I—VgHeJ
strai ns wer BnaHPn: dimbapictepe bineksiied asigpiicent wosslsnise with Gnéekbgameven strains

Ho ey 2 Rt Bl BRenaIADR( BBRL oh R BLRE T2 AR B i (Blefe ) 00

Equation | a e scori nctron. e hap ype t he Ahr

| ocus on 30carteisivesesthel 27(138sGF ¥ BCYVel Fof H0y tatvenital xls Risedigied by nodul e
44 to be_the _ npst Iikﬁjlé’y_ rﬁgli on to regulate AH responsiveness (Fig. 8B),
Tizgy

its correl at{véioRiapgthe rAtsyip MousRthEoma M mymbeo ang positiond THisvs at i ons
above 't he I - Dl . . i s, second use
case. In F?g‘ﬁﬁ%%ﬁt ‘tt"ﬂ'ét@ééﬁ‘ '? F@g QE&%P@@EA?%@QWé’céglgalné%}}%%mzeﬁbfﬁt he

hori zont al eguistingtheindsetiehofmmsoons diygrhetaboling egiyiies incld@n¥\0)2004/ 067720

PCTI US2004/ Q02 5.10.2.3 Use Case 3 (Cyplal) Gene expression profiles
across i nbr eﬁ%ﬁ%et ¥ &7 %P%Sdgoaawué@f ul intermediate phenotype that
can be analyzed Fc@yrﬂ%ﬁ%@%%ﬂﬂx@&‘é’ﬁ?%@&&l& @ét#s? [‘%’; rainsplfipgt | cal ly

regul ated. In other gene expression pro can-serve as phenotypic
dat a stlQct differe6tal cRprgssicn) of Cyp/uhe Than®e SNRndentifieal whign dieydhrdotusai t

I nformation,. strain-specific gene expression data can be enpirically mapped
onto hapl 04“55%8(5 %‘Ied]?:mgf?@uﬁoséﬁmsf‘?todgrﬁ% loyBE eropps  Haplptemeiggupy r egul at e
di f ferenti alonf@R8he BXPDRNI2/B80) A MR . 450 (Cypl al)
tihat is re t?inr ed f%r 10 pul rrnnaﬂ;%};c;| met ;g@gfs?@hn%%b%ﬁ%%%&ﬁ%{@g% ‘fgﬁ’cl udi ng snoke

and di oxi n BabB/clenhdEd stiniagj astdi grouoi8conBiiiscthe A2 Y/81V], PAR/FdeA /By 31,

2311-2317; |.. 1982 1. .275-284) is dif tiall
expressed i%ﬂﬁ%&&%ﬁ%ﬁ }@Zﬁlg}ipﬁé)n% ! 8”@%?%7%5&353 %ﬁ%gln‘i"relﬁﬁaw% . In
parti culsar ,lofdtel intQdnst Eﬁddabihgtsfgaiﬂda@t dheveRk iPfhe REIAPIA Yeq¥Rle R (ENe

expression for each inbred npuse strain studied. 15 The data in Fig. | OA
was det er nisieeded Protein) Fant anmipe aridmbangea diffesesttiateddhe giovp s dse | ung

tissue. Puridfd.Gakl W | v A+ thesis.of ¢ eperation of
| abel ed ch\ﬁk én@:&%d;@fn?g iszgllsb@?ﬁ@%\@ﬁ@e%&q@g)smggct'(\)@é%o?% mp1t ¥formed as
descri bed igrothistraks¥B i 0. D2 R0 BsBaminC BN kS anl gehini aflalthesamiial .
Experinents re. eré.orm?d %n three individual mce for each strain. |nmage
fil es resulting in additional carboxyl-terminal sequence 1n the encoded protein. Three
20 amino acid changes differentiated strains of group II from those of group IIl. One
polymorphism converted a stop codon found in the group I strains (B10 and
C5TBL/6) to an Arg in all other strains; resulting in additional carboxyl-terminal

sequence in the encoded protein. Three amino acid changes differentiated strains of

vy

group II from those of group HI. One polymorphism converted an Arg in the group IT

25  strains to a Fal in the group HI strains. This SNP was located within a (PAC) motif

| that contributes to the folding of an important (PAS) domain within this protein (See

Ponting and Aravind, 1997, Current Biology 7, R674-R677). The PAS domain has
sites for agonist binding, as well as forming 2 surface.for dimerization with of PAS
domain containing proteins (See Burbach ef al., 1992, Proceedings of the National

30 Academy of Sciences of the United States of America 89, 8185-8189). This pattern
of polymorphism and the resulting amino acid changes are consistent with the Afr
locus genetically regulating strain-specific Cyplal pulmonary expression. This use
case demonstrates that strain-specific gene expression data can be computationally

-analyzed using the systems and methods of the present invention
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20 were generated from m croarrays using four scans (HP Gene array scanner)

and analyzed using MAS §.0 software from Affymetrn( Santa Clara, CA To
elimnate the possibility that the |arge nunber of different cytochrone
genes may pV¥BdU&s7haccuracies in the microarray data, Ralusesn0g226ypl al

expr essi on was PCR anal ysi s, perforned according
to known met hodstﬁ%’u i| evgﬁgdfie M@Tﬁ%ﬁl"o‘f’m@f peulatingepabuoray by RT- PCR

I SyrbEkptesdion, @aVE t t
iaRAShI gl ve %é?“e@. e T bbbl of B Fefd PHRin B M Seah 40"

anong t he g5 g%‘leFl‘éﬂfiﬁéY%ﬂMGﬂls thbnm;omkeﬂdb&ﬁ@ odRlivege | ocat ed

within an e sSm agcross the stralns did not
correlate wit the Ies%gfmﬂﬁﬁlg%&gaﬁ l%ﬁpr%w%y"g"lc vesgipkaxdaplagy 76T6&F@0r e, t he
quantitati vmdwtlmaata{nkkanbmmﬂ 2602, IHHRRINRWewiR |T%anc§l>6%$r 83 Sig?fhlgfg

er genes,

MusMuscul us, str kely to be due to polynorp
.whi ch regul ]H P @ﬁ?‘o’r}m adsprgtein expinesaiog in Farine hmg@vas I’smoms‘mcr&aﬁé

pul monary Gk ta set wa uated with 39 WO
200- 4/ 067720 P%'?e%szgtgg?’%%g&g"ﬂgﬁ&“’ 18‘F§1&88?ﬂ 861 Hg 200%ul e 44
(Fig. 1) ushichivexegifotcologyes, szueamomhﬁsgenzwefstdu% Eﬂvﬁﬁe@&%ﬁt ype bl ocks

had a si gn'Jo'ncant correl atfmf] W t h pl al gene eSSI on e hapl otype
bl ock on chiono"'EdREIeBalg r?‘f?ébctﬂﬁal I?féselﬁt gxrw@mrommrw poflutanisand| ati on was

t he Ahrol ocirdifel sehokS%b activd dehStoxB Gnethillfite Ve@ﬁ;rgﬁggd%?p@%%%%?@g%gog, tion.

~deviation and the horii zontal” axi s is mouse
This is cdomBpEansrale wi thy pethegdunsswf lnak earer (bR Ler A, OTBI KndYirgRar bon gene

systemin t t he nductl of numerous drug-netabolizi ng enzynes,
ol ua ng OEPEPA AL RBENREEs SEF, SF4Szmnd i dsoenee 00025

Pol'ynor phi Resiews ihToxitéle strai n-specific 10
di f%lerelr[])tl ; ressi on %ﬁZQQH-QQt}lﬁ aﬁ&’%@ g%g&é glg’g{rﬁgquﬁo& H#h t he Ahr

| ocus di vﬁﬁ@@eg ffach %mym elhetqoaiputational @ehdiicaBalysip ifhiRKa@MpRUPS

Hapl ot ypi C g t he .B | 0 H2/ oSn and C57BL/ 6J strains;
group 11 cé)ntéaal%%sﬂl'att 8%?M&§RL‘§FE§" wdg aé?srféﬁhéﬁal tawel ofr oup 111

cont ai ns tﬁ:@m%ﬁ%ﬂsmlﬁdﬁduselﬁﬁ(y 2J and I\/RL/ MpJ strains (Figure 10B). A
significant nunﬁ of t hese SNPs were 15 | ocated in exons; producing
signi ficant cha §‘§§ togpthepdh %W@?dlsﬁ@ﬂiﬁssleﬁmeZdbmbhﬂratMEnded protein.

F ' t f th th
br ed moUSe. ot 1 i e SUAPE R Bl eon ScopmbiRboUnG | n 1 he

analyzed using the haplotype map. While the techniques disclosed in United States
20 Patent Application Numbers 09/737,918 and 10/015,167 correlated phenotypic data to
chromosomal regions that were greater than twenty megabases in size, the methods of

the present invention were able to predict individual genetic locus responsible for
such traits, as illustrated in Example 2.

