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10
Technical Field
The present invention pertains to a novel population for genetic mapping,
methods for generating the disclosed population, and methods for using the
disclosed population for efiicient identification of genetic loci that modulate a
15 phenotype. Methods are also provided for identifying an interacltion between
genetic loci and non-genetic factors that modulate a phenotype. Further,

methods are pravided for defining epistatic relationships among genes or gene

networks.
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The potentia) ability to link a trait with the genes responsible for that trait
provides opportunities for new diagnostics and treatments of genetic diseases.
A currént challenge in methods for gene mapping is identificatiors of complex
trait loci. Routine approaches havé largely failed to identify genes for complex

20 traits and often yield disparaie findings. A major obstacle lies in achieving fine
mapping resolution for the detected loci.

The genetic component of many complex traits is oligogenic or
polygenic, each contributory gene having e modest effect. Although the
individual effect of a singte gene is small, interactions with other genes and/or

25  environments substantially contribute to the manifestation of the trait. Afailure
o recognize and accommodate 'such interactions in genetic mapping
approaches can mask the effects of individual genes. Existing strategies for
gene mapping generally rely on large sample sizes that achieve low genetic
noise or renewable inbred populations that achieve low environmental noise,

30 butnotboth. Additionally, such populations do hot reliably consider phenotypes

modulated by both genetic loci and non-genetic factors.



Geneti c mappi ng anal ysis conprises progressive resolution of target gene
detection. A typical experinent enploys linkage analysis of the target I|oci
and genetic pol ynorphisns. An initial genome-w de scan is generally4; 705
conducted using a two-generation backcross or intercross. The pr ogeny are %
genotyped to define an appr oximately 20 cMinterval, or about one-quarter of
a nmouse chr ono@E&* % n which the target loci resi des. A np/USHEAP on is
then estinmated using interval mapping or variations of the t echni que,
wherein |inkage analysis is perforned usi n'%' addi ti onal genetic
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effects, when a resoPEl"t"?rd?l deigt 9BR8YE AT WibePallsefienp Ut 8RGIIeS nfttewnhen
extensi ve resources tesolatuhomppidainelutrmstiectvegseasypiigeSR)y @codralhani prégenk 2
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defined, and an optional subsequent round of analysis evaluates recombinants

within the smaller interval. This approach is effective for trait loci with large

effects, when a resolution not beyond about 5 cM is necessary, and when

extehsive resources to accommodate many crosses are available. An F2

mapping population offers limited interpretation, however, because it is non-

25  regenerative and does not consider phenotypes modulated by environmental
variation.

Recombinant progeny testing entails genetic mapping using a population
generated by backcrosses. Individuals carrying a distinguishable recombinant
chromosome at a region of interest are crossed to one of the parental strains to

30 determine the location of the target loci relative to the recombination point. This
is an efficient method for identifying loci having dominant effects, but fails to

consider modulation by genetic variants found in a diverse population.



Anot her genetic mappi ng approach enploys interval -specific congenic stains,

which are strains that differ fromone another only with respect to a snal

chronmosomal segnment. According to this nmethod, reconbi nant progeny are

first selected based on a reconbination event within a known interval |l MBY 2005

Secondarily, R@gepp{pant i ndi vidual s are backcrossed to @cpaégMforsStrain

several tines to elimnate alleles fromthe donor parent strain at al

other loci affecting the trait. Progeny aje then intercrossed, and
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genetic mappi ng st udi eST Hfzcog/n man lr% egre aLon {'est ?Fﬁngjl’) IS af'jso cagp Ibpgof
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wever , envi ronne ects cann ef n ince the _
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2005 WD 02/ 44422 H@V\M%f%&t@%t%&? or backcross population since it was previously

20 mapped to the vicinity of a recombination site in the recombinant inbred line.
The location of target loci is described relative to the recombination site. A
panel of Rl strains is considered, and the collective results map the loci to a
small interval defined by the relevant recombination site of each recombinant
inbred line. After backecrossing or intercrossing the F1 population, each animal

25 has a unique recombinant genotype that cannot be reproduced by natural or
assisted mating.

ideally, genetic mapping studies employ a population having maximal
genetic diversity, such as a natural population, and the same population can be
evaluated in diverse environmental settings. Natural populations encompass

30 individuals that are genetically diverse and each genotype is unique. However,
environmental effects cannot be efficiently controlied since the unique

genotypes cannot be reproduced by natural or assisted mating.



Thus, a current and long-felt need in the field is the devel opnent of nore
mappi ng strategies that are nore efficient and offer inproved power to
detect conplex trait loci and inproved mappi ng resol uti on. The present
invention discloses a novel nmapping population for ultra-high resa UtMApr)Q;
genetic napanq 2. of any trait, and thus addresses the current and |ong-felt
need in the art"Pé¥*the’ sane. Summary of the Invention TREVBI&&EH!
invention provides a nmethod for identifying.a genetic |ocus 10 that
modul at es a phenotype. According to the method, a renewabl e popul ation of
genetical ly diverse indi viduadusrehtan@ionyietleskdfirthe igenethe Gevamppemgt mofdie
genones of individua i thin ren . l.at | i 'y
di verse individualskgﬂﬁks ?g%%£§m§ﬁ3ﬁ§%§@§%§gﬁﬁgéhgﬁﬂgﬁpp?ﬁ%ﬁ%@%&*
i dentifying a genetieomiexdiad lachand impuehmepingHesoptiem ot Yprresers inyedonr esent
invention further prayiicesaovBRidppilg b&pulatisasiulibiighGesditior dtheficasdpbing bet ween
a genetic |ocus agg.% no tic

[

-gen factor, wherein t interact.,d nodul at es
a phenotype. Acco g™ a'ttdehwwﬁﬁes‘<{§eF‘érﬁeé'EA%{Blloéjgg‘gH}?ﬁFQ%%#f8r?tpe
genetically diverse #amh vi dual s i s generated, and a non-genetic factor is
provi ded to the renewabl e popul ati on. The genones of individuals that 20

di spl ay the phenotype are mapped whereby a . genetic locus that interacts with
t he non-genetic factor to nodul ate gﬁ%ﬂ%ﬁ%&%@#ﬁ@ﬁpg identified. Preferably,

the renewabl e popul ati ofharfresgerietenialproyides ¥ metbed foridentifyihgal genéts lgemer at ed by
a method of the 4gr eﬁ@ﬂﬁodhl@fé@&Flhé?aﬂtypémx%cd%’éiﬁ&tb%%tﬁ@}ﬁ@ﬁeﬁa@kpbﬂﬁ‘dﬂ&r‘mfyl ng an

interaction between a genetic |ocus and a non-genetic factor also
enconpasses 25 i nt er Yc¥BIFENaUIHEE (NS b PRVIPRSL for enelsn™ERISt i§ M§ act or s,
wherei n the i nteracgenomesiachulvaiuels wahipihe naeygige pophlations gerdticaly Biusrsder

provi des a met hod for .i.dent.if % l,St.at | I >t 100 | oci

t hat nodul ate a phen{rgStj'lf/'gg‘i?S t%ék%ﬂ%ﬁ@%‘%ﬁﬁ @g%ea’gﬁeg%n qlérqgrg'gg%%}%?gr enewabl e
popul ati on of genet i ©B&Hs|tRAt geddstestne PRANGYRRIal s. 30 I ndividuals within the
first renewabl e pepul ati e prlasdnt divsmioayurthelp heviodsyp enettice foi dentfyidg ed, and

enetic mapping of s el TRYY i [f 1 i ~t.hat
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wherein the first gepgulaton dgersetitaly Hiobde ROINSHAE generated, and a non-genetic
' factor is provided to the renewable population. The genomes of individuals that
20 display the phenotype are mapped whereby a genetic locus that interacts with
the non-genetic factor to modulate the phenotype is identified. Preferably, the
renewable population of genetically diverse individuals is generated by a
method of the present invention. The disclosed method for identifying an
interaction between a genetic locus and a non-genetic factor also encompasses
25 interactions among two or more loci or non-genetic factors, wherein the
interaction modulates a phenotype.

The invention further provides a method for identifying an epistatic
interaction between loci-that modulate a phenotype. The method comprises
providing a first renewable population of genetically diverse individuais.

30 Individuals within the first renewable population that display a phenotype are
identified, and genetic mapping of such individuals identifies a genetic locus

that modulates the phenotype. A second renewable population of genetically



I ndi viduals within the second renewabl e popul ati on of genetically diverse
individuals are identified. Genetic mapping of such individuals identifies a
second genetic locus that epistatically interacts with the first genetic :
locus to 5 nodul ate the phenotype. The methods of the present inveriti ppy g@n;l
be used for nypplng,genetic loci of any population of dppleddieietraplold,
or polyploid individuals. An individual of a preferred population is an
animal or a plant, or cell derived there girom Mre preferably, the animal :
is a manmal , even nore preferably the 10 manmal is a rodent, still nore
preferably the roddaiverse mdaidagisis eeneratedawleseiolthedst ganetls lacheis Reld ¢aveldniof t he
present invention, ;Rii@a8WHlnehe @@éwba&m@bnefpog@aﬂinl @3deh¥t|cgllyV@V€ﬁ§a
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i ndi vidual s; or g dhRuRRM prehotfel | - |1 nes derived from genetically diverse
i ndi viduals. In one enhodi nent of the invention, the renewable g ul ation of
genetical |y diverse i ndi W‘H’H‘QF%” e PERSETNRANSY CF’P]'Pee‘r's@FJ%QaH@”Q% i nant
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reciprocal pair w %%w%‘am%%@e@ﬁ&d &Bﬁla@n id a‘%“a‘%mﬁ)ﬂ%arh P ‘éeNeB?r%rear €

consi dered, such t [ation o n r econbl nant I'T nes produces a
renewabl e popul at | (fJ'ﬁmofMOfﬁ@F?feF‘)b'M i arireRl & %mal“ﬁ"aér‘?é?’h@Pfee??%’GP‘Mé’?ﬁ of the
invention, the foenam{mhae1s|@omﬂnﬁttstrn®ﬁbr@ﬁrefegamam @aédtys dhveese i ndividuals is

produced by cl oni ng reQr?QPc'oP cewrtﬂ% qu%ls of ez?es!a lnsv'Ealtloln ar%(r%ttaweo embodi ment
of the invention, the renéwabl e I on otrhé) T|
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di verse i ndivi dual @rodﬁ’é@fberna&&ryssmgF&o@blmﬂbr@@wlsq&l.rmmdeénsﬁrb@cmwel of cell
lines is derived fromreconb 11%r?§ldnes (Ce i, nt sSes, reco i nant

inbred Iine backcr 688 Cross'%reﬁ“ Hler ac'one tpo?uq‘T B Obq.ﬁn 0. 30 In
each of the dest@ri ldtsxarsemﬁwp%ﬁt@ @panphéc@wewqrwqfrqnh@enue@c@thshwem%mt “inbred
| i nes preferably cq#piduse. | ess than about 500 lines, and nore preferably 3
MAY 2005 WO 02/44422 PCT/ OSOJbléll4gz; s nvest% t an gb :é 100, }I ne

Represent ati ve reconbi AR50 BB P AT H R INETRg UETEPE PBHE NPt ed to
menbers of the nnug@nqtlpailggwmggndl')(mls @){g;veéhﬂm@)(@ssmg recombinant inbred

lines. In the case of intercrosses, preferably all possible reciprocal pair wise
20 combinations of recombinant inbred lines are considered, such that a
population of n recombinant inbred lines produces a renewable population of
n(n-1) individuals.
In another embodiment of the invention, the renewable population of
genetically diverse individuals is produced by cloning recombinant individuals.
25 In still another embodiment of the invention, the renewable population of
genetically diverse individuals comprises a panel of cel! fines derived from
genetically diverse individuals. Preferably, the cloned population or the panel of
cell lines is derived from recombinant inbred line intercrosses, recombinant
inbred line backcrosses, an F2 population, or a natural population.
30 in each of the described embodiments of the invention, the recombinant

inbred lines preferably comprise less than about 500 lines, and more preferably



The reconbinant inbred Iines can be produced by intercrossing at |east 3
non-reconbi nant .parent Lines, preferably at |east 4 non-reconbi nant parent .
5 lines, and nore preferably at |east 8 non-reconbi nant parent |ines,
Representati ve non-reconbi nant parent |lines include but are not |im: teMAt(dUO‘ﬁ
the nouse |line 7BU6 BALB/c, A, 129, and DBAl2. Preferred phenotypes
that can be nab%g g?ng t he nethods of the present i nveRt 88 ude but
are not limted to a visible phenotype, a 10 physiol ogi cal phenotype, a
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2006 WD 02/ 11122 PCF %Eg"{fﬁ %3 ebm}h%?yzﬁ%%efmgh‘{aﬁgrar%tg%eg’"?ﬁ‘gﬁjt'é{?cﬁbred

parent |ines are uset.2 TREEPFIEIABI NANN NRIEBYINPSEER Y he PR S5 edethe or nore
generations to produe&ors opbyaH iatetadtion®ktween a genetic locus and a non-genetic factor.

A preferred non-genetic factor is an environmental condition or exposure to a
20 drug.

The present invention further provides methods for generating a
renewable population of genetically diverse individuals. According to the
method, the renewable population is produced by: (a) intercrossing
recombinant inbred lines; (b) backcrossing recombinant inbred lines; (c) cloning

25 apopulation of genetically diverse individuals; (d) or generating a panel of cell
lines derived from genetically diverse individuals. Also provided is arenewable
population of genetically diverse individuals produced by the disclosed
methods.

The present invention also provides methods for generating recombinant

30 inbred parent lines. According to the method, three or more non-recombinant
inbred lines are intercrossed to produce recombinant hybrids. Preferably, at

least four non-recombinant inbred parent lines are used, and more preferably at



genetically diverse reconbi nant individuals. Each genetically diverse
reconbi nant individual is then inbred to produce a reconbi nant inbred |ine.
The 5 present invention also provides a reconbinant inbred |ine pro gﬁ@ QX‘
the disclosed nethods. An object of the present invention is to provi Y a00
novel popul atw®m0ef2 di verse individuals and nmet hods of pggiupg@.ide same for
ultra-high resolution genetic mapping of any selected trait. This object
has been net in whole or in 10 part by t&e present invention. Sonme of the
obj ects of the invention having been stated herei nabove ot her objects wll
become evi dent as '3 CBSOPIFOMBRAN bEsRFEeTMRES A QKSR iThe "CBRRB#i on wi t h

t he acconpanyi ng Dryandsrgs insengoskxdions! @ snoassgdnestiordds prodieeth pdpelationoi bel ow. 15
Brief Descripti One%fnettcgﬁye%@%é@ "QSonfBirHY ]sendki&as;e,' Cleg o g%agtcgtyya|vség appr oach

for producing a rehewable .Q(ﬁm_atl on of genetically diverse i1ndividuals
usi ng i nt er cr osseseEFMHERERBIFAHS then AP PradHEe et RinpRldbrsiipga N par ent

| i nes are crossed pgrésept iaokifieh A&b Hredodstd Ratribipdrd gBrd, linetpralceair gy théien | nbr ed.
The resulting populati rises a multiplicity, n, of reconbinant inbred
parents (e.g., rec%%%’ﬁ%%ﬁftﬁgﬁbr ed lines). The reconbinant inbred parents
are then intercrossed Abopechaiite Preagm invpntioa doiripreviista 2avel RgeHIINCAl |y di ver se

i ndividuals (e.g.,diRBs¥ iRMEiuaRShd Mdtdds BOMHEhE @8ne for LAGARERI rBsENtioRNd

genetically diverse individuals can. b 5_r.egenerated by .repeati.ng
i ntercrosses amongTRE '?aéjg'é’ﬂg?!aﬂéﬁ%}eﬁtﬁg?ﬁédﬂﬂi&é%c?éés begq ﬁ%}'gwgoqf)?re'gent s a
mat hemat i cal r &pr exarpy de weseotfinvehi@npower of genetic mapping using a

renewabl e popul ation oforBesatd shilclsyor die\(rﬁ/%_ﬁtﬁ)nihadh%/(béw%ltaiied hERShabBRDPI NY
popul ati on of the present |W@ ention Rl
[

~conpr.ises Rl X hybrids produced by R
i ntercrosses. Thi s‘Rrbe(SBB‘F%{‘f © "?ﬁ?ﬁdf@sr,g%dré%ge[sfrff’“%ﬂx‘éeﬁ\?’??"’B%W@g?”d? noi se, 30
and t her eby conbi mesndchien withizarrcagresnghg RlawmgslarExamples agpegsofsatrded ons. v,
trait value of indigydi¢lsddw. @, nean trait value of popul ation; b, gene
strength or I|1AY 2005 WO (12/44422 PCT/USO /44929 -9- allele substitution
effect; x, target gene genotype; bx, effect of target gene on trait val ue;

bx;, effect of non-target gene BretBegniptondtihe Dyawjngephi cal illustrati on of

the power to detect a FR{@ef 4&RREa prototypical approach for producing a renewable

population of genetically diverse individuals using intercrosses of recombinant
inbred lines. Non-recombinant parent lines are crossed {0 produce

