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methods for generating the disclosed population, and methods for using the
disclosed population for efficient identification of genetic loci that modulate a
15 phenotype. Methods are also provided for identifying an interaction between
genetic loci and non-genetic factors that modulate a phenotype. Further,
methods are provided for defining epistatic relationships among genes or gene

networks.
20 Table of Abbreviations
129 - a mouse non-recombinant inbred line
A - a mouse non-recombinant inbred line
AXB - a mouse Rl line
BALB/c - a mouse non-recombinant inbred line
25 BXA - a mouse Rl line
BXD - a mouse Rl line
C578L/6 - a mouse non-recombinant inbred line
cM - centimorgan
. CXB - a mouse Rl line
30 DBA/2 - a mouse non-recombinant inbred line
< F1 - first filial generation

F2 - progeny produced by F1 parents



SNP - single nucl eotide pol ynorphi sm SSLP - short sequence | ength
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pot enti alyoahishizky to link a trait with the genes responsipblrashpisobdat trait
provi des opportunities for new diagnostics and treatnents of genetic

di seases. A current challenge in methods,for gene mapping is identification
of conplex trait |loci. Routine approaches have largely failed to identify
genes for conplex 20 tragrs and often.yi el ggdiithpas ali€s fdtiedi ngs. A naj or
obstacle lies in achieving fine mapping resolution for the detected | oci.
The genetic component oi’-H%any conpl ex -t r ai tkelihgogratigsd@iitie or pol ygeni c,
each contributory gene lpgygng a nodest effFGlS/mePAsreWWréaBﬁoﬂ ndi vi dual
effect of a single gene is small, interactions wth other genes and/or 25
envi ronnents substanti alQK- contribute-to tHéntidivedsidoeion of the trait. A
failure to gecogni ze an ommodat e such | actio ' enet | ppi ng
appr oaches f():an mask thegqe ects of indivi db%?rﬁg'gﬁes. n%é@?'?tng s!te(rr\‘gﬁgi es
for gene mapping generally rely on | arge sanpl epgdymerphidnat achi eve | ow
genetic noi se or renewab),e i nbred popul ati - Leve | ow

envi ronnent al noi se, 30 but not both. "Addi fé&gnmtgnfatntﬁ\ﬁ%cﬁ popul ati ons do not
reliably consider phenoRI9€s nodul at ed by Betdmieamtinbred 8egregatibniest genet i c
factors. WO 02/-1-4-4 -3 PCT/ USOL/ 44929 Ceneti c. i ng. anal ysi

conpri ses progressive r%ﬁ)él ution of target re&@ﬁ@'@@?ﬁ?@hw FB%%’%G&ES

experi nment 1@npl oys |inkage anal ysis of the tardstintedciossing Ri¢ines i c

pol ynmor phi sms. An initial, genonme-w de scan is. geperglly conducted using a
t wo- gener at i on backcrosg r intercross. Thé‘nglfedg‘@[%?t'a?g%ynﬁ’é&aﬁyped to

define an approxi matel yggircM interval, orsghtpsdqueRee RingiH slyrdrpBisiibuse
chronosone, in which the_target loci resides. A map location is then

estimted using intervaSTppi ng or vari at fittagdemyepedigiaraerehisiher ei n

| i nkage anal ysis is perforned using additional genetic pol ynorphisns within
the interval. Further evaluation of candidate genes within a snmall
chronmosomal®10 interval is variabl yBackground Artdependi ng on the resol ution
of the mapping and flaq e abify ehRG IR0 ine deAL raidoRsIEAb! el fc! s
Current approaches to fine resoltution mapping include selective phenotyping
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previ ously def ﬁnapping;rmmuan far taesietantddiideif or phenotypi ¢ anal ysis. A snall er
interval is therein,20 defined. and an. optional subsequent round of
anal ysi s eval uates nﬂ?c@ﬁﬂ?trﬁcar%?%f’?% ﬂf t"ﬁaé‘ys ﬁgrlnpgelx ?rﬁﬁ%r'%?".go?ﬁ'iq'g %rppr oach
is effective fpslydanid, tedohceomiibutotyagge hhding tes maskeeh effectes althidbughnthHeot

beyond about 5 cMjs cessary,, and when extensive resoyrces to agcommodate
nmany crosses a'f‘g"’ﬁ@'ﬁ‘ ‘%&5?8‘.% %gpﬂet%b%?rﬁﬁl?’ﬂgﬁfﬁc ?'?%W‘%@PHW ePeHFIRY

i Nt er pr et a5 onenironEieats sUBERMUER dontribtiteOheMmankeRARIEdfithetrain oA flaes not
consi der phenotypes npdul ated by en ironl{r}&ntal vari ati on. Reconbi nant
progeny testinly &RO9NIZe GBHeAP r’l’fﬁﬁ‘%?tﬁgs AYCRCRYNI 1t PBREUSe MAPRINGD by

backcrosses. | aslirsashésl canahbskiha®kfRe@l Findhdtia Rhbs. EXREAYshairpicshsomsone
at a region of interest are crossed to one of the parental strains to 30

deternine the 9EMPBRINGIISNREANY splyon lprgeisampleisize® thay achieve 4w §8NefiR i on
potnt. This | ondifk 8 fenBhiablo ABfaqsbpliafions At bénfaViOlohEnvirdAleRts) gy nant

effects, but fails to consi ation by genetic variants found in a

di ver se pogil abwtaet bothyaddifipaallypsuchpoppiaionssivriotetably sasidenrhgeeiseesc
mappi ng appro i - I finC kCoStains, which are
strains that 3?@?@?R$$§ﬂ¥%ﬁ %gﬁg#RQBEQH%§%ﬁﬁgﬂggggggbt to a smal
chronmosomal segnment. According to this nmethod, reconbi nant progeny are
first selected based on a reconbi nation event within a known interval. 5
Secondarily, reconbinant individuals are backcrossed to a parent strain
several tinmes to elimnate alleles fromthe donor parent strain at al
other loci affecting the trait. Progeny are then intercrossed, and
honobzygotes for the reconbi nant hapl otype are selected to establish

i nterval -specific congenic strains. See e.g., Darvasi (1997} Mamm Genone
8:163-167 and Demant et al. (1986) 10 | mmunogenetics 24:416-422. This
strategy enabl es fine mapping of noderate or small effects. However, since
the target loci are not selected froma segregating popul ation, fixed
genetic and environnental effects can confuse results. The Reconbi nant
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inbred strain with a reconbination in the region of interest. To produce an

RI ST popul ation, reconbinant inbred |ines are backcrossed to each parental

i nbred |war2/4k@ resulting F1 popul ation is both backcr osgqdyandsore

intercrossed. Target loci will segregate in the F2 or backcross popul ation

since it was previously 20 mapped to theqvicinity of a reconbination site

in the reconbinant inbred |line. The | oca?i on of target loci is described

rel ative to the reqgstib#happing hhdysié cBApAbed brdgrestiviedicsIution epRgbeter ed,

and the collective results map the |oci to a small interval defined by the
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controll ed si n%s@“ﬁ%&'@%%ﬁger\é%%%p ngéﬁ%gﬁ g%@%%ﬁﬁﬁggg’ew ?/'erlléﬁgreal or
assi sted mati nanalysis\@ P2Hdrda? usingPadditiistil / gbhef® pblynsorphismsr within Hed
long-felt need jn the field is the devel opnent of. nore ppi ng strategies
that are nore 'B#GFY%' Z:H{thﬁrn%iv%‘faft'QP qf ﬁﬁpg'% FERE VIt aéﬁﬁ‘ﬁ%’%ﬁﬁ%@a rait

| oci | and igpr qmdvalwmmriamfyrdﬁﬁ@{lwépéﬁgﬁnﬁm the F&emiohwm@tm@pﬂow@ and mags ?
novel mapping populatjon for ultra- resol utign genetic ppi of any
trait, and t hdgo"g%'cfPéjﬁ%% g@ﬁ@““cf?ﬂ Wﬁbgsg?ﬂ# ‘Ff?‘?ﬁbg-'fgpfrg'hte%@r Pﬁéﬁieﬁetogﬁ‘te for the
sane. Summary bolutién MAREIAY ikulude el 6dtRe PhbnbINIAGSP)) rédambifgs Frogaryhod f or
identifying a \%gDEt c._locus 10 that nodul at es @$8§en0t F%g According to the
method, a rencRaMIEREIMINErElRPATICRORBERIE 8FaIYs USGR) dd [aremANaRLinGrs
provided for ognpéddioRRBR (FIST) %&mﬁe&ﬁmmgaiayﬂw%@%wﬁ Bi{gﬁgklagc

renewabl e &?pul_atl on of genetically diverse individuals ) play a
phenot ype e difigfeaee amentelie pERIOBrRGS iy the glepleni ¢f thecnepwlptien MSIE at es
t he phenotype. e il j ReSyi des a net hod for

i dentifying anmléﬁpt)%a%% g%@é‘t@\gg@ﬂég{gﬁi‘#@%hﬁg%ﬂg%\ghd a non-genetic
factor, wherein thédlertize pbeneiyping duMaitesspradystiion of pdargeAc? or baekeress t hi s
met hod, a ren . RO i ' ' e indivi j

gener at ed, an rllaglr?B ’ggi'glﬁeﬁdﬁ c\ﬁ#hfg g\%‘?;&gé t)éc%b!b‘g]e%& }t‘@hﬁl% prp%}ﬁcye%?ge&éds
popul ati on. Thistegeal ame seletiadnidr pheoalypict anglysE) 4i sipaliey intesvabhie thargipe ar e
mapped wh by a: i i b P .. factor
o odul atS 1 aStoAENEH & OrREHE bBquesh A oPailigh R, 18 G Bs

popul ati on of wihetheshblerditeeras e Thisdapproachl is effectiyerfor traidodbwith latgehod of

ot uben o endt R CiteT ATs 4P AGERAE Al O5 ALFChMKeaH, BB O
interactions amergsd | ifeMesourcedrte dcoorin%rwda_twmewm&s;%fa&ﬁtmmablabgmim theh .
t t t . . t t
or 1 dont L1y HBSEENG BpBYBISLORaE SR R SRR oM T HecBUSR o B0E o

phenof[ype-25ThQ’e@Eh@@ﬁV@@@ﬁééﬁﬁ%tl@bﬁMbéBﬂMb_r@tﬁp@&quuﬂ'ﬁ@d\@ leRvipséragll on of
genetically diverse individuals. 30 Individuals within the first renewabl e

popul ati on t hat2"§ie¥ ay a phenotype are identified, and genetic mappi ng of
such indi vidual s | dedebivbirst bkiind S18AIB gendétitah Fggmb;l@ﬁ Spbh@atipenot ype.
A second renewabl e pogul at i oﬁog?men,etdi cal I;/;_en V\D% /_44942% ?Gﬂﬂﬂ'a

PCT/ US01/ 4492 0187@ed 8Y PAgiciessas: Bdpdusistariings diginguishablenecampisantgenet i
l'ocus is hel d gppmbasthe al DgIOrb1 Hisredt 4rBichodsBE i et the SaRWRPSRRORU! at i on

of genetically diverse individuals are identified. Genetic mapping of such
i ndi vi dual3 i adsteiminethedoeniion tithgdaraet lecirelative tofa respmbingtionR@int Thist er act s
w th the TirStisenghien Mésd 6 iderdiRnh e nbilfg BBRNRIY BRecd R TRIRIS of

t he present invention can be used fo pp! ng %eneu c loci of any

popul ati on of eAngidsr thoduletiom By gedeticvarigoisfound th @ duersedeaiationn i ndi vi dual
of a preferred population is an animal or a plant, or cell derived there
from Mre preferably, the animal is a manmal, even nore preferably the 10
mammal is a rodent, still nore preferably the rodent is a nouse. In
accordance with the nmethods of the present invention, a renewabl e



popul ati on of genetically diverse individuals can conprise: (a) individuals
produced by intercrossing reconbinant inbred lines; (b) individuals

pr oducedwhyohaglscr ossi ng reconbi nant inbred |ines; (c) apgdranagdspapul ation

of genetically 15 diverse individuals; or (d) a panel of cell lines derived
fromgenetically diverse individuals. one enbodi nent of the invention,
t he renewabl e popul ation of genetlcally élverse individuals is derived by

i ntercrossing reconkhiastgdrehe %dpldg%prddbhtdiﬁplﬁﬁ’éimtew‘lallspb@if € EQTfePic

preferably all possible reciprocal E%{I r wse onbi nat1 ons of reconbi nant
i nbred |ines aﬁ*@'%oWB'iCBé‘f%ﬂra‘%%T@ﬁ“ﬂ' ffrogn ﬁ%ﬂﬂ(ﬁh?r&ﬁ“yd‘f”th‘fe?mm ARt i nbred
lines producesg ﬁroﬁﬁ»@@%%é‘%rﬁé‘rﬁ“'ﬁ@cbfafhﬁ% ter%éﬂonnI%megH\%hﬁpro B aRs her
enbodi ment of the inventio the rene I'ati on genef’l cal

di verse i ndi vi titshisslaciechbaged can I@yrQﬁDO’MWOF\e@\tﬁmWHm a d‘@PWﬂdﬂtﬂ“ﬁal 25 In