25 3.10.3 Example 3

Gene expression is normally regulated by the activity of proteins in one or
more pathway(s), and multiple genes are often involved. Therefore, genetic
regulation of the level of expression of a gene often results from the combined effects
of polymorphisms in multiple upstream genes. Analysis of the genetic factors

30 regulating Cyplal pulmonary expression done in Example 2 illustrates how gene
expression data can be used in conjunction with mapping methods of the present
 invention to identify genetic factors regulating a complex pathway. The

.'computational analysis in Example 2 predicted that Ahr haplotypes regulate Cyplal
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group | strains (BIO D2-H2/0SnJ and C57BL/6J) to anArg in all other
strains; resulting in additional carboxyl-term nal sequence in the encoded
protei n. Thweoet®@szme no aci d changes differentiated strapasughogivowp ||
fromthose of group IIl. One polynorphismconverted a stop codon found in
the group | S%iressiongn (i e, dvigher€syBIbeg) ditionalievatspfigendlclre@iifiRmn. St r ai ns;

resulting i j tional _carboxyl-termnal _sequence jn the encoded protein.
Three am no'j%gé}f?g{ ﬁéﬁgrl?ﬁegﬁl@?‘?rﬁg%/eéﬁ%?@p@ﬁa@tqyﬁjﬁéemessﬁﬂm did otheom t hose of
group I11. mmtyfﬂers@fhégm%m{ d @Sk ' . |} 25 strains to
a Mal in the group IIl strains. %i%ﬁl?@g’u‘)?yaﬁg]ﬁ\kﬁgﬁt%&g (PAC) notif
that cont ri PRIy@Shismstie anashetigage(of mayreguipter Cant] (EOIxpoeimi Andtdice t hi s
protei n £ Seg: ' ravind,. 199 Current Biology 7, R674-R677). The
PAS dorra:(i n ﬁ?aﬂs1 Iﬁ%;klta lnggﬂ?? @gpl?a i ‘gtsu'ibﬁleﬁﬂﬁ?thﬁEe%ewaorhéat%cﬁoﬁﬁm@wd usiggf ace for

di meri zat i omnlpherexpfesEdrSdatsl ORI AVraQ: b ' P&y ch et al.,
1992, Proceedi.ngs of the National 3810%(%%; o; @(?lgzlnzf:es b é United

States of AHBHYEAnddREME) Figohl; stbhildOParasemalyzaifusig thenepbisaf taad t he
It] ' id. , nsi t with the Alzr . |
Goneti car1 e ARLAGNBROTE SR TBS S Becom A BB b6k o, Thi s

use case dwomtasinhg efeebntlbals dhtdhddmoBRS fhla hEXRRE kA n be
| yzed using the systens rﬁ%qmet gﬁéi’g@b}ﬂgg’%ﬁgﬁent

tati | |
iC(r)nr/ne)lrjnt ialé)ln O%“R/éﬁ@%%%ﬂ@?’?%ﬂ@@ﬂ@%@@# Gbwwoes sharimy (Eigridu stap il bitakes).

I dentificaty ' equl atin nar pl al. expr.ession,
b ovi dos. a1 e ZmroBie IR) ot RACH iy L S BB IRE HIRRY BieratRie? e giorpire
dihect|y ussheridiv hgplomype HI srahsy sirar is@ipwako bid LM ahBioRH) 2RREBIRIHE

met abol i zi ncg FnZ}}/rre expr es ed in nurine (Hagg et at, 2002, Archives of
Toxi col ogy Vs @téﬂﬁ‘;f 185 DRHOMEEAP { Hulkacaeratioat(Hagenesdo2 o/ (3997i cal Revi ews

i Toxi ool qemPof 198 kuthidnenlibiRGsr2, S4Bl 8o RNA AP, PIRbeLR. expLessi on i

mur i ne Iungi was shown to I ncr er ‘experinen '0 a maj or
envi r oARentlaP3-daPLibstman of Hhgl 991 eSciatce 2500554-958) cthiv @palpdis IQubsoOlhagy 76,

621-627). | §... I s di ly i | ved in the I f ti
nycirocar bont A7 BEUREs fe oty st ol Gin naplogs im0 wicgaetiee smoke.
to active geRAaRDSvIBEADOLIARSIy 13@;@1&@&1%?@1&&@%@2%&@@% ay an

important role in the pathogenesis of |ung canc ., 1993,
Annal s of ERRectaddisedoimien A Heleapjotype BdhedlrelscEB5H0G2ver Gt pbnakdHigtleanen et

at, 2002, L1 A ' I n._Toxicol .. 291411); and with cigarette
smoki ng- as g)ng% %@é’ ]F:jjﬁglh%g?gee%gléegf’mg H’cﬁgg%‘?jzé%ﬁy’%%?ﬁﬁ“?ﬁb ISGHH BT At i onal
genet i 20 anhighsixpression hipdotgpedimhedrns locus (Fig, 11, step 1114; Section 5.9).

Although the predictions made in this example need to be independently verified, the

Example indicates how the methods of the present invention using mouse haplotypes

can be used to identify genetic factors regulating complex pathways.

25 5.10.4 Example 4

The present invention may be used to correlate phenotypes of a plurality of
organisms of a single species with specific positions in the genome of the single
species before and after the species has been exposed to a perturbation. In one
implementation of this approach, two sets of experiments are performed. In the first

30 set, the methods of the present invention are used to correlate a haplotype map to
differences in a phenotype before the organisms of the single species are exposed to a
perturbation. In the second set of experiments, the organisms of the single species are

each exposed to a perturbation and the methods of the present invention are used to
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15 indicates that genetic variation within the Ahr | ocus regulates the
basal |evel of Cyplal expression in nouse |ung. Tal{en together, the three
use cases in Exanple 2 denonstrate that the geneticatly regul ated conpl ex
bi ol ogi ¢ pr¥OAEAS2h ni ce can be conputationally anal ypexiusietvigohe

hapl otype map. VWile the techniques disclosed in United States 20 Patent
Appl i cat i onCHIFke pdaplolypemap @ thewepetios BIBriaBasina phémtye ephibited yihe data to

h | ' { th t t in.size, th
et hods of CERRar Bty Wik fedPhER 10 ARPPERsY alF s ol RBE genct

| ocus respompldiyee blocks it teHirkt(sai dfexp@inddtd 4 bR S tIthEB&M RlaRhing 25 5 10. 3
Exanple 3 Cﬁﬁg&gexpresm on is normaIXPy regul ated by the activity of proteins

in one or YRsablpghsiosy the seppndsettaf skperigemissisingahombthnds describedd.
Ther ef org, ti 4l at.| f the.level, of expression of, a gene often
results ?r ol%?%lﬁ'eh‘é,ocr?%@%gﬁof &elpg{é]ﬂcl&g OTS‘FH‘L%‘?{‘&%&BH%%%WDWPf‘ﬁﬂ% upstream
.genes. Anal maickingthaploiypgelveks, i if pessiblestoIentiBPrebiink BEHEYBAGe dthgronar y

expressi on d‘(gﬁqe i n, Exanple 2 illustrates how gene expression data can be
used in con Rt ERsiss Wt areighly regponsivedeltheaertumation.esent i nvention to

i dentify geneti & 1 | ex. pat hway. ,The ".conput ati onal

anal ysis in Exarcrlpzlfegt%ltznq)p}?eg%‘ﬁ%'tdé@ lbﬁgffﬁﬁﬁe?l@ﬁgng&g?ﬁeétﬂeﬁl B 41 WO

2004/ 06772(heRET£XIBA0RAF B0 ABARisme arcaaﬁicelmd{:%}ﬂé@gdcﬂraga pﬁé&%na&&lﬁgi@%l@yl be |
vJ nice had a higher |eve

addi tional | evels of en@éi&.negu ation. >

of pul munarSH EARFCRIC aﬁ%ﬁf afitioy HPECTOUH gene iBtorthg grnowetofthehe sane Ahr
hapl ot ype (drighisth, thBrenfbhaLdy sh! G Sens $IYE PRl XYoL phi in
mher gene s)lé may reegul atea &;/(%ﬁeggmg%eﬁg exp@%?gagﬁhaﬁgﬁla)éﬂ f':’té&{ﬁﬂfth t he
same Ahr  hdhe aativiie of Agenehararoteih it He qyganisnex Pines fir @Rartiste, ahe g@ibdliy uct ed usi ng

only the e Lon data from.Ahr haplotype.group 1l strains (129/SvJ,
a3, (i g EEREEn S repiesiins p Ry o Sitedend han pesicy s bameagred Ls! ng

t he met hodbettfre bltafiddle dablY iHin 8Pm{deitd iged! hieg% ical so Section
5.9). A_hap] gtypic _bloc mcgoﬁt ai ning the A?%%Htllggg'ugﬁ%% C e(I)1 8rre 3 was

anong tlfe tdbferences ipthe ahuselity aEdiffsteat moose uinsds eockiatel] ik bbgerveds above t he

average (d ' St 1110-Yes)., . Al the Ant |l ocys,
129/ SvJ ni ?‘é’@'hd%%%?@ﬁ"éﬁ%@ﬁge ospret (PGS 80 ¢ perfuhations %é’ SORPRHRGIEhe
ot her Ahr haplbtypgbéocks thasinateh RariatdnBin 4 fhdabGYE of theMhiBbdbre ARdRECT M a

het er odi ner.i c , N . . .
exposure to the perturbation, it is possible to localize regions of the mouse genome

that are most affected by the perturbation. Tn some embodiments, a perturbation is a
20  pharmacological agent. In some embodiments, a perturbation is a chemical
compound having a molecular weight of less than 1000 Dalions.

Once the regions of the genome that are highly responsive to the perturbation
have been identified, gene chip expression libraries that include the identified portion
of the genome may be examined. Of particular interest is the identification of

25  differential expression of genes in (i) a gene chip library made from a strain of the
species before insult with a perturbation and (ii) a gene chip library made from the
strain of the species afier insult with a perturbation. As is well known in the art, the
gene chip library may be a collection of mRNA expression levels or some other
metric, such as protein expression levels of individual genes within the organism.

30 Comparison of the differential expression level of genes in the two gene chip libraries

~ leads to the identification of individual genes that exhibit a high degree of differential
expression b_efore and after exposure of the biological sample to a perturbation.