20 recombinant progeny, which are then inbred. The resuiting popﬁlation
comprises a multiplicity, n, of recombinant inbred parents (e.g., recombinant
inbred lines). The recombinant inbred parents are then intercrossed to produce
n{n-1) recombinant and genetically diverse individuals (e.g., RIX hybrids). The
population of recombinant and genetically diverse individuals can be

25  regenerated by repeating intercrosses among the recombinant inbred parents.
Figure 2 presents a mathematical representation of the power of genetic

mapping using a renewable population of genetically diverse individuals. The
mapping population of the present invention comprises RIX hybrids produced

by Riintercrosses. This population minimizes genetic and environmenta!l noise,

30 and thereby combines the advantages of Rl and F2 mapping populations. y,

trait value of individual; a, mean trait value of population; b, gene strength or



usi ng a renewabl e popul ati on of genetically diverse individuals (.) or using
5 - reconbinant inbred populations (A/) having a same nunber of individuals.
In this sinulation, the phenotype has a high environnmental noise and7a\&gﬁﬁq
background genetic noise representing 13% (arrow) of the total phendtyﬁ !
variance contributed by a single secondary |ocus. Wen a target gene
accounts for 1399 8¥+¢tRe total phenotypic variance, the poREFUHYH & ect the
10 target gene is about five tines greater using a renewabl e popul ati on of
genetically diverse individuals as conpared®to a reconbi nant inbred

popul ation. Figure gejess Bsfﬂfbﬂ Fe%P & bR & Ak bQn used
for QIL anal ysis (des}grl tl)Jec} ) ef 3 ég&b%é‘l%rﬂm?%een %ﬁ?&peﬁ%wg{ CXB Rl |ines

are designated CXB1raieR(ss: bf’@kﬁ%‘ﬁ Of@iﬁﬁge €585, CXB6, CXB7, CXBS, CXB9, 15
CXB10, CXBl1, CXB12, andF@MBBE}s a@)é&mfa?ﬂlﬂn‘ﬁfbhdmajﬂthelmb!eaddlatleﬂelstar‘getrgﬁne

i ntercrossed to prodyg E1eh 850 DOLRR o RS UG5 SXR, (oK BUbr | 0S)

For each intercross, the paterna enot I's I'ndi cated on
(1 abel ed "Fat her5) reﬁ‘?@”ﬁ%'”ﬁ‘ﬁﬂ @?W&F'Ofﬁéﬁﬂtayﬁ@al%mi? Adnkesrbigdiyaials dn y-axi s

(| abel ed "Mt her") . theXdBnii¥n hmbrphéiﬁtypé EkdaU@ﬁ@h léMvuiohﬁerhtéltr%Fs@raﬁS&ef&e@r e

represented by 20 the ackerglgn u'ta(:rno% cr)é: réssen ln ISP a row hde to{ah%eggshtl on of
each bl ock indi catlve of °a % i'Cuf ate na é_)r pe and” 'y é{p‘fl cul ar
mat er nal genot ype. W?élam?nmfﬂbuf@*ﬁ bb’@c@)mﬁ ﬁ@gwdaimtinceﬁ mem@jéﬁf@ﬁéa&% or QrL

anal ysi s of body Vvel&faéurﬁﬁ%aﬁrw o th%)totélﬁ)hler'\o‘f'}p%d/ahéhc%aﬁg Q&é}que@thh@nal ysis
of body wei ght W%(?_ a% er f or me fus ng CXB R EF s ALB/ cByJ,
CBoByFY, and C7L/ BT BERaR RO e et e SPERSE RPPURIFB A

i ncluded in the anal g@emalhsdl\telrsetrmindaalsaswempz@rpdtoadqcamemntmbreemvhla@mB RI

pﬁr ent genoz1 y?& MFIt ggre Pigire 4653%@l@%%%@fﬁ&tlo%pth@@k%EﬁJQlo@u!;éaCfHISQW rm#‘]e
chr onbsone o ugge a we e
| ocus was identified® S'Qf‘iesﬁrﬁﬁijb'?’éa”%g %Xgh'ﬁ?e"b' %’%P%ﬁnhgxﬁggﬁ?ﬁsﬁg% in 30
Exanpl e 3. Vertical dssigestied CEBI . S0@2eCXEH, £6B40TXAS, CXBRaIAHTOOUBS, 3ABS,

statistic; gray 1@' O@XBﬁﬂ@'XEHVQS)@f@%E CxB1b. WY rg%mamggé ot 2here
PCT/ USQl /- 14929 -1o0- Figures 6A-6C are chronosomal maps depi cti n%ﬁl oci on

mouse chronosomes él'”teBcrosé‘f”Pdtof?d‘t’??aqxsarre%pmq‘W?R'éa"rfs%hw&wc\%élPdm‘ybr e | oci
were identified by KgFleacmatkeisiss, tiaf pakdnél arbtypeis iraticatbe o6 thebedkisi (Rb&Exanpl e 3.

Figure 6A is a chr Om%ﬁ@]gla)l, a%@hedﬁlgfeﬁwtall %o@pé RCHRicABg "TRURE y-axis (labeled
“Mother”). CXB RIX hybrids produced by the intercrosses are represented by
20 the rectangular blocks within the grid, the position of each block indicative of a
particutar paternal genotype and a particular materna! genotype. The number
of recombinant inbred hybrids used for QTL analysis of body weight (Example
3) is listed in each block. QTL analysis of body weight was also performed
using the CXB RI parents BALB/cByJ, CB6ByF1, and C57Bl/6ByJ (Example
25  3). The number of CXB Rl parents included in the analysis is listed at the top
adjacent to each CXB Ri parent genotype.

Figure 5 is a chromosomal map depicting a locus on mouse
chromosome 4 (D5Mit372) that shows suggestive linkage to body weight. The
locus was identified by QTL analysis of CXB Rl parents as described in

30 Example 3. Vertical lines, LOD score; black plot, likelihood ratio statistic; gray
plot, additive effect.



5 chronmosone 4 that is significantly linked to body weight. The | ocus was
identified by QTL analysis of RI X hybrids as described in Exanple 3 and
corresponds to the locus identified by QIL analysis of R parents ., :
(DSMt372). See Figure 5. Vertical lines, LOD score; black plot, | ikeMAhdWa
ratio stati stl“(;o 1 9LRY plot, additive effect; () plot, d%]r/{]&/ effect 10
Figure 6B is a chirdrosonal map depicting two | oci on nouseée ﬁromsone 6
that are significantly linked to body weight. The loci were identified by
OTL anal ysis of RI X hybrids as described in Exanple 3. Vertical Ilines, LOD
score; black plot, |ikédtigieo@A168t pre stramassieic magy agpipingt lociaddinduee ef f ect

() plot, dom nance &ffRcimesld d:'agrﬂjﬁ.@tr@tpar'eshnl@eoctbrﬂae? TRl TRPodepieting a
| ocus on nouse chrompsonme 12 that are S|9 aSI cant i nked to body wei ght.

The | ocus was i derflaified@y R/ -@relysigriRi/sveTdsras geserin ‘rnlEdém% described in
Exanple 3. Vertical | ifmgse d20B scaranostrhachkapldepictingi kdbeusood nicaité o

statistic; gray 50| %Fwom%g&lﬁé 'él\{ﬁat% ESr(ﬁﬁcantly(lpnkéH Btbodg%%" finQﬁe ﬁ)fc seﬁlés 20 Figure

7is a chronosona naP pl cting [ ocuS on nou onobsone 11 that shows
suggestive |inkage 48 ft?PaFIynQﬂeP’@ﬁW's oF X NBvibS audgscriper ine Framels HendoTL
anal ysis of CXB Rl cpeéspbids tamettrssiterioa byRTEsaapdieoiR padatstDanaisze)i nes, LOD

score; bl ack plot, éeei?-ﬁ;lrulre g)oger{t%ﬂ !snos %tcﬁf §c% I Blackg@gtyllk%ll otod rg%dsltatngtﬁf o ef fect.

25 Figures 8A-8B are ¢ nosones 5
and 11 that are |i igkayPiat.rdgitivg ?ife%eﬁ'gmt dO'N'f@“beQﬁeC\/\ere identified by QTL
anal ysis of Rl Xjhybri ds:ig'me Cb@ssgriaaadnﬂoson@(&ﬁm Bepetingl QM8 BciBéh irrﬁ)uae

chronosomal map depictin us an oy sone
suggestive |inkage bréml())? |en6v5ré"’|1 afﬁ S'gnldﬁan g'@'fjes(ﬂ\?\/gorsrgy gﬁ'gptdeh?ea]fm 1 ":f) QTL

anal ysis of RIX hymeuntﬂ@d@s Qﬂa@mlvmHiwy%mﬁldeswbe@@ﬁnmeﬁtV@fwal | i nes, LOD

score; black plot, jhikebbRess ma@k 61, BeobSfahi€ statiste Adaigﬁot el d dieer; ef f ect ;
bl ue plot, dom nance ffect %fg Y 2005 WD 02/4 PCTI U S01144929 11- ._
i

Figure 8B is a chr Shd: r‘f’ﬁiﬂnﬁﬁ cting a |l ocus on nouse chronosone 11
that is signifitantly Iﬁlmk@cﬁoc & brdramosenghnap Paeicirgcasiogusson imept i fied by

QIL anal ysis of R %h.%mémé@ﬁna%g @.@h.&%ﬁt ;mk@@rﬂah@wégﬁmdrhe%ng fgponds to
the locus identifi enéjen’nf}{edgl_IC)T(F_l anale//s;s of johy nds as desrgztnged ms%gamplgs \?emcal
lines, LOD score; black plot, likelihood ratio statistic; gray plot, additive effect;
{#) plot, dominance effect. ‘
20 Figure 7 is a chromosomal map depicting a locus on mouse
chromosome 11 that shows suggestive linkage to brain weight. The locus was
identified by QTL analysis of CXB Rl parents as described in Example 4.
Vertical lines, LOD score; black plot, likelihood ratio statistic; gray plot, additive
effect.
25 Figures 8A-8B are chromosomal maps depicting loci on mouse
chromosomes_s and 11 that are linked to brain weight. The loci were identified
by QTL analysis of RIX hybrids as described in Example 4.
Figure 8A is a chromosomal map depicting a locus on mouse
chromosome 5 that shows suggestive linkage to brain weight. The locus was
- 30 identified by QTL analysis of RIX hybrids as described in Example 4. Green
vertical lines, LOD score; black plot, likelihood ratio statistic; red plot, additive

effect; biue plot, dominance effect.



5 7. Geen vertical lines, LOD score; black plot, likelihood ratio
statistic; red plot, additive effect; blue plot, dom nance effect. Figure 9
is a grid representation of hippocanpal weight in CXB RI X hybrids. Thl rteen
i ndependent CXB Rl lines are designated CXBl, CXB2, CXB3, CXB4, CXéS MEX -
CXB7, CXBB, CXB9, . CXB10, CXBl 1, CXB12, and 10 CXB13. CXB reconbi nant i nbred
lines were inteVRPBELRd to produce CXB reconbi nant inbred“H/BPFHS (CXB

RI X). For each intercross, the paternal genotype is indicated on the x-axis
(I abel ed "Dad"), and the maternal genotype is indicated on the y-axis

(1 abel ed "Mont'). RI X hybrile gar @ddcatorisohiiemap RegEiHg0s Secusase nickpy esent ed
by the rectangul ar béh?o%%o%\éﬁfkh%t fsNGonditd & llﬁ@gtc}éramov%gﬂtoq'h? och@ghs bl ock
indicative of a particular gg rH/’ mat er nal
genotype. The nean Hﬁ?ﬂﬁ(ﬁ?a’-‘ﬁp@ﬂ %'@ﬁtOffW hF#r”XS Y WpscaReDN E@”}B&r‘t eedil ar
genotype is indicat Q%rrbgpohdrseomb%wmerﬁﬁéd KRk g bf RiJdre@BabaeHigure Of

hi ppocanpal wei gh al so %ﬁf usi LB/ cByJ
oG’ Co7BUBRy . The i SBRe R i G =g L RPEuE R P SRS ot y e
i ncluded in the analgﬂsmlseeﬁectl lvhsﬂmi ¢ominanee ¢fept. adj acent to each genotype.

Boxed bl ocks identify pa{t@@e 9fis & @Rd %p%@rktat%h%f nchbﬁtﬁaIV\Wetlgﬂ\t # e Rheant |y
different hi ppocanpal tail ed Description Invent| on 25 The

present invention di%¥EiEs -'g”ﬁ‘éri REgReN Y Cé@rf@rja‘fsi 3§ dgsionrdhal® e CXF6pul at i on
of genetically di ver®xB3, o4/ CHBZIOXBaCXKBTRCXREIEXBH)CXBSI, CYBSUCKBER, apbpul at i on

for efficient mappi ngxHh, %@%&&ndlr%{ inbfd@lindBAUA RlcferBssBH $PLYRE o SO

di scl osed are methods for identifying Lnteractions anong genetic and non-

genetic factors, or 'STRIRGGRECHBYRRGP KXB fHar érherNdeifsrab iPBIs Rodul ates a
30 phenotype. The |rgeeotype0mndnwtetdh:enhechml(kas@® ‘BadTp tiititle heterraedehetp@sed gene

mapping using cell Iib NeRsA8Lh A, LOMALLIBNAD! AxPRBLALLAN.Ah genct i cal |y

di verse individual s or rel evant verse cel t1on Y 2005 WO
02/ 44422 PCT/ us011449t2@f0§i€2 -arg repssenteg py Hﬁget\mgv’éf blpcks ithingif AEF 1 ns ar e
believed to be wed | posider sit @ed biiyk oisadfe ofca gartiauray paterdal gemotypbeandrd , t he

fol | owi ng definitio f&ﬁl? n?a“r‘émeil 0&olnk Orrledah hibRoSmpf X BLRAMR R0 R of NE

invention. 5 |.A Popu
a partlcular genotype is indicated in the blocks. For comparison, QTL analysis

of hippocampal weight was also performed using the CXB Rl parents
BALB/cByJ and C57BL/6ByJ. The hippocampal weight of each CXB Rl parent
20 genotype included in the analysis is listed at the top adjacent to each genotype.
Boxed blocks identify pairs of reciprocal RIX hybrids with significantly different

hippocampal weights.

Detailed Description of the Invention

25 The present invention discloses methods for generating a renewable
population of genetically diverse individuals and methods for using such a
population for efficient mapping of genetic loci that modulate a phenotype. Also
disclosed are methods for identifying interactions among genetic and non-
genetic factors, or among gene networks, wherein the interaction modulates a

30 phenotype. The invention further discloses a method for cell-based gene
mapping using cell lines derived from a renewable population of genetically

diverse individuals or any relevant diverse cell population.



The term "popul ation"” refers to any group of individuals. The term
"individual" refers to any diploid or polyploid organism or a cell derived
there from The term"inbred" describes substantially isogenic indiy;duals :
produced 10 by crossing of closely related individuals. The term 2! MAY 2005
"i nbreedi ng" r r 0 repeated crossing of closely rel i.ndiyvi dual s.
The tern1"isodgé?%aﬁ%nes" refers to a popul ation of indi?%gﬂgbgg%%at are
genetically identical at all loci. The term "nonreconbinant inbred |ine"
refers to an inbred line wherein 15 individuals are genetically identical

at all loci. The term "beooinhs nant inbred |ine" , abbreviated herein as

"RI", refers to an inbpgd, fi ABoHAS kRGhed bABYIMO bYRERbRERE L BPERG! Par ent
|l ines. An individual R I ne has a characteristic conbination of genes with

a different patterrP@pary gkil dp iha peheafqlevies dgfnitions fiepped forécie. 1299 he term
“congenic line" andxpaeageoi e shedbm” each refer to strains that differ

fromone another_only vq£|1 Eeﬁﬁqgé to a small chronosomal segnent. A
. . . b opulations . . .
congenic line is”a recorlin ed line wherein alternative alleles al

reside in alimted chfferiesoivabudtian’aeferito amereHps dMidua@®ngeni ¢ strains are

produced by a series ofhdla@k¢uRREASele t@ay@ipRiM orbbiiRoill Blghnedr vl i nbr eedi ng

(Allard et al., 25(%%@%‘ Denant & Hart, 1986). An interval specific congenic
n

strain is reconbi P8 "@Becific 1 cMinterval (Darvasi, 1997). The
terns "chronosonal subsThetenr ‘oresit deserives subdtahipdnisegenis insividaplmproduseth refer to

an inbred line thaty $odsthgnirickbly tatéy hlilighald. "PRERirh i'MBreediQPlretbisne A, Wi th
the exception that "a S|ngle ch pl aced by the correspondi ng 30

PGl QIBSONE | 2,16 ing :
chronmosome from a JEREGHRY TISEQ" 956 re'gehB?™ Py B. Chronpsome substitution
strai ns are reconbi nant Thenbmetsdgeneiheshefee th aglopertimatafl individldlethesaral | 31 NMAY
2005 WO 02/ 44422 P, &H§Rﬂé4%3%%tal ; reside on the single substituted
chronosone. See Nadeau et aﬁ. 2000) Nat Genet 24:221-225. The term
"intercross” refers to tHdeMIPHECBPRERAITRIFHNS] §Terhiaen KPeeddag wherdit er ozygous
at a sel ected gemetindvidiat are géretitadly Werticalaeslidodss” enconpasses 5 "advanced

| ntercrosst, Meaning cr Aases RLHBRL AHRS A Sl ARSI A0 R lerdtb o7 O 0sSed
of fspring. The terns "intercross” and "advanced I ntercross" are
an inbred line derived from two unrelated inbred parent lines. An individual Rl
line has a characteristic combination of genes with a different pattern of
alternative alleles at multiple loci.
20 The term “congenic line” and “congenic strain” each refer to strains that
difier from one another only with respect to a small chromosomal segment. A
congenic line is a recombinant inbred line wherein alternative alleles all reside
in a limited chromosomal interval. Recombinant congenic strains are produced
by a series of backcrosses to a parent line followed by inbreeding (Allard et al.,
25 1966; Demant & Hart, 1886). An interval specific congenic strain is
recombinant at a specific 1 cM interval (Darvasi, 1997).