still another }/epé)[_l) ,p,]cgﬂ,g of
- genetically d| sg?(g@l | h/clghﬁ 'Jfb?‘ k‘g}ﬁp@”%lssg"ge géapégﬁcfes%[@@ ﬁe nigzsé d%ral ved
from geneti cal fipedioelinioaieralielesdwa the donef parabl strain akalbotberddcigdipeling i on or
t he panel of cgl i | | eg&rﬂy
i ntercrosses, {r%ee%n%?ﬁg%%&iaggﬁﬂgé?&e;&%ékcr 0sses ybo*egll@qﬂe e'cPﬁﬁP mant
nat ur al popul ahamlotyp8@rd selestedtoadstatiieh m\m:alrsmedlflenbnghmmsttmaafswleeg

i nvention, the.reco t nbre nes ,[r.ef I ris S n about
500 li nes, andPRBAS! Q@ giﬁﬁo'ﬁ'fl §q§§ﬂ%?é‘?aﬁés@%ﬁ%ﬂgzé ‘L’"; ﬁﬁggg)at han
about 100 honeﬁnmaﬂpg@mmaa|4ve-4220m‘9ismategybnéhsleelfirbémappihgofmd@er’atd are
not limted to nenbers, of nouse .|l in B,, BXA, CXB, a‘nq EED The
reconbi nant i nBf &ga |’~°rﬂ§§t5ca WEVEF HIRSe eb 9ttt I9F I R1Ss BPtelatted dram &

non-r econmbi nangedtag&tivg ppiitionPhicegeriatiy afti entirGriméntalostdcReiédhilide par ent
5 lines, and nore preferably at |east 8 non-reconbi nant parent |ines.
Represent ati ve'889hSr econbi nant parent lines include but are not limted to

the mouse |ines CoTE ReBABnGnt mbréd2§egreﬁdnd?l3ﬁé& (RES B ra1e cafupnoby pes

that can be mapped using the nethods of resent invention include but

are not it eaetestlrw small affecisn afbeyghereagirad tfpmgal!ﬂbai@r ehp fsReMBINGpE, a
behavi or al phemwdﬂﬁranﬁ Héﬁﬁﬁﬁhﬁ?ﬁéﬂoﬁ% m@ea@bbfe?m@e&e#by}oencé)é}eﬁ@wpe a

nol ecul ar phenot ype, ations thereof. Preferred nol ecul ar

phenot ypes i ncp@@éam reqomhmntmhﬁed inestase Rapkaressedito §aelepasepiabinbrash, a
splice selecti I

nodi fi cati on, ﬁ’rﬁ‘b[ evelr%@hnq)f:1 E&%@Hﬁﬁls g""@?%%@’?i pI |ﬁ‘te§{r ca?-lr%r et a |l evel
of 15 car bohydiost will Saegn:egmmmeaﬁ%ot baekcressrapuiteipd rsince lhwdsmrmusm and

combi nati 053t Hebeal 1o ASR AL EAMRIRIHEROF 1R BEARERERERG ATnEDduL 2t e

by a non-g€neti c act of &rac mor € non-genetic
factors, or byTha Iooatlena){:target lbetlsveieacrdoege'ﬂlatlve t6 teuecambination sitge et i c

factor. A pref t Qn or
exposti e to a BBARE SrAEREH s bR At o R IP R e B R3S or
generating a remeallviriéreapdgiinked tblydine rdevaehsicombirafiodisite o eactnecombinaht .
According to th t hod, e renewabl e ul at i roduced

i ntercrossing F‘E’E%Eﬁmen%ﬁer Fﬂ%ﬁpé%smlgﬁégﬂgrg%s&gg&ﬁ}%thg;?lﬂatl%g%%%/%géf i nbred
l i nes; (c)2sl ohagg uaﬁqte reopbiabniogeretypgeanat éamabt e dépredused bydhatirduet s;  (d)
or generating a of cell lines derived fromgenetically diverse

i ndi vi dual s. APS Stﬁgg' ¥8d is a renewabl e popul ation of genetically diverse

i ndi vi dual s producedehly, igeRett mabgﬁg@tmsf@ﬁgtoyﬁh@mmmmavln@\mmnlngn al so
provi des net hods for gener ating reconbi nant 30 inbred parent 1ikes.

According to tBeneficdiisit sychash natgialpopiiationc @shihg #ame 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 controlled since the unique

genotypes cannot be reproduced by natural or assisted mating.



inbred lines are intercrossed to produce reconbi nant hybrids. Preferably,
at | east four non-reconbi nant inbred parent |ines are used, and nore

pref er ablyy 0dly4422 WO 02/ 44422 -g PCT/ USO01/ 44929 | east ei ghtpcrmjgnf/@ggﬁbl nant

i nbred parent |ines are used. The reconbi nant hybrids are intercrossed one
or nore generations to produce a popul atéon of genetically diverse

reconbi nant i ndividuals. Each genetically diverse reconbinant individual is

then inbred to prodyes, fcurRmPER I%@Ifelt R A thd fiegd |sTﬁ@dc§/eR5ﬁﬁ$e¢i%f rhéréent i on
al so provides a recombi nant I nbred |ine produced by the disclosed methods.

An obj ect of tMappineskaiegienihataremoressiigeptang olier dmpeaved novsnlcdeted of

di verse i ndi vi f ofhdlbids@ntihddhtfofsol ution
genetic mappin Iéxaﬁgﬁé%lprtggtge pﬁvg}:ifrhé}%}ﬁ@?e% ecp has %eesnnnegé}ljr? whol e or
in 10 part by dlmioqasmwel manEng pomulatsmferldfrathi@ rebplatiarsgerietic mappingent i on
havi ng been. st [ s the
doscri'pti o procis et siAbgkEnepictih SllrEitaho e Besitiot g

Drawi ngs and Esemmgl es as best described herein below 15 Brief Descrl ption
of the Drawings Figure 1 depicts a prototypical approach for producing a
renewabl e popul ati on of genetically diverse individuals using intercrosses
of reconbi nant inbred | i nes. Noisunenanyluf trenihverstiopnt | i nes are crossed to

produce 20 reconbi which are t nby e The resulting
Dopul at i on o sADSPraRA FSPR RrovASS B rmelictylob driyinG b pBtP il s
(e.g., recm*rbltnanhodm@tégd henéigpe. Advording ethe Afsthod, abesslvass popusativhe t hen
intercrossed to produce ngn 1 reconbi nant and _geneti cal l%?ﬁdl ver e

i ndi vi dual s ( e9fggenaticaliy, giyersgs indivigpals, it pravidesh fofr 9pRetionB
genetically di yfopfosi dIHdAWiGA w.tﬁmhéeer?emalbwwa%ﬁ%f Bénétﬂﬁﬂ}aaiv@&e

intercrosses anong the reconbi nant inbred parents. Figure presents a

mat hemat i cal riegividyalgtbatidisplayia RRrRNOBRRET emap@éﬁéher&:ebbrﬂﬁmﬂh@p%gmeﬂa
renewabl e popuy, ét‘Pth ﬂBd&lS{é@%&?héﬂotﬁbé’erse i ndi vi dual s. The mappi ng

popul ation of t present 1 nvention conprises R X h%/bl‘l ds produced by R
i ntercrossts. Th| S T;b‘@pmeaentolnvmtmnnfui@gr deorédasc agmathedvior deentifing anoi se, 30

and. ther by oot aten iady GARRE Budbnd AhdEodRRE! BBCPORBH BS.

trait val ue of an trait popul a
strength or mrmmmmatgg a prenoypel/ Aderdng td mi@nwm ia ienewablef f ect ;

x, target gene %)%ﬂﬁltox%? eRé(tIcaEf Eﬁ%‘seQRdﬁ/WugEtis% ?&1 ta]na'ak rf‘ é‘r‘?etlcblx' X
ef fect of non- ﬁ M. ¥gure3|sagr cal ratron of the
power to det ecfactmr isaxr@ededjertm resewgbla populaharbl&qmwhﬁsmﬁmdwi&g@b&h cally

di verse i Vi usin -

naving a She SHBLIeaherRyPE pRmReed fABRBL el SBOG R REBHER, be has
a high envi ronthermbaneneilcsfacmnd) moﬂula’@dhbabkmtypmld idaniiéied c Praferably, the
representing 13% rro tot not ypi ance cont r,i but ed by a
si ngl e secondaf¥)® %’%’8 |an t%‘?'be Palg' ﬁ@(er c'BﬁW{@a‘soP JYRAed BE 2 ot al
phenot ypi ¢ varmathod, oftthe et inventleh.eClthet Hiscldded Afelitdd firidentByingpant five
times greater using a renewabl e Eﬁ@gl atl n of ene aII di ver se

i ndi vi dual s as'“%ﬂ%‘&P@ﬁ WaEN2 9888 H%lﬂ’f ?ﬁﬂ NCRMPAPEES, is a
grid represmentigidrgflion$ dnfihgRiwo RPPMbARL igen ousnaﬁl déafeu@%ctarmlwmrém(mescrl bed
in Exanple 2). Thirteen jndependent CXB Rl |ines are designated CXBl, CXB2,

CXB3) CXB4, Cxptsraqtignanodsiaies a pREROYRSEg, 15 CXB10, CXBl1l, CXB12, and
CXB13. CXB reconbi nmayat invéMioRdutthBeproViied a method for identifying an epistatic

interaction between loci that modulate a phenotype. The method comprises

providing a first renewable population of genetically diverse individuals.
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



intercrossed to produce CXB reconbi nant inbred hybrids (CXB RI X hybri ds}.
For each intercross, the paternal genotype is indicated on the x axis

(1 abel edW'd:@t/nfm"), and the maternal genotype is indicategPOisdingyy axis
(I abel ed "Mother"). CXB RI X hybrids produced by the intercrosses are

represented by 20 the rectangul ar bl ocksywithin the grid, the position of
each bl ock indicative of a particul ar pa(tsernal genot ype and a particular

mat er nal genotdw&seTmle@rgeﬁéraf&pmfmmefmgéﬁéhchw%h%wmtaw QrL

anal ysi s of body ig anpl e listed in each block. GITL anal ysis
of body wei ghtlndky@a %wltblérm@rmenqungﬂwe ropalation peir genelicalii BVerse)

CB6ByFI, and Ggd W&J?K‘Jal(aﬁﬁ tef, 2Qeridtic ﬁgﬁplﬂg@??mmm%% a@ﬁﬁ@%B 3

.included in the ana YySI'S IS |st at t acent to e
par ent genot yp#ecoRt geneticlocgs that apisiatisalydhtanegis wehite firsy gan¢t@dg@90iﬁ> rmuse

chr onpbsone 4 ('BEM' %7@9 pg?ﬁ(gg Qows suggestive |linkage to body weight. The

| ocus was ide nal ysis of CXB RI parents as described in 30
Exanpl e 3. VerticalTHei meﬁ;\pd&(mhsprﬂsent inverdlonglantbe usekldodr haping genatic

statistic; gr f 2/ 444 01/,44929
Fi gures 6A- 6Ca]§?'e°€%’msspog’8 Rnog @S@ep.t?{%ﬁgﬁr ooéipoiﬁ)lo'é EWHSE g‘rres 4,
6, and 12 t hatindiviziull oflegstetearet pdyulatiorgistan aTﬁmalIomaiplam;cecetllelemve‘dtbelreby Qr L
anal ysis of RI X hyhrids a ibed in Exanple 3. Figure 6Ais, a
Chronmsoml P e Ve MeraiSy e AN s TaRR o sueh HETS iistebhEine
significandy ﬂnamﬁﬁl id @ rdtiesy, swrr@lré preTé}leyQﬁelﬁod@!Elslajmﬂhsél ed by QL

anal yS| s of RI X hybrids as descri and caorresponds to the

| ocus identified byn @pgorgﬁaqey\g‘ﬂgtr@fmﬂhoggpém%or ?fﬁ?@l"’t“@’?‘ﬁ?n epagr e
Vertical |inespodfdfichCer Qené?nbél?ﬂ‘dﬂb?ge mHIv'i%ﬁJaW@@tﬁi d’oﬁ%ﬂrl@eska%t in8ivideialsar ay

pl ot addltlve effect; (=) plo dom nance effect ure 6B is a

chr omosomal  meRyOHERARY 'ﬁtf“ir%'mgf@PO'@h'nﬁBU%feéHP%?r@&?PéV'@J%Iﬁ%IPdW by
significantly didrkgrfising rQ&ﬂb{bMﬁh%red Tihes: | (erd c%ﬁé@ p\ﬁ@laﬂéﬁ bF‘(.?elzrﬁY c&W—

anal ysis of RIX hybrid§ as described i n Exanp ertical nes,

score; bl atk pliverselindodduais e (qi)@maﬂeé@fa&qllsmnpé de@\rqum genetinglly @'W%SGef fect;
(~) plot, dompnanfrafffect. 15 Figure 6Cis a chrompsomal map depicting a
| ocus on nouse chrom)sorre 12 that are significantly linked to body wei ght.
The | ocus was i dentlhfored empodMmertrefl thei invertior, Xhéyenewablaspapstationbeld i n

statl sti o gr 9Praety Q5se AR E oo o8 by BySlorpselrtFebdRBReh bR, 1 o\, o

71is a _chronos|g1ml inrdie deamcaftlmtag:rwsslee,cmrsfanablmumsghlledﬁpl]?_mnal pdir wis®t shows
o i fi

anal'yei s gt cxannprd L TalSiain: hufed TRES BT b el Bl it Lo

score; bl ack p;bcmulathnkﬂln recardbinanti iobretldines praxiucgs ayemmbleadphllatoreofeffect

25 Figures 8A_@Fﬁ Q%m)somal maps depicting |oci on nmouse chronpbsones 5
and 11 that ar® r{k%\ﬂ? brain weight. The loci were identified by QIL

aRaI ysi s o:‘ Rl X hybhlaihs)tm edttﬁ)drnhémd)f ithre Ewamri]tbre the rﬁiaywbﬁe Béplilstlcﬁn of
chr onosona t s qn _nouse  chronpsone
suggestive |i n&%&f’ggf"@ %Y%ﬁ?}' ﬁ'(scis W‘Pé’upﬁ‘éﬁ Vﬁn@%ﬁc‘?%ﬂ?rﬁfniﬂg@jsq L

anal ysi s ofs Rl mlbah@lﬁeﬁémdsénﬁfehb@d the) ifeRlH Sthé- reFeRableVespuldmdh bf nes,
LOD score; black plot, likelihood ratio stati stic, red plot, additive

effect: blue pg%etlcalwlﬁg_rﬁEén@Ylfi%ﬁ comprises a panel 'of cell lines 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



WO 02/ 44422 -11 PCT/ USO1/ 44929 Figure 8B is a chronosonmal map depicting a
| ocus on nouse chronosone 11 that is significantly linked to brain weight.