Correlation of the positions of these individual genes with the regions of the genome
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conpl ex that regul ates pul nonary Cyplal transcription (Hogenesch et al.,
1997, Journal of Biological Chemstry 272, 8581-8593; Reyes et al., 1992,
Sci ence 25Qyq dpiddAdy 1195, Hoffman et al., 1991, Sciencep2piso@afzR98) -
Thi s anal ysii st%ug%gsts that the Arai hapl otype may rmdi]f)y t%e ef fect of
Ahr hapl ot yﬂ%ﬂ gt D5 dhescarrefasion Imretidsalischoaedatnfve b29/i@ed itk ofe rel atively

| ow | evel df i I ession is. expected based upon to its

hapl ot ype ater?ﬁielﬁgﬁﬁé %%agle ghg%\g,@}g,ﬁ&fﬁ@%gggF@@He;mrbqf@n_ | evel of Cypl al

pul monary expr edsicomplarn gdRhSyekprdssin HBﬁéri_@@héUé%eEr?Ps‘eﬁ%i%ﬁgi}gs %é&% 20 high
ep :

expression haplotype at _the Arnt |ocus (Fig. 11,°s on 5.9).
Al t hough t ﬁ@osgf‘&a%éﬂ Brisarpgbie. (Tdentificatioxefmpimplesan ficurisasizndependent | y

verified, tshe igndi . h t he t hgds of the present invention

usi ng nouse hgpt%?%g@” fgg%)&glte'ﬁgg%ga\ﬁf@l? @gﬁ?%? &%@ﬁ@mﬂémﬂagl B 22&gul ati ng

conpl ex path 0) a5l BoA0 .e4 aFXBVipkRe forﬂﬂ%ﬁﬁ%?o%%dﬁcfri'ﬁ’lg @eirl??gﬁg&y Bll;tg?used to
a si 3

correl ate not S a plurality of organisns 0 es with
specific p@gi%te?%%g%iﬁm@%%w, dmmunéy 5 4 Se4435(2001 )e Fubbéraioge and af t er
e Ful ,

the speci emeftds RESRIEXP - rturbatiaon. In one inplenentation of
this approach, two sets %f%&gk%g?%ﬁgﬁ%sofrggn%@‘%‘kﬁw areprevideditiyr st 30 set,

t he nmet hod¥engprsisieh ps Bysaqu(SimyenleiCalifania) MREAFRae | hapl ot ype map
to diff erenceslniar;j1 &ﬁ_)henot%{lpes,bef ore th)e_ orﬂfaﬁr'li sngfa(r})(f‘d‘?ﬁg?agﬁf%r&ﬁi speci es
are exposed to & “SHFEf gRsaadhslesicnsd tpsee whiche ogsombl regipay inBRhSmet he

or gani sns &t affbted b8 pertSBEGIE r exposed to a perturbation and the
met hods of the presﬂn!tp i nvent i’gl?]élgrﬁgegg%gw%&e@ GRBIP3I5es4 B RGtYDiC

PET/ US20047 69 fooerch esganssirainghaplnesiityos frgariams $©F %e'ﬂ ' t:g variations

i%ga phen L.hited by the pr}ognigirs aftern hgtyﬁﬁgaégaﬁisges‘% exposed to
AeD9) B P e .

a perturbat oM. en, S%@?POWH‘P ARYCOTRRIFed & Yiiteraitisbdopraspion heluéi r st set

of exper i fon¢ash aeltul@osmstiaehttiva bﬁ@alﬁ?ﬁéf(‘ %egﬁg};&gb&%meggﬁh g}%@g@iﬂq?géi from the

secons set_of eégﬁg gents usi ng the me esc

conparitng "GFIeE e phenatypid airdyt ilpendenbainethess dRemal é;g}?ésfi%ﬁSt
mat chi ng Rapk ot He&nR! O L1, 1S possible to identify regions of the genone
of the single Iﬁsfpegﬁeas&%&%rgpéea?eéw q%ghl y responsive to the perturbation. The

t erm " per t ur ba(i) emativeetphession €8RB0f b BMRMH Bhsr A.perturbation can
be the exg)ﬂlsf;g]re gf an. organismto a chem ca sg@%éﬁ%gorg%ﬁngé ’%R‘e
phar macol Ly obpreanyinsand; nogeni ¢ agent, the addition of an exogenous

gene into the gpnaMRpRLsibNEIQL ' the renpval of an _exogenous gene from
The 0£§ani sm. o? ; hepal Sorva ﬁoﬁiatg%: elllutar Tnstitiont o the organism 56g after the
organism 56 has been exposed to a perturbation.

As used herein the term "cellular constituent" includes individual genes, proteins,

mRNA expressing a gene, and/or any other cellular component that is typically

measured in a biological response experiment by those skilled in the art.

In some embodiments, the perturbation is a pathway perturbation. Methods

25 for targeted perturbation of biological pathways at various levels of a cell (pathway
perturbation} are known and applied in the art. Any such method that is capable of
specifically targeting and controliably modifying (e.g., either by a graded increase or
activation or by a graded decrease or inhibition) specific cellular constituents (eg,
gene expression, RNA concentrations, protein abundances, protein activities, or so

30

forth) can be employed in performing pathway perturbations. Controllable
modifications of cellular constituents consequentially controllably perturb pathways
' Voriginating at the modified cellular constituents. Such pathways originating at
- specific cellular constituents are preferably employed to represent drug action in this

invention. Preferable modiﬁcation methods are capable of individually targeting each
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the activity of a gene or protein in the organism Thus, for exanple, the
anti body serumlevel in{mce representing a plural i(ty of different mce
speci es can be nmeasured before and after exposing each strain of mce to
an anti gen. WOrR8M/06fRE genot ypic 15 differences in the pl BCHUBI0y4/@R293

di fferent npggensiiidl I.e correlated with opserved phenotypes before and
af ter exposu&gjof tﬁgpén%ué ar consituenisand Biost nyaterably @ sbstantial grattiven ofvagi ot ype
bl ocks t hat cofularteoustitients. Bk, foR eRarfhe AL MO &S Lep hefore and after
exposur e to6t4t§$ gfrt rbation, it is |5ossiﬂﬁ%&tdﬁ%}%’ceg:{?ggﬁ?i&a@ﬁ?mﬁt t he
mouse genom® CTAAL HPSHEJE. efidect ed by the perturbation. In some

enbodi nents, a perturbation is a 20 pharnacol ogi cal agent. In sone

.enbodi nents, a perturbation is a chem cal conpound having a nol ecul ar

wei ght of |ess than 1000 DaltmR@pggmsfgﬁﬁﬁs of the genone that are
hi ghly responsive to the perturbation have been identified, gene chip

.expressi on | i br aAll esferehads dit@hét@ﬁ;a?@ﬁ;cbx?ﬁ{&e!dg{e?e?nE}?;%i?r%g%ig%he%ge genome may
e identitfcari

be exam ned tO‘ g@ﬁﬂirc]zlfar interest is

di fferenti al" & 81 PBrPogesie she sameiexteat apafeachhidividudlabicaRBES, T r om a
strain of t t SPEHLE L osult. wth a perturbation and (11) a gene
chip Iibrarg/a?enl}adgﬁ?ro%P@Eégﬁ&gF‘}P‘QFWC@F%W@B‘E‘&@@ﬁWwﬁrii@b¢t with a

per t ur bat i oRcorparated bywetferekominrits entitdde forbll pulpdtes 9€Ne chip library may be a

col I ectjipon of NMRNA expression |l evels or so other netric, such as protein
expression | evels of individual genes within the organism 30 Conparison of

the differential expressigfyl i two gene chip libraries
l(ej\ds to the identification é?‘ﬁr%ﬁ%?gﬁgﬁégﬁ Sexhi bit a hi gh degree

of7 differential expression before and after exposure of the biol ogical
sanple to a perturbation. Correlation of the positions of these individual

genes with the TBgbwsentdiventien mﬁ%@ﬁ@@%&@ﬁ%ﬁg{?% %%\glﬁgcgiﬁa 02293

identified h-bggére&e correlation netrics disclose met hod

of identi ?‘;’/@ : MPYIET Brogean meghanismeernbegkled) i espamsénveadable Storage

pert ur bat i owrediubX FRliakahce HAE Gh ' i braries have been used in
st udi es such t hose dig’scl gglggﬁfﬁﬁ%?%%ﬁ&glf Cc’ql@gﬂ‘i‘ti”f‘iﬂ?%ﬂrpéfﬁmof

s
conpl enent mf)gglf’%ﬁ‘ho@’flég Fig.5. sTheseptojziaint inbdulésfisssbé Goreponel dRpg 2l lergic

ast hma, " [ ), 221- 226 (2000) and Rozzo et al. "Evidence
for an | nl\%? ee?g) g@égﬁl&?ﬁgﬁgéﬁﬂqgmy pthspeomputerrprdableudatreqtprgrimt y  of

Syst eni c Lsigrage proboetu Athe yoftFaredsRhdd t hernore,. ‘met hads for
maki ng .sevaera.h di fﬁ?erent ?ypgrg of geﬁ%%%?@?ﬁegﬁf?g@%pwgaﬂ?@ﬁﬁﬁ? by
vendors sUtHBuedslegiomentiynyipdheInGhetioopthienyisaibe tAhEsiTEvsn 6P2bAn O

Cal i f @0Oni &jata signal (in which the software modules are embedded) on a carrier wave.