The terms “chromosomal substitution strain” and “consomic strain” each
refer to an inbred line that is identical to a first inbred line, host line A, with the
exception that a single chromosome is replaced by the corresponding

30 chromosome from a second inbred line, donor line B. Chromosome

substitution strains are recombinant inbred lines wherein alternative alleles all



understood to include mating or assisted fertilization to produce intercross
progeny. Preferred nethods for assisted fertilization or reproductl on
include but are not limted to cloning, in vitro fertilization,
inter-cytoplasmc sperm 10 injection. Methods for assisted fertili zatMA)n?O(&re
wel | known in t as disclosed in Nakagata (2000) Ma
11: 572- 576 Tho‘Pﬁ ’zéﬁ}zét al . (1999) Manm Genome 10: 987- 99%’%’d YHdis et al.
(2000) Ann N YAcad Sci 900: 325-335; and i_qg_U. S. Patent Nos. 5,453, 366,
5,541, 081, 5,849,713. The abbreviation "RIX" refers to intercrosses between
reconbi nant 15 i nbrreedd omibs sindiheulistituied tirackeames sSeeMNafieruset 8D (220Q Mg s bet ween
an of fspring and oneGg}fetzg.ézq_g%grent s or an individual geneti cally identical
to one of its parents. The term "backcross" enconpasses "advanced
backcross", meani ng cr osEESCRRIMRERsSA refeys dk0p Gdngpidepbgrals st 415 s2Rbr ed
progenitor froma priedrofygnsraah s@ectargeastic2ddi.i Trai twindtinsdrergen ebdopadsys | dent i caI
to an inbred progenilgg s Hgﬂc%sé”lhginir%%ﬁ%é%tde%e UG bR eraﬁ&g%‘r‘ross
"advance backcros3" are understoot to Pnclude . mating or assis
fertilization to genefgiossestReingsBegpageiriprermsepust BRRNCAINREESS A8 assi st ed

fertilization or r epmr@&u@b@ Nintitgd M%gbﬂdfasﬁét@d R@fizdtibAid ﬁl@dlﬁd@ mt@rb@eé ng, i n

vitro fertilization, er-c ectio s, for
assisted fertilizati'® pro en¥ rErel‘err yrﬁggoda%rasstsﬁa@?ertm%ah()ﬁ. rrepr(t) uc’non{nclu eq) 1999

Loutradis et al., 20900t b@tedgtatc@,nIngomoytrqjeSI.llzanap efPTt'mRb@’.top!?,SmE:ﬁpsm
5,541,081, 5,849 711%)30tfcme N o "1ovad sdic b f@ﬂlQHiKﬂi hrieNvelll 18lo®h Sn 1R 4 8§ oup of

i ndi vidual s that exi nat ur e ener rvent
conpri si ng exper i men‘f%fos%de e'%a?fa%%a @Gajga%t Nele] g 61?1%55 S?%M\ nfi)@s VO
02/ 44422 PCT/ US01/ 140Q959) mmmmOWﬁWBF%Zpbchhaﬁ Etm (2Q08F ArsN Y dcadif®i pr ogeny

produced by intercr@gsshbhgss; @ﬁ§1n31§¢afe‘ﬁm¢'s| b 284 N5 5@1r083|e$ 549(7?6]2' : i Z?t' on of
irst filia

F1 individuals. The terﬂjl !\75{% div F’H'ﬁa ? refers ED
generation. 1. B. Geneti fﬁvﬁ‘&o“s et I m}?écﬁ?ﬁsﬁsg Ve L FEY T R hppi ng"
"mappi ng of the génonweedlines. "genotyping" each refer to a method for

describing a position OfTr% t&ﬁ]ngédk&oés@%sto a%r&@ﬁ&ﬁre&faﬁ&%&ﬂ'@'aﬁ@éde%ﬂ
frequency with agenetlc m The results of net hod are

described in map uni l{sgargp % a(?.pgdua genetically identical to one of its pareng The erm
“backcross” encompasses "advanced backcross”, meaning crosses between a

backcross progeny and an inbred progenitor from a prior generation or an

20 individual genetically identical to an inbred progenitors from a prior generation.

The terms "backcross” or “advance backcross” are understood to include

mating or assisted fertilization to generate backcross progeny. Preferred

methods for assisted ferlilization or reproduction include but are not limiied to

cloning, in vitro fertilization, or inter-cytoplasmic sperm injection. Methods for

25  assisted fertilization are well known in the art (Thornton et al., 1999; Loutradis

et al., 2000; Nakagata, 2000) U.S. Patent Nos. 5,453,366, 5,541,081,
5,849,713)

The term "natural population” refers to a group of individuals that exists

in nature and generally lacks intervention comprising experimental sefection of

30 mating pairs.



The term "pol ynor phisnt refers to the occurrence of two or nore 10
genetically determ ned alternative sequences or alleles in a popul ation. An
allelic difference can be as small as one base pair. The term "Mrgan" or
“map unit" each refer to a unit for expressing the relative distance may 2005
bet ween genes ronosone. One Morgan unit (M indi )

reconbi nation \?(?%%dggcy of 100% A centinorgan (cM i ndi %gir/ggmgwi%

reconbi nation frequency of 1 % The term jzeconbi nation frequency"” refers to
t he nunber of reconbinants divided by the total nunber of progeny. The term
"power" as used herein Tef déarm tF@ phrulgipdbadiérsi oy thef pdeewyc tProdecest bY mappi ng a

genetic locus. PowekielctsBhE 84aR %riB¥6n, BPES-BHShRIeRIFY ifieuagyaRe nore
preferably 95% and even nore gygeferablsﬁ 99% The power of detection 20 is

correl ated with tar'g8t Ty WY RigER e et el peRiRlt when genetic noise and
envi ronment al noi se in ftthe Geppe Mgpgrapul ation is | ow. Conversely, the power
of detection is dimnis u ol I b eise. The
term"target genéej" in tﬂ% gﬁt"ggélﬁ%f %e@gﬁg?ﬁ&%bﬁ%gg?gﬁ%%g@fr?z gene
residing at a genet“D%”OIW@lf‘G"éeatc‘W&fer@@H’E%‘QS’G‘W@%SW'B’”%%@'ﬁ@?%?etfﬁocﬁe term
"str e_ngt h" andf "t arigﬁmgam@o&bihamgtrbauea@ahthra@%earﬁcbaym@ﬁhipﬁ{]uenbsunls .
contribution of a sin gene, t enot. , rength correlates wt
ease of geneticall y°f8343§8'?? ﬁ‘gth?tﬁaergéjg%g ?@Xﬁﬁwﬁmﬁg’%ﬁ %}el y strong target
genes are easily detecthediernGabeorhism’ refeet tP\viBe poanerancees e tos RBhtri bute to
conpl ex traitsjo angnaicanyoddiehinsdalenthily sea0siceo BnBllealn HpbmtiodO0aThe term
"genetic noise" or "lgl%nq%;i c ggcl%%racs)lérr%dﬁ'asoorne'bgeesia('jrual genotype" as used
herein each refer t3°% T&RLC & genetf"c VAPPATT RS 1na geneti c mappi ng
experi ment, genetic noi & ke Makger'sws ! parcenitt edchrader tvk vihit fgeaxeresginaliheer sity.
For J 1 MAY 2005 IQ.Q2/ 44422 bBeELAISEILE 44 % Srordomex Bl org@enptdg Noi Se i's
significant in a reconbinant i nbreq 8$Fpul %tl on due to tPC@Ql Lm t ed nunber of
uni que genot ypes. A2 BPMHEALENFOFLY 8% HETFaYEr [DREIGHSE Ae
equation: geneti%T mnecwwinadiorreqxency & 1Whdhetamm lyecepireda@ritesiugengetstengt h or

al l'el e substituti on,ehfRed of RhcoBPRAS SRS b)gtﬁélg)ttéfﬁﬁnbtﬁefjpr&%é‘n?pr esents a
nunber of non-target gervgﬁs. ‘I:hus,,?%enetlc nojse represents a sumof allele
TR P TBHY

. epresen >
substitution effects at 8¢9 e s Fﬁelﬁ’&bfitﬁt}y ohdgteginginot ype.
Optimal |y, the genetapmpingaigsestislocusl &owg i meietably 80%, niae preferably 90%, even

more preferably 95%, and even more preferably 29%. The power of detection

20 s correlated with target gene strength, and is optimal when genetic noise and
environmental noise in the mapping population is low. Conversely, fhe power
of detection is diminished by genetic ncise and environmental noise.

The term "target gene” in the context of genetic mapping refers to the
gene residing at a genetic locus that contributes to a phenotype.

25 The term “strength” and “target gene strength” each refer to the percent
contribution of a single gene to a phenotype. Gene strength correlates with
ease of genetically detecting the genetic locus. Relatively strong target genes
are easily detected. Genes with relatively weak etfects contribute to compiex
traits, and are often masked by environmental noise.

30 The term "genetic noise” or “genetic background” or “residual genotype”
as used herein each refer to a level of genetic variation. In a genetic mapping

experiment, genetic noise is inversely correlated with genetic diversity. For



maxi mum sensitivity of gene mapping. 10 The term "environnmental noise" or
envi ronnent al background” as used herein each refer to a | evel of
environnmental variation. In a genetic napping experinent, environmnental
noise is inversely correlated with experinental repli catl on of i dentil cahy 2005
genotypes. For exanpl e, environnental noise is significant

i ndi vi dual s are"Qfi"di%. as in an F2 popul ati on. Opt i nal | yPC?L/gSOf’ﬁé”

envi ronnment al noi se shoul d approach zero fqg maxi num sensitivity of gene
mappi ng. The term "epistatic interaction” réefers to a nonreciprocal
interaction betweerexampia) debtichoigein ighitcahiot rectyetbineeinbrge pepuzédndue ks, or

bet ween one or nor r : ctors. Thus,
the term 20 "epi stgpgﬁﬁ‘ﬁ%lnﬁuglb%glsﬁsesrb%gg}@ﬁmﬁ nggr %Vé?gpﬁ ?F%geag& b
interactions. The te‘i*%?”b&%émhe eqggdonised herein when referring to a

nmeasur abl e val ue such as a posi ti onggfez,@mj,,wb(xg g., incM, target gene
strength, power, neant. to e vari atj ons of 20%or 10% nore
preferably 5% evin W%‘?"ébb(?pé‘?sg?tilgﬂ‘? rer%rw r?ﬁelgﬁquﬁ {LPSrere?)tr)érIe@reé%ﬁ/ 0.1 %
fromthe specified vgEhagpe, aikb repsessuishnwiier einpotasgeagaenpiiue genedit eoiteo per f orm

the di scl osed  met hodepksdats aT§uﬁ‘F5f§lle-gr§§bstnﬁ:fum ﬁ@ﬂ@ﬂ%l)ﬁ@ﬁt&r&flocxrcérﬁ‘r'ﬂutangeaCh refer
to any observabl e prop ert%/ an org{ ni sm produced the interaction of

the genotype of the Bry8HiSHPandPITRE RIS BYBHES S'R“lﬁh%‘i%ot%ée@aﬂr enconpass
vari abl e expressi vi trgaxanen 8§ sipéiyet ganoeppihg.t he phenot ype. Exerrpl ary

phenotypes include but afg té}%t"endlrbm&n?a@n&é% Qre\ﬁblﬁdnmeﬁtama
physi ol ogi cal phenotype, a behavi oral WO 02/ 422 CT/ USOl/ 44929

-16- phenotype, a sd?é%’b?ﬁcﬁlr?f?rttQ ﬂﬂ%@ﬁb?@yﬁ@“m%ta&éﬁrlatﬂ”arm BIBIYE pePingy
nol ecul ar  phenot y pesxpainteng asmbitcnaikhtain®isehie ieefsely Hoeeltied mith exjperiessiavi ty"

refers to the severlrg%hcgt&ﬂl@tlgméaq éeﬁj{?gsph%p%&%{l e %ﬁm”@(‘%? n9¥e ,Sndl vi dual s

of a specified genot exam envi ronnent al

condi tions. The ternﬁ'g”ﬁ@?fét"’%!h@'é”d“ﬂcé*ﬁ'élaée Ynisug, 5 ipbrd RoBHaE M- CREMYVdual s of a
specific genotype tihatnvdorspnaynddaehar appioach Bertotrygenumensitiasigaed under a
defined set of enV|+%&§nt al conditions. The term "nol ecul ar phenot ype"

refers to a detectab ature of ) ) _
The term “epistatic interaction” refers to a nonreciprocal interaction

between nonallelic genetic loci, between gene networks, or between one or
more genetic loci and one or more non-genetic factors. Thus, the term
20 ‘“epistatic” encompasses both linear and non-linear interactions.

The term “about”, as used herein when referring to a measurable value
such as a position of a locus (e.g., in cM), target gene strength, power, etc., is
meant to encompass variations of +20% or =10%, more preferably +5%, even
"‘more preferably 1%, and still more preterably +0.1% from the specified value,

25 as such variations are appropriate to perform the disclosed method.

LC. Traits

The term “phenotype” or “trait” each refer to any observable property of
an organism, produced by the interaction of the genotype of the organism and
the environment. A phenotype can encompass variable expressivity and

30 penetrance of the phenotype. Exemplary phenotypes inciude but are not

limited to a visible phenotype, a physiological phenotype, a behavioral



10 nol ecules in a cell or organism Exenplary nol ecul ar phenotypes i ncl ude
but are not limted to a |l evel of gene expression, a splice selecti on

| evel of protein, a protein type, a protein nodification, a Ieve g b)
alipidtype, alipid nodification, a |evel of carbohydrate, cat Uate
type, a carbohygyatg, nmodification, and conbinations therP%Q,fUSOIJyggJﬂods for
observi ng, det ectl ng, and 15 quantitating nol ecul ar phenotypes are well
known to one skilled in the art. See Ausuyhel (ed.) (1995) Short Protocols
in Ml ecular Biology, 3rd ed. Wley, New York; Bodanszky (1993) Principles
of Peptide Synt hesipsenozmd 7 evscepiibiitySphdnpiyes; -2 SeipleagherBitrki a/mMeissu®or k; Har | ow
& Lane (1988) Anti e),% aﬁdg&p@ﬁggﬁgmere&vﬁnual Col d Spring Har bor
Laboratory Press, ri ng Harbar %ork 20 1 nnis §1990é

Protocols : A Guide to T%f%d‘?‘pgﬁﬁv'%pﬁﬁ efsé%l P SRETY REFFBHYC 2 B1e8R¥Pe san Di ego;
Koduri & Pool e (20@kplagidey odissiu86ofhBp&Bied harodpgweem exbmaked undedLbB8)e Sci ence
242: 229- 237; Regan Bi ochem 286: 265- 276; Sanbrook et al.
(1989) Mol ecul a%dsgﬂﬁfg%wroxrg&@%})?@{agﬁs Manual . Cold Spring Harbo

Laboratory Press, Col d'r%ﬁﬁ"ﬁgpeﬂﬁ‘i‘%? refiEsp & pyioRoriagy cffH‘Q{)%F“@PO%FI Speﬁ”i‘Q84) 25
Experiments w th GgeeotfpdsiaddisplayGot ski&mad gagotyi@riden ekahiosdiraeys defoddd Spri ng
Har bor, New York; Qtldofynvﬁo nﬁawtt??%nd”gés 6, 096, 555; 5, 958, 624; and 5, 629, 158.
The term' susceptlb _Iy hen refers to an increased capacity or risk
for di splaying a phenot %éefmrﬁéol?%‘amphwfvw elefary & e deiectafietpevEr 8l n refers
to a trait thatids nmgcuueaaalcambrgaﬁdmasxda{pﬁd; r%l@@ld@yshmoq@sé igdldeMandel i an
genetics. A ComPl okd LAk PR o of bW LOGSLN & AFLL o0 Qly Mupld Bl genes.
each gene contri butihg Y0 the plienot y PES pl & TP TS ¢4 BE Cont i nuous
or show t hreshol d peatRin. B RIPERIN tySe, 7 PIoERN m@il.)‘@aﬂdml@w giligig2a IP@MYyRISOPId1 4929 - 17-

The term "ol i gogeningdkitaibh,"a le@dl &t Sarb&yaraféomka%hﬁdrraﬁé typdeh eEmbriadidy a few

AR B T i o AR R R A
The term "gene et \N@?ﬂtﬁaﬂ@gmo'e@@n@hqnéfywmrdﬂ knevadp oneeskdled indhearts 8¢e of two or
nore genes that fU%&db@ﬂe@ﬂ@@@)@héd’l@rbﬁéc&@n%l@@ﬁlé’ftE@ol@quﬁ@@QtW@? Nefy gene

neturk comnri ses. AR SRkl Bibop A L UAT AL s Al 1
measur enment of a trvgilag, deviodlewaYyaoritarpudubane (1988) Antibodies: A Laboratory
Manual. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York;
20 Innis (1990) PCR Protocols : A Guide to Methods and Applications. Academic
Press, San Diego; Koduri & Poola (2001) Steroids 66:17-23; Landegren et al.
(1988) Science 242:229-237; Regan et al. (2000) Anal Biochem 286:265-276;
Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual. Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York; Silhavy et al. (1984)

25  Experiments with Gene Fusions. Cold Spring Harbor Laboratory, Cold Spring
Harbor, New York; and U.S. Patent Nos. 6,096,555; 5,958,624; and 5,629,158.