The | ocwgowasspdentified by QIL anal ysis of RI X hybrids psr@ssgimied in
Exanpl e 4 and corresponds to the locus identified by QIL analysis of RI

parents. See Figure 5 7. G een vertlcaljlnes, LOD score; black plot,
|l i kelihood ratio statistic; red plot ditive effect; blue plot, dom nance

effect. Fi gur gosd thah dbcii i 60 ik, %Pé@htaﬁﬂefﬁcohimmﬁmﬁﬂ@dhmluﬁiﬂlddbmt CXB RI X
hybrids. Thirteen |ndependent CXB Rl Ilnes are % %ia %‘Q?d CXBl, CXB2, CXB3,

CXB4, CXBS, CREshotdirted temmnberighthedneiiss lineg 9 B¥PCxB13. CXB

recombi nant i nbr edthé RRSMMRMt ln'BFéH e e8¢ He br‘édQéé&i&&ﬁﬁte@%d‘%ﬂﬁHs@m
i nbred hybrids (CXB R X). For each intercross, the ‘paternal ‘genotype is

i ndi cat ed on NRE-TRCIGIBATY REsENdiNesDBiefgrablyrfl Ieass drensrasambinant PR[SEL | s
i cat ed 8n s, Yokt fokd Sy VB tast b X BB, REAT BRI Dfndane

intercrosses are represen e e rectangu 'ar In the gl’ld t he
15 position oﬁeeeaslentatlmemmmmmmw paferalimmclud&autqramt litaitedjioride ype and

a particular RRENA s@%?BW%ALEPEfeg??Q a?ﬁ@%&/%”pal wei ght for RI X hybrids

of a particular geno e rsrndica l'ocks. For conparison, QIL
anal ysi s of hi ppocErqbatedehghntywmsthat san pemhappeeidusisg ke Mo@xa)fmhe parents

BALB/ cByJ and OTI] LR (ia al e é f 28 Bl arent 20
genot ype i ncl aE E At g i aF'%e et 5 ‘ﬁ’( % o® each
genot ype. 1Box @dyéjd)loglkzal phaeotypbya MMrajfpheacwpe mlscabﬂbllhyﬂner@ssypm ah
significantly dj ffergnt hlapoc i on of the

ht
| nvention 25 Fh Enetyp v@n?ﬂr@ﬁc%ﬁrsgﬂ%@¥p%?ﬂgd§°m ng‘é{!ﬁe&'&q By

renewabl e pOplF"r@fbrr@cﬂl niledifiteitienatyb¥s fclRieSRit tarwndtumwdso aeverey @@ﬁ@ f or
usi ng such a popul ation for efficient ma enetic |loci that nodul ate

a phenotype. AKRESEHPRCRFPEEE selechien rﬁ)&/efef p?cﬁ%'ﬁt ng/PWQ’ t¥Ree PaRiotedms anong

genet| c and n%bdﬂ“%@ﬁ&ﬂ\ Ca flé@él%fshpi@raafﬁﬂf'gyp&erhehﬁ@t %Hiﬁéatld’hh%f fdva) the
i nteraction nodul ates a 30 eno i nvention further discloses a

net hod for15cel‘3ﬁtb9§¥‘é’étﬁgeﬁeCWVW@PQJSWP@) Gelqarhqhydeatel e mogiigationy nrand

renevabl e pOp'ébn%b'n‘éﬂoﬁ’é theRIYEL Agﬁlfhdiyﬁé oz tﬁéaruhﬁél éHa?é@é&e@rasWdLﬂéié@Vam
di verse cell popul ation. 22 -12 1. finitions PCT/US01/ 44929

Wi | e the fol by mp-genets fagter.du arbma@t@rbféetw/@em e e margdwngengiie of
ordinary skilk dt&stcﬂfb lht&MLOB@ean@g%@EIX%%%ﬁ hdn- é&{ﬁtlﬁ%&& to

faC|I|tate exp anation of the I nvention pul ation he term

"popul ati on" Agireiesreddonrgergtio tgetarfis angnviranmegnial cohdition omexpostive fccaual "
refers to 28Ny i Ioid or polyploid organism or a cell derived there from
The term’ | nbre describes substantially isogenic individuals produced 10
by crossing of cl oS¢ \pressrit iedentivdi firtheal ovidee rethods ifaobrgeediatigd aefers to

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 a renewable

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



repeated crossing of closely related individuals. The term"isogenic |ines"
refers to a population of individuals that are genetically identical at all
| oci . Thwd @rsminonr econbi nant inbred line" refers to an pausd/shsme

wherein 15 individuals are genetically identical at all loci. The term
“reconbi nant inbred line" , abbreviated Rgerein as "RI", refers to an inbred
line derived fromtwo unrelated inbred parent lines. An individual Rl line

has a charact ere\astteughtcmmweaambmanpifnbmp@rem ﬁﬂesaardldsfearamerpeémarnanpf
alternative al h%es at nul ti g (g loci) 20 The term "coalgqﬁnl c lin
? 0

" congeni ¢ st r aNVPrOBAER INEFRSSed oug O5meEe GRAFTAITRS la PP b hapufon el on

with respect tgefetieal |difdise fesemBinaft JAEINIduald. CORGMI dereticelyi sliv@rse
. reconbi nant inbred line wherein alternative alleles al resi 8@ inalimted

chromosomal i nfespipinankdlyidyalis endeige s rrodyses esompipaptiplrge doe- bV’ea seri es
of Dbackcr Oﬁesplte@eﬁt lﬂ@érﬁﬂh dlé@ﬁr&vﬂés%&ﬁbﬁﬂhﬁ@&@ﬂ Nide (AbbFEE 9 1R - 25

+ 1966; Denmant . An interval specific congenic strain is
r econbi nant atdlécbﬁ@dzmﬁtf@di cMinterval (Darvasi, 1997). The terns

"chr onosonal substlAﬁng éftt pes Plrsf’ﬁ Es?g?rﬁglﬁglanﬁo SP?lJlS{I of 0 an

inbred line that isi I'ne, host , V\nththe
exception that dls(e@'engdilwduais @:mdsmerﬂaods of explngctba sapnet foe ubita-high pesnlutian 30

chr omosorre {1 o gy Sadhd e dolob A0 406 1B nEBE HBRATFoS YRR | LULi o

strains are re Res Where! n erna rve al'lel'es a WO
02/ 44422 -13B Pﬁﬂ'ntblﬁﬂildprém:mmtlde on the si ngl e substituted chronmosone.

See Nadeau et al. 000 t Cenet, 24:.221-.2 ntercross refers
to the mating of |n é[x&'ll% bﬁ%\ of %8 "é"ec,rﬁ'°ﬁ2‘?¥'r“§§1?88&§a]f hﬁreéré"’fbé)g?’ed
genetic |oci. diner bqects"wnnbecrame)smdemmmﬁmpmsemt@n“mmemem’akenrnoss",
meani ng crosses betﬁveen S bseguent@g ﬁl’atl ons C?E intercr ssgj% of. f spring.
The ternms "i nt EPNIEGHQR with fe-agdompa fRYIBIHRY ﬁqrgplgﬁag 19EGCHREY nel ude
mati ng or assi géeth betéwli | 1 zation to produce intercross progeny. Preferred

nmet hods for_ assisted fertilization or reproduction include but are not
limted to'®l oni ng, in vitro fertilization, or inter-cytoplasmc sperm 10

i njection. Methods for assi stgqef@égcjnbhg@bfm@ mg@,ggll known in the art as
di scl osed i n Nakagata (2000 Thor nt on et aI (1999)
Manm Genone 10: 987- bigpre Ldiﬂpro&'*dﬁsoretotmlca' @QBG@PhAﬂhP’NdMEQcF rrewable

900: 325- 335; agéipdléhonléf§en§@bﬁ5ﬂélv&‘%§1noﬁvld§§s 881Rg imerefbhs884t reSoiBifarkil 3. The

abbr evi ati on refers to intercrosses between reconbi nant 15 i nbred
| i nes. The t erifbrashdives.osNon-rembinast apareals dinpet e §raasedf 1os girPeéfeand one

of 20 recombinant progeny, which are then inbred. The resulting population
comprises a muitiplicity, 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 Rl intercrosses. This population minimizes genetic and environmental 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



its parents or an individual genetically identical to one of its parents.
The term "backcross” enconpasses "advanced backcross”, neani ng crosses
bet weenwo baclzy oss progeny and an i nbred progenitor frorEUSIQ929
generation or an 20 individual genetically identical to an inbred
progenitors froma prior generation. Thg.terns "backcross" or "advance
backcross" are understood to include nmating or assisted fertilization to

gener at e backaN&ls substRgityefidtt,&f &irgétden®igendtypbobx, affetisdfesrgbegdrid earzat i on or
reproduction include but are not |imted to cloning) in vitro

b |
fertilizationtrabyaiugi ax. eYRchpf Baroed 98P%y-i nj ecti on. Met hods for 25
assisted fertili ZangGFb 8iLa Wl phidaNRUstrdtidn (o eherpdwértb et A telgeflyene 1999;
Loutradis et al.) 2000; Nakagata, 2000) U.S. Patent Nos. 5,453, 366,
5,54i ,081, 5, g3log7 wnewable pppylaton of ggneisdy divess indikideals @WPrUsRGup of
i ndi vidual s } i i I i iR 5O
conpri si ng§extp:)%1ro Pﬁdfeﬂrll%gﬁnssrg? gg@?’éﬁoﬁg ﬂé%ﬁﬂﬁé ?négfnp)%ﬁgrggeﬂ &\}\ﬁ)al%ig?élléh14q2h2
PCT/ US01/ 4492%is sinufaion, dhenphenotyesm haaiei jah envirensental npise gndgrfiyedr oduced

by intercrossj i fenti ] i 3 ~f ard il i . F1
Uhdi vi dual s.ssl?ﬁ‘g)%@?'?nd ﬁ{zr‘fé{;cn@fl%ﬁ hélﬁ’g‘%’[sé“ﬁ'ﬁ%ﬂgr/"s tgv‘t’)h‘g th toEPbhtbiPic
gener ati on. LRBatiaBeecconiriitpgibgassifitie seeondaryalppisig"Whenyendarpet geppi ng”,

"mappi ng of t RORE" 4 noPlc wde yRI_Ng. . er. .t t

deseri bing a BUERONT oreR op SHE R HsBye Brtarfie e ol oRe: b
frequency1u t targeiggemsd i€ gboliy five pimesngredtee wsisgllat seneivablevpppulatprnret hod ar e
described in map unjts or NMorgans. The term "paol r phi.sni' refers to the
occurrence of 9¢ '°8l'yaﬂe£?féei'af5'\§@¥f"iﬁ?%%Q“?R?f%%%@ffﬁ%g@'”gﬁ@?fﬁ%? alolquences
gr alleles ITR a posagbﬁ) 109 a gt ebleskhtion fof mearlwepfopmab@w asecsfmldfmas one
ase pair. e term " Mrgan" "map_unit" each refer t nit for
expressi ng thénﬁl(\;‘?'ﬁt(p@@rgpgt'%%@mg&%ghh'ﬁﬁ%g‘d(‘?ﬁe ggﬁr@ﬁggﬁﬂﬂes% Mbr gan
unit (M indi gasigaated CRTICXBL, OXB3,/CxELCYBSf CXBBYCXB7cERBBMOKGAN (CM

i ndi cates a 15 reconbi nation frequen)g% of 1 % The term "rgc_on‘oi nati on
frequency?Sr ef&BI 0 &XBI, (i@ 398 (R Bhb & fecomhinané dntsgd {iRgs WeFel  nunber

of progeny. ThercRiged ROBRIdUCEEXESREoMBMBhTInbAIERYbriS (CRB FIXHYBRE) ty of
detecting or mapping a genetic |locus. Power is preferably 80% nore
preferably 9099r eahintaseiosp:tbe patepta) donolype ifdndicaied sy Bepraieralaled 999 The

power of det eaﬁétﬂé’r_”)?oariétr@Hagérg%IS%rg&%%n@ﬁ%atg@% ﬁie[]%gfshaa@éwhis

opti mal when geneti’C nol se an tal noise in e mapplgcﬂ

popul ation i s MetherGofXBriiK hybridsiprogaord bysthedeteratosses are refiresantechieyi by
genetic ”?b Setf%ﬂ%c&@éhk? BISGIS @lthiﬂ ﬂé&{%m}&sﬂm ofbg{:ﬂ Bloch fidRatildlof 1€
context of genetic pprng rerers to e dene residing at a genetic |ocus
t hat cont ri bupesicular paierrst geppigpe am T particelanmatarnagenbtypandhe namger gene

strength" eac ke } QR i 0 a
henotype. - Coguebp b DedibiAske B} Bk et pBor WaRMEeIERDIE 7 0 1
geneti ¢ | ocus3) Religkd ineéachsblocingQfaragetysigesfdodyrvecighisvas alde pedoroed Genes

masked by envIFORTEREA MoPag S HACRE D, PROBRET H ChiBen Sl ) "

backgroungs o08)." Ties hdmbkr ofeTXB YR) pareats incladedizr the mnalysis is ksted at thedop evel of
genetic variati,on. In a LCc mapping, ' experiment, genetic noise is
i nversely cor F@Iaﬁ?%tcfo\ﬁa{:ﬁ%BF pq;egtlpqpé-gylppy_ For

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.