Many modifications and variations of this invention can be made without
departing from its spirit and scope, as will be apparent to those skilled in the art. The
specific embodiments described herein are offered by way of example only, and the

invention is to be limited only by the terms of the appended claims, along with the full
25 scope of equivalents to which such claims are entitled.
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10 I n anot her approach designed to see which chronosomal regions in a
genone are affected by a perturbation, phenotype data structure 60

conpri ses hC array for each organismin the p b .

or gani sns gg@?ﬁngﬁéﬁglt)ypi c database 52 (Fig. 2) and eachbgﬁaﬁqgﬁﬁg%n
phenot ypi ¢ Wechua: conprises a differential expression value for each
cellular constituent in a plurality of cellular constituents in the

organi sm 56 15 represented by the phenotypic array. In one enbodi ment, each
di fferentidt Zengihed of associgting repheapiyos exftbited byisf fleabiyod dbftremen: (i) a.
native expr | al of a cellular constituent J.n an. organi sm.56 in the
o ur bty GrElR ot nglier Fith thbsoBP SR Biael 1B i ARF Pl ar
consti tBentsaiﬂminglﬁp@ﬁg@@hiﬂﬁﬁeﬂﬁ)dafoh@ﬁsitn?_e 20 organi sm 56 has been exposed
to a perturbation. As used herein the term"cellular constituent” includes
i ndi vi dual genes&coripedthaploiype biawiian akppletype mgpasaifesseringiraprasentingy2 ot her

cellular c ' l.cal.l nmeasur i bi ol,ogi.cal response |
cxper i mens OROPRRent S Bl bt RER ink aORRTHE Bt Bndhuth e SRR J
pertur bat i esidihsplaiypabloskywresihur bati on. Methods 25 for targeted ;
perturbation of biological pathways at various |evels of a _cell (pathway
perturbation) are kn&A PBsnetupiplatsiructire rapresents a difference in said phaaotRat i s
capabl goof  sPeelfititat byl el ARdefMbiplialy mdifying (e g erther
by a graded increase o actvati on Or by graded decrease or inhibition)
speci fic cellular cossdbiplegpsmep irgludes @ phealk pf Bpidtopes bIRNA ag@8gdnt rati ons,
protei n abundancesg, protein activities, or so 30 forth) can be_enployed in |
pet f ormi ng pat hiROBRE gk??%&t%ﬂ%@ﬂ%ﬁmm@ feprpEthbditferwh ppiias obsaide| | ul ar
constituents co??ﬁ,%gagﬁa ally controll ably perturb pathways originating at
the nodified ceflular constituents. Such pathways originating at specific
cel lul ar const i tepeating saidescpring for adhyhaplopipeybéetktio saié phedenof baplgypet i on in

this inveption. Preferable nodification.nmethods are capab f.

i vi el Pl ELin gl oD s e SO0 Db9ND O NERPBD BOBZEs of a
plurality efid gRdiiy 8f h&AR§hd SIHERISRVABRY DERE! scBfeShT APbherthad I dkal
fraction of such <cellular constituents. See, for exanple, the nethods

descri bed insaidpivraditySeihaptotypstbdoriks; whet&ig s@d bne or Bassspetific geneticdecidd . 5 5. 11

Fgrgfgwggsfaghgﬁgi dr?ilfelarerrlte];o?{ioenn(c):fesgi dcée%gr%e ik &' rgprgge%téd%%p sgmﬁgﬁtﬁ%d %Ie]é 6t " by

more haplotype blocks.
20
2. . The method of claim 1 wherein a haplotype block in said plurality of
haplotype blocks comprises a plurality of consecutive single nucleotide
-y polymorphisms.
25 3. The method of claim 2 wherein each single nucleotide polymorphism in said

haplotype block is within a threshold distance of another single nucleotide

polymorphism in said haplotype block.

4. The method of claim 3 wherein said threshold distance is less than ten

30 megabases.

5. The method of claim 3 wherein said threshold distance is less than one

megabase.
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entirety and for all purposes to the same extent asélf each i ndi vi dual
publication or patent or\ patent application was specifically and
individual ly indicated to be incorporated by reference in its entirety for
al | purpose®O HHETRY Al TERNATI VE EM | BODI MENTS The pr esBET/USI&EHR2%BN can

be i npl emenked a?h@n%mgﬁfalrﬁrl%%e?&}l ﬁlgﬁ%g%ﬁ%lrﬁao I f.%i conput er

program mechani sm enbedded 1'n a corrpu medi um For

i nstance, t hepletmpibtoeks mpmgermsm plucatite of mwﬂ)eﬁeﬁﬂﬁbﬂh&ﬁ‘ﬁcﬁbﬂ‘@éﬁ%ﬁg@ul es
shown in Fi o @’f %H%g&lul es may_be stored on a CD-ROM ~nmagnetic
di sk storag® BPA‘&B e dapiptype plock apresr enlylance ipisaigr ogr am
storage pr oHalbtyp Jhgcﬁoftware nodul es in the conputer program product may
.also be _distri but ed electronically, via the Internet or otherw se, by

transm s3ion of a corrput er 20 data signal (in which the software nodul es
are enbedded) on ri.er. wav nodi {ications and variations of this
i nvention cgn be ﬁ\ﬂdt%fi]&’cm gd’@k‘?&?"f %@Cutpﬁmﬂw%tagepqsm@r@gqbg@@ge as will
be appar ent fiv@péro@fans Wik} élcédt. the art. The specific embodi nents
described herein are offered by way of exanple only, and the invention is
to be limted only by the terms of the appended clainms, along with the fuII

25 scope ofgequi h such ¢ are entltled 45 WO

2004/ 0677205PCT/ T@lég‘gﬁ’?’ﬂﬁg \?@w&ﬁ"h? %Reﬁ?elitﬁﬁ?dsafaeﬁélgebﬂmeﬁmg a
phenot ykie eﬁﬂedmlﬁee@nbmcﬁtmhtyriﬁlelﬁeyceg{ di ffer ent organisnms of a single
species with one or nore specific genetic loci in a genome of 5 said

singl e species, said nethod conprising: scoring a haplotype block in a

ha | otype n@p, sentin rr.espondence bet Ween
Vatiations in a phﬁﬁgﬁgnggﬁ‘E’fP%ﬁfeﬁbﬂfE@g@ﬂﬁ F SIS T4 S'patd hapl ot ype
bl ock, whergsnerasiag daip heplotype vap daioatoSsalduchime represents a difference in
sai d phenotype 10 exhibited by said plurality of different organisns; and

sai d hapl otype map includes a plurality of haplotype bl ocks and each

hapl ot yge bloock T Iﬁé’thgd Bﬁé?élﬁ{y%eﬁﬁpsaffge hef é%orgprciisle];f erent portion of

said f-, genone; and
. (1) identifying a candidate haplotype block having a plurality of consecutive

single nucleotide polymorphisms, wherein each single nucleotide polymorphism in
said candidate haplotype block is within a threshold distance of another single
nucleotide polymorphism in said candidate haplotype block;

20 (i) assigning a score to said candidate haplotype block;

(iii) repeating said identifying step (i) and said assigning step (ii) until all
possible candidate haplotype blocks have been identified, thereby creating a set of
. candidate haplotype blocks;
' (iv) selecting for the haplotype map a candidate haplotype block baving fhe

25 highest score in the set of candidate haplotype blocks;

' (v) removing from said set of candidate blocks said selected candidate
haplotype block and each candidate haplotype block that overlays all or a portion of
said selected candidate haplotype block; and

(vi) repeating said selecting step (iv) and said removing step (v) until no
30  candidate haplotype blocks remain in said set of candidate haplotype blocks; wherein

said haplotype map comprises each candidate haplotype block selected in an iteration
of step (iv). |
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repeating said scoring for each haplotype block in said plurality of
hapl ot ype 15 bl ocks in said hapl otype nap, thereby identifying one or nore
hapl ot ype WWwmedes/osnze said plurality of hapl ot ype bl ocks favihgosobest er
score than all other haplotype blocks in said plurality of haplotype

bl ocks; whet'ei n Sk webpé obelainotlewbypeivistidscgenes hemb®of single nedlehicai d

di fferent 14 L.d.genone that ig represented by said identified one
or nore hgﬁ %’t §@g%%|52§§asl(.i 9@'@1&%& hﬁﬂg’t%ﬁﬂ%% Tided by arfqpiatgnefiths mumaberapl ot ype
bl ock i n safthaplotypek tdpyesoited Bk BlosRe bl ocks conprises a plurality of

consecutive single nucleotide polynorphisnms. 25 3. The nethod of claim2
wherei n each single nucleotide polynorphismin said haplotype block is
within & t hmesh ' .of _anot her .si ngl e nucl eotide pol ynorphismin
sai d ha§| oth ﬁoe g*}%cﬂétﬁ%%m&& lafsarﬁwa Friss WHehes phsiagle auelpptisiehol d

di st ance i golyessrphisme it 4 cad@idBRIAPRERR b ' wher ei n
said threshol d di stanﬁe is |l ess than one &ﬁgg‘gg‘%{s@*{@g"%@h@ﬁ%g&ﬁzo

PCT/ US2004/895%8%d by therpleckyet hod of claim | wherein a hapl otype bl ock in
said plurality of haplotype blocks represents a plurality of hapl otypes
and |l ess than a cutoff percentage of the hapl otypes represented by the
hapl ot ype BBock Thppesliodosflcisinan Gpheréin S8drthg AANaBIRR RS mpRsck: The Net hod
of cl altlg] 6 _wher.ein salg CUté)g percentage is i h & range between five

per cent - an8>HHIPE § 5908 o dpaid baplofiee hleekwlerein cl ai m 6 wherein sai d cut of f
percentage is in a range between 10 fifteen percent and twenty-five
percent. 9. The nethod of claim|l wherein said nethod further conprises the

step of generating said hapl otype map p[Zbiij said scoring. 15 10. The

met hod of claim9 wherein said genesatiop S [f ses: (i) identifying a
mgf/ consecutive single

candi dat e hapl otype bl ock having a plura
nucl eot i de pol ynor phi snms, wherein each single nucleotide polynorphismin

and wherein

15 2 Djpira is 2 summation of the differences in phenotypic values for organisms in
said plurality of organism that share the same haplotype in said haplotype block; and
ZDiner is the summation of the differences in phenotypic values between

organisms in said plurality of organisms that do not share the same haplotype in said

haplotype biock
20
1 14. The method of claim 1 wherein scoring said haplotype block comprises
/ assigning a score S to said haplotype block wherein
S _ ZDJ'm:a
ZIDinter .
25 and wherein