The term “susceptibility phenotype” refers to an increased capacity or

risk for displaying a phenotype.
The term “complex trait” as used herein refers to a trait that is not
30 inherited as predicted by classical Mendelian genetics. A complex trait resuits
from the interaction of multiple genes, each gene contributing to the phenotype.

Complex traits can be continuous or show threshold penetrance.



10 distribution of values. The term"effect”, in the context of gene traits,
refers to the contribution of an individual gene in the expression of a
phenotype. A gene effect can be described qualitatively, e.g. a Iarg¢1%
smal| effect, or can be quantitated as percent contribution of an AY 2005
i ndi vi dual enetlc | ocus to a phenotype. 15 The term "nodulate” in
cont ext of a phé%%’l’*yﬁé refers tothe action of a geneti CPSPU%’Hﬁmdenetl C
factor to contribute to the phenotype. MdylLation can pronote or detract
fromexpressivity or penetrance of the phenotype. Alternatively or in

addi tion, nodul ation canTraaddrrObhgﬁg@ﬁcrt&mre&rsecef:mpléﬁ&mu&temhﬁn‘db@af@henot ype.
Am)dulatory contributio r i r subtle, the only 20

requi renent bei ng th%enes Qa&q{;w § g] ?({T?{e egeecgect able. The term "segregate" in
t he context of genetics, Tfreéﬁrm"golvqsmaltrplé|r@er§<tﬂ%M@)lex(atrﬁﬁﬁ@ermr@gémywaoy a
genetic cross, wher egéae¢,@d¢hwad5@b&omr§tb eaeqphenotype are di stl ngui shabl e.
The term"segrega ing tr r.efers phenot Jhat di sti ngui shabl e
in a subset of pr%geny reet?rfn H%Fef” tgﬁ'l?( ande%ente?%'}leg\?'%‘é eaChi‘gertoa ? T]t % Genetic
Factors The ter m " non-epeheenes thabioneipr ccrogﬁr@h\@lyttggamwateerwdertomﬁ éxehausi ve of

genotype that nodul m&%r@cﬁk@g@tdagexﬁmﬂ&p genetl c factor is any el enent of
t he envi ronnent, i ncl udlphge but not. limted to a habitat condition, a |evel

of activity or exercise TedF®} Augntigty %"?'P ésaf‘ GRARIEX TAlMEl 2RI 6 ASPHTE t her eof .
30 The term "drug" imaatigtiveluliBiaatic@nthials edebeetsntaf piritsicosd 3 coptrysiol ogi cal ,
behavioral, nentgj, &QJAUHJ)@&NaIQé’S mol ecul ar function of a living organi sm A
drug 3 1 MAY 2005 WO 02/44422 PCINSO1/-14929 can be a chem cal corrpound a
protein, a peptide, a | |Hiede’maef3f'§? Joig grred of 9gne 1St glees 1A brgontdiiont her

bi oacti ve agent, andfaomadividail igemsin theexmedsionlot a pkaziogpat A geneafie@ ciieirewabl e

Popul ati on of - Genet igal lo¥s Dienas, Lodi ldlupbacn Brelhe, BINASE.niic0eYab! &

popul ation of genetica g/ verse | di vi refers to a popul ation t hat
can be faithfully reRp&sarRPERtian gl RdAfqualasnelic|qoHs (AP ePRYREr t oi re of
possi bl e genotypes, alt hvwgérml"mddmyatéiurahsmrwet(mapmémetyp@p;iﬁrabmmcmnef

genetical ly diverse. %emgﬂcto(? e'nﬁtelfé@t ntn%ﬁe{ﬁﬁgpk{%ﬁ&?ﬂonMogﬁiﬁroﬁ P

orgamsm or a cell re rom can conp r|se any
di pl oi d, tetrapl oi d,Prepote 5| %‘J’P@l P FAPTRPSMPAl O Wé’!’@cabﬁy‘he eﬂ"l‘e”%dliew dual of
the renewabl e popul akiieatively oin ad@iitinFadduRiiorbcap kadér.sutfraptispdcdic featrednidaral 1s a

manmal , nore pr ef er al?wleXotyper Oﬁg%n}julatory contribution can be dramatic or subtle, the only
20 requirement being that it is ultimately detectable.

The term “segregate” in the context of genetics, refers to allete sorting
among progeny of a genetic cross, wherein individuals with a phenotype are
distinguishable. The term “segregating trait” refers to a phenotype that is
distinguishable in a subset of progeny resulting from a genetic cross.

25 LD. Non-Genetic Factors

The term “non-genetic factor” refers to any condition exclusive of
genotype that modulates a phenotype. A non-genetic factor is any element ot
the environment, including but nct limited to a habitat condition, a level of
activity or exercise, diet, a drug treatment, and combinations thereof.

30 The term “drug” is any substance that affects a physical, physiological,

behavioral, mental, cellular, or molecular functionof a living organism. A drug



even nore preferably a nouse. In one enbodi nent of the invention, a
renewabl e popul ation of 15 genetically diverse individuals is generated by
i ntercrossing reconbinant inbred lines. Preferably, the reconbi hagt Mﬂb{ﬂ@jd
|l i nes conprise a nunber of |lines, n, that is used to generate a ré&newable
popul ation of \ggnetj,cal ly diverse individuals conprisingcf{diddoe

i ndividuals, representing all possible reciprocal pair w se conbinations of
reconbi nant inbred |ines (Figure 1). 20 I'Rganother enbodi ment of the

i nvention, a renewabl e popul ation of genetically diverse individuals is
generat ed by backcrigs$p aghenicalssmeaunpg Preteintd paride. irdpidof caedvdmienaint i nbr ed
lines and parental f@bick66URhaNtiodcMRgeht, didResbinktRinametder enbodi ment of
the invention, the renewabl e popul ation of 25 genetically diverse

i ndi vidual s is produced by cloning genetically diverse individuals. The
genetical |y di ver sdli ndgenerhliah of aifec¢watie Popiiatign ef Genetichlividivesss Indiyidugledi vi dual s
of a popul ati on produceghehrdsecRABIAMR SopliBIINeS dehdiRailly iRk &l iRhidR Rl &

popul ati on produced bé reco i,naFt irljbrfet?| %ne backcrasses ar F2 :
popul ation, or a HAPGIAF PPYGHIPHPT G PeNEPibHEIT 5t 2BALHEP 8P ’HEIN to one
skilled in the art .re@oiSed phksBle Feadteres, aNosigh HoR@dalSddhin tBe Odpllai®igre and

6, 107543; Sun & Nbc?j'fnét%%%@vers@” Top Dev Biol 30:147-176; Cibelli et al.
(1998) Science 280:1256-1258; WIlmut et al. (1997) Nature 385:810-813;
Wakayana et al. (2000) MNgtiams indviquary aogesst hepg (pers 4 9% OeTPuSOENED29 19

407: 318- 319; Wakayazavedtingkb frofhl 998 pofnaion biat tonfeiasl aQCdiplbld SetfapBid, b4 984-

14989; Wakayama et 4 - : ] Lding (1997)
Genoni ¢ Potenti al CP? !yHD@# 2’8’ ?H?]ngeg%%&g%lggﬁ%oaﬁ%ira r?%?rgé%glgﬁlgrg%ss, New
York. 5 In anot her 38{HsbehiaRdY HPrYHEIRBEEH? MRRTEhOSPreERRY p &feNabl e

popul ati on of genetdveminbie piéfvr@blgea nmiongh. vi dual s conpri ses a panel of cell
lines derived fromgengetjca L yer | ndividual l.at i on of
genetically diverse i ‘rqgié/n%d%é %Gq*&ééﬁ °§_§héu2‘§léf{*’°?’n§|.%ﬁ?@%ﬁ?ﬁ%@ Iolpm' ted to a
popul ati on protfuceEgngigalyedivaren HElividuaihisr errerataseby Mivrerdgs BeOmMRANadpul at i on
pr oduch by I10 I eC QripedImas. mtwaﬂyl, lHem@:ohhaiﬁKrﬁﬁrfbﬁﬁﬁﬁ]es &dindride papbaiol On, ora
nat ural popul ation.. In ntra 0 F2 po at i C ri.si.ng organi sns, a
popul ati on conpri si“ﬂ%s’ n’cteﬁgl's %Sfigéeﬁé}?eéed@?ﬁbg‘? G fr%g?ﬁ oggg neert'ga“ %'E?r%%sed
control of environredividyelsgeingdsing n(n-1)individuals, representing all possible reciprocal

pair wise combinations of recombinant inbred lines (Figure 1).

20 In another embodiment of the invention, a renewable population of
genetically diverse individuals is generated by backcrossing or assisting
fertilization of recombinant inbred lines and parental non-recombinant inbred
lines.

in another embodiment of the invention, the renewable population of

25 genetically diverse individuals is produced by cloning genetically diverse
individuals. The genetically diverse individuals include but are not limited to
individuals of a population produced by recombinant inbred line intercrosses, a
population produced by recombinant inbred line backcrosses, an F2 population,
or a natural population. Methods for cloning are known to one skilled in the art.

30 See U.S. Patent Nos. 5,994,619, 6,011,197, and 6,107543; Sun & Moor (1995)
Curr Top Dev Biol 30:147-176; Cibelli et al. (1998) Science 280:1256-1258;
Wilmut et. al. (1997) Nature 385:810-813; Wakayama et al. (2000) MNature



Met hods for producing cell lines are well known in the art as disclosed in
U S. Patent Nos. 4,707,448; 5,643,782; and 5,114,847; and PCT International
15 Publication No. WD 98/58050. Preferably, a panel of 25 different Cfg
lines is wused for gene nmapping, and nore preferably at Ieast 100 dﬁf AL AR5
cell lines are sed. In each of the described enbodi nents, r econbi nant
inbred |ines pW§P%¢é%|y conprise | ess than about 500 Ilnggwuﬁﬂﬁwﬁbre
preferably | ess than 20 about 100 I|ines. However, t he mappi ng net hods of
the present invention are not limted by the nunber of reconbinant |ines
used, and can ther ef @r7e31e43pd; Oyakagineadtar. ( tgga)nPr'a@&aﬁAmssa s Aegangdse 1000 R
lines, or 2000 R lipg I I es that
permt identification O?V@J éﬁggtﬁ(ﬁg&gggﬁf nce ¥7ﬁﬁﬁ?ﬁbe%kg§(g%2 nmet hods.
Representative types®s AR ah8e- CriBsia) Yidierrie PRSS: Mgve not
limted to congenic Ydrkes and chronDsone substitution strains. Exenplary

reconbi nant i nbred |ines |nclude ar.e t rs of
nouse |ines AXB, %XA CXE ﬂﬁr % topﬁ] ?ms fBgE°” %W “?8@3%%|nant
inbred |ines are dermvéémﬁﬂéﬂﬁ%ﬂmWédyﬁm@Hﬂé@“ﬁ@ﬁmﬂ8@e$éé@W%PhaﬂﬂmP%bred

lines, nore preferableyivdd @i géneh@aﬁH.v&@élrndwoalg.emﬁbbmmbn ol BéHegshyy i nes, and
still nore preferabl¥ fron1a$ east i nbr | i nes.

. non-r econbi. nant
Exenpl ary non- r econb? {4t "HUPER: tﬁseg '8? ts Bﬁtn%m'rg&r?otto BPPUHY 2005 WO
02/ 44422 PCT/ U SO /#d@2ed by@conbingnt leldetﬂ tnetitercrresesca PonugorQ37@IcLGbY BALE/ c,

A, 129, and DBA 2 ( Lr)é@U?ntﬁ{anﬁfllbred hné-@aa:ﬁéross-gg%n P S@@Bﬂod Sa@RfuPEbpakiA. Provi des
nmet hods for generati r econbi nant Parent i nes. Accordln%%to t he

met hod, non-recomnbin ”%ﬁHPéﬂF%$W@§m§FBmW§rPHF@P@?%?§@H“?B”ﬁWHHﬂ
recombi nant hybri ds.celkhresrdege@dttienaintm bijdys indsasedeontl eferiosgedtabmseor nor e

generations to pr Odl#@éh&jsl@&la%@& c?%u Fﬁfesgﬁ‘erbﬁ‘eﬁl'kﬁ@!rd xb(the%‘é@'a‘éaosre@%”@i nant
i ndi vi dual s. Each reconbi han duce a reconbi nant

inbred line. Preferdf§" NeF ?gEEFefﬁﬁﬁaﬁgnaW%ééﬁ%%ﬁéﬁPd CﬂbW@HmHHant l i nes
are used, and norge prulietiatbiy VWD 98/88050. Bietgreblyna park0of126 cidfietennah tindsrdor ed
parent |ines are usegosHgrBREHG ERANGE SreldhibiylAKEl 10 ainchIBAYERUS genome
segnents in early stages of generating a recombinant i1nbred |ine. The
present invention al'$6%provides a recombinant inbred I|ine

In each of the described embodiments, the recombinant inbred lines

preterably comprise less than about 500 lines, and more preferably less than
20 about 100 lines. However, the mapping methods of the present invention are
not limited by the number of recombinant lines used, and can therefore empioy
greater than 500 lines, for example 1000 R lines, or 2000 R! lines, or 5000 RI
lines, or any number of RI lines that permit identification of QTL loci in
accordance with the disclosed methods. Representative types of recombinant
25 inbred lines include but are not limited to congenic lines and chromosome
substitution strains. Exemplary recombinant inbred lines include but are not
limited to the members of mouse lines AXB, BXA, CXB, and BXD (Lyon et al.,
1998).
The recombinant inbred lines are derived from at least three non-
30 recombinant inbred lines, more preferably from at least four non-recombinant
inbred lines, and still more preferably from at least eight non-recombinant

inbred lines. Exemplary non-recombinant parent lines include but are not



produced by the disclosed nmethods. Such reconbi nant |ines are characterized
as having higher productive or detectable reconbination frequencies than in
15 currently available lines. A novel aspect of the disclosed nap@'PHAV?%E :
approach lies in the features of the napping population. In contrast

exi sting popul\% L5, for genetic mapping, a renewable p%%‘;‘ ‘;]/49999 of
genetically di Verse |nd|V|duaIs or a panel of cell lines P presenting

i ndi viduals derived froma diverse popul acjon, is 20 characterized by

m ni mal genetic noise as well as environnental noise (Figure 2).