W O 02/ 44422 -15 PCT/ US01/ 44929 exanpl e, genetic noise is significant in a
reconbi nant i nbred popul ation due to the Iimted nunber of unique

genot ypewo dv/d1gwel of genetic noi se can be described by twerequatdon:
genetic noise = (err) b; x; , 5 wherein b represents gene strength or
allele substitution effect, x representsgenotype, and i represents a
nunber of non-target genes. Thus, genetic noise represents a sumof allele

substitution effectRigatesabA-6®raré agtgeosamal ompsr blépictimyg loh en pheuset ype.

Optimal ly, the genetic no p C eofor msenS|t|V|ty
of gene nmppi nﬁgomsq'ﬁss rGrnarB {# ﬂ@iﬁ@%?@f Ché dy yiel % Ipgihyare
background” asiqHf§dRS @TD afalybis P REX hjlstide dseleskribdd WE’)(arnQﬂéant al
.variation. In a genetic mapping experinent, enyironpnent &@Hnm se is

[

i nversely correl at dd9yiiet RAeiSdr PH@W%P"\%W?Q ‘?%ﬁ'”&f aj {CHE | Mot ypes.

For exanpl e; ea%brngaafﬂet@'thé{% @aﬁil;ﬁﬂhﬁé&WBoW%@h( TheiosLdupdss are
- uni que, as I n an popul at i on. he” envi ronnent al noi se

shoul d appr oacllﬁle!zféftﬁ‘j' by QT RNAMSIS SDérlﬁJXth)‘éflﬂ? agf d‘b@ﬁée%ﬂb;ﬁxﬁ@ﬂﬂ'ﬁeﬂ%r m
"epistatic intglad FR&S td @fe%&sﬁ&’erﬁﬂ@@ﬂy @el"Lp{?%E%lis 6frﬁl‘ifa?§r§tég£5% i

nonal I elic gene |c ocl, between gene networ tween
genetic |oci afdebigared. nV)echaldlnegdz@i) |SGOITeablacksilot‘l'lﬂlﬂlhocoméﬁﬂp@’f@ﬂszg,

"epistatic” @@%ﬁsﬁdu 4 Arcg?%aglota SITP\%HCJ} LREA interactions. The term

"about", as us rein erri 0 a neaSuiabl e val ue such as a
position ofoa | ocusFigareg6B i aclkmromcaog\at rgEm alepictioggivin lpowenr , metusa is

nmeant to enconpass vari s .of .20% a en nor e
preferably 1 % RMgsene, ﬂﬁ% %epsij%?fé ﬁﬂ\f &%dl{g’)/gs?)gﬁﬁ é glt)ﬁeéclgg %al ue,
25 as Suﬁh varidahllfmeaya@ELaDEiyelprolf mmhymldpmlsfdm}smlbétanc&mmphsedVmsttcbbd . C
Traits The term or "tr i." each refer to a rva

property of anfl Qﬁsggﬁf)ﬁﬁy lﬂﬂ? tgqp(gariaﬂ?gﬁggﬂq (Qﬁa%)ﬁ’x’i ﬁga&%Sﬁ e of the
or gani sm and tmpﬁﬁvddr@iﬁgﬁﬁgeffe%tphenotype can enconpass vari abl e

expressivity and 30_penetrance of the enot p Exenpl phenot
i ncl ude but®are notFigpng 664 ig & £MAMRGSY g%%“”ga pﬁXF}s/'Fo?’de’e

phenotype, a bghiamioabmle 12 Wet Q?é Q?ﬁﬁ@an‘tl}@mﬁ’g 13664y #eRR9 nhsnts&meas a

susceptibility phenotype, a ce a nol ecul ar enoty

d
conbi nati ons t Keptsd b WQEL@@?W?'S@J‘(BP@E%WWW‘delsé'f"éﬁ%'“t%‘af‘ﬂée V@F‘ICF(/) oran
intensity of ajhepobyRrsikkaIGdikYndditatb disdistic; Qraypploh aebitiv@dfasnot ype

when exam ned undér a define
(@) 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 5 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; blue plot, dominance effect.



5 set of environnental conditions. The term "penetrance"” refers to a
proportion of individuals of a specific genotype that display the selected
genot ypayvohemexam ned under a defined set of environnmenper/vseifliotd ons. The
term "nol ecul ar phenotype"” refers to a detectable feature of 10 nol ecul es
in a cell or organism Exenplary nol ecuyfr phenotypes include but are not
limted to a | evel of gene expression, a splice selection, a |evel of

protein) a protei nFlgM@eBBa@raotcardmmd’u mapl @epictingl evajcuef ohigbdse a |ipid
type, a lipid nodificatjon, a |l eve C hydr.at e hdratetype a
car bohydr at e R@MOseRE; bhin aérﬂ%lstgﬂﬁﬁ?ﬂ'li/t " tPrFE?'Qo‘f’é'gﬁ)Et %ﬁi rW&bser vi ng,
detecting, angichfidtyiQtiabhagsisTdr e Wbrnab%[soaé&%e@r@ Eo«alrﬂp(&aomto one
skilled in the art. See Ausubel |ed.) 19%‘2 Short _Pr ot ocol é@eg Mol ecul ar

Bi ol oay, 3rd Eeresmondsto W@J@%r‘(ﬂ@”t'ﬁ%ﬁ}’\@ nely§isnf FbPRFRAS Ut i de

Synt hesi s, 52ng, G‘?é!en\?eqtlcaﬂ%ééqﬂéb SéRre; %&ck%ﬁﬁ'hk@ﬁ%‘ﬂriﬂﬁ Katishr e, Lane
(1988) Antl bodi es: borat ory Manual Spri ng Harbor Laboratory

Press, Col d Spéditie ﬂ&ctb,d?ﬂue I&l@WWmllkanCE@fﬂGﬁhl s (1990) PCR Protocols : A

Cui de to Met hods aﬁgaépgéé %%jr@gr[é?)[ @Pa‘ilﬁmcﬁehfﬁpgéém{)ﬁggahgﬂpcxﬁoﬁﬂf' &

Pool a (2001 ) Stero egren Cl ence
242: 229- 237; Relyids. eThideen Q@@GDndékﬂaG)@cﬂiH@ﬁS%@d@Slgnatm CEBhhECEBR, et al .

(1989) Mol ecu 0

Labor atory Pr @@306856@%51%@?@ 28 W@%ﬁ? & ﬁﬂ%ég? d@ﬁ %84y 25
Experi mentis wCxB18e neXBustamnbinafbindresplinasgweéier ibt@rcrosdsst tot proyiucé:@XB Spri ng
Har bor, New York: .and, U. 096, 555, 629 158.
The term * susEFecﬁmbH?qnitf'ﬂprﬁﬂ@/ﬁf@%éwéeﬁ*gﬁs '?% %ﬁ?hl ﬁn&ergrggg #"ga%%gm risk
for displayi Egeﬁotpﬂf@n@@i%cromed gﬂﬂmet)eam (lalweied Dadt); and thelanatesmﬂlgbmtwéml r ef ers
koo L Vb T4 Tl R PP
each gene Conimé@k&sb@é}a?é)réd?ésé?ﬂw ol \the reétangllaxblbeid wahmamd:@.dqaml nuous
or show t hreshol d penetrance. 2/-1.4-122 -17 PCT/USOL/-L. 1929 The

term "ol i §8geRpeitien &f ach é?'%‘?'%'ﬂd&aﬁ"%cﬂ‘qﬂ aarticplar patipdr aePRIPHRNY 3 ew
genes, each hﬁﬁhlﬁ@la@mﬁ@ﬁél%@ﬁo@f)é Ethe mElR th‘ébEﬁm;Pél Wsitfibtdr HIX BYBridsioef ers to

a conplex tralt determ ned genes each having a noderate effect. 5
The term " gend PREioHEF genciyee 'ngédi@ﬁ“ﬁ inthe Riscks. "E‘H&Q"]Pé‘fléﬁ’“-t%ﬂaa%‘%lfs'%f two or

more genes thap ea.ln ] Mﬁr\ﬁ%ﬂaﬁéd’ pe%aﬁéwr@i@ e xR AP Pardhtgiene

network conprises corrp ex trait loci term"quantitative frait" is a
conpl ex trait BABIcEydang £548E&8ydd The hippocampal welght 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.



gquantitatively. ~uantitation entails neasurenent of a trait across a
continuous 10 distribution of values. The term"effect”, in the context of
gene trai twoorefers to the contribution of an individual geaguso/ibs
expressi on of a phenotype. A gene effect can be described qualitatively,
e.g, a large or small effect, or can be qyantitated as percent contribution
of an individual genetic |ocus to a phenotype. 15 The term "nodul ate" in
the context of a phepefiMiens refers to the action of a genetic or

non-genetic factor to contribute to the phe,notci/%g6 Modul at i on can E;{Prmte
or detract from expr ¥¥kehe joligwingdamns aedeligyed lode wehdrdaatoodby oNg &l i vel y

or in addition, JpmdihabiiPih ¢ aﬂd%é)'?on%wf){ge agﬁmﬁ&%cgé Geff RRhUICRcitaté

phenotype. A nodulatory contribution ca ramatic or subtle, the only 20

requi rement bei g¥plenation of the inveniiotat el y det ectabl e. The term "segregate” in
the context gf genetjgs, p@%@é@n%o all el e sorting anong progeny of a

genetic cross, wherefrmin s wth a phenotype are distinguishable.
The term "segregat i nghe terim “popultions’ retersitoprangroyp of individuats. di st i ngui shabl e

0 B oubset of P OgCHYC iR O ARRDSH STt B5noR bRt €

Factors The term "non-gene ac refe n- exclusive of
genotype that nuodived terafrpmenot ype. A non-genetic factor is any el enent of

the environnent, including but not |imted to.g habitat. condition, a,level
of activity or exer cilrg‘é,tera] giﬂ),recg dtgﬁgbbe[srsgggﬁgﬁ}l,y '%Wnl%?r@}"ﬁﬂ?lwﬁ%d”?ﬁ%r eof .
30 The termibdr By crossivg of Slosslyaarted lividddisciiheatephybedddinghefdroltegi cal ,
behavioral, nmental, cellular, or é}}{)l{ cular fynction of a living organism A

drug WO U2/ . ~IeReried §9spipg ol 8o atgdindiviguals: cheni cal conpound, a

protein, a peptide, FnhbitghissyehtyIMRY FHiadsao @p%ﬂétﬁin%faﬁdiﬁduagméﬁdﬂér
bi oactive agent, and conbinations thereof. II. neration of a Renewabl e
Popul ati on of Gaseelicadlylidenticgieat 3blachdi vi dual s 5 The phrase "renewabl e

popul ation of geneti gk kgnflin ﬁg%gﬁg(@@n’f’ingktﬂ Iﬁ\ne”_rr@ffef‘sretg anQnisreBGRY Wikt t hat

can be faithfully regenerate rises a lim repertoire of

possi bl e geribt yprdividuals neugenaticalinidenfigrkatalila¢in t he popul ation are
genetically diverse. gﬁg‘?erﬁﬁ’fr onLHMHnY %@dlin]easabbsr% REHekdIn GEHRF ForbR 181
organismor a cell 10 derived there from Thé population can cdnprise any
di pl oi d, t et raplagiithrediing degysddraim twalunnekided inbfadyfarerittngs. An indiddual &lial  of
t he renewabl e p l.ati on.,i . ani Ol | oreferr jmal is ‘a
manmmal , nore prE'Bgrr%gI § cg{a?%cg%}ﬁ%? Ce%\%ebﬁgg%ﬁe&pséﬁéesr ag yaegﬁ{%‘%g s enrm&f]e
enbodi nent of t lateinatienbil@es abmoléplewadd] e popul ati on of 15 genetically

di verse indiyidual s I ener at ed. ,ntercrossi ng reconbi nant inbred. |ines.
Preferably, zphe r eco:@?ﬂe{{m cp ng\el ABS CogpPicsEal ﬁaﬁgr&ferg? S"?'H%ﬁ",atn,
that is used t o diffanéioat encdamathenvehby wittprigpeettto arsnedll dhesradsanadiisggaievierse
i ndi vidual s conprising,.n(n-1) individuals, representing.all possibl,
Foci procal pat r CRPGEMELTHE AEpaREn g haediap RBRS AbsrBdnE HleBSrgefe 1)
20 I'n anot her enpafkinftedthromdsBMal iftepr.| Réborﬂbih@rﬁt@:‘éﬂgélﬁcmmlpﬂmméd _
genetically diverse indi %{ll dyal s is generated_ b bg crossLng o%ﬁ%sm sting
fertilization ofYAEHRBP C{asarLEa R%@&t"aﬁao'@fe yanoragding NG St alnt
inbred linegs 1966; Demant & Hart, 1986). 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 fo 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