2Dinra is & summation of the differences in phenotypic values for organisms in
said plurality of organism that share the same haplotype in said haplotype block; and
ZDiter is the summation of the differences in phenotypic values between

| organisms in said plurality of organisms that do not share the same haplotype in said
30 haplotype block |
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sai d candi date hapl otype block is within a threshol d di stance of another
single nucleotide polynd}phisn1in sai d candi date hapl otype bl ock; 20 (ii)
assigning a score to said candi date hapl otype block; (iii) repeating said
i denti fyi ngv@eed/ 067730 and said assigning step (ii) until BETUSIS6EERINBe
candi dat e hapl otype bl ocks have been identified, thereby creating a set of
candi dat e hapl otype bl ocks; (iv) selecting for the haplotype map a

candi date h&pl oTHPReo OF clamY | Rehetdi®scoding RAidRENbLyPE BloBk Lotnfrites set  of

candi dat e hapl ot ype bl ocks; (v) renoving from'said set of candidate bl ocks
sai d sel ecksBnggRRcae s Wheagin §5/{he nhgabion, iaweise aegetekindirsralegatithst ot ype bl ock
t hat overl I rtion of said selected candi date hapl ot ype bl ock;
.and (vi) reﬁ%gﬁﬁﬁﬁg@gﬁa?gﬁﬂ@%%ing step (iv) and said renoving step (V)
until rpo 30 candi date hapl otype bl ocks remain in said set of candidate
hapl ot ype bl ocks; wherein said haplotype map conpri ses each candi date
.hapl otype bl ock selected in an iterat{onDwaf)step (iv). 47 WO 2004/ 067720
PCT/ US2004/ 002293 11. The net hod of Egﬁgr} wherein said score is a
nunber of single nucl eotide pol ynorpRi “i.h sai d candi dat e hapl ot ype

bl ock divided b 4 @ﬁuare of the nunber of hapl otypes represented by the
bl ock. 5 12. Th&*H88 of claim 10 wherein said score is a nunber of
singl e nucl eotigp, | } b RirBadedeCanll / di vi ded
I T e i S R A T
clai ml whaidpiorabicoss srgadan thd sipir@thy Remb hasl stypomualdsieplotdf? thedd, gid ng a
score S to said_haplotype block wherein Di"o-a S=-log Il fID"jJ and
yfgﬁ;r eil® 15 EDi ntPawiistls summation ofithefdifferences infpheavippic valrepbasweeypi ¢ val ues

fot organisns .in . sai |lurality of orgapi smthat shar he sane, hapl ot ype
in said ha%fﬁm%%mbﬁa@grr!, aﬁWQOflOEéWtElg%PotWés tsf“Bﬁ'el"&};l"tFPf’emoqaf erences
i n phenot yﬁypfo%ﬂ,lmg& bet ween organisns in said plurality of organisns that
do not share the sanme haplotype in said

16.  The method of claim 15 wherein XD\, or Z Dy is raised to a power.
15

- 17 The method of claim 16 wherein said power is %, 2 or 10.

18.  The method of claim 1 wherein scoring said haplotype block comprises

assigning a score S, wherein S is the negation, inverse, negated inverse, logarithm or

=)

2Dintra is a summation of the differences in phenotypic values for organisms in

20 . negated logarithm of the ratio the ratio:

* and wherein

25  said plurality of organism that share the same haplotype in said haplotype block;
2Dy is the summation of the differences in phenotypic values between
organisms in said plurality of organisms that do not share the same haplotype in said
haplotype block; and
 ZDintra OF XDy is Taised to a power.

30
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hapl ot ype bl ock 20 14. The nethod of claim| wherein scoring said hapl otype
bl ock conprises assigning a score S to said haplotype bl ock wherein D~o-a
25 and whengonoEsOt@ is a summation of the differences parphalAicyPsC
values for organisns in said plurality of organismthat share the sane
hapl ot ype il sailllie maihod of plein i § stbereinepid FPyver it ¥r 2 bs18.he summation of the
differences in phenotypic val ues between organisns in said plurality of
organi sns that do not share the sane haplotype in said 30 hapl otype bl ock

48 WD 20042067728 RetholIORORHM O 9dEein a dfocifltRndRs 1066k 18fsaid| AL B} oher ei n

scoring said hapl otype bl ock conprises assigning a score S, wherein Sis
t he negat i pfcificragaetrdocidagalangthi thotis dass than §dr dftalmegabasenegat ed | ogari t hm of
the ratko: 5 D) and wherein EDint,a is a summation of the differences in
phenotypi c values for organisnms in said plurality of organismthat share

the sanme hapl ot Yhemethos at elaitd phiHeydie a BhREIC geaditt 10 EihiatoRe of Mofche

summati on of the differences in phenotypic val ues between organisns in said
plurality 8ecBicgsnetigigcitnag lwlhbﬁtwgw\ﬁgﬁ nwegahese an). o megabases. sai d

hapl ot ype bl ock 16. The nmet hod of claim 15 wherein EDint,a or ED "te, is
raised to a power. 15 17. The nmethod of claim 16 wherein said power is
1/z, 2 or 1BD. 1Bhe thishodref ¢laich Divhelei Bjecifitaletétit 1568 ih RSId DAk dr MaRl ot ype

bl ock conprises assigning score S, wherein S is the negation, inverse,
negat et i nWRSF @,gepﬁﬁd??‘ﬁ‘ﬁﬁ?&“gth?@aﬁé&éﬁ’é’@“ll%‘@gﬁ‘?qﬁ?ﬁ of the ratio the ratio:
4113i.w) and wherein EDint. is a summtion of the differences in
phenotypi ¢ val ues for organisnms in

£y 23.  The method of claim 1 wherein said phenotype is diabetes, cancer, asthma,

schizopherenia, arthritis, multiple sclerosis, or rheumatosis.

15 24, The method of claim 1 wherein said phenotype is an autoimmune disorder or a

genetic disorder.

25.  The method of claim 1 wherein said phentotypic data structure is microarray
expression data.

20
26.  The method of claim 1 wherein said single species is an animal, a plant,

~Drosophila, a yeast, a virus, or C. elegans.

27.  The method of claim 1 wherein said single species is mouse or humar.
25
28.  The method of claim 1 wherein said pluraiity of different organisms of said

single species is between five and 1000 organisms,

29.  The method of claim 1 wherein said plurality of different organisms of said

30  single species is between ten and 100 organisms.

30.  The method of claim 1 wherein said plurality of different organisms of said

- single species is between 20 and 75 organisms,
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25 said plurality of organismthat share the sane haplotype in said
hapl ot ype bl ock; ED " te,{is the summation of the ditf ferences i n phenotypic

val ues bet or isns in said plurality of organisns that do not share
t he sane h‘é@?’:}?%"é%ﬁ said haplotype bl ock; and EDi "t m BeT/EEJ004M229 g

rai sed to a3howeThe m&fod S 20 [ US2004/ 002293 19. The net hod
of claim 18 wherein said &omerzl’%g@%g%%ﬁ PUPIBNEThe net hod of claiml

wherein a speci f@selseting 4 baplmgpesinisaidak dr 810 Bl 1o b tic |loci
has a Iengt(pfhtagﬂ ieijll §s€ than 0.5 of a ne abasped.-me 21&9'ﬁrﬁéeaidr7@%lﬁl§§eof claim
| wherein a specrilce Gehating 4 & sGoge thap all enmosrothes heplotype blotksingenet i ¢
lloci has a sahglhfaliBedrMesiBtyRe Blogks: @ NMegabase and 2.0 negabases. 22. The
method qQf claim 1l wherein specrfic genetic locus in said one or nore 10

speci fi genetic{“)%liefalﬁasaaed%dﬁyyﬂ’la}blbaﬁaeh&plfsﬁﬁidih@g]e&&cﬁ?gﬁﬁgses 23. The
met hod of ?ﬁ%t%i%d\ﬁﬁ%fihn sai d gheno(iy‘oe i's diabetes, ‘cancer,” asthnma,
.schi zopher éhi a- P arERr T & OTEIRsHs i1 eid Plugilisy pEdifisrent orgamsmosfi ssid sigl@4. The
met hod of Gbmimtﬁat\dﬂ@fepfe@erﬁe’ﬂiﬂsﬁhﬁﬁﬁlb?@g. i s an aut oi nmune di sorder or a
genetic disorder,. 25. The nethod of claiim1 wherein said phentotypic data

structure is ni éHipsgariagy hapietype bkickiin sidl secoR@hri? hapldt ep,hal Lbrigg ai m |
wher ei n sai | jes is.an animal, a plant osophila, a yeast, a
virus, or é\?brgﬁeggﬁgasé g%fmn?l lécerl?gﬂﬂ‘??& vgpatigngiinsald phraespie detd drustung | e speci es
i s nmous@ orndvariations RASaidhaplbhpeBRicRod of claim 1 wherein said plurality of
different organisps of, said ‘single species is between five and 1000

organi sms. 29. TRLICREANRS §2id peasingistapi(iinier edch hapibtypp blecialn dajd Rbosliafyf er ent
n_and 100 organisns. 30.

organi s gipis@bhé ' ies is betweep t
Tﬁ% et hod_of &?\b a?lﬁﬁ%hm‘ﬁ?’é‘?%ﬁ?%%&ns Curers ORI Hlods ganns s of sai d
si ngl e spebgties séage Han wl ethe? Baplaigp &/ Blol i Rhig '$condary haplotype map; and
(V) constructing a biological pathway for said species that includes (a) a locus
15 in the haplotype block from the haplotype block from which said haplotype was

selected and (b) a locus from said one or more secondary haplotype blocks identified
in an instance of step (iii).

32, The method of claim 1 wherein said phenotypic data structure represents

20 measurements of a plurality of cellular constituents in said plurality of organisms.

33.  The method of claim 1 wherein said phenofype data structure comprises a
phenotypic array for each organism in said plurality of organisms and each said
phenotypic array comprises a differential expression value for each cellular

25 constituent in a plurality of cellular constituents in the organism represented by said
phenotypic array, and each said differential -expression value represents a difference
between: '

(i) a native expression value of a cellular constituent in an organism in said

plurality of organisms; and

._3_0 ‘ (ii) an expression value of said cellular constituent in said organism after said

organism has been exposed to a perturbation.

= 34. The method of claim 33 wherein said perturbation is a pharmacological agent.