Reconbi nant i nbr ed limitee® tiag mowme dinesr@HTBl/6 LB db/arapiEongndoopAP dtvooet alhat  has
substantial ly | ow egysronnmental noise, but power of det ection is hindered by
poor genetic diversi ty Conversely, the relatively Igenetl c diversity

anong i ndividual s of aWeP?SﬁBtS‘M?r&P’i‘%??pé‘?"fdé?’é‘etf’%%fﬂéﬁ’ee{’i‘t 9rf6PERNhyt | ocus
detection is 25 diifdrédyztent lthae Acoorbingto tmmtmwnmmnb@:lmbmemm:edﬁrmesem esentative

popul at i on of R huEkdsa i hasanehiulishdybils 36SLARRRE W bhulde Mot hods

of the present invention Is descri ¥
popul ati on of RI X KY®FPEedPeREr PO genrat@amnr%@ea p§EH‘€Fi°6|°Te9R”e i%lyber of _
genetical 'y diver sejveis& rbgshibingnt ;ﬁuiw.waduaéa%htr@coamtnbm la@w@ahsdlab;eatm on. 30 For

exanpl e, a popul ati on r| S 0 ation .derived by
perform ng all possp cbdl (éearecom?/'\n')(asnem%e%gne F’reb ?lea%%u?nﬂrbﬁc?ne%on%l nant

i nbred parents, or "hi?eftcl/veefﬁmalb@atar@b%w exndnbpraaprefeiahlyr etdlepsir @ghtsnon3 VAY 2005

WO 02/ 44422 PCT{ @%co%ﬁgxagnb'r&lparéﬂt lines |a?teﬂi§ebf Wﬁ@He@le @du@es@é‘%ﬁzél%f Locus that
Mbdul ates a Phenotx}% sp esent | nve scl oses or

i dentifying a genet E’OZWQS%L%en?rﬂ%feWHEI ré?aé%’ gag%%fr%flvﬁténguasreﬁ%m%narngnevvabl e
popul ati on of genetiibeed ling. THi wease® invadlioniabaalrevide¥ g edinpilapsiebrefdndod al so

enconpasses identi f aoﬂgeo%fytﬁe\eeclo@d%tﬂaeg %Lgﬁree&menér@mesaﬂa@ﬁaraa@lub@te a

phenot ype. Represent tive f or den in netic |loci, |i nked to
body wei ght and braéiﬁ"'%bl @F‘Hp’&a‘é"“ @e “;r/F E‘gﬁ%ﬂ”é?qﬁenﬁ‘ﬁa thgn in
respectively. Mippicagentipretaiadsiinehat errpl oy RI X hybrids show i nproved

sensitivity of detecti on,R aséécfﬂfﬁg d's@%ed%ﬁﬂnf%‘&ﬁﬁesﬁrﬂh@fétaﬁ%g%f t hat
enploy Rl parents. 10 Preferred g{éenot grﬁes I nc but are not limted to a

vi si bl e phenot ype, they BRI BPRIGHIRAI "HIRENGEY [Pe eXi8fing RBYRIRNSI O BIEER ype, a
susceptibility phermcﬁpylpeareraame@bbodlmtiorpdﬂ@amlqueglvarsermbevﬁuélarorphmebtype and

conbi nations ther eQ)ﬁ‘ cell lines representing individuals derived from a diverse poputation, is
20 characterized by minimal genetic noise as well as environmental noise (Figure
2). Recombinant inbred lines are a commonly used mapping population that
has substantially low environmental noise, but power of detection is hindered by
poor genetic diversity. Conversely, the relatively high genetic diversity among
individuals of an F2 population offers low genetic noise, but locus detection is

25  difficult due to high environmental noise. |
A representative population of RIX hybrids that can be used in
accordance wiih the methods of the present invention is described in Example
2. Preferably, a population of RIX hybrids used for QTL comprises é sufficient
number of genetically diverse RIX hybrid individuals to optimize QTL detection.
30 For example, a population of RIX hybrids can comprise a population derived by
periorming all possible pair wise crosses between about 100 recombinant

inbred parents, or between about 500 recombinant inbred barents.



Preferred nol ecul ar phenotypes include but are not limted to a | evel of
gene expression, a splice selection, a level of protein, a protein type, a
protein 15 nodification, a level of lipid, alipid type, a lipid ‘
nmodi fication, a level of carbohydrate, a carbohydrate type, a carbdhyMdhYai)gh
nodi fication, and conbinations thereof. A phenotype can be further
characteri zed a¥0#wti#at ed by a non-genetic factor, an i ®REEPHHHYN bet ween
two or nore non-genetic factors, an interaction bet ween a genetic | ocus and
a non-genetic factor, or an 20 interactionbetween two or nore genetic | oci

anddn?n genetic factmrts nd&nméﬁtefﬁ 61’"5"G&e&%@%ﬂ?“o@uﬁa%@a@%eh&w@n envi ronrrelnt al
condition or exposure to_a s for re wel
known to one skilled in Tmﬁﬁéﬁ?g”W?W@P§agﬁ§°¥?ﬁwﬁﬁéﬁz $r@?88 gﬁf (Vells &
Brown, 2000)), I|nkagcensd1a$reqduldtesmwhenmtypzﬁsm@arey\sw@lt{;b(]pu@tigmd(genbmg
restriction | andmar iy QRRMHfSRARY Aot ERILRKLARBLSEL iudliying 6AA0)  and

radi ati on hybrid napplng (Schul er ; al., 1999).
Any suitabl e mapp nd”FE%H%W&UEO%ﬁﬁt@@m@§éﬁmmaﬁﬂxit mnll be appreC|ated by
one of skill in the art mdfpaésematnpamdmoﬁwoadermhmggenansloasmeﬁtdbadiyvteﬁghor a

limtation of the pra%%%n w&éﬁ@ré %@cnb%&’ n%x%?l%?é%ﬁ&'ﬂ%&ﬂ%% (iy| aﬂ&&ﬁt re or

mappi ng i s |inkage anal ysis e’l's corre
nmore detectabl e ponWﬁW§ﬁm§ﬁ§”PH%ll FH@dSﬁUW”WBPVﬁiWVP@ﬂWﬂédﬂ@§PFPbtlon

fragment [ength pol Mmdpdsmwsn&oﬁlabl%s)torﬁ&mﬂat&naom\ﬁaz&@é \/\002/ 14422

PCT/ CSOL1/ 44929 Bot tra .
(STRPs), short Siéuengesﬁrf} erré?%h %gt%pes%cﬁ)i{i_'eb ?\m i eB?%(ag)%[;é’p l sms' |

1996), microsatelli taeohm'm%pheoguma RWWOTa'tPha'POWPei@@@%ﬂ'@ﬁﬂ”‘@m’imee

][lucl Ieot ikde pol ylrmr phd Séﬂﬁla( 5h@ﬁ>hpe(5rmé@ensn pﬂez@@a,e édﬁcdaftﬁfa@asr{saderb@ﬁhni que
or I NKage anal ySi ction, of The narkers 1n a
manmal i an genone |sSPe"§f? ede elacutar pBenOé'BeS'ndLTe NG Bgﬁ' gcf(%) se Génce. See
Collins et al. (1998?9’@&1\%“@ fRéce Slecpana lpBgf Pr@eveﬂarot%lmﬁwea@h@@lman be
used for typing 8\PsyodiigilodiNevel bom@wm@tﬁybé i Zrﬁéd:f%ﬁtlcﬁqsﬁaé’@l oLivak et

al ., 1995), ollgonucl e i ga assays ( 1998
matri x-assi sted | aséf" 85%%?%tloﬁmﬁﬁwga%f)??l h{e" gmm S&@PF@W%t?
(MALDI - TOF) (Kwok, 19@8inatRos Heepl. & phenoh@9 83, bethirghr qherafigrizrgme moduldterii d
chromat ography (HPLG { ehgdrdlic Rlctofl an indRBRN beld4RMRS CRNESe ROH-Gdrictat | on
factors, an interaction between a genetic locus and a non-genetic factor, or an
20 interaction between two or more genetic loci and non-genetic factors. A
preferred non-genetic factor is an environmental condition or exposure to a
drug.
Techniques for genetic mapping are well known to one skilled in the art,
including linkage analysis (e.g., (Wells & Brown, 2000)), linkage disequilibrium
25 analysis (Kruglyak, 1999), restriction Jandmark genomic scanning (RLGS)
{(Akiyoshi et al., 2000), and radiation hybrid mapping (Schuler et al., 1996; Van
Etten et al., 1999). Any suitable mapping technique can be used, and it will be
appreciated by one of skill in the art that no particular choice is essential to or a
limitation of the present invention.
30 A preferred method for genetic mapping is linkage analysis whereby a
phenotype is correlated with one or more detectable polymorphisms including

but not limited to restriction fragment length polymorphisms (RFLPs) (Lander &



(Chen at al., 1999), array-based technologies (Cronin et al., 1996; Hacia et
at., 1996; Pastinen et al., 1997; Gentalen & Chee, 1999; Sapol sky at al.,
1999), 15 pyrom nisequencing (Nyren et al., 1993), and invader nethods
(Giffin at al., 1999; Lyamichev et al., 1999). See al so Landegrén MAY &0
(1998) Genorns\“;@a(gm@2 769-776. Preferred methods for SNP de}gaiien are
array-based ol i gonucl eotide hybridization and m ni sequenci ng, descri bed
further herein below, as these 20 techniguyes are anenable to

hi gh-t hroughput and nultiplex formats. Qi gonucl eotide m croarrays or chips
can be manuf act ur edBdsjeipheichishetieodeapiebeat paymrphissisdS oRP0I Shefbsegednedt i des ont o

gl ass slides using ué i wh%mst bsLPs‘)\EEa/N&TQIaX(fgbeﬁ»h&t@me(néfwraag
vf

Co t fa F . (1991
Sei bnce. 281 767 773 AR S bat G RS oo RA AT DRIy

ol i gonucl eotide m dBmakasaWQban be produced by gridding oligonucleotides

robotical ly ontosthe sug L@ﬁaﬁe@ﬁecﬁn@u REiRY eognla@gls RAlelddiorpdiRRRL! Thechena et
al ., 1996), or by using an inkje pe tecgn | 0g o deliver

ol i gonucl eot i des tdjeas'%’é?f PP Wﬂiﬁ(ﬁ‘f‘ a(T?”@“a"P’éE%Wf“el\i)eS“S‘a?éSO %‘?5?90‘“ By either
nmet hod, a parti cul BNFOMP 1ikb ofl etqeiendieneskelDpllias pos.i (1 998 Gehoran FRed 8:geasucl eot i de

30 having an SNP ' nphe SEIAY. solfhaBRkCEl, B SR Ul %&;@R@ﬁgg,i £ahyon_assay,

genom ¢ fragnents of a test me are _ _I'abel'ed such
that the fragment i"9mM@eaneus abridzatian S‘May%(f—“’?“h%a't 489 g‘@ﬁ‘?f}’fé'e?@eéi%%“é’i‘m ned

bythe 3 1 MAY 209" asms(lﬂfeﬁréﬁ-ﬂ&Q@ﬁﬂfn‘dﬁ@kéa‘%&ﬂ&seré’s’&orpfn@ftiﬂi’é&dfmightﬁfﬁasa
detect abl e het er oduplexsh HEL Ut S A0, LARTALLLES RB) hiRRIhndde 2rray.

To per form ni ni sequenci ng 1 ons ‘'on ¢hip a test
genorme are anplifi é'GU'GSﬁrﬁgatFﬁtﬁerrﬁ'dPWthdmkeéd ?Qﬁoérfiuemcgmﬂmlaéwp@le

mcroarray. Primer exéefsi,aod)eaa)- b@@atdcﬁrcdndgﬁysmorhlab@h eﬁbQB*—l-(élcﬁ%téldes are 5

performed on the hy. zed olig Ieot ra est genone |
is identified as a 1?%%35%1&”'4 plr’lqﬁ%i CEp ﬂ%@}? 9381%38 Syéys%téaye % det ect | ng
the | abel ed nut$ eo#yrqﬁe'sseqmrtcégmféxrweﬂah1&9ﬁ)ea8Nma@ahmbtéo@e(@etﬁﬂ etalhy

anplification on ta89:30drhicheS 4PPOTdoo)M $daaMb LiHOEGEN BER(19D8) @&bimemedf SNPs in
a renewabl e popul atd(gsﬁ 9% genetically diverse 10 individuals enables a
ti' &l

genetic locus to po ly be mapped within a 1 cM interval. This ultra
fine resol ution mappi ngrefefrechmsthade fapPhiditadive bip alBGbard@ligqagiectidegi on

conprising about S5G,g&fRfon dHiemABERRASNE beddBed QRS RbrelnYERHY, 28 hese
20 technigues are amenable to high-throughput and muitiplex formats.
Oligonucleotide microarrays or chips can be manufactured by photolithographic
synthesis of oligonucleotides onto glass slides using for example, the
AFFYMETRIX® system (Affymax Corporation of Greenford Middiesex, Great
Britain) See Fodor et al. (1991) Science 251:767-773 and U.S. Patent No.

25 5,445934. Alternatively, oligonucleotide microarrays can be produced by
gridding oligonucleotides robotically onto the surface of a slide or other solid
support (Schena et al., 19986), or by using an inkjet type technology to deliver
oligonucleotides to a solid support (U.S. Patent No. 5,965,352). By either
method, a particular SNP is determined by a position of an oligonucleotide

30 having an SNP in the array. To detect a SNP using a hybridization assay,
genomic fragments of a test genome are amplified by PCR and labeled such

that the fragment is detectable. A SNP of the test genome is determined by the



enabl e enhanced power of detection conpared to current napping approaches
(Figure 3). 15 A sinulated QIL mapping analysis is described in Exanple 1.
The sinulation reveals a significantly increased power of detecting a CHL
ina population of R IX hybrids when conpared to a power of deteghlw @

in an Rl popul ation. Representative QIL mappi ng anal yses to |dent|fyg @
that control bBHY¥¥eght and brain wei ght are described P§THMUHAPPLs 3 and
4, 20 respectively. Representative nethods for subsequent QIL validation are
described in Exanple 5. QIL mappi ng usi ng-®PX hybrids can al so be used to
determ ne parental effeghn clJfoc\Q)‘etecéﬁleqgéﬁﬂudﬂe‘%@trbﬁur@é%ﬁée@uhf@d pR&@h@nat cloning

based on the genetic map_position can be used t cl one genes residing at
the | ocus using net E KNSRR™ RinfsRe-earea ’ei“-&“f’%??i‘éf‘ip\?eqe?om'cﬁ@”é?ﬁts %h% egr at ed
gene and phyS| cal rratpstfgeaasmmmekarmredbfsmgsm & hyefidizeaine @n @ngnotledids € genes

at the mapping posi tﬁw%@;arrgfae}bﬁln&sjaken :Ton %actén%gﬁggdlrge)ggmocﬁ%:be@%q;@e 128. 1V,

I nt eracti ons Between netic e present
i nvention further® prRfViPERes oA thadtyRistrer e¥aonerastios afiang A SNP of fie EELEePPBR bet ween
a genetic |locus and |§|d@ﬁme@ﬁ’}£§ub€es§f81©hménexWhﬁdSrerleﬁthE)h%saydmb?ﬂé‘l&ﬁlthﬁe nodul at es

a phenotype. Accordi t e Y 02/ 44422
S U801 | 4020~ 9. BanshubRReBrEBhed BT ERE e Bty e

generated, and a nonthgéQi'étSPRPOFthQLtbP”qrECBr ovided to the renewabl e

popul ati on. The genones Q&eénedlove@tu@!lrsatra@wam@hpsmnaawnbhger@h@mpewaee are
mapped so that a ocu i.ntera enetic factor

Lo hodul at et he. PhorBtyBEI S95 G AFTTB v pRaa UabyPe FareeS i naetd o
popul ati on of genet i igtatvhly THis vie $ee iesdlitied dapding de§negemepprpdatply 16° baﬁet hod of

the present inventi %rr@gﬁond,lo& léﬂ%%o&l%b%bﬁésa‘?ﬁ%/rﬁetha'&%%fﬂb%ﬁé&éﬁiﬁ%rﬂ'&ﬁ hod for
identifying an interaction cus an non enetl c factor

al so enconpasses | nt%‘ﬁﬁ&??@ﬁ%edﬁ%ﬁ@?‘?%“mco”}?ﬁfggtod:é’ﬁ‘érttfnépq"@@fjpr #MRdNn- genet i ¢
factors, wherein thefFigntee®).acti on nodul ates a 10 phenotype. V. Epistatic

Interactions ThesnventiRnfMidGF rﬂé;&b"(r!g%ﬁlyés E%Q@r%ecfi WE%aFFx%l@H' fyidg an
epistatic interaction between |oci that nodul ate a P henot ype._ The net hod
conpri ses simulation reveals a significantly increased power o detectmg a QTL in a

population of RIX hybrids when compared to a power of detectinga QTL in an

Rl population. Representative QTL mapping analyses to identify loci that

control body weight and brain weight are described in Examples 3 and 4,

20 respectively. Representative methods for subsequent QTL validation are

described in Example 5. QTL mapping using RIX hybrids can also be used to
determine parental effect loci, as described in Example 6.