I n anot her enbodi nent of the invention, the renewabl e popul ati on of 25
genetically diverse individuals is produced by cloning genetically diverse
i ndi vi dualvwo oFhg2genetical ly diverse individual s include beptT/85@/40019
limted to individuals of a popul ation produced by reconbinant inbred |ine
intercrosses, a popul ati on produced by reggnbi nant inbred |ine backcrosses,
an F2 popul ation, or a natural popul ation. Methods for cloning are known to
one skilled in tésideot the3éin@esubstButeBathenhoddnse. Sc8Blhd649 et 6. (PODO) NAF and

6, 107543; Sun & Curr Top Dev Biol 30:147-176; Ci belli et al.
(1998) Sci ence é%étbﬁ? i%‘gégi%é Wlmut et al. (1997) Nature 385:810-813;

Wakayama et al. (200¥pe dMainitercrods¥ebier todhd nfedidg REETHdURANA]s &% Qire BAch
407: 318-319; V\Akaéama et al. 1999 Proc Nat| Acad Sci US A 96:1498414989;

Wakayana et al ORGBLR & '@9@"3‘@9’9‘3‘7@‘3' at® e Beinieraiass’ enessnaseghioni c

Potential of 5Di f‘écﬁfaﬁ@éd Rt erds8?, Infearfir] ¢1oRdc3 HdbhyEH §uBs§éq5’é nebgiéns@rk. 5
in another enbodi ment of the present 1nvention, th e r enewabl e popul ati on of

genetical | y di vénersrasaed effaRiiigs T@@ﬁpﬁfﬂ%‘e@te@r@@r’i@nd dariced|inteEcsosse B ed

from genetically, S'érgf%rogeto xﬂa}:&é %‘éllr@u? &?@%rﬁi igﬂ&n % p%%l.ﬁ{e lf\?éréiﬁ sgll verse

i ndi vi dual s can e use i ncludi ng to a Ion produced
by reconbi nant prdgeeu Preﬁ@'remmetmuekan$rstad festizbtion @meproddetivadndudebot

oty nant | OLg b BRI MR RAREA ki BrghibRl Bl

Poni ol of 323??"&??“"% 2?“6’“““'3”’“ MLG"E‘]T?)"?“‘?’OEL@”"&‘” ol L e ar e el |
known in the gr td'sggeﬁﬁs n@@)b@ &EE ? gg%’%ggﬂfgko@?%‘h%{%S and
5,114, 847; Maen rmmé f
Preferably, an g 699 S%Iga?ﬁff 10‘?8?9“; lazm‘adis;tlal (M!D(Ig rrﬁﬂ@ﬁf;ﬂcadp;spcl ng,
and nore prefer B '3?2313 eﬁ%‘?' g’laﬁi At ’g§$f3 $|¢:\§.§19 ‘thg‘ggg1 'n each of

the described enbodi TR tadbrdvitRioheFIRDraTaR! o MesrEdsbéd Betvwicf RIcaRIbihapeNPri se
| ess than about 500 lines, and nore preferably | ess than 20 about 100

lines. HoweVér, inbhed ¥A8Spi ng net hods of the present invention are not

limted by the nU”befhé’ferrheﬁé’%d@“?eféﬂs%ﬁ clvt%%quetv@é% é}iinfé ﬁp%aroﬁe%fm' oy

greater than 500 lines, for exanple i nes l'1 nes, or
5000 Rl |ines, &8 pamtsfﬂrr%\smdlmdumgqneh@a,ilytiqimtlcyée ene of %ﬁ@feﬂtscgﬁﬁdﬂmbf QrL

loci in accorda KL SBrleR S ORI R FORNESTAL ALY dotREs &1

recombi nant 25 in i nes 1 nclude but are not imt e tO con_gem C I hes
and chronosone bamci)ammﬁoaﬂnmanmairsmb@denfpgamltorrfmmbpmrngenanaimdon ames

e b £1 88 el B R TR R R rRAR SR @A OF)
at | east three iba t80ng etbankdirassitor ‘advatel baaksro_sa‘base pndéretoality ihclode at
o RERE A e b ooP B b R R PR
| i nes incl ude buetidods fopassisted fertilization or reproduction include but are not limited 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 selection of
30 mating pairs.



WO 02/-1.122 PCT/USO1/~~929 -20 limted to the nouse |ines C57BU6, BALBIC,

A, 129, and DBA/2 (Lyon et al., 1996). The present invention al so provides

nmet hods woro2gener ati ng reconbi nant i nbred parent |ines. pceasdi/ng2do the

nmet hod, non-reconbinant inbred lines are 5 intercrossed to produce

reconbi nant hybrids. The reconbi nant hyhpids are intercrossed one or nore

generations to produce a popul ation of genetically diverse reconbi nant

i ndi vi dual s. Each maeotdinnar: pastilatichiaketes itebihed ptr@gnyo@mcadreyonbi nant

inbred line. Preferably, at |east four non-reconbi nant I npred arrﬁnt i nes

are used, and /WBFEOSSING: @psisteg fartilization; opsejftertligationnol; el:m%‘{'qe%'é- iABr ed

parent lines agg YSeidivitiglsMrdteado HadtueeRial fendrais. of honpzygous genone

. segnments in early stages of generating a reconbinant inbred |ine. The
present invention o mecomi nant inbred |ine produced by the
di scl osed t hods. ﬁ:g;m 1a ki n G i awy-ng

- hi gher progﬁcti ve grﬁggﬂﬂa?’? Ied."rgéceg%%?ﬁ?lpﬁgﬁ 'fregge gfédé@ ﬁﬁ?\m?ﬁw{S

current |y avai“gengtgpingrassh refeviowgnethod éortdeseritinga gositioruefedyangtipiasys appr oach

lies in the fg f ' | : -gst nsting
popul ati ons fg'?{eg'é‘gz){ i%g 0#@%‘69@3%%@2%&%%é%%g%hﬁlgﬁa%mo ' afé%gﬁﬂggl |y

di ver se i ndi viodaahappig mathodraze described!in mapamits @pMesgaris. ng i ndi vi dual s
derived froma di vibse( ﬁﬁgunati on,. s ?2_‘0 cFa{ acterized by nmninmal genetic
noi se as well as enVfrBiMeRPXMOMIIER" [P, 1% I5) OCqLelis WP PhEIUS | i nes
are a commonl yenstshiiprieprmiheaioditeradtiversegbaihcdsasr dlelstiant papuiatidrowan

envi ronnental noi s but power of detectiqn is hindered by poor genetic
di versity. Corﬂr')‘é'l‘"s‘gffﬁe” ‘ﬁga'? B¢ éf’?m@ﬁfslﬂnﬁ 8588t ¢ di versity anpng

i ndi vi dual s of an FRe psraivdrpany dvﬁ'ﬁfaﬁmrﬁtogéa@ﬁ@ﬁirit@armﬂitw,exlptasslngqné _
detection is 25 diffjcult due to high environnental noise. A representative
popul ati on of replve;gisiange hehueen gaNefon SeePRICseREr dane Metgah UpPRdMiet hods

of the presenfndifiesh r&dnibhAida Wehﬁ@ﬁbyj dt 165 @en%mo'??éﬁ @M Mdicatds a
popul ati on of RI X hybrids used for L conprises a sufficient nunber of

geneti cal 19 direearskingion fragpeney ofide.vT iRitard “rasopibinatipn &eqrenqyetafersiton. 30
For exanpl e, i : Rk 1 [Eq)emgl ation derived
by perform ngqg‘?ﬁ%ggiéfg?%&%%ﬁéﬁ%m se é@?@%@%@"‘%ﬁ%‘éﬁ%ﬁg 00 reconbi nant
i nbred parents, or Thetatwe'nowbd@s USE0 hersioreiéra dmtheipndhabilityairdsteating or WO

Vodul at 65 a PRSTRIEHE e 0 pbivbris RSBl 8 rifte Broe b Ma fbl°7 0, ™™
i dentifying any@aréeferablycafss tamateven diraipesfembpl89i6t Ypepoweng datectioewabl e
Do ot 220°) gERITARA SR SR o BB R U 2 =
phenot ype. Renesenrherttalveisesin titeimappingipppolatibry isiow g Seaverselypibie fowseked t o
body el ant g gBiealith 1lAan3l 5y 4RRSHE R uha BHARM-RSA A, 4
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 effects contribute to complex
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



met hods that enploy RI X hybrids show i nproved sensitivity of detection of

|l i nked | oci when conpared to nethods that enploy R parents. 10 Preferred
phenot ypeswvonechide but are not limted to a visible phenot ypeusal/44929
physi ol ogi cal phenotype, a behavioral phenotype, a susceptibility
phenotype, a cellular phenotype, a nolecukgr phenotype, and conbinations
thereof. Preferred nol ecul ar phenotypes include but are not limted to a

| evel of gene e)egampteic,igfémet?@ r&lﬁeiiseiglﬁiﬁbalﬁﬁd?ml\comdémlnlboéd ;mclsmjlaeion,dualtqs)ro'éI ein
type, a protein 15 i fication, a level o ipid, alipid type, a |lipi
nodi fi cati on, ath%b&ﬁe%fn"@%ﬂﬁdﬂwfcé'ﬁe?erﬁ’t%sbogﬂﬁwétcg Qegnﬁﬂ? nég'@ GRS dr at e
nodi fication) agdssfyEd viahe @@tafidher eof . A phenotype can be further
characterized as nodul ated by a non-genetic factor, an interaction between
two or nore non-genetic factors, afengficaiorRa+Swiet ween a genetic |ocus and
a non-genetig f - ' ' V\Qﬁ% Lc | oci
and non-genefg’ iC Fggf%ngrbgn{ep Sﬁ%&éﬁﬂ%g&%ﬁgﬁ%geﬁgh C g@p@r} %ffg&g%?%lﬂglgﬁr%éfment al
condi ti on or expgeseiypetanddreprasentdaoumbgiadnohdarggtoendsc Thapgengtianeisawe| |
known t o one skKi I r i } i | S . lls &
Brown,  2000)) . THESeS ol Aeliog s Aol AR AT bBl ol Bpfiuntd
restriction | andbrer phgeotpgme.c Cplimaliyndhe RleB8)ic (ndksey sisduild etppadach 2600fpr and
radi ati on hybrid na Bi 2%’1‘% c.pulfer et _al.. 1996; Van Etten et al., 1999}.
Any suitable naﬂﬂbq)ﬂﬁ 'k 'i'?ﬁ'LYeocgfﬁ'elS%aR?é%, and it will be appreciated by
Io_ne_ of skil I1]9i nht he Thé térhﬁ'bnﬁmrp@rﬂélgglsif’ océt?iimam;jeﬁteﬁbﬁ@ggr?md”tae used a
imtation of the present .invention. ) referred method for genetic
mppi ng 1 |1 nkAGETAREFY el urieuthpt nIRIBe R ATB iy eh dPRRioTERP e or
nore det ect abl e cRPSHABHD BNGIBNNERAIULGISE i iveRstly lcoffola®l Wath! S@bfimghtaPn
fragment |ength pol ynorphisns (RFLPs) (Lander & WD 02/i-4-t22 -22

PCT/ US01/ ~~929 ERRligatiom of jidgdical gaoRtyPresandeth exaserle. sBYanmealsheisg dTRPs) |
short sequence %F’gﬂgﬁzﬁnmhéfmr ﬂhlv%ls(égluﬁﬁslxeg& E P@p_@bulﬁiion. ASHRairy,
mcrosatel lite markers (Schal kwyk et al., 1999), and single nucleoti'de

pol ynor phi sitB ( ¥Mrenviropmenietsoisa siymid appraagh zqre ferappxtinaLmyResiEvig gph@kage
analysis is detg{ég %-Of SNPs. The density of SNP markers in a manmal i an
genone i s estinmat to be about 1 SNP per 1 kb of sequence. See Collins et
al . (1998) Genone Res$hg:tempdapigtatic Sueracton’aisiers de e sookesipsecal drtdraction t ypi ng
SNPs, including e 1 G C i e

ol i gonucl eot i debp%% WSIF%Q%%%?%% gﬁwgtéﬁ%'.ﬁ? %&?Fs’n%t%ty?%%gﬁg%%d

| aser desor pt i omdre rgenetie flo¢i gartd nes ©r Iperet namrgensgtic( fdakdbs.- TOR)s, (thkevdérm 1998;

Ross et al. ,,1998).. Rl rf Ji.qui hr [ (HPLC) (Schrim
et al., 2008?, f d‘éc’}?gé%Qﬁgﬁpsg%egﬁ%ﬁ{"ik%ag%(@? H'@ggéﬁ%rgﬁlg’éﬁ), array- based

t echnol ogi es ( Croni nTee taxin “abd@fas;uskd beeeiretvhah refertidg o aRastsurable etlual . |
1997; Gentalen & Chee, 1999: Sapol s et gl ,..1999), 15 roni ni sequenci ng
(Nyren et al .. Sugassaghanonoba lpusfdacin ool gee stnth! 85ugl SEVHE Chey
et al., 1999). Semnatsendoandsgyeamatohs af :20% 9981 0%cmoreplstsrably £6%, évén
Preferred methods for SNP detectiop are array-based oligonucl eotid

hybri di zati on amffﬁPFﬁfefé‘leeﬂcﬁr?@f’ SE'&@@F‘? ;Hgf)er%lgjyttﬁé?é ﬁ%‘?‘ghﬁsmﬁm"é‘g@’ t hese
20 techni ques ame sas®uaitRNnt Ardagitoplute teperdrnathd dibiddel Bathb@r mat s.