Sl




50 WD 2004/ 067720 PCT/ US2004/002293 [ 31. The nethod of claim1, the
met hod further conprising: (i) selecting a haplotype in said one or nore
hapl ot ype BY@aR40G7i20said plurality of hapl otype bl ocks m@avidshieester
score than |_.or npst other hapl otype blocks in said plurality of
hapl ot ype blPockE methqd iiclaimddrahereiy said petanbationyis hahémicyin®nifdand Or sai d
singl e specj I pi-¢. dat a the organisns in said plurality of
di fferent 3a§§ﬁ%§hn§&gg£§ge?§%§f%ﬁfﬁ’anéb@i})@@""ﬁghat are represented in said
hapl otype; (iii) scoring a haplotype block in said secondary hapl otype map,
said scori n)% re@%esenti ng a correspondence between variations in said
phenot ypi ¢ “Fat a SeMFEhodret claim 1awkereiamnarganism inrsaslailorahigreii@entbl ock; (iv)
repeat i g LAhs i tii.) for each | ot ype bl ock in said
secondary Sﬁgaﬂlll%fsg %g Hgmg%%leﬁs(gide%%gi? a%eﬁtﬁffayffﬂgﬁaﬁ%ws derpddroye a seabey

hapl ot ype tsif saitt sinplevspendespor Hedlt @ltuss@iRed Hof said'mahi?&rof%ﬁ'sﬁ pe blocks in
sai d secondary hapl otype map; and (v) constructing a biological pathway for
sai d speci é‘gec%l%at includes (a) a locus 15 in the haplotype block fromthe |
hapl ot ype bl ock from which said hapl otype was selected and (b) a | ocus
fromsaid one or nore secondary hapl otype bl ocks identified in an instance
of step (iB¥). 3hemethedwEtiin | oFheedinhMploWpebRICR if &id 19%25?{,#@ ¢ data

20 measurenents of a plurality 1()) C ul ar

struct yge resent _ a
consti ltlj ﬁen?@ﬁ?‘iéfp%ﬁl.@“pqowgﬁ?wplafalw ofrastaetion fragenenT lengthgtohonbrplisab,ai m 1

wher ei N Sa@crBHedH Yiek onprises a enotypic array for
each organismin said pff;%trsg?lﬂeg}ﬂg%ﬁ%lr%ga%hl H%mSi%lgghgﬂy’E%%ﬁnﬁh‘érnotypi c
Aarray conpPNemethylatipfizer ent i al ~ expr essi on val ue for each cellular 25
€onstituent in a plurality of cellular constituents in the organi sm
represented by said phenotypic array, and each said differenti al

expr essi on38 al gembeRr hSnrddgiif ] : . 2. (1) a,native expression
val ue gﬂsa cel | ul gr cgﬁg{ai t%en?étifélle%s%%grgogné]%{%rgﬁqﬁ?ﬁmsaaﬁ PUT QYT e of

or gani ; PRI Pragriny peavluskesmengisinga coatpueeroéadablc dizgde mbdiim@aMst i tuent in

sai d organj i Qr.gani s, been, exposed to a perturbation. 34.
The net hod: %@”@‘ﬁ?‘?ﬁrﬁl“%ﬁ}éﬁr"éﬁqﬂ e@i%%é?‘i‘ﬁf’b@? FORPRLET Brogriat machahisyi cal

agent. 5lcomprising:

a genotypic database for storing variations in genomic sequences of a plurality
of different organisms of a single species;

20 a phenotypic data structure that represents a difference in a phenotype
exhibited by said plurality of different organisms;

a haplotype map that comprises a plurality of haplotype blocks, each
haplotype block in said haplotype map representing a different portion of the genome
of said single species; and

25 a phenotype / haplotype processing module for associating a phenotype
exhibited by said plurality of different organisms with one or more specific genetic
loci in the genome of said single species, said phenotype / haplotype processing
module comprising a phenotype / haplotype comparison subroutine, said phenotype /

haplotype comparison subroutine comprising:

30 instructions for scoring a haplotype block in said haplotype map, said scoring

- representing a correspondence between variations in said phenotypic data structure
and variations in said haplotype block: |
instructions for re-executing said instructions for scoring for each haplotype

block in said plurality of haplotype blocks in said haplotype map; and
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WO 2004/ 067720 PCT/ US2004/-002293 35. The nethod of ,cl ai m 33 wherein said
perturbation is a chem cdl conpound havi ng a nol ecul(ar wei ght of less than
1000 Daltons. 36. The nethod of claiml1l wherein an organismin said
plurality oVOdM¥%i@ht 5 organisns is a menber of said sPREUS084HMEI8s, a-
cellular tissue derived fraoma nenber of said si ng’[ée species, or a cell

culture derived fHEHFEES doridentifring pneer rors haplptype blpsks wsaidpturatitief net hod of
laim1l wh b K. i | | f. 10.h t bl ock
Compr 1 see. o EhOtBe BRRLCRABE Dbtk scolt AL 1 B Rl Hiodks i PR PLIAES ' O

m crosat el | iof bapletypeblogksshort t andem repeats, sequence | ength

pol ynor phi sms, or f DNA nethylations. Li 38. A conputer program product
.for use in conjunction with a conputer system the 15 conputer program

product sonpei si ﬁw | -0r i n Q er

pr ogr am nmechani ;s%g%%rgd e %@r@?ﬁm ﬁ%&%gﬁ%\? Iéégglgragﬂgyp g’ﬁ&ﬁ%&%‘%ﬁgg&ﬁﬁ&

-conpri si ng: PArgiyof aplayphlatasembrises atphirality of eonsetutbRSingle QeOHile
sequences oé l?'gl%l rality of different organisns of a single species; 20 a
phenot ypi ¢ QHORYIRY ur e t hat represents a difference in a phenotype
exhibited by said plurality of different organisns; a hapl otype map that
conprises a plurality of hapl otype bl ocks, each haplotype block in said
hapl ot ype r’rﬁ‘g r e phesunputergregrainfpreduenof gmt I9omhaéinteheh gegiomeclemidesai d

single ecj. es; 25 a. phenot / .hapl ot ype pr.qcessi ng.nmodul e for '
associ a (?ngbgﬁ %lﬁ@]gﬁ%l esalog?ﬂp(‘gﬁégﬁo%ﬁ ?&”’di’ %‘I%[FFE‘I’IH@FWG afs F02lSr gani sms
Wi th one or nuahceids pelirokshigr RetdiChapl e BB he genome of said single

_E%gci es, said phenotype / haplotype processing nodule conprising a

phenot ype / hapl ot ype conpari son subroutine, .said phenotype / hapl otype
conpari son br I _ 1.SLNa. instructions for, scari a hapl ot ype
bl ock in saiﬂé hggjlt‘%%bsndgu?@%égsr éIgl%crio dglgto?f:ﬂ'ciaém%e ]?eéglgﬁ?ﬁdﬁgre%oécgﬁﬁt@gﬁdgdence
bet ween varlesst thamtenimegabasds. phenot ypi ¢ data structure and variations in

said h otype bl ock; instructions for re-executing said instructions for
scorin or each haplotype block in said plurality of hapl otype blocks in

sai d hapl otyne MRy cARfhier program product of claim 40 wherein said threshold distance is

less than one megabase.

43.  The computer program product of claim 38 wherein a haplotype block in said
20 plurality of haplotype blocks represents a plurality of haplotypes and less than a cutoff

percentage of the haplotypes represented by the haplotype block appear only once in
said haplotype block.

44.  The computer program product of claim 43 wherein said cutoff percentage is

25  in arange between five percent and thirty percent.

45. The computer program product of claim 43 wherein said cutoff percentage is

in a range between fifteen percent and twenty-~five percent.

30 46.  The computer program product of claim 38 wherein said phenotype /
haplotype processing module further comprises a haplotype map derivation
subroutine, wherein said haplotype map derivation subroutine comprises

instructions for generating said haplotype map using said genotypic database.
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4 52 WD 2004/ 067720 PCT/ US2004/ 002293 instructions for I dentifying one or
nore hapl otype blocks in said plurality of hapl otype bl ocks having a better

score than wbhoQldene hapl ot ype bl ocks in said plurality pgfybaplabxie
bl ocks. 5 39. The conputer program product of claim 38 wherein a hapl otype

block in sa® piThe @dﬂl}ﬁl}texcﬁr%gﬁ«mp%dﬁl@ﬁofmwﬁﬂ% WREB stRSn@rielittsabt ty of
consecutive single nucleotide polynorphisns. 40. The conputer program

product of &GFKIMISFOWRESLI n each single nucleotide 10 pol ynorphismin said

nucl cot | de pol yntt Sl R BRI Crip bRl GBI H MR E AT progr am
product of of ainsechfivoingleinncisaidd polynRepiabes dilktan el sngld RivdedtiBan ten

megabases. 15 42. The conputer pro]%r am product of claim 40 wherein said
t hreshol ¥ dPYyBAERISHRin ﬂag@ﬂ@lﬁ@m hapletype jlook sewithia a tieshadd distanes ofpr ogr am

product of | N L. £ bl.ock.i.n sai.d 20 plurality of

hapl ot ype b o@égsr glp?\r,ﬁeﬁggeg@e Igd{)}ﬁ ﬁ#gﬁsﬁﬁﬁ S%‘fl cﬁ%%ﬁ%?;‘ﬂ%]gtygﬁglof’ s than a
cutof f  percent a® im;trut:ilitﬁlsffam:ssigmiigasé&@t@m&ﬁﬂidayelﬁdpﬁ}wl&&ype bl ock
appear only once, jn said haplotype block. 44. The conputer program product

of clai m 43 wher @hngiciopyfopre-eisaiting sallgastructiopsior ideatifyipgrndiserdneen five
percent and:,thi I . . t rqduct .of claim43
wherein saiI E@%{t{gﬁ ﬁg%&@%ﬁ’t’%‘égﬂ Fl-s[Bg?sﬁquﬁgg%égﬁﬁéﬁnﬁ?@ﬁ%%EH&)per cent and
t went y- 0 vegepetypandatabdfe Kbre b¥heidemified] thereby ogiating psadfandiefardddai m 38

wherein said enqtype / . _hapl otype processing nodule further conprises a
hapl ot ype n@ﬁB@@Wﬁ\%}?’FW bl%cggrouti ne, wherein said hapl otype map derivation

Sad genot ypi o, dupanseBRbiUg (e B SRELBItine el 3 st Bl SRl " e ™
conput er pridoekakaviraabie bighest sedraimihd 6etwif earefiduts Aiglotypsblodat i ons f or
generating Comordvf fHstructions for removing from said set of candidate blocks said selected
15  candidate haplotype block and each candidate haplotype block that overlays all or a
portion of said selected candidate haplotype block; and
(vi) instructions for re-executing said instructions for selecting and said
instructions for removing step until no candidate haplotype blocks remain in said set

of candidate haplotype blocks; wherein the haplotype map comprises each candidate

20  haplotype block selected.