Regional cloning based on the genetic map position can be used to

clone genes residing at the locus using methods known in the art. Alternatively,

25 anintegrated gene and physical map framework can be used to reference one

or more genes at the mapping position. See Klysik et al. (1999) Genomics

62:123-128.
. Interactions Between Genetic Loci and Non-Genetic Factors
30 The present invention further provides a method for identifying an

interaction between a genetic locus and a non-genetic factor, wherein the

interaction modulates a phenotype. According to this method, a renewable



15 providing a first renewabl e popul ati on of genetically diverse
individuals. Individuals within the first renewabl e popul ati on that display
a phenotype are identified, and genetic mapping of such individuals :
identifies a genetic locus that nodul ates the phenotype. A second ! Wﬁg@?l e
popul ati on of ‘?eneti cally diverse individuals is generat Edm wher ei n

first genetic YO&¥**s held constant. 20 Individuals witRCYPHE 3 cond
renewabl e popul ati on of genetically di vers, i ndividuals are identified.
CGeneti ¢ mappi ng of such individuals identifies a second genetic |ocus that
epi statically intergptistoMdt Beridi€alif bivske geivietd <is lgesaisted andrDdbulgabeict he

phenot YPE. Epi stati f%ct rl‘St erélv?‘é:etdltg tﬂg re%g‘v(/]ab"!iel %Oulgt%%u{'heb%b%gsnof gugiOﬁMIscthatand
non-genetic factors. Urt heror e, epl Statre int erdactions can occur between
25 a vi si bl e phenotdgnay the phenpdirelasghapakd ohkat o 0§s8s loeusywhiaterasisaith lenot ype, a
susceptibility phenQiyRReticdads!ib Wodlia HNMHYBGe 8 idDhifeU| BercRBENBEYPE, and
conbi nati ons thereof. Vg. Gen|et| c I\/aﬁ?Deﬁa ase 38 .'(Ij'h prese% Pventl on al so
orovi des a rel at P or/&ie A APRUEI, U SREEAY OEres PR & PRCRELPhG |
information in a seastduadihe presentarventRe] as\dalbsgidresdin gboveappi ng i nf or mati on

i ncludes but is not |imyed Qe Q8o B LORRirdfanTRERERY betwben aYBNeid@0S WO
02/ 44422 PCT/U SO /44929 -25- popul at1ons,” phenot ypes assaye | 1 nkage

anal ysi s data usi ngCBRBES B PORPHISHC TapiaT 3R BT RAESS INEIRCIRBREIoBS MO or s
assayed, i nteracti ongelheidiern qgeoeténetid acors, \@reteimta-rgendton motiaietes s,
epistatic rel at i16’”SJHe}?o"?typea”d al i gnnment of genetic and physical maps. The
rel ati onal database can'integrate mapping information 5 derived from studies
in related organisms, preferably experinents done in nouse and human. The
rel ati onal databasev.canEmdtgr ipe@miode |inks to rel evant resources including

gene and protei n dat a.b %Siave%mgn u?tﬁler qgvia?e%uagmg E?poar‘sl e%srftifyingea%l %)al‘sltatfcnf ormati on
dat abases, and bi ol ogi cal” aeposi torries. e relational -ddatabase can further
provi de interfaces aR@cifBtRiE®sn fos thaineddy'atersgpheagiiengrheanalzadeompirasudi ng but
not limted to statprslidicgak &l @HévaibieOpspuRfionTBP BEMPcdlpSaNead MBiviaaas genetic
mappl ng sSi mul at i OI’]SI E.hg\t | assl %E # I’IJt desi Enl n qm ?}Fpl’.g&rl atﬁa tmaé) 1 Ng
popul ation. VII. Su.n’man 'V{r_tﬂf 15 " SURTa 'rlsirlarf/e, @ 'ﬁgo%rl%'gréna.f“sv_aeyn? Poerqoﬁf? O\E/)rledes a
novel popul ati on andentiigst frstgenetic medping of bush dugividupig idegtifesta genptgdptudg. The
di scl osed mappi NG  that modulates the phenotype. A second renewable population of genetically
diverse individuals is generated, wherein the first genetic locus is held constant.
20  Individuals within the secon.d renewable population of genetically diverse
individuals are identified. Genetic mapping of such individuals identifies a
second genetic locus that epistatically interacts with the first genetic locus to
modulate the phenotype. Epistatic interactions can also occur between genetic
and non-genetic factors. Furthermore, epistatic interactions can occur between
25 a visible phenotype, a physiological phenotype, a behavioral phenotype, a
susceptibility phenotype, a cellular phenotype, a moiecular phenotype, and

combinations thereof.

VI. Genetic Map Database

30 The present invention also provides a relational database system for
storing genetic mapping information in a searchable format. Relevant genetic

mapping information includes but is not limited to descriptions of mapping



popul ati ons optim ze genetic and environnental diversity, thereby enabling
significant power of detection of conplex traits. The present invention
further provides methods for using the disclosed population to identify an
interaction 20 between a genetic | ocus and a non-genetic factor, whériedty e
interaction nodul ates a phenotype. Al so provided are nethods for

determ ning an YE8¥¥E¥&tic i nteracti on between genes, gene PREVNEHE and
non-genetic factors. Exanples 25 The foII gnng Exanpl es have been i ncl uded
to illustrate nodes of the invention. n aspects of the follow ng

Exanpl es are descri hegukibnk @hewoty@bs asIs@)felﬂrllnﬂéb%Sanal@Qs abn@@@m:ass dranHedl or
contenpl ated by theeporesent (of0) ctice of

the invention. Thes O%T&Lﬁ?ls@ rloﬁgﬁ%et“?%f;tgrsgfsaﬁ\(lj\%wcfr%%%oFté“'te%?%/enpracct| ces of
the co-inventors. | rendinghgersfic fektersprristadintelafiostipesand@lignmenBd gemrdicgedier al

level of skill in thegatd mablof r%fam%l éehaa%é learalﬂia @l Bl idghabrmidien f ol | owi ng
Exanpl es are intended ' to {?e ex NUer ous chan es,

modi fi cations, and a7¥§% ”bﬁtggggﬁ’ 'Bpé/tegr?ﬁilaa?@a W?ﬁB’MteXB‘é’&ﬁ“ﬁ ?@e Pom the 31
MAY [005 WO 02/ 444280 RETHAUSEEN/ S 2dtion2iGiatabegp@n effo prhdde imke vt relevant Exanpl e 1

Detection of a Targ%so@?d%@mclbﬁhd% E@W&bxﬂ%%bds@?%ﬁ% érPBreJrSJ afSes® Flfteen

(15) different reconbinant inbre Ines are Intercrossed such that 120 of a
possi bl e 210 i ndi vi d0gf°at "PEBREN 4piab3ser 1F LI B ROB 20 e @?@@sa' i's
replicated 8 times. deasesnlftrihagproedemaliddes pophiembdsoor ofaly2i6f rgepieg i cal |y

di verse indivi du% S da%a H%ﬁgnélguéﬁbtmugt}t% sIfag%lcgl%%EE@XﬁoﬂQP%a&mégg&%logene fror €

efficiently than current net ure neration of an
Rl X Popul ati on Recordidr@eRetici Rerred $y ?tiod§ t%raéswjeﬁ@rea@w B3iaRBRMEdI | ect i on
of 13 independent G{&pmegeesdmtioant inbred |ines (Bailey, 1971; Swank &
Bail ey, 1973; Potter et al., 1975; Hilgers et.al., 1985). The CXB Rl I|ines
are derived 15 from BALB/ cByJ and C57BL/6ByJ. Pair w se crosses used to
produce reconbi nant¥l.nbPwemdybri ds are outlined in Figure 4. Seventy-eight

(78) non- recipresal ands@nk&®), feOpadent @UOHTOH PedWidet RDARE Poparakiss aner e
gener at ed. methods of using the same for genetic mapping. The disclosed mapping
populations optimize genetic and environmental diversity, thereby enabling
significant power of detection of complex traits. The p}esent invention further
provides methods for using the disclosed population to identify an interaction
20 between a genetic focus and a non-genetic factor, wherein the interaction
modulates a phenotype. Also -provided are methods for determining an

epistatic interaction between genes, gene networks, and non-genetic factors.

Examples
25 The following Examples have been included to illustrate modes of the
invention. Certain aspects of the tollowing Examples are described in terms of
technigues and procedures found or contemplated by the present co-inventors
to work well in the practice of the invention. These Examples illustrate standard
laboratory practices of the co-inventors. In light of the present disclosure and
30 the generallevel of skill in the art, those of skill will appreciate that the following
Examples are intended to be exemplary only and that numerous changes,

modifications, and alterations can be employed without departing from the



The term "non-reciprocal RI X hybrid" refers to a popul ation of hybrids

produced by: (a) intercrossing nale animals of a first Rl line wwth fenale
20 animals of a second R line; or (b) intercrossing male aninals of the
second R line with female animals of the first Rl line. The term 31 MAY 2005

"reciprocal R d" refers to one hybrid of a pair o wherein
one of the pal\%%n%l?{’l%/bl’l ds is produced by intercrossing ﬁ’cpé&yhgg%l s of a

first Rl line with female animals of a seggnd Rl line, and the other of the
pair 25 of hybrids is produced by intercrossing male animals of the second
Rl line wth fenmalsopguftalisveoforthe first R line. Exanple 3 OTL Anal ysis of
Body Weight RI X hybrids, generated as described in Exanple 2, and Rl parents
were 30 used to anal yze body wei ght, weasrRls s g nor phometri c characteristic
controlled by quantitative trait beedtion dheTn@nGeypes of the CXB Rl parents
are described by WIlians et ina R ,qb niah 2: 0046. 1-0046. 1 B,
and the genotypes of 3 ' MAY 2 SU /1-1929 27 the
Rl X hybrids (generated fFdeendt Fiffprett rm@mEvaamfmbéedzwew@ethpﬁéqdﬁe@ thdtom t he

parental genotypes. 12b|6faﬂ50\é§blemﬁdlﬂ&xaﬁdiass@mﬁ@fotrrﬁed Haelk dabo dregpsivg of | oci
linked to body wei

anal yze the na X ram
(publicly avail abl ee%tca ?t “nﬁsha resu Tﬁwablefgg‘h\ﬁ mgrjg‘ﬁg{g‘ta rﬁqulgsee Manl y
et 5 al. (2001) Narﬂwe@nmdl@E l@@@efg@zslmlﬂ?h%”@rf&!efwrsof@mrgﬁyé@eawr?ee
regression nodel, Wiy SafciRAMBRhdRM4ure BEt hod in the field for assessing
a likelihood that association of a quanfitative trait and a gene locus is
statistically sﬂ%nlflcant Brlefly accbﬁg?-giFggtothe nodel, an estinate is
made of the additive effect and dene nallele at 10 each

gene |ocus, for exanplegi{dgpi ghtaflttlrgd f%;'brl@st wér@%gl%rged 158 TRORLEMAR 18 the
addi tive ef fect and dom nance ﬁ%ﬁ"ﬁ%d?h%{ ession coefficient,

is varied freely d@‘i’%’@”dsef“aﬁﬁ%u’?fof”@%rtt "ébd‘tija'f”@s Wk &rRaiPgr essi on
relation accounts fog8; Ratemai@h, 1675 tHilgery aval.arass). i ThetCKB BRIkt aragepedsi bl e. The
regression coehfi Cfto‘?rf‘tsﬁl_é@@yrl_ﬁ§rﬁﬁbsﬁeﬁ_t/d8'§@t et%,rotﬁst Qﬁos@étdhtédvf% @odlcdom nance

effects of the B 15 allele he esti| mat és of additive effect and
domi nance ef f ect ofeEIRINBNHNpraf Bvbr'a?%reeﬁth&?aﬁ%'agvr@ﬂaﬁew%%gwr%r'orand t he
statistical signifireaproel afd @repiptoesltrécambingit irbestencdsfwetryeneraedi s est i nat ed

in consideration of Samprleeter‘?r\ %%n—%%rgcgqulx hybrid” refers to a population of hybrids

produced by: (a) intercrossing male animals of a first Rl line with female

20 animals of a second Rl ling; or (b) intercrossing male animais of the second Rl
line with female animals of the first Rl line.
The term “reciprocal RIX hybrid” refers to one hybrid of a pair of hybrids,
wherein one of the pair of hybrids is produced by intercrossing male animals of
a first Rl line with female animals of a second Rl line, and the other of the pair
25 of hybrids is produced by intercrossing male animals of the second Rl line with
female animals of the first Rl line.
Example 3
QTL Analysis of Body Weight

RIX hybrids, generated as described in Exampie 2, and Rl parents were

30 usedto analyze body weight, which is a morphometric characteristic controlied
by quantitative trait loci. The genotypes of the CXB Rl parents are described by
Williams et al. (2001) Genome Biology 2:0046.1-0046.18, and the genotypes of



nunber of degrees of freedomin the regression nodel. The term"additive
effect"” refers to an estimate of the predicted linear 20 effect on a trait
val ue by substituting a single copy of a first gene variant (an allele)
with a second gene variant. For exanple, when considering two allefespyofgsa
gene, B and b, wherein the trait value of cases with the bb genotype is 100,
and wherein t heVPdH*2val ue of cases with the BB genot ype "3M3062t he ef f ect
of substituting a single b allele with a B.allele is predicted to produce
an increase 25 of 50 units. Thus, the addi f% ve effect of the B allele is

described as 50 unitge Rl)@ﬁ%ﬁ(@g@@{e)’ateddl‘i‘jekdnﬂ&ﬁﬁ E%m;ﬁ@.@;welrérﬁfeﬁédmﬁm@f the b
allele is described a ers to

S a
devi ation from an exB%rﬁTt%'(?eQ@fpﬁe @Fwﬁﬁrﬁ@ﬁp&gﬁﬁgﬁ%ﬁf%s* PltSEV?'ﬁeapﬂgﬁ)OLg?’ a single
| ocus. For exanple, edto mdngiigerwangatagedbiiel e Mab MengeméiTXBasatay, wherein
the trait value of Ceﬁ%y\@vé.ﬂameépm};heamrg%%meg/moﬂmmu 2Bg wigr&i n the
trait value of cases wt }C/q[%e IS the average trait value
for cases with a Bb @eﬁS@Vﬁ@”ﬁmsGe%F@d? %83%0 be 150 units. However, an
observed average trait vahamalkisthgoll adlee MEEs2G0Bode\@hiORIs 444 Entional _
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effect of the B allele escrib as +25 unit etic systens
can be simlarly nodéq“@@dap?ﬂe'@kaﬁﬁiaéﬂ'ca'ys'gwmae% IBile“é(d%"iC?rF’\’?étoﬁ’Eﬁfé‘l’deHoes not

i ncorporate a coeffi agh&flilnafe@r madeyot heridoiareEect andedoretinc®éifcbt @ aBai@id £1 €. A
model - can. al so. bagdeyel apedol 8, BRSEAR T o3 No-HNRAR AL ARAct | ons
(e.g., epistatic intéracti onl§ e I hteractions nmong al el es at
the B locus and t hosaddive éffﬁét%‘ﬂdﬁ'ﬁir‘é”@t%@* expyessed Rap [roregsipeengficigntdet er i ned

using Map Manager QT %rwerreeuﬁ)swgeeae@d Ie&&séhalréﬂﬁ&héd@@ﬁﬁitﬁe&&ér@ss&h%létféﬁi C, Which
was converted manual | i hood ratio

rm
statistic", abbrevi a?yaumseﬁﬁsnmlg}\sé af E‘I%‘a”ance 'the traﬁ Sgosnseb Ihg "TFEPRE strength
of statistical assocP@ﬁlC@ntSfﬁ@tﬁﬁé’éﬁstm%&h@ea‘ﬁqfi'wwthﬂmavce%ft?c‘gofth%lﬁfferences

in body weight) asd gleréetrh&esdinétfeeeﬁm&emaeteffacuaaa&d'nqwnaéefke@f:dme BdlEle gENEt i C
differences at an int eera lé) Fe en, | zoe% E&% %%Ist%g S ALEL [glcl stri ben > in the
same way as a chi- sqﬁrgrgmaar ut 1 on. VRt atpé) Kt an 15

associ ation is unli kdiffgrenag f@ﬁblﬁfo tweerﬂaﬁtfém mnSlﬁiyratmﬁc@mpJﬁ%nS!L%ds@@r e z10 is
suggestive of a genenunqgéugfdgg,qbg SileBbrintiedbdressRAthal. LRS score ?15 is often

statistically signifi Cantrhe term “additive effect”

20 effect on a trait value by substituting a single copy of a first gene variant (an

refers to an estimate of the predicted linear

allele) with a second gene variant. For example, when considering two alleles

of a gene, Band b, wherein the trait value of cases with the bb genotype is 100,

and wherein the trait value of cases with the BB genotype is 200, the effect of
substituting a single b allele with a B allele is predicted to produce an increase

25 of 50 units. Thus, the additive effect of the B allele is described as 50 units.
Conversely, the linear or additive effect of the b allele is described as -50 units.