A igonucleotide m crﬁérhrgfs, or chips can be manufactured by

phot ol i t hogr aphi ¢ sy esl@lyf o gonucl eotides onto glass slides using for
exanpl e) the AFFYMETRh&tenhSbhREMdINE YR BaiCRRBIPFAES terangtabgi@mégfdbe gl esex,
Geat Britain) See Fodor et al. (1991 ) Science 251:767-773 and U.S. Patent
No. 25 5, 445, 932N organismaRrpdused bydhe fieraslianefitae oanetypieithe ergeaisnpand

produced by gri a1 uc g‘g.ﬁ?h r QPO ; a
slide or other sol ieﬂngdgg%}? t }z\ C eﬁ?ﬁgtﬁgl éh&?ﬁdg%%sovr%%b[)é;g)@?%%ﬁ%aﬁkj et
type technoBBgy Peoettridevel thel phanetiplee oEkeraplanopheraiypas naligeriut @k Bot Pat ent

No. 5, 965, 352). it her,; rii @iﬁw i rng
position of an (‘)lwagn'{?c?e\gtgis Efg%g‘én‘ﬂé@? né @ws I'n é‘?}eﬁ g&)%a@ %%ga\ﬁé'iagct a
SNP using a hybridizati on assay, genom c fragnents of a test genone are

anplified by PCR and | abel ed such that the fragnent is detectable. A SNP of
the test genone is determ ned by the



WO 02/-t~.L22 -23 PCT/USO1/-4929 formati on of a detectabl e heterodupl ex
structure at an identified position in the array. To perform m ni sequenci ng

react i ongo®4ehkps, genonmic fragments of a test genone arperanpi/ifored usi ng
PCR and hybridized to an oligonucl eotide mcroarray. Prinmer extension
reactions including |abel ed nucleotides sgre 5 performed on the hybridized
ol i gonucl eotide array. A SNP of the test genone is identified as a

successful prbABRotRN, %‘%u@ébﬂtibéﬁ@} ﬁﬁ@n@l?ﬁ@%@d:em{lad@h@ﬁéﬂyﬂg, hhaoleatiet ed
nucl eotides. Alternatively SNP can be detected by anplification on the

solid support PRERARA: aﬁﬂlcembmaﬂonweé% on of SNPs in a renewabl e
popul ation of genei‘lhé?t%%yeﬁbré@énﬁ@/" ilé?er'sﬂgtﬁé'éwéh@o?ﬂﬂ&#ﬁt%o@aﬁﬁ@:%typ‘e | ocus to

. potentially be mapped within a 1°cMinterval. This ultra fine resolution
mappi ng def i nelisplayed by insiidralsofia spoeifind sengie wheyexamipedprdes aeginghout 50

genes. Theg m%@?&}n%oﬁrﬁ@ntgfﬁl Silonsnvention enabl e enhanced power of

- detection conpared to cur mappl ng approaches (Figure 3). 15 A simul ated
QTL mappi ng anal ysTie iesmdpenetidned” referBtamprapotiionifdngividualatof aspediical s a

hybri ds. wnen’ SSABMPEES SRBHY g polFed ShnRFpdyeh Sl B B pl o1

Repr esent at i vee(@lenvigphentabeunditioes. t o i denti fy loci that control body
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parental effect |ocj,. as, descri in Exanpl| e egi onal. cl oni ng pased on
the genetic m&ff ﬁB”s""f"it‘?ﬁitQ:éﬂelﬁ% &@d‘%%‘%ﬁ%}?@ Ge%’g S APRG?2 dgV e?l‘?g | ocus

usi ng nethods kdi@i%pr%télhwp@rapro%lh%dmow@h Yo levist oflipid, ralgm@bschlwe and

physical map franmework can be used to reference one or nore genes. at the

mappi ng posi t imdificatien. @ Javek ok parkohydratsy §) CRtapiyHrele WEedQ?afb% rafey.
Interactions %m%@%na%mh%m&%@&w%a& fdt ob8EMVRIGS detBctitsaid esent

invention further pr ovi des a neth for identifying an interactign between
a genet i c 1Poc @yaniiigting m@lﬁcgen@ner@tmmwelhm tg oppskillad ythe Bitofefrodul at es

a phenot ype. Bl?‘g 6&9{] 1‘@)93%!% t8&bis @ iblo Wrgegzmaﬂ‘l%v 24

PCT/ US(I1/-t. i VI S 1S
gener ated, andok; Boda@@km(ﬁl%bampl_eg.@_laﬁm@@@o_hgm Red raynedviipriager-
popul ati on. %rlggnegﬁﬁ/ W '%‘i’k Vi S % { bRl (‘Pét?é?' | A [g%%?esp hegbymBfonfr ©

mapped so tha eétic locus 't hat eract's
Manual. Cold Spring Harbor Laboratory Press, Co(d 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 results
from the interaction of multiple genes, each gene contributing to the phenotype.

Complex traits can be continuous or show threshold penetrance.



non-genetic factor to nodul ate the phenotype is identified. Preferably, the
5 renewabl e popul ati on of genetically diverse individuals is generated by a
met hod ofwdhgsapesent invention, as disclosed herein aboveer/ k& Hyscl osed
met hod for identifying an interaction between a genetic |ocus and a
non-genetic factor al so enconpasses integactions anong two or nore genetic
loci or non-genetic factors, wherein the interaction nodulates a 10

phenot ype. V. Epi Stﬁhé?ettn”bﬁgj@%hlc‘tfﬁl” Te16rsith URBkiphsX thaif diermiRsPlyy 8 asw a

met hod for identifying an epistatic interaction between | oci that nodul at e
a phenot ype. Tﬁ@nﬁ%tﬁﬁéﬂ hawing e aederate gitesli ding a first renewabl e popul ation
of genetically diveqfiedRipblydbit fairl RENidug Rt etdimirdd ) maRpewabl e
. popul ation that disp §y ra 3 é(ﬁ ypgll are r|¥dent #@P}Mg 3 gerltetc{%}rrrr‘apgl ng of
such i ndi vi dualgeneel@aphmawgga rgeqiﬁateoefte@bus t hat rmdul ates the phenotype. A
second renepwabl e po L ol

- generat ed, g\/\ﬁer ein ?ﬁé?%(l rg‘?’%’%"ﬁ@ a éjé’neﬂbhﬁtr\@gk ggg‘éyéz;%}tfgg%iqﬁ%?w dual s
within the secondare genedirat pumhbmbomeraﬁve@etmegerteedﬂbp phenetype. iAdene dual s
are identified i ndividuals identifies a second
genetic | ocus Pﬁﬁoqgﬁpﬁtpn? c%ﬂ"g%) 'ﬁ%gﬁ) ¢ts with the first genetic locus to
nodul at e t he phenot Yhe terE‘pl‘cﬁIamnatlve Maftt &C& icompleataibtiad canhy asuiseedn
genetic and non- etic fact er nor e, tatjc interactions can
sccur between Sndattaain Adsilalion plele eznyemart ore Bt dnem poanuls
behavi or al 1gpheaghiteion af galgeLpti bility phenotype a ceI | ul ar phenotype, a
nol ecul ar phenot ype, and conbi nati ons t her eof etic Map Dat abase 30

The present i nvent i oA 1@© %ﬂ@@@ognt%tatg%wara'@ate §§eth§y?§f"6 fRufien

storing geneti gf FRRRIVIGu) BGERS ﬁﬁhb%ﬂpte@sn@n%@ﬁ%@ﬁ@i el A Gg’@tfe effdet é‘é’rﬂ%
genetic mapping information includes but is not |mte to desc tlons of

mappi ng W O @ggcribeguaiitatipety @6 farge 20 30ai @ifgrk ©F 68 beguant
assayed, |i nka%rc%tt%drﬁh&nféﬁto@aH%td\ﬂdéNﬁ%n c BERSTo £ WF&Q' SIS,

non-genetic factors assayed, Interactio et ween genetic and
non- genet i 85f act or sTh%tﬂr@t“moddlataéIlmﬂWB@ﬁeﬁﬂXb@amo’typﬁgﬁfﬂimothﬁ agjienef i c and

physt cal mans. Tl ebAld OalendAS BoiABb R S ARARREPLIBARALART T on o

derlvedfromst I €s organisns, prefe Xperi nen one in
nmouse and hunaprofidie DeIMnaohdnondaa)@msentyamr @beetrqnoevoﬂethemﬂemotyper el evant

i ncl ydi , b d b
e e LSRR o AR U skl R A0
dat abase can fphéhﬁypq&r(Nmdaeluiatﬁry;'rcbatrlbetlmdammtehmdmailororaemtlg,zlhegonmppl ng

10 dat a, Iud but imted to cal cul ati ons of mappi ng
resol uti on‘gé &me@‘ Bg“?fg'tét H‘Hrfﬁ‘ttﬁtsﬁs a55| st in designing an

appropri ate mappi ngThe prmaise@megate” in the context of genetics, refers to allele 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 resuiting from a genetic cross.
25 .D. 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 of
the environment, including but not 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 function of a living organism. A drug



VI1. Summary 15 Summarily, the present invention provides a novel

popul ati on and nmet hods of using the sanme for genetic mapping. The di scl osed
mappi ngwapeui4aia ons optim ze genetic and environnent al dpaUSI1LY929t her eby
enabl ing significant power of detection of conplex traits. The present
invention further provides nethods for jyiging the disclosed population to
identify an interaction 20 between a genetic | ocus and a non-genetic
factor, wheretan bba dhehfiédl Conpoun®dtip@teds, Bp@itRrotYiprl, aAlasiohyteité,ded are

met hods for det rmnj an epistatic interacti bet nes, gene

et ior ks, - andnHGRIC GBItk EnY ek PPRCIVEBaSHb 5 COTPIAONS MGG Exanpl o5 have
been included to illustrate nodes of the invention. Certain aspects of the
fol |l owi ng Exanpl es ar e descrl bed |n terms of technl ques and procedur es
found or cont % A R AV aeticgllyfgiversgindividyalg
practice of the i ‘ m’f‘ﬂ ﬁ%l fl i@ g gratory
practices %f t he 21(;%1 bgdr%ﬁors bﬁﬁx I&&)}pé rle?@n?lbg':ggcﬁ%\élgra@ and 30

t he general | wjeis toa poRulation that ¢an @rfaithfulho*egemramdand apmdrisepdliviett e t hat
the foll ow ng ' uIrer ous
changes, modi | %gltgﬁéﬁip@gs dégé'fdg)?pgeqi %‘ﬁ‘s?la n e errp?('g@/g q‘b%ﬁ'?ﬁ%"é;am ng
fromthe VW@eticallydivade: 26 scope of the i nventi on. Exarrpl el
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i ntercrossed dedled thate k3. oThappmmidml ean2dédmpried am;dd@lom;rtesameldaoe

performed. Each of, 120 crosses, i tines. her ult I n

r enewabl e popB&M’P'Plﬁﬁ ‘gf"d%@% chgﬁmlvdél{)agpége rERAWAL %?@J to
simul ate the deiRebi 8pladt. mirafe@eu afRpme iIS®rRnehal, moeélbdeYerhb@la redémtent
met hods (Fi gur{‘?ﬁrg%T 10 Exanpl e 2 Generation of an RI X Popul ation