48, The computer program product of claim 47 wherein said score is a number of
single nucleotide polymorphisms in said candidate haplotype block divided by the
- square of a number of haplotypes represented by the block.
25
- 49.  The computer program product of claim 47 wherein said score is a number of
single nucleotide polymorphisms in said candidate haplotype block divided by a
number of haplotypes represented by the block.

30 50.  The computer program product of claim 38 wherein said instructions for

scoring said haplotype block comprise instructions for assigning a score S to said

haplotype block wherein
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(i) instructions for identifying a candidate haplotype block having a
plurality of consecutive single nucleotide polynorphisns, wherein each
singl e nucl eotide 5 pol ynorphismin said candi date hapl otype bl ock is
within a thVOSHWY Bst ance of another single nucl eoti dBCEBIINHPEM3Sm i n
sai d candi date hapl otype block; (ii) instructions for assigning a score to
sai d candi date hapl otype block; (iii) in Qzﬁmﬁi ns for re-executing said

instructions for identifying and sai 3= -} tipns for assigning until all
possi bl e candi dat e hapl ot ype bl ocks in sa “genot ypi ¢ dat abase have been
identified, therghy ting a set of undiscarded candi date hapl otype

bl ocks; (iv) instructrons for selecting for the hapl otype nap a candi date
hapl otype bl ock 3@yl | I E - ' pl ot ype
bl ocks; (v) instructi g%ssru?%}alﬁ?gEg%r%ﬁ%?%ﬁﬁk?a?%ﬁggﬁfco@hggn i cri%ﬁes%lhgcks

sai d sel ect egid phfalityndodahismithytishiry ke ahedephigphedrsdid basdiydablchapk ot ype

bl ock that overlays all or a portion of said selected candidate hapl otype
bl ock; afd (vi) Sﬁ%ftter §dhe smm4ton of sheedifferencesgn phéndtipicvalersthicovesnf or
selecting and said. in tl'u 1i0ﬁs far r%rmvi ng Etep until no candi dgte

hapl ot ype bCOEREMSINEN PIurly prorgamisme that doy APl hare thimethrplotpede e wher ei n
t he hapl ot yhgploBpe 6RERI I Ses each candi date 20 hapl otype bl ock sel ect ed.

48. The conputer program product of claim 47 wherein said score is a nunber
of single nucleotide polynorphisns in said candi date hapl ot ype bl ock

di vi ded by e [ f a nunmber ,of ] 0 s represented by the bl ock.
25 49. The %gnpu?§§aﬂﬁ%ﬁﬁaﬁP%ﬁﬁéﬁeﬁﬂﬁPfaﬁg?%?5%ﬂﬁﬂ5$&ﬁﬁ#§&#@ﬂ% bre is a
punber 96 siongbeomptibeabintdionoloy ARSI cdrdS S04 Rt pabischarirety pe
block divided by a nunber of hapl otypes represented by the block. 30 50.
The conput er program product of claim 38 wherein said instructions for

scoring said hapl otype block conprise in Ejuct 3ons for assigning a score S
0

-to said haplotype block wherein 54 WQ_ Po67720 PCT/ US2004/ 002293 S -
| og and wherein EDint,a is a sunmation fZHbgﬁ,l i fferences in phenotypic
val ues for organisnms in

and wherein

2.Dimra is & summation of the differences in phenotypic values for organisms in
15 said plurality of organism that share the same haplotype in said haplotype block; and
2Diyter is the summation of the differences in phenotypic values between

organisms in said plurality of organisms that do not share the same haplotype in said
haplotype block
v 20 52.  The computer program product of claim 38 wherein said instructions for

scoring comprise instructions for assigning a score S, wherein § is the negation,

inverse, negated inverse, logarithm or negated logarithm of the ratio:

S5

ZDjura is 2 summation of the differences in phenotypic values for organisms in

25 wherein

| said plurality of organism that share the same haplotype in said haplotype block; and
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said plurality of organismthat share the same hapl otype in said hapl otype
block; and 5 EDi "ter is the summation of the differences in phenotypic

val ues bet wagtmooogar snms in said plurality of organi snms gdiats26k008b3 shar e
the sane haplotype in said haplotype block 51. The conmput er program

product of clal 38 WRE ShiimaRdhr RE bitkfent ﬁﬁhélf id vatleshBRERO compri se

instructions for assigning a score S to sal ype ock wherein S
~Dna , - Di t edrganisngd e saliedhehlity BDofganamsshaadstﬁmaﬂeQﬁe Qimd gl fdfigsaidces in
phenotypi c val ues for organisns in 15 said plurality of organi smthat
share the dwpltypgdleskype in said hapl otype block; and ED;,,te,. is the
summati on of the differences in phenotypic val ues between organisns in said
plurality of organisns that do not share the sane haplotype in said

hapl ot ypge b30ck B dedputtl BroefiMPploRlctRIFRIA B &n@mzm%&mmr%&mmr ein
said instructions for scoring conprise instructions for assigning a score
S, wherein tBaippwehe negation, inverse, negated inverse, |logarithmor
negat ed | ogarithm of the ratio: Y,Dinter-) 25 wherein ED;,,t. is a

summat i on of the differences in phenotypic values for organisns in said
plurality or i [ . i ype

Bl ock: and 55 v So0RSonrBLRer IR S5 e 3 i e ! B 2R Y
sumation of the differences in phenotypic values between organisms in said

pluralit ni sns that do not, sh ane ha ofype in said

hapl ot Yo Bock aRs3TPYAE PRBHBLPRR oS il PO S TeIHARRSY” wher ei n
EDinca or ERhiedaid Rapl@tyslock! @nriR Wakructshs. fa;"'h@m%ﬁﬂ%ﬂtsé‘dre@r QMERM Product
pf, claim53 wherein said power is th, 2 or The conputer program

'
fproduct of xs;tkaumasamm@eree,mesﬁcculrwnrge,rigganthn orocgatesidggarﬁ@mﬁuthp 18891 ot ype
bl ock conprise instructions for assigning a score S, wherein S is the
negation, inverse, negated inverse, |ogarithmor negated | ogarithm of the

ratio: C~IDnterl~ ZDintra
' (Z‘Dinlﬁr)

15 and wherein
X Dipra 15 a summation of the differences in phenotypic values for organisms in
said plurality of organism that share the same haplotype in said h'aplotype block;
2 Diner 18 the summation of the differences in phenotypic values between
organisms in said plurality of organisms that do not share the same haplotype in said
20 haplotype block; and

Y 2 Distea OF ZDjner 15 raised to a power.
56.  The computer program product of claim 55 wherein said power is 2, 2 or 10.

25 57.  The computer program product of claim 38 wherein a specific genetic locus in

said one or more specific genetic loci has a length that is less than 0.5 of a megabase.
58.  The computer program product of claim 38 wherein a specific genetic locus in

said one or more specific genetic loci has a length between 0.5 of a megabase and 2.0,

.30 megabases.
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15 and wherein EDintra is,-a summation of the differences in phenotypic
val ues for organisns in (sald plurality of organism'that share the same

hapl ot ype i | ot ype bl ock; EDinter is the sunmation of th
di fference ‘Qpﬁ%ﬁﬂgﬂﬁﬁypl c val ues between organi sns in saPHTfﬂﬁ%?Pﬁ?qz%%? of

organi sns t bat not share the sa e in said. 20 hapl ot ype bl ock;
ang } EDi nt Eg ;gogrgmgé%c[{{%g g‘ﬁ &/ﬁ wheggin &ﬁﬁ’émﬁ%ﬁiﬂﬁlg?ocﬁ%/gbram
product of Edl@'oﬁé &%Mes gdlff?c %&fﬂeﬁc mmgsauén%mam%legstgr& 10 lag{geﬁzse The

conput er program produc alm 38 whereln a specific germetic |ocus in
said one or nore specific genetic loci has a length that is less than 0.5

of a negaba The conput er duct .of claim 38 wherein a
-specific geﬁ@tl C%ﬁ%gfa‘gpqtqpr F‘Bp&} g?&%ﬁ’é P SRIUPARAYRE B oci has a

| engt h bet WeiRBetBs, 2after astiRE 2RH 067720
PCT/ US2004/ Canaey rien At %%ﬁ?%&agoagtggnpp]r[g%fugtgﬁ Srosis Ut G D0 720

"specific genetic locus in said one or nore speC|f|c genetic loci has a

l ength that .js I ess than 10 rre r .program product of
i a'm 38 whbl-ei n T BaPTE AR e Pratict of ik wSB araanr i Tl

schi zopheremtaumﬁﬁﬁem}gdrﬂﬁora%leﬁdngldeso@d‘ér_er05|s or rheunatosis. 61. The
conput er program product of claim 38 wherein said phenotype is an

aut oi mune di sorder or a genetic disorder. 10 62. The conputer program

bxpr oesiEn G4t o THOGHEAS pA R RAEIETb R & B A WEMEERic s whor el n”
sai d si ngl estapeatt &smickoaplly coytes¥in, daga. pl ant, Drosophila, a yeast, a virus,

er, C. elegans. 15 64. The conputer program product of claim 38 wherein said
§17th e species is nouse or human. 65. The conputer program product of

cl aim 38 ei ' : Hols 'ﬂ%s i.d single
species is bet mﬂgﬁ@#&\}@ ltéél gdéﬁ)%Bp%drug{aé]glcg@%é%l%q?ﬁggggirﬁu S@Fg&eﬁg iriam :
product of alimahrd&nyidosiphilsaidag) avimhs, by Cofleghrh f er ent - organi sns of said
single 1%peci es is between ten and 100 organi sms.