The term "dominance effect” refers to a deviation from an expected value

of a heterozygote genotype (Bb) at a single locus. For example, when
considering two alleles of a gene, Band b, wherein the trait value of cases with

30 the bb genotype is 100, and wherein the trait value of cases with the BB
genotype is 200, the average trait value for cases with a Bb genotype is

predicted to be 150 units. However, an observed average trait value of the Bb



An LRS score can be converted to a LOD score by dividing the LRS score by
4.6. The level of significance for detected | oci was eval uated based 20 on
LOD standards typically used in the field. A LOD score of 2 suggests; MAY 7005
l'inkage, and a LCD score of 3 or greater (e.g., 3, 4, 5) indicates !
significant || pkags, See Lander & Botstein (1989) Genet pEPudtdiodSo- 199. OTL
anal ysi s of body wei ght in a population of RI X hybrids showed I nproved
detection and resolution of loci controllikpg body wei ght when 25 conpared
to QIL analysis of the RI parents. A single suggestive |locus (LOD score=2)
on chronosone 4 wasgedelyrsss €25 withNus, méhiRtasp theglaminafdeiefjeqt ef thy Balje is cont r ast ,
QIL anal ysi s of Rl Xchybelds.seugal ed four si gni ficant Ioci (LOD score >_3)

and one suggestive Iocusn_é?LCD score=2 CB he f %}rgnl fi cant | oci
corresponded to the san® ®Rr ERESHECES CBL §Sﬁ"é'? C'E"B‘ae >aRRFyRi s of 30
the Rl parents (Fi giricgly 64gitive Achdieltdoes adt isiogporafie aamfﬂoieotior aly éonimrated on

chromosome 6 (Flgure%eﬁfa} tmsial R %eazpéaw@so% c(eeéugwdqo @Qess ﬁm%cqéte genes

controlling body wel are | entlfle hin a 2-
02/ 44422 PCT/ U$01/ Mgﬁgeafﬁera‘éﬁ?ﬁ ee r?@@taf'%t”éer’%P”S) A&’c%‘PH‘P'ﬁg”t?rBthandar d
met hods in the fi eldhong alelds@theimbet vad thos: el ehesrmaieckth&yosubt racting 2 LOD

units Troma peak LOD vaLigg Bl od e BLaR Bl bliaol B sUBIAcLed TesUlt

are considered within t erva ppi ng | oci
that control bodyweisghikelihgoqrratip atpiistie. qvhich was cprgred opnusthoiee G0 ¥sut 2.5 i's
observed at abouy arneQasi fikdinddd rhtRCdidistAd MobR3Zted @ErlewLH'SE‘L§$ . reddiel taaay

surroundi ng loci with a‘relbgge stC Fxof (s)tatlstlt(:f§ass%q§tllog1 6 e?n 98%1%9(% qnf\t}]etrgl_l‘s Thus,

the candi date QTL i'S°deter m ned i enom ¢
regi on of chr ormsor{ég4dtﬁmmeﬁIrsqpéme'ﬁfrtb%m@smjlpdlaerﬁowtat@wmwfarloewms MM t171

(at 6.3 cM to abowy g@l’]dﬂ@&ﬁérbrﬂi@s &fan In@GuSo Nt RO LERvaldds ofe &M;butécﬂn Mappi ng

with RIX hybrids defines a snhaller ich a
candi date QIL resi ﬁé W%VaesaGC,&)squ?rﬁ%ES%bm'caseghq‘rggs_dg%ﬁé'gmterﬂ of" about 5
is observed at a@owswlqmg@lsmnlﬁﬁ'yNOCF@@M@HMWMlz%ar(GEQAQLBS/FCOFﬂ—’QlIEOD

interval centered afgédi@vd @%b LGB LIRHPAIISHRI A& EcaRRUS isbfdn CM
genom c region bet\ésvg%n about aarpole on of locus DAMt95 (7.5 cM and about

15 a position of SIBMFIFA " (17. 9 cM. Exanple 4 QIL Analysis of Brain
Wi ght An LRS score can be converted to a LOD score by dividing the LRS

score by 4.6. The level of significance for detected loci was evaluated based
20 on LOD standards typically used in the field. A LOD score of 2 suggests
linkage, and a LOD score of 3 or greater (e.g., 3, 4, 5) indicates significant
linkage. See Lander & Botstein (1989) Genetics 121:185-199.
QTL analysis of body weight in a population of RiX hybrids showed
improved detection and resolution of loci controlling body weight when
25 compared to QTL analysis of the Rl parents. A single éuggestive locus (LOD
score=2) on chromosome 4 was detected among the Rl parents (Figure 5). By
contrast, QTL analysis of RIX hybrids revealed four significant loci (LOD score
>3) and one suggestive locus (LOD score=2). One of the four significant loci
corresponded to the same chromosome 4 iocus detected by QTL analysis of
30 the R! parents (Figure 6A). Additional significant loci were located on
chromosome 6 (Figure 6D) and on chromosome 12 (Figure 6C).

Candidate genes controlling body weight are identified within a 2-LLOD



QrL anal ysis of brain weight was perfornmed using Rl X hybrids, prepared as
described in Exanple 2, and RI parents. Linkage was determ ned as 20
described in Exanple 3. Simlar to the analysis of loci that control body
wei ght (Exanple 3), QTL analysis of RI X hybrids al so showed i nproved T MAY 2005
detection and resolution of loci controlling brain weight when conpared to
QL anal ysis of YPA&E**Barental R Iines. A single suggesti VETSREE? LoD
score=2) on chronosonme 11 was detected by ,(’g)TL analysis of Rl lines (Figure
7). OTL analysis of RI X 25 hybrids reveal ef“one suggestive |ocus (LOD
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about 33.0 cM gendni B -HPSFYEP DB Hey St taRyt PRI IR RIS ocus D11
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position of 1ocus DI odnobietARe( Bt OnEdthabdil YL € sfbmMBRDIAG. lanBbdlin wel ght

in R X hybrids defines a ler 1nterval on chronbsonme conprising an about
3.0 cM genonic i nt ePVAFM SGRiMiGregipa NS OMeTAM o DI SRARS frem BRCUSE PISHels D11
Mt29 (40.0 cM to afleus DAVIPTSidtbarMpD abaCaisosBidoMcL82aVi(sb3at@7.eb). (Fi gur e
8B). 5 Exanple 5 \Malidati of Lael | dent i.f s To,.validate
| oci detected usi%{g t he Mﬁﬁp 'ﬁ%{/‘ﬁllrmlqﬁ}s(h ybgggieag%gﬁw\%er%l@q%Qréi"é}%)met%’xbrai n
wei ght on chr onosonewsch sadidsE Tl iagdegdeigiragAalndbip disdat EOP g UmPt 300 F2
rTrih_ce lpr oduced by F_lI wbgegigb@@s@sd _a%oﬁéﬁﬁéiﬁdﬁ)bﬂlo@fﬂbﬂ@ﬁ@ﬁ-{ﬁﬁ.B&SM).Jél&-lﬁx_albentS-
is-locus was easily, detecte a_hi significant corr ti,on to
brai n wei ght (p<7x10%1'3fv.'EJ ongefr%%\rél\{ tlﬁq?faéﬂf%vm‘q%gﬁog%cwlﬂrﬁs fﬂta{é?u\?gfh, C’\(r/-')eci procal
congeni ¢ |ines can beenogisgegierpbetwaep Bequt dledsitipd ¢f lqcHaDHMIRSHT -8 cHiajdebodtn whi ch
the QIL resides. 15eeagoddion of IBBUsMESit2 {4490 gmManm Genone 8: 163-167 and Denmant
et al. (1986) 15 Inmmunogenetics 24:416- ézazm esze a genomc interval is

narrowed to | ess than about 0.3 cM a li ‘genes positioned with the
interval can be obtained from genor¥ls\sgusmefiBrin Weight

QTL analysis of brain weight was performed using RIX hybrids, prepared

as described in Example 2, and RI parents. Linkage was determined as

20 described in Example 3. Similar to the analysis of loci that control body weight
(Example 3), QTL analysis of RIX hybrids also showed improved detection and
resolution of loci controlling brain weight when compared to QTL analysis of the
parental R! lines. A singie suggestive locus (LOD score=2) on chromosome 11

was detected by QTL analysis of Rl lines (Figure 7). QTL analysis of RiX

25 hybrids revealed one suggestive locus (LOD score=2) on chromosome 5
(Figure 8A) and one significant locus (LOD score 23) on chromosome 11
(Figure 8B). The chromosome 11 locus on chromosome 11 corresponded to

the chromosome 11 locus detected by QTL analysis of Rl parents (Figure 7).

As described herein above, QTL controlling brain weight are predicted to

30 reside within a 2-LOD interval defined by the peak LOD score. For exampie,
mapping brain weight QTL in Rl parents identifies an about 33.0 ¢cM genomic
interval spanning from about a position of locus D11Mit308 (20.0 cM) to about a



sources. (e.g., the Human CGenone Project, http://ww. ncbi.nl mhih.gov/HGPO
Candi date genes are then individually tested for arole in contributing to
the 20 relevant phenotype. Exanple 6 Determ nation of Parental Effect Loci
Rl X mappi ng can al so be used to reveal parental effect loci. The termvay 2005 -
"parental eff refers to a | ocus, wherein allel | ocus '
differentiall 33% %QB?f ect phenotype when inherited from ?ET/B&HL ggr ver sus
when inherited from the father. R X hybrigs produced by reciprocal crosses-
were analyzed for differences in hi ppocarrpal wei ght. Significant

di fferences were obssitiared Idcor D1 19428 (SBWtcM Gliguad T), Magpingefdraih weigbldses,
indicating that thegRi X%y ﬂhéésascr%nermﬁewé’egnHﬁ@rgosmewﬁmslngxn%u%\@al ef fect .

loci (Figure 9). Reclprocal crosses that suggest the presence of a parental
effect loci (by yi¥ Qﬁ'”ﬁ@”%m@rﬁ?‘fY"'Ef%fhﬁ?%?sHP’f‘fagP‘éﬁtp‘“ﬁﬁ%Bft‘ﬁ?ﬁ’ésDUlM‘ﬁ‘f’lenotype
measurenents), can (b&o 3V to kot 2 pdition\BDoOR/DH4 ¥RZ20REA D LIBQAE/gdAHR). - 31- tested
further to distinguish a germline pare ffect (a true parental effect)
and a mat ernal eQnV| r onment parent al effEe}’c&@‘?lb‘i{;\%2 host parental effect).
According to this approach, Yehgsione! Logiddepifiedby QH-ABaYSIE ocal crosses are
transferred into a neLrtdvai:das;uw@@@&eemsmgmbalxHyfanq@rm:ggeeweoodmhfrfkea ences are

still observed, th arent al  effect pare | f.ect.
phenot ypi ¢ di ffereﬁ%grélﬂe‘{vreeq tonChromﬁséoemevég)aait Wasuse aca‘?‘? (talol Jss"é host

parental effect. RePBr&ntiesprodysed [?Mililhl@ta'lcioé‘iﬁ %ML@’pﬁxe#aWa%?ﬁL@BsJ | i sted

bel ow and/ or seid orgakentsn Th@%cuswasteamy RO hibhiyab iRk heatackground of
the invention, and in artl CL} ﬁ0[7 cases, to provide additional details
respecting t he pracbtr??:gegtét(p i( Brporat ed herein by reference. Materials
used herein include butTcgestinEXTL wWithip & @4 ODinterkrd. réairoeaidongenidlinetaadbe ef er ences.

Aki yoshi 5, Kanda 'T'JsecgémgﬂdelYmmﬁKé&%mTorewmlcﬁthewfi‘m%abbeg g& 15

Kitagawa T (2000) Cene L nese Wld &/Duse
Strain with Restri 1&8@%?%@&8&‘5% %@éﬂﬁ? nad‘g] éﬁ'g%’)t ivBimh ehome

11: 356-359. All&d /Mnmndncmgaf.me&zv\ehr hahn C (1966) The Estinmation and Use
of Once a genomic interval is harrowed to less than about 0.3 ¢M, a list of

genes positioned with the interval can be obtained from genome seguencing

sources. (e.g., the Human Genome Project, http://www.ncbi.nim.hih.gov/HGP/).
Candidate genes are then individually tested for a role in contributing to the
20  relevant phenotype.

Example 6
Determination of Parental Effect Loci

RIX mapping can also be used to reveal parental effect loci. The term

“parental effect locus” refers to a locus, wherein alleles of the Ioéus differentially
25  affect phenotype when inherited from the mother versus when inherited from
the father. ,

RIX hybrids produced by reciprocal crosses were analyzed for
differences in hippocampal weight. Significant differences were observed for
some, but not all, reciprocal crosses, indicating that the RIX hybrids can be

30 used to identify parental effect loci (Figure 9).
Reciprocal crosses that suggest the presence of a parental effect oci (by

yielding significantly different phenotypes or phenotype measurements), can be
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20 Wlnmut 1, Schnieke AE, MWhir J, Kind AJ & Canpbell KH (1997) Vi able

O fspring Derived from Fetal and Adult Mammalian Cells. Nature 385:810-813.
WD 9,858,050 It will be understood that various details of the invenption can
be changed wi thout departing fromthe scope of the invention. Furt er%ﬂ@%

the foregoi ngwdpudgscription is for the purpose of illuggfadoh@0nly, and
not for the purpose of |imtation--the invention being defined by the

claims. 31 MAY 2005 37 CLAIMS What iszglainmed is: 1 A nethod for
identifying a genetic |ocus that nodul ates a phenotype, the nethod
conprising: (a) providithg RetleneNevie®’&4popul ati on of genetically diverse

ihndi vi dual s, }/\/nerei n a \@hL;:_[)nah (LAY s@entﬁ@ﬁ NR A& HC@dshy Adi E@h:ﬁﬁDK,i ednyi du?l S are

et erozygous for etect o) | t he mes o

i ndi vi dﬁgl s within 'f %ﬁgb@ é% H‘f ﬁ%ﬁ-&@%oné@ﬁ@&ﬁ@%?ﬁ?xaﬂoﬁﬁs&gp%e

i ndi vi dual s t hat dlh@uloayleﬂ\/lmese @dm@n@t Weﬁenam JBép8i.denti fying a genetic | ocus
that nodul ates tgie pheﬂﬁétéépeﬁnathr@éi@hqc tza,ecdﬁap\pmﬂs&fmt&eparﬁae&nac@ RThe met hod

of claim1, wherei ther etica di,v
i ndi vi dual s conpr i B8 g icrgi"\?qﬁ?v\‘?ic’a‘gﬁ'ﬁg @%g%ga“%eg“egro&%ﬁ'ay gee v ngf ent
reconbi nant i nbr ed Cukriulue €ell Kipei.i Medirg Bexzd9s37pr oduced by backcr ossi ng

reconmbi nant inbred |inggay, a(n%)T %o‘&l&!&‘f‘i‘ H%Pr?%ba%rféam%ﬁmgﬁé‘%hﬁéér{sﬁ di verse
i ndi viduals; or (d) a Y | 1 nes derived from genet| caI |y diverse

S T (0 el fine Cigmee e EmE e S ok Pl Ty e o7 StA

renewabl e populcat isenseds-igeseti cally di verse individuals conprises a

di ploid, tetraploid, vgak@%nlfamrobq?ﬁ&%nfa%m%r K@ IQ%' lHdgléh%ﬁr% bEere from

4. The method of claim anismis oma’ group
consisting of an arflanamardfe Qoum énfaneﬁ’“fa'lfﬁeTaﬁ@P%d‘/’ ocfe"é,’IA& elgan fer ei n t he
animal is a mammal .Monfbaerdd e &nRhEgsladf RaQbGIONCningldeMRE o BlresamBm®s. | S a
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limitation--the invention being defined by the claims.



7. The nethod of claim6, wherein the rodent is a nouse. 8. The nethod of
claim2, wherein the reconbinant inbred |lines conprise |ess than about 500
lines. 9. The nmethod of claim8, wherein the reconbinant inbred |ines
conprise less than about 100 lines. 10. The nethod of claim 2, wherei hMmaheys
reconbi nant inbred lines conprise one or nore reconbinant inbred |ines
selected fromthe group consisting of nouse |lines AXB, BXA, CXB, and BXD.
11. The nethod of claim2, wherein the reconbjnant inbred lines are derived
fromat |east 3 different non-reconbi nant parent lines. 3 1 MAY 2005 H 12.
‘The nmethod of claim 11, wherein the reconbiChamms i nbred lines are derived
fromat least 4 diffe ‘ - onbi nant parent lines. 13. The nethod of
claim 12, wherein thev\&gizlgn%!?nn%dﬁ% inbred lines are derived fromat |east 8
di fferent non-regconbi nant &ardeﬁbr I.idnesf,. 14. The rrtet hlod of r(]:Itai m 1]1 tWher ein
at |east one of the I e UK e cbnBf Mat PaFent 9l HRe0Y'8eSel%ct ed
fromthe gr %ﬁ%%»i@*?ifﬁa, RIU8ES"Pi nes C57BL/ 6, BALB/c. C3H, A 129, and
DBA/ 2. 15. The nEthodPEtVI@Ngi nP2, "ARREREEIS tHROUWRSTEd Popataei@iYor dvREpanel
of cell lines is deriigdvigvaim r sb@®innant plutblilyd ©f néhecr gesedcalhecadinbiseant
inbred I'ine backcrossesyidasisk2e paperioaygows fore detsatairialpgdppot@tison. 16. The
nethod of claim@h, whergimgthe recosrhesant indwiedals neshar ehedeehvedbler om
at least 3 different pgpulEERNTBE NGEWetRBNE NIVl fteSingbdduaithensetdhasaof el ai m
16, wherein the reconpjhamt,oknNbred lines are derived fromat |east” 4

\ pknahgd | . .
di fferent non-regqn-b -pare og o erein
t he reconbi nant ﬁibre' ﬂfﬁ és&gréfnt%ﬁerE\?ga%?%Mﬁ%&sﬁ%%‘%&g%#ﬁmu
non-r econbi nant paren g gg_mgl@_S%e( )met hod of claim 1, wherein the mapping
conprises analysis of genetic polynorphisnms segregating in the renewabl e
popul ation of ~géneti ¢AFI PEINULrEeCidni Vi qURATEIN 408 M e RoBOBH2EPRI M 1,
wher ei n t hOgiRdRkelly gévaree sedividraly saomisashe group consisting of a visible
phenot ype, a phy&)ol ogicodfudhenoidysed ay betsarioprdiffepmdnotogoebinant inbred
susceptibility phenotypes; a cellul ar phenotype, a nolecul ar phenotype, and

combi nations t he{b%Of " individuals produced by backcrossing recombinant inbred lines;

(c) a cloned population of genetically diverse individuals; or
{(d) a panel of cell lines derived from genetically diverse individuals.