Reconbi nant i f OFR/BTE@8be BOYREner at ed using a col | ection of 13

i ndependent CXB r egoghE NgMbodiMhedf | theemvémn, &Y . reAddble tfonBat | ey,
1973; Potter et al 1975; Hilgers et.al. 198 . The CXB lines are
derived 15f r epnatisgy (%@Js%h@p'@mﬁﬂﬁneﬁé?q’ QM s’éeremwsgea@@anaat produce
recombi nant | H@eided B @ferdhlg, Bibddiitindrt ifbrauifled comiBieN yuAiERL ( 76)
nonreC|procaI and 8 reciprocal reconbinant inbred hybrids were generated.
The term " nonlineseirpihgtigiuspe jo W@tga reagwalie pepulahepel garieleallydiveyss i ds
produced by: fﬁéﬁﬁﬁ? it femal e
20 ani mal s of @Védedc%lsﬁé 'Mlg?(ﬁ? ﬁ‘{’ E’;Hdlé%{’ Z?Fgé%%st{nﬁg r?ao:%lb!aelnrlgﬁgwctagf t he
second R 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 SeeU.S.PatentNos. 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) Naiure 385:810-813; Wakayama et al. (2000) Nature



line with female aninmals of the first Rl line. The term"reciprocal R X
hybrid" refers to one hybrid of a pair of hybrids, wherein one of the pair
of hybri dgsoiog/4pneduced by intercrossing nale ani mals of aptirnghi/Roe2d i ne
with female aninmals of a second RI |ine, and the other of the pair 25 of
hybrids is produced by intercrossing nalggani nals of the second Rl |ine
with female animals of the first Rl line. Exanple 3 QTL Anal ysis of Body
Wi ght RI X hybr4bd53)18g3al9¢m}©§1ama stes.qn oe®)dPioe NatbAPAESE), U A 98:14884ent s

30 dt bod h ric,ch eristic
contr ol 1 oa by JAEREWARRERetaT TP Nkt bdgtad STk BB bR iR I ey ent &
are described Igendhli¢ Pamntial ofbiffetaififdied CERN UMbl OBVEisk)4beds, A6 18,
-and t he genotypes of WO U2/-4.~-Q@2 PCITTUSAO /i.1929 -27 the R X hybrids

(generated as d®€eribed in Exanple 2) were infierred fromthe parental

genotypes. knterval |yyRginge élrﬂgo&iﬁh'éﬁp%fttﬁe' R/tééma'm\}%ﬂ& NehOfroh&fdbik | Nked
-to body weight were analyzed usin nager g@% am (publicly

avai | abl e at hﬂJPpU'ﬁmmﬁhg‘#nQﬂ@@UbéFilvﬁmeklnélwgﬂﬁﬁ@mmsﬁﬁ)a P hfings 5 al .
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nodel , which is a conventi ona r asses
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gene | ocus 10f oreasnatimdrd inbined fir kzedkelossesaan F@populBtior)leea natyml poplgati. t he

additive effect ance effect. ex ssed eqgr essi on

coet {1 o ent <1 SngaRr e AERE Boflni cor T BIIER S Es BAGHAREERD RIS R 11 1 e

regressi on rel atll tinesadarivedtiseredrom fferscihcrebisédeontrol loaenﬁronn?érhﬁ rtdisydt as

possi ble. The r sion coefficj nts re sent esti es of the itive

P e tom nance. Mlatasdodprofiiing ook ik P M1 TREwhaT MAATEes Bisdloned Bl | ve

effect and dompagsie N, f€747, @18t$|64§782|§rh@ 51 12, 84 PO Te Irdérm¥foried zer o,
tial difference from zero is

dth f
oot oa A5 o o Bfiensdn o, WG RRERAR0. PebiRtbind hone! o AR ISRt BULInEsds of

freedomin the u&@@fﬁgém@mappﬂglandTﬂﬂeret;ﬁémébhaﬂdeéswgo afifefsiit coll Fic@ravet 0 an
estimate of the predicted linear 20 effect on a trait value by substituting

a single copy o6& first gene variant (an allele) with a second gene
variant. For exanpl g, caupes tﬁ@%s@%éd’gman@nis‘ﬂﬂ?é réortbitEit SnbrBd diRds b

wherein the trait value of cases wth the bb génotype is 100, and V\/nerel n

the trait val udreferablyesmpiisenessHbappbgetfilyinesi ancomore pw&ereb*yé@qs than
substitutipg aBbiHm Med! Holevid, ik AafbiR hiifodsSotRhEHidsbRtinkéhtidhgece an

i ncrease
not limited by the number of recombinant lines used, and can therefore employ

greater than 500 lines, for example 1000 Rl lines, or 2000 Rl lines, or 5000 R

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.,
1996).

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



25 of 50 units. Thus, the additive effect of the 8 allele is described as
50 units. Conversely, the linear or additive effect of the b allele is
descri bedoam4w20 units. The term "dom nance effect' refepsTAUSIIAOBVI ation
from an expected val ue of a heterozygote genotype (Bb) at a single |ocus.
For exanple, when considering two allelgs of a gene, B and b, wherein the
trait value of cases with 30 the bb genotype is 100, and wherein the trait
val ue of caselimivdd o thBendiSe tine® CEPBLIGS BADB/c, 1) d 28 vaidDBAIT diybn\eable for
cases with a F%enotype is predicted to be 150 units. However, an observed
average trait ue of the Bb WO 02/.e.122 -28 PCT/U S01 L1.929 genotype

is 175 units. Thusrhémeééntmv@m didpreaabsmesRds fdr geherafing fe@ombibhel e is
described as +25 units. | e genetic systens can be simlar|y nodel ed.

For exanpl e, 'Qb@tdrﬁaé@fl'tyn%l QCP(AiNGigdRe M. RBR-rERERINGHY PEedlingd arer i ci ent
for any dagy ntﬁﬂﬁ@ro@s&f fo%bd@ée FdeBmBirftnt ﬂ%/@ﬁdsp‘ W%coﬁﬁhﬁt?\?bﬁ@s gryvel oped

to assess nulti-locus non-linear interactions &St a
i nt er act i ons) intergjpseachaf? er MAteeRArAlANS tarﬁiﬁ@JQﬁ 2 ep@@a n phgerwticalbus and

those at one Q(Ier@@rr‘éc&%ﬂﬂ nt | ﬂaqu\uﬁ!.{%g EQ6h hEdthbiRadShaLGuarH m!’ééﬁt%g

Manager QTX were expresse as a ood ratio stafistic, .
converted nmanpredlge asecomibmnt ihred |I11€€) Hwéerablwnatleastécpurhw@decqnbmant

statistic” %RB{ S gFeer'wl(fl RGBS S48 s?ed i mbef Fe?ertaBI a @req?ﬂf @H
strength of statistrca assomalori ween arlaneln g.,
di fferencts |mcbnrdirma\ntain@ma) paragat lgmsarecusddfﬂ@eenefbedaedlwepatheﬂwl afr Iocus,

or genetic differences an interyal en | Vi r

i stribut ed | HoTREeG et seBhBhIn Al e o Henerean S RoPRE vt ves
indicate t hatmamdlﬁweasiflme:peésennmvenwﬂ alselprovidea ascorhinaanidbradolineby
chance. An LRS cor

0 |ve of a gene |ocus rmdulatln trait;
and an LRS scBrP @Wé Sisf"é?ﬁe Osqsr §8Fhf)3°g’f"&1ﬁ%?%ﬁ?t are Gharpplereqd o can
be converted é@h@nh@ﬂug&@pp@dwwwdht@@aﬁlbeemuﬁawmfr@weﬁc@s thdveid evel of
signifi cance for det ec#q fom was eval uated based 20 on LOD standards

typi cal | ylRusegHmentyya nesa LoD score of 2 suggests |inkage, and a LOD

score of 3 or greaA févd Bsibet ofthe disclosed ﬁﬁbﬁﬂg%pﬁiaﬁﬁhéé» Pané idatutkgere. See
Lander & Botstein (1989) Cenetics 121; anal ysi s of body wei ght

in a popul ati 6% BRPRNY PRANA!eS- s%\ﬁé’ﬂtrﬁﬁpt‘b@é@t'ﬁﬂatp&?ﬂ%ﬁn%ﬁar 0888fi<Ut i on of
l'oci control |hﬁFplh9dé/réf'@WﬁBFe ﬂ(‘ﬁ@!&tlgﬁo ERACE cﬁl@erglndf\}"@!a)@'o? a®lankhe R

parents. A single Suggestive |ocus score=2) on chronpsonme 4 was
det ect ed anon@f edlelimas fepresenting M%‘ﬂﬁlémS)de“B?d é@m ﬁa@versmopaliﬁémsi% of RIX

hybri ds [%Yeaél*?a‘#a(tzt?”ieﬁdégﬂ? H\ﬂ?@beﬁcﬂ%lsé érr]ﬂ?l H;SQE iRty noiRe éplgg%est ive

| ocus (L score our sig cant ocl corresponded to the
same chronpsofe Redashigard énbsed teshyre@reommanlysisedanaging pepuritiqrethant s

2! S aed et ;
(Fi gure 60 ol buefifaniofiahliditinuitloe ibobBr e iecibn SHRERAATP 5,
body wei ght apeorigeentic diverdityi Conversely-themlativeip High genktic 2iversly ap@FIg SO 1

/- 4 1929 confjydenesd A PAop bR HbRYohGebAEAALY BlR IS TcldbbAR fi el d. a

25  difficult due to high environmental noise.
A representative population of RIX hybrids that can be used in
accordance with the methods of the present invention is described in Example
2. Preferably, a population of RIX hybrids used for QTL comprises a 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
performing all possible pair wise crosses between about 100 recombinant
inbred parents, or between about 500 recombinant inbred parents.



interval is determ ned by subtracting 2 LOD units froma peak LOD val ue.
Al loci greater than the subtracted result are considered within the 2-LCD

i nt er valwohonsxanpl e) when mapping loci that control bodgTwsoghid n R
parents, a 5 peak LOD score of about 2.5 is observed at about a position of
| ocus DAM t 237 (Figure 5), and any surreynding loci with a LOD score >0.5
is considered candi date QILs. Thus, the candidate QIL is determned to

rgsi de in an @hout :cc%?qtiﬁcdtlwhm@Macﬁlﬁ'?nftlétgéMthMCBuletﬁs@Hﬁeﬁbty@i ch spa]pslfrom
about a pOSI tI on o OoCcus 1 a ositi on o OoCcus
B a0 Far' 5700 Ok brafenhaNeNg 8o distesesia Beirns TauHeRayng SraeTe: oot o
on chr onpsome |dbus atsdulaes afﬂ)ﬁbﬁ'@we &Qﬁhg aeéiém)lé Eb{ﬂﬂétﬁmﬁﬁ)genéﬁhaﬂ

s case,
a LOD maxi mum of about 5 is_observed at about a position of ' ocus %4Mt 236
(12.1 cv. A givers indivisuals Thediselosed th%'sr?a%ﬂcﬁmﬁ’ﬁﬁ%@'@%ﬁf@%ﬁ‘ﬁ?l ses an

about 7.4 gM g@ h&H 188 th Ly weasi tion of | ocus DAMt95 {7.5
cM and about ggsﬁ;&l on o?[ ocus Dme 4 (17.9 cM. Exanple 4 OTL

Anal ysis of Br a| n Bep@ﬁen@me mﬁloﬂsf@lmtlmfmgﬁnﬁépwﬁt“n@dtmw usi ng
RI X hybri ds n nkage
was d)ét erm ne%'h @ﬁ%ﬁé@%ﬁg%ggﬁ%&ﬁ E';?ﬁﬂ?s%sg%j %a%ss EC’B%Q’E anaﬁ) 4’ g

| oci that contmashodsotivat weipddut R()Ehytmdseﬁf@)lv in@rovexh abnsitivity off detectlhmmh ds al so
showed i nprov Ty o] I|n brai n wei ght
when corrpngr edﬁﬁ‘éedcg%lgﬁg'he ya‘ga're??é)h}eémoggeﬁ{taeln%y ﬁ?ﬁye?' °A S|gngl e suggegtl ve
| ocus (LOD@Oscor e=2Prefarrethpoeratypas idcdudessut ded eattiedtedyo @VIsutﬁe\alheymtweof R7

| ines (Figure si.s_of X. 25 brids reveal gd.o ) estive

| ocus (LCD sc@r%‘yﬁ °8Wa£ﬁ?%}%%%r@b§‘i‘vﬁ?ram%“§{ ea%ausgﬁgfagptéﬁﬁ?r?og% | ocus
(LOD score z3p o#liutdrr pﬁmowp% 14 rﬁ&feauuirepﬁaﬁotypwaambommmnélhérecws on
chronosone 11 corre po

t he chro ocus det ect
anal ysis of RPTYSFEAMO q%flﬁ ng ypewcg@ews@dn%mt% 85’0‘\% éne
control I'ing bb&b@s%hgatsp'ﬁb@ d@re%dmtaeqbvbpo%rdt@iﬁl deprotdimityped azﬂr'e@ihl nt erval
defined by the peak LOD score. For ex brain V\BI? t QTL in R

parents i dént |"1‘Qdéf§aélﬁ“’aﬁo|§i’e|3?>f @'@*Mﬂdmﬂﬁ%’ |%E)B'ﬁjvﬁl°d§'ﬁﬂ?ﬁﬂ Ry 18veb e about a

position of | eaipniMhtd/ ta3Q:§rt(c%9d|%t& '\%péo @Q@%r&mm%mén&?%@o
PCT/ USfI |/-4-4929 posi'ti on of [ocus cM (Figure 7).