64.  The computer program product of claim 38 wherein said single 'species is

“mouse or human.

65.  The computer program product of claim 38 wherein said plurality of different

20  organisms of said single species is between five and 1000 organisms.

66.  The computer program product of claim 38 wherein said plurality of different

organisms of said single species is between ten and 100 organisms.

25 67.  The computer prograim product of claim 38 wherein said plurality of different

organisms of said single species is between 20 and 75 organisms.

68.  The computer program product of claim 38, the phenotype / haplotype
processing module further comprising:

30 (1) instructions for selecting a haplotype in said one or more haplotype blocks
in said plurality of haplotype blocks having a better score than all or most other

haplotype blocks in said plurality of haplotype blocks;
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25 67. The conmputer program product of claim 38 wherein said plurality of
different organisnms of said single species is between 20 and 75 organi sns.

68. The compotzerspTgr am product of claim 38, the phenotypeusonapkmtype
processi ng nodul e further conprising: 30 (i) instructions for selecting a
hapl ot ype in sai di)dnsruotiomsfoegdnating ¥ pecohdarg kaplotype fap dordald angid y of

hapl ot ype bl ocks having a better score than al]l or nost other ~ hapl otype
bl ocks in séwlemualfl&gﬁ?%ﬁm? dafa frrdhs preanpme lssaidsptunality\ab dfifentosgansms

PCT! (520041 90488 nale bbdcids Ak kb aldih HSRGIBLHA0 @ Secondary hapi ot ype
map for said si ngI% speci es usl ng genotypic ’or the organisns in said
plurality of dif{ig) mstrusiogafur sewingafhaphigheblowglie sadekbosary haslogpe
representjed in sajd haplotype; (iii) instructions for scoring a hapl otype
bl ock in saﬁﬂps@tdosf?&a? TORESSPR NG eorissparpence betvese wariatigns ek ent i ng a
corresponde MREIraL s L i i.¢. data structure and
vari ations Pﬁ‘q‘é’g%d’\ﬁﬁﬂf ot yggﬁ%ﬁzﬁ%h&?ﬁg)sgfiﬁgﬁr%ﬁ@%?ﬁg)ﬁg for re-executing said
i nstructions for (i¥ciostrusgiofs for ye-Execuidicdaid ihstplotibyyfer kopinl (i) fisradach secondary

hapl ot ype t herehy. identifying ope or nore _secondary hapl otype bl ocks
havi ng a bgﬁ{)ﬁé?ty%%lxogy't“f?&‘rﬁi S&qu}ééfyﬂ@{]%ﬁﬁl%%ﬂyﬁﬁr@ﬁ’ ITYIRS onQOBE secondary
hapl ot ype ngd; hiploty] ' ' j | &ak, pat hway
for said speq?g?afha%‘ ty?n?lbﬁ%éce%b?g)% gﬁ?%%ﬁ@%@%&“ﬁfa}%?@%%ﬁ@ fromthe
hapl ot yp@ bsasd kecondary Wriletipsmap andapl ot ype was sel ected and (b) a | ocus

fromsaid one nore.or nore_.secondar. apl ot ype, bl ocks identifjed in
i nstances of sai {}’?i“}%r{l?tl?é’? f%ﬁ?ngﬂftlg%ﬁgloﬁcbgl %{B?tﬁ“."’?ﬂ rggid S??f%esctbﬁput er
PROQr am pr ofigRide(a) & ltun3Be Mt%t?}pcf‘bl%é‘lt ﬁ?mf(}ﬁ'@}aéﬁr&yﬁe Blatafrosl wMMeh M@

tepresents neasurenents of a plufality of cellulaf constituents in said
plurality ohapetypmwansslected and (b)recus said ope mgreamnmurederendal cl ai m 38

wh [ [ -gat. truct j henot ypi f ‘
each or gani SRPCOER i et B el Br R B SR BB B hnanot ypi

array cbhprises a differential expression value for each cellular
constituent in a plurality of cellular constituents in the organi sm

represent ed®by sEICPNEIRSPYETEM Arqdgt of shdmS8cvhesein gaidiphenatemie Hath expr essi on

val ge structure represents measurements of a plurality of cellular constituents in said

plurality of organisms.

20 70. The comf)uter program product of claim 38 wherein said phenotype data
structure comprises a phenotypic array for each organism in said plurality of
organisms and each said phenotypic array comprises a differential expression value

) for each cellular constituent in a plurality of cellular constituents in the organism
| represented by said phenotypic array, and each said differential expression value

25  represents a difference between:

(1) a native expression value of a cellular constituent in an organism in said
plurality of organisms; and
(ii) an expression value of said cellular constituent in said organism after said
_ organism has been exposed to a perturbation.
30
71.  The computer program product of claim 70 wherein said perturbation is a

pharmacological agent.
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25 represents a difference between: (i) a native expression value of a
cellular constituent in an organismin said plural i(ty of organi sns; and
(ii) an expression_value of said cellular constituent in said organi sm
after said ﬁ'@rzégﬁ&g?ﬁohas been exposed to a perturbati on. PGHUF2004/483203
comput er priagr ariticostyater plosepraui ALIRHET O hieth ARI SHiAkbAN d S 2

phar macol ogi cal agent. 58 WD 2004/ 067720 PCTI US2004/ 002293 72. The
conput er pr%@fr“ cReRapad haying g glolrcyler weigheoflessahan W9pMltons.i on is a
chem cal compound having a nol ecul ar wei ght of |ess than 1000 Dal ton. 73.
The conput er program product of claim 38 wherein an organismin said 5
plurality dB.diﬂmemeﬂ@umf?ﬁ@kﬁﬂpnﬂﬁxafﬂsm@ﬁgv&ﬁmﬁﬁﬂﬂ&xg&ﬁgﬁﬁj§@£CieS, a
cel lul ar tipisg@ fDgeri ved froma nenber of said single species, or a cell
cul t ur e >de Ry of gHfaent praanisms éy a wember of saidminzle speeies, esellular tisie conput er

Pf Opr am Pr dd bl bl b MR LELE AR SRR L fRdaial? PR Y

©of hapl otype b S conprises a Ity of res fent | ength
pol ynor phi smegpbermiof sad siglelspéctesmmar ker s, short tandem repeats, sequence

| ength pol ynorphi sns, or DNA nethyl ations. 75. A conputer system for
associ ating a phenotype exhibited by a plurality of 15 different organi sns

wi th one orgnor @hé@@ﬁgﬁﬂe{;{n%g&ﬁ{ hibalP G clﬁian‘@%hQr%ﬁPJ‘i’Fap?Jtypfe_ 5ibiGh GaidSPEC! €S,
the conputer system conprisFng:” a central processing-unit; a nmenory,
coupl edOt o phnality efihaplbdiype bloelkssionmprisesiat plurtity ofeestrigtiont feuginest leagthenot ypi ¢

dat abase for, stori.ng variati.ons i enon ¢ sequences of said_ 20 plurality
of di ffereﬁ?iygpégﬂf’@?nim@fos%tﬁl It ‘Q?rﬁﬁfgesgg’ﬁé@dé@ﬂe%eaﬁﬂﬂé‘?%f"}ﬁ?ﬁ‘é“g@ht a structure

that repr eseRhrhisthé, 'R DN GieliflaBopEN0t ype  exhibited by said plurality of

di.f ferent organisns; a haplotype map that conprises a plurality of
hapl ot ype bl ocks, each haplotype block in said haplotype map representing

phenot ype 7o hascBiie sy SR ratapBrc e Binad by ABRFRE B oty o
15 different organisms with one or more specific genetic loci in the genome of 2 single
species, the computer system comprising:
a central processing unit;
a memory, coupled to the central processing unit, the memory storing:
a genotypic database for storing variations in genomic sequences of said
20 plurality of different organisms of said single species;
a phenotypic data structure that represents a difference in a phenotype
exhibited by said plurality of different organisms;
a haplotype map that comprises a plurality of haplotype blocks, each
haplotype block in said haplotype map representing a different portion of the genome
25  of'said single species; and |
a phenotype / haplotype processing module, said phenotype / haplotype
processing module comprising a phenotype / haplotype comparison subroutine, said
phenotype / haplotype comparison subroutine comprising:
instructions for scoring a haplotype block in said haplotype map, said scoring
30  representing a correspondence between variations in said phenotypic data structure
- and variations in said haplotype block; and
| instructions for re-executing said instructions for scoring for each haplotype

block in said plurality of haplotype blocks in said haplotype map, thereby identifying
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processi ng nodul e conpri sing a phenotype / hapl otype conpari son subrouti ne,
said phenotype / hapl otype conpari son subroutine conprising: instructions
for scoringvazztapbotype bl ock in said hapl otype map, sai dcs@gFingz2930

representing a.correspondence bhet n riations i aj d.phe pi c data
structure O Tdieiaplogipe sy s ydﬁiﬂrlaﬁ%y‘f@%ﬁ’%’l? ;b?affﬁﬁlh?‘ﬂlga ? E‘gﬁ{ons for

re- execut i f@rembal all et UEFIHIYPSbIbENS i6 8418 iphBalii9lof RAftbyPambetype bl ock in
said plurality of haplotype blocks in said haplotypé map, thereby
identifying. 59 WD 2004/067720 PCT/ US2004/ 002293 one or nore hapl otype

bl ocks in said plurality of haplotype bl ocks having a better score than all
ot her hapl otype blocks in said plurality of haplotype bl ocks. 60
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