3. The method of claim 1, wherein an individual of the renewable
population of genetically diverse individuals comprises a diploid, tetraploid, or
polyploid organism, or a cell derived there from.

4. The methed of claim 3, wherein the organism is selected from a
group consisting of an animal and a plant.

5. The method of claim 4, wherein the animal is a mammal.

B. The method of claim 5, wherein the mammal is a rodent.
7. The method of claim 6, wherein the rodent is 2 mouse.
8 The method of claim 2, wherein the recombinant inbred lines

comprise less than about 500 lines.

9. The method of ciaim 8, wherein the recombinant inbred lines
comprise less than about 100 lines.

10. The method of claim 2, wherein the recombinant inbred lines
comprise one or more recombinant inbred lines selected from the group
consisting of mouse lines AXB, BXA, CXB, and BXD.

11. The method of claim 2, wherein the recombinant inbred lines are
derived from at least 3 difierent non-recombinant parent lines.



21. The nethod of claim 20: ,herein the nolecul ar phenotype is selected
fromthe group consisting of a |level of gene expression, a splice
selection, a level of protein, a protein type, a protein nodification, a
level of - lipid, alipid type, a lipid nodification, a |evel of 21 MAY 2005
car bohydrate, a carbohydrate type: a carbohydrate nodification, and
conbi nations thereof. 22. The nethod of cl'aim 1, wherein the phenotype is
nodul ated by a non-genetic factor. 23. Thezgethod of claim 22, wherein the
phenotype is nodul ated by an interaction between two or nore non-genetic
factors. 3 1 NMAY 2005 - BBe2dethbbeninedihod’ ofvhetdh mm22ecovhereim ihbed lines are
non-genetic fagtreedifSordnet (€83 4 emepdtia orcaR@intthifBn Opa@ridnexposure. 25. The
met hod of claim 1, wherein the phenotype is nodulated by an interaction
bet ween a genetic |.pgus - e f . .. The nmeth of, cl ai
25, wherein trg% noa%ﬂeﬁﬁg n%ea??%:oqfégﬁﬁn?ze\%%f%%ﬁ%%?oréawcﬁr}t?rg%regrhng?@g}e
exposure. 27. FREC P B R e IR TRy RBR S R G T8Nt i fying two or
nmore genetic loci that nodul ate the phenotype. 28. A nethod for identifying
an interaction betwden algemgihed|deirm ahdwvheronajéertii @ d atthme 2t ldest dirpe
t he interacti oonredohztiesnapprandingpes tdiectedelrbodtreompoisicogsigia)y @i owiude ng
a renewabl e popaka@5HR /6f Bgemsti CaHl y, db9esse DEAGI vi dual s, wherein a
plurality of the genetically diverse individuals are heterozygous for a
det ect abl e pol ynmor pifi. sm THdndihov btiagma, vamergenita cohadtoaput@idrher thensaneb| e
popul ation; (e} cERPRERGs EBAVEENOREER @mbiRghVinguad Sné Rads s pé@ymblint inbred
phenotype,  whet ey kAR dBLEEAGH Qi hstdeen Angenstis, igeys and the non-
genetic factor that nodul ates a phenotype is identified; and (d) identifying
a genetic |locus that. no S 210, roygh . i f. step,
(c). 29. The rr.et,.hogfc’)f c‘?é?}nwee%@g&\%fwg%rﬁn{%ﬁ’ghérg%hrleH%ofeeéoggé'ﬁgﬁhﬁc}%egﬁmgg GP"
genetical |y dPYEVER THEiIA G HEIRY M9Bd C P TP i +di RATA0AIS Br oduced by
crossing different reconbinant inbred. 1ines; _ . _ .

7. The methoo of claim 16, wherein the recombinant inbred lines are

cerived from at least 4 different non-recombinant parent lines.

18. The method of cleim 17, wherein the recombinant inbred lines are
derived irom at least 8 different non-recombinant parent lines.

19. The method of cleim 1, wherein the mapping comprises analysis
of genetic polymorphisms - segregeating in the renewable population of
geneticelly diverse individuals.

20.  The method of claim 1, wherein the phenotype is selected from
the group consisting of a visible phenotype, & physiological phenotype, 2
behavioral phenotype, a susceptibility phenotype, a cellular phenotype, a
molecular phenotype, and combinations thereot.

21. The method of claim 20, wherein the molecular phenotype is
selected from the group consisting of & level of gene expression, a splice
selection, a level of protein, a protein type, a protein modification, a level of
lipid, a lipid type, a lipid modification, & level of carbohydrate, a carbohvarate
type, a carbohydrate modification, and combingations thereof.

22. The method of claim 1, wherein the phenotype is modulated by a
non-genetic factor.

23.  The method of claim 22, wherein the phenotype is modulated by
an interaction between two or more non-genetic factors.



(b) individuals produced by backcrossing reconbinant inbred lines; (c) a

cl oned popul ation of genetically diverse individuals; or (d) a panel of cell -

| i nes derived fromgenetically diverse individuals. 30. The nmethod of claim
28, wherein the phenotype is selected from the group consisting. of 1BMAY 2005
vi si bl e phenotype, a physiol ogi cal phenotype, a behavioral phenotype, a
susceptibility phenotype, a cellular phenotype, a nolecular phenotype, and
combi nations thereof. 31. The method of claimg30, wherein the nolecul ar
phenotype is selected fromthe group consisting of a |evel of gene
expression, a splice_ selection, a leve|l of _protein, a protein type, a .
protein modification?“a | gﬁlﬂ mfhOP; o &!ang ?gpiW%rﬁﬁb,Thg qubﬁﬁnﬁ{vigiff?F@ét’ﬁoﬁ’"ﬂ
a level of carbBRYEPATEN I COALBERNYRIrEHEE EXPPsETe.a car bohydrat e nodifi cati on,
and conbi nations thereof. 32. The nethod of claim 28, further conprising
identifying an intefacti diheametigpd wbclaim nprmehegeinethiecpi@titypads ancwnztgenstarc
factor. 3 1 MAYn28Q%tion4etdden BigematidieduobnelahondBnetidirba@r. conmpri sing
identifying an interaction anong a genetic |ocus and two or nore
non-genetic factors.284. The metihod oif clelrai 26,28 hevdier tien nioheg erogtiqy éaedi ¢s an

factor is an eswirgimemtatoe®ndhtordru@exgdbsgeexposure. 35. The method of
claim28, further conprising identifying an interaction anong two or nore

genetic loci and two,or more “Zf\e%gﬁ{&dcoffé}&Wﬁ%n @Cd%’l?ﬁélr‘ q?%@tﬁying two or

identifying a geneti€ locus th no tes . heno he
conpri s?/ng? (a)g provi di ng a reﬁé%&tﬂeé‘e%g%?‘g??tgwo@f’ %gﬁ@? POSMPY RS ver se
i ndi vidual s, wherein the renewabl e popul ation of genetically diverse,.
i ndi vi dual s conpri sed®i ndPAviTdli0S 1o SEIBANBE ¢ IYEEGI§NoPE VIRRk & 8888y locus
reconbi nant i nb¥ed d hpegenel} AaipI WGt (Genoieecn imad vietkmBsPgndype tthe
renewabl e popuhatiahcohpgemgtically diverse individuals that display the
phenot ype; and (c) i@dantipyiviing genetnewabtrs dopatstiodulcdt egeitdtecagihendtype
through the mapping stepirefvidlnis, 3kheldie et badaofy chai NS6genbecsiyn diherse
reconbi nant inbred lines gi®ideeEisvethetsomygbud RASE ddtediddiBTRINmorphism:
non-reconbi nant parep) |iB&Sicing a non-genetic factor to the renewable population; '
(c) mepping the genomes of individuals that display the phenotype,
whereby an interaction between 2 genetic locus and the non-
genetic factor that modulates a phenotype is icentified; and
(d) identifying & genetic locus that modulates the phenotype through
the mapping of step (c).

29. The method of claim 28, wherein the renewable population of
genetically diverse individuals comprises:
(2) individuals produced by crossing different recombinant inbred
lines;
(b) individuals produced by backcrossing recombinant inbred lines;

(c) a cloned popuiation of genetically diverse individuels; or
(d) a panel of cell lines derived irom genetically diverse individuals.

30. The method of claim 28, wherein the phenotype is selected from
the group consisting of 2 visible phenotype, a physioclogical phenotype, &
behavioral phenotype, a susceptibility phenotype, a cellular phenoivpe, a
moleculer phenotype, and combingztions thereof.

31.  The method of claim 30, wherein the molecular phenotype is
selected from the group consisting of a level of gene expression, a splice
selection, & level of protein, a protein type, a protein modification, a level of
lipid, a lipid type, a lipid modification, & level of carbohydrate, a cerbohydrate
type, a carbohydrate modification, and combingtions thereof.

32.  The method of clasim 28, further comprising identifying an
interaction among two or more genetic loci and & non-genetic factor.



38. The nethod of claim 37, wherein the reconbinant inbred |lines are
derived fromat |east 4 different non-reconbi nant parent |ines. 39. The
met hod of - claim 38, wherein the reconbinant inbred lines are der|¥?%1from
at |east 8 different non-reconbi nant parent |ines. 40. A method of® ' MAY 2005
identifying a genetic |ocus that nodul ates a phenotype, the nethod
conprising: (a) providing a renewabl e population of genetically diverse

i ndi viduals conprising a panel of cell lines derived fromgenetically

di verse individuals, wherein the cell lines are animal cell lines, (b)

mappi ng the genomessef i pdividudlocCell ddiResa iifet NeoMBREhOfice b8 hg! ishes
that dlsplay the pbeticyne. nd LA dagrldyida patnell el g Em:hi Lo

nodul at es t he phe e” eppi ng o
cl ai m 40, wherein the cell Iines are mammalian cell lines. 42. The nethod
of claim40, wherei#?the 'PReABIYPE §'sCI88T ett e EFRIM trt%é‘%r%%%‘t‘orﬁ%@@‘t ingNof
a visible phen@’ﬂ\yt@m%ﬂtﬁhy@f“@N@QleéJrU@ﬁéﬁ@W@e a susceptibility phenotype,
a cel lul ar phenotypg5. a mbkecot@odphdnataype,2@ndurticenmbiarapiising titentdpihg 2n' |
MAY 2000 -41 iA&rathen seidmdivad ochair;gk2etivhed eing thireonploes Woar gehanrabyies.i s
selected fromthe group consisting of a | evel of gene expression, a splice
selection, a |evel 96 Pral&hbin I%Pt bnl.fg@e 9@:‘%&‘3@' l%c@d%ﬁ%tc%bd{ﬂateg 2

| evel of Ilplrg1 rﬁ”‘ot ‘gtg %Bﬁv Cac :JnB cat a level

c)> 'ydra Ci

car bohydrate, 'a car ghydr at e ' nodi fi.cati on, .

conbi nati ons t hereo 44prof“ﬁ%nﬁetﬁogre6lle c?l § m APV EICH He"p I‘gﬁ? WEfSg
modul ated by a non- gene’ﬂ dVigUgSer WNEEIN THIE A RO PORY *'4@* &Fé Hai”ﬁfe
phenot ype i s nodul ated b§iVeast i WPHeIS GH PSSR BW (it 6r PiRgle eAdH. geReNBcor
factors. 46. The nethod beCkirapaiNg4cComéranh inbiediogsgenetic factor is an
envi ronnent al condi ft)on oepding &xposenenecd7 of Theiwsuhtd wfthiel aihm 40newabie
wherei n the phenotype i spopdeiiatedf byeaeticaiint enacte omddetuwelen tazigehatiee the
l ocus and a non-genetic pastotyped48nd The nethod of claim 47, wherein the
non-genetic factor {§ anigentifying a genetic locus that modulates the phenotype through

the meapping step of (b).

37. The method of cleim 36, wherein the recombinant inbred lines are
derived from et least 3 different non-recombinant parent lines.

38. The method of cleim 37, wherein the recombinant inbred lines ere
derived from at least 4 different non-recombinant parent lines.

39. The method of claim 28, wherein the recombinant inbred lines are
derived from &t least 8 different non-recombinant parent lines.

40. A method of identifying a genetic locus thet modulates &
phenotype, the method comprising:
(2) providing a reneweble populaticn of genetically diverse individuals
comprising a panel of cell lines derived from genetically diverse
individuzls, wherein the cell lines are animsl cell lines:

(b) mepping the genomes of indivicdual cell lines within the panel of
cell lines that display the phenotype; and
(c) identifying a genetic locus that modulates the phenotype through

the mapping of step (b).

41, The method of claim 40, wherein the cell lines are mammalian cell
lines,. :

42.  The method of claim 40, wherein the phenotype is selected from
the group consisting of a visible phenotype, a physiological phenolype, a
susceptibility phenotype, a celluler phenotype, a molecular phenolype and
combinations thereof.



“environnental condition or drug exposure. 49. The nethod of claim 40,

further conprising identifying two or nore genetic |loci that nodul ate the
phenotype. 50. A nmethod for identifying an interaction between a genetic

| ocus and a non-genetic factor, wherein the interaction nodul ates; a 2005
phenotype, the method conprising: (b) providing a renewabl e popurhfr%ﬁ @?
genetically diverse individuals produced by crossing or backcrossing

di fferent reconbinant inbred |lines, wherei mithe renewabl e popul ati on of
genetically diverse individuals are heterozygous for a detectable

pol ynmor phi sm  (b) pravidi a nan-genetic factor to the renewable :
popul ation: (c) mappihg fﬂ@edgﬁ Ob¢ CIP i A dWYAESE Ph ed?@fFHg”tﬂgﬁnowpe,S
phenot ype, whEFEHC@NTMt EFAGPBR BREISIRER &' gentY§!col 61§ &MBrasiemhon-splice
genetic fact or SElestioppduievce PiapighiRoByp@ies Yoentd Piegin ampPijientiddenigveyiong
a genetic | ocusptdhat lipodiipet, es liptdenpligstigpe 2t lavelugh catthen yoapis, reg cafbobtyeEte
(c). 3 1 NAY 2005, = d2bohydfetaehboifickoon identdhyingioasgraeidfc | ocus t hat
nodul at es a phenotype. the nmethod conprising: (a) providing a popul ation of
genetically diverse dndi vidlipl&ino8agiaiaifut, Wsidin 6TBnERbRBEA: 4509 BIed by -
wherein: (i) tﬁ%n (g%ggfggnﬁach i ndi vi dual of the populatlgn o] genetically
diverse individuals'is regenerable; and (ii) a plurality of the genetically

di verse individuals are et erozygous for det ect apl e pol ynor phi s
Tbp ng e genomes ‘ot i it FHUAPE Wrd A “End TSR0 RS BHCBYYPganaT PdPleR by
di ver se i ndi vi @0dNETERERN APEYREY WHET PHERIIATpEE "R XY Si denti fying a | ocus
t hat nodul ates the phenotype through the mapping of step (b).

46.  The metnhod of claim 44, wherein the non-genetic factor is an

environmental condition or drug exposure.

47. The method of claim 40, wherein the phenotype is modulated by an
interaction between & genetic locus and a non-genetic factor.

48. The method of claeim 47, wherein the non-genetic factor is an
environmental condition or drug exposure.

49, The method of claim 40, further comprising identifying two or more
genetic loci that modulate the phenotype.

50. A method for identifying an interaction between a genetic locus and &
non-genetic factor, wherein the interaction modulates & phenotype, the method
comprising: v

(b) providing a renewable population of genetically diverse individuals
produced by crossing or backcrossing difierent recombinant
inbred lines, wherein the renewable population of geneticelly
diverse individuals are heierozygous for & deiectable
polymorphism; ‘

(b) providing a non-genetic factor 1o the renewable population;

(c) mapping the genomes of individuals that display the phenotype,
whereby an interaction between a genetic locus and the non-
genetic factor that modulates a phenotype is identified; and

(d) identifying a genetic locus that modulates the phenotype through
the mapping of step (c).
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51. A method for identifying a genetic locus thet modulates a phenotype,
the method comprising:

(2)

providing a population of genetically diverse individuals, each

individual comprising a gencme, wherein:

(i) the genome of each individual of the population of
genetically diverse individuels is regenerable; and

(i) a plurality of the genetically diverse individuals are
heterozygous for 2 detecteble polymorphism;

mapping the genomes of individuals within the population of

genetically diverse individuals that display the phenotype; and

identifying 2 locus that modulates the phenotype through the

mapping of step (b).