Mappi ng of br &PMbinatigns therealy A PRoRMtYRAsCaNdS fHERer: terized; asreoduiatedn
chronmpsonme Coppri ﬂoﬂzge@a@n@bgabr %rp.n@&%&%omtwe'entﬁrova.l motBi fh-ghie from

about a position of l'ocus D11 0O cM to about a position of |ocus
D11 Mt 320 (4%aorsgn mmrggtm lmyeensa Eﬁ@ﬁﬁ@ll@ct@ angl 3 oen-peretsifactos or atlent i fi ed

by QTL Analysier -E]Qtné{ v9<9 lor %érgﬁgie%%tlb’ﬁé]d?%Mﬁo#béﬂ%ﬁc@%z nas used

suggestive | ocus ral n wel on chr onosone
as a candi dat préferred npn gmem:mcmrce aprem‘dllolmuelbiyl fsanditinre ot exEsyee tofa
BALB/ cByJ andCl BL/ 6ByJ 10 parents. This locus was easily detected with a
hi ghly significatit correlation to brain weight (p<7x10-').
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 landmark 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 &
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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
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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.
IV. 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
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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
diverse individuals is generated, wherein the first genetic locus is held constant.
20 Individuals within the second 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 molecular phenotype, and

combinations thereof,

VI. Genetic Map Database
30 The present invention also provides a relational database system for

storing gensetic mapping information in a searchable format. Relevant genetic
mapping information includes but is not limited to descriptions of mapping
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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 following Examples are described in terms of
techniques 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 general level 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
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independent CXB recombinant inbred lines (Bailey, 1971; Swank & Bailey,
1973; Potter et al., 1975; Hilgers et.al., 1985). The CXB Rl lines are derived
15 from BALB/cByJ and C57BL/6ByJ. Pair wise crosses used to produce
recombinant inbred hybrids are outlined in Figure 4. Seventy-eight (78) non-
reciprocal and 8 reciprocal recombinant inbred hybrids were generated.
The term “non-reciprocal RIX 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 line; or (b) intercrossing male animals 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 Example 2, and Rl parents were

30 usedto analyze body weight, which is a morphometric characteristic controlled
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
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met hod of cl aidifizenaehbipmi zerptie estimetasi inagensidepation Of seyvple size and the

number of degrees of freedom in the regression model.
The term\“additive effect” refers to an estimate of the predicted linear
20 effect on a trait value by substituting a single copy of a first gene variant (an
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 Ballele 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 ballele 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 frait 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
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parent lines. 12. The nmethod of claim 13g wherein the reconbi nant inbred
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hon-r econbi nargtenagperhtﬁam Thds, iniAes ddek igsldathinghée ffdct 8f thelBdlieigist he
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at |east 8 norileseRadATEA U ent |ines. 14. The nethod of claim 11,
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derived from on- Fecondl nan I'i'nes The net hod of
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genetical ly disgy, &ﬂffér@ﬁ’ééé'|ﬁ1B@B@welghg%ndﬁ'éﬂef@@ﬁ@n‘én@és &l @pantidulamoensi n t he
phenotype is sel ected fromthe group consistijng a visible phenotype, a

physi ol ogi cal 958eReliggideregces ajan iderval @iﬁee@@cP(‘EﬁM%@rE@ Igethibi or al

phenotype, a syseaRbivy Ad ¥ cmtssaﬂueﬁé'@iembau&rel Higham@bemeé Wiffcat@ iR Acul ar
phenot ype, and conbi nat’i ons t her eof hod of claim 20, wherein

the mol ecdBar asresiatigpis uniikely wecset !é\dranﬂ@mqrrw C@ﬁﬁ@ﬁ) RHRESSCPRE W iSa | evel

of gene expre | A I tein
Cype. o pr ot o LoAad B ARG EE uRnGENeEY § Rl Rl apLan RO DI g R

modi fi cati on, %atiséioaily&ngmfmnbohydr ate, a carbohydrate type, a carbohydrate

modi {1 cat i on, and GANHEILL AN {1k SR eredd TSPRLAOEY D@l drsuher ei

t he phenotype i's nmodu Py a non-genetic tactor od of
clai m 22, wherseore bé.6plidedeyghef significahsedoedetbgted od waeexeluiatad bﬁsﬁdeen t wo

non- genet 20 74t bob: SBEFER cvanea M bR del of POl WEuEles s e

met hod of cl aHumkége virer 2iLO0 beore lné Bodrygreaies (egd d, & &)lirldicades dignifioarir act i on

25, "aher oi ot HEkAGH- gen LA e BRBIeH LolRF GelP S Tt 19 ¢ on or drug

exposure. 27. The m@Mlhacklpdis of addy Weidhtiin aepopuiationi of i RIX hybeidsi shpwed t wo or

more genetic |, r%%'rovelgiaaetggt%]nl %tn }egglupgﬁ noqt l\{)&e controliing body weight when

25 compared to QTL analysis of the Rl parents. A single suggestive 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

23) and one suggestive locus (LOD score=2). One of the four significant loci

corresponded to the same chromosome 4 locus detected by QTL analysis of

30 the RI 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-LOD
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lines derived fromgenetically diverse ipgividuals. 29. The nethod of claim
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consi sting of ryeRid icaRm HetiEdibabddtkBosition-attocus DAIAAYS emsl cBaM®abastt. The

met hod of claim 28, wherein the cl oned gpul ation or the panel of cell
fines is defd vePIStam o deeysp4Mitd 14 (4o éﬁ"fl ne intercrosses, 25 reconbi nant
inbred |ine backcrosses, an F2 popul atg@ampi4 a natural popul ation. 42. The
nmet hod of claim4l, wherein the reconbi _nar}t inbred |ines conprise

reconbi nant inbred |ines derivefH/Astavsls of Saip Weighh- r econbi nant par ent
lines. 43. The met hegh Odnaflsh dofein wed@ﬁf\ﬁa@pédwmé&ae.ﬂeImnybﬁdabﬁresaﬂeunes 30
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lines WO 4/ &esél?l?ed lﬂkxgmé&%{mﬁpl%Qh&Q%gé@Gf IBSﬁﬁﬁ@gﬂﬁﬁded& eﬁ’%]tl i nes

derived fromat |ea non-r econbi nant
popul ation of gémpbaﬂ JQTIdHMJVSEOi ﬁhlémwbddmalso phaedistproved deiegtioniand of
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| ocus and a nonc ge he |nter ct1on no
phenotype, the paeen’taldqlchoew/hsing@_ suggestnve 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 example,
mapping brain weight QTL in R parents identifies an about 33.0 cM genomic
interval spanning from about a position of locus D11Mit308 (20.0 cM) to about a



(a) providing a renewabl e popul ati on of genetically diverse individuals; 10
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25  affect phenotype when inherited from the mother versus when inherited from

the father.

RIX hybrids produced by reciprocal crosses were analyzed for

A

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 loci (by
yielding significantly different phenotypes or phenotype measurements), can be



(b) intercrossing the reconbi nant hybrids one or nore generations to
produce genetically diverse reconbi nant individuals; and 5 (c) inbreeding
each recpobimapd individual to produce a r ecombi nant | nbpegiukhiNf92057. The
met hod of claim56, wherein the reconbinant inbred |lines conprise

recombi nant inbred lines derived from ag,|east 4 non-reconbi nant parent
lines. 10 58. The nethod of claim57, erein the reconbinant inbred |ines

conpri se recodtdtpfiiftheir @stingulRAS §eml meharéREal &itect BRfte Pamafal ef6syTbi nant
parent lines. 59. A reconbinant inbred |ine produc he nmet hod of claim

ed by
56. 15 . Ayr. A8NGhg matergal endrenment mrfmtal effent (RthﬁiT pamtal effecti\|Accopting

ﬁfg ﬁ% X( Aﬁ)tﬁf&féppr&lch @t%bryo@‘b'lenveﬁ from Alelprod closséare fanSieMad intd*®
neutral surrogate female If phenotypic differences are still observed, the

5 parental effect is a germ line parental effect. If phenotypic differences are not

observed, the parental effect is a host parental effect.
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It will be understood that various details of the invention ¢can be changed
without departing from the scope of the invention. Furthermore, the foregoing

25 description is for the purpose of illustration only, and not for the purpose of

limitation--the invention being defined by the claims.
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15 (b) individuals prbduced by backcrossing recombinant inbred

lines;
(¢}  acloned population of genetically diverse individuals; or
(d) a panel of cell lines derived from genetically diverse
individuals.

20 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 method of claim 3, wherein the organism is selected from a
group consisting of an animal and a plant.

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

6. The method of ¢laim 5, wherein the mammal is a rodent.

7. The method of claim 6, wherein the rodent is a mouse.

8. The method of claim 2, wherein the recombinant inbred lines
comprise less than about 500 lines.

30 9. The method of claim 8, wherein the recombinant inbred lines

comprise less than about 100 lines.
10. The method of claim 2, wherein the recombinant inbred lines
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10 23. The method of claim 22, wherein the phenotype is modulated by
an interaction between two or more non-genetic factors.

24. The method of claim 22, wherein the non-genetic factor is an
environmental condition or drug exposure.

25. The method of claim 1, wherein the phenotype is modulated by an

15  interaction between a genetic locus and a non-genetic factor.

26. The method of claim 25, wherein the non-genetic factor is an
environmental condition or drug exposure.

27.  The method of claim 1, further comprising identifying two or more
genetic loci that modulate the phenotype.

20 28. A method for producing a renewable population of genetically
diverse individuals, the method comprising:
(a) intercrossing recombinant inbred lines;
(b)  backcrossing recombinant inbred lines;
(c)  cloning a population of genetically diverse individuals; or
25 (d)  generating a panel of cell lines derived from genetically
diverse individuals.

29.  The method of claim 28, wherein an individual of the renewable
population of genetically diverse individuals comprises a diploid, tetraploid, or
polyploid organism, or a cell derived there from.

30 30. The method of claim 29, wherein the organism is selected from a
group consisting of an animal and a plant.

31. The method of claim 30, wherein the animal is a mammal.
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y@oR& ()-yy 38. The method of claim 37, wherein the recombinant inbred lines

comprise recombinant inbred lines derived from at least 4 non-recombinant
156 parent lines.

39. The method of claim 38, wherein the recombinant inbred lines
comprise recombinant inbred lines derived from at least 8 non-recombinant
parent lines.

40. The method of claim 37, wherein the at least three non-

20 recombinant parent lines comprise one or more non-recombinant parent lines
selected from the group consisting of mouse lines C57BL/6, BALB/c, C3H, A,
129, and DBA/2.

41,  The method of claim 28, wherein the cloned population or the

panel of cell lines is derived from recombinant inbred line intercrosses,
25 recombinant inbred line backcrosses, an F2 population, or a natural population.

42.  The method of claim 41, wherein the recombinant inbred lines
comprise recombinant inbred lines derived from at least 3 non-recombinant
parent lines,

43. The method of claim 42, wherein the recombinant inbred lines

30 comprise recombinant inbred lines derived from at least 4 non-recombinant
parent lines.

44.  The method of claim 43, wherein the recombinant inbred lines
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47. The method of claim 46, wherein the renewable population of
genetically diverse individuals comprises: |
(a) individuals produced by intercrossing recombinant inbred
lines;
20 (b) individuals produced by backcrossing recombinant inbred
lines;
()  acloned population of genetically diverse individuals; or
(d) a panel of cell lines derived from genetically diverse
individuals.
25 48. The method of claim 46, wherein the phenotype is selected from
the group consisting of a visible phenotype, a physiological phenotype, a
behavioral phenotype, a susceptibility phenotype, a cellular phenotype, a
molecular phenotype, and combinations thereof.
49. The method of claim 48, wherein the molecular phenotype is
30 selected from the group consisting of a 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, a level of carbohydrate, a carbohydrate
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(c) mapping thé genomes of the individuals of (b), whereby a

first genetic locus that modulates the phenotype is
identified;

20 (d) establishing a second renewable population of genetically
diverse individuals wherein the first genetic locus identified
in (c) is held constant;

(e) identifying individuals among the second renewable
population of genetically diverse individuals that display

25 the phenotype; and

4] mapping the genomes of the individuals of (e), whereby a
second genetic locus that epistatically interacts with the
first genetic locus to modulate the phenotype is identified.

55. The method of claim 54, further comprising identifying an epistatic

30 interaction between gene networks.

56. A method for producing recombinant inbred lines, comprising:

(a) intercrossing atleast three non-recombinant inbred parent
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lines to produce recombinant hybrids;

(b)  intercrossing the recombinant hybrids one or more
generations to produce genetically diverse recombinant
individuals; and

(c) inbreeding each recombinant individual to produce a
recombinant inbred line.

57. The method of claim 56, wherein the recombinant inbred lines
comprise recombinant inbred lines derived from at least 4 non-recombinant
parent lines.

58. The method of claim 57, wherein the recombinant inbred lines
comprise recombinant inbred lines derived from at least 8 non-recombinant
parent lines.

59. A recombinant inbred line produced by the method of claim 56.



