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Background Art
20 Complete or draft versions of genome sequences have been obtained in

a variety of organisms, including human (Hattori et al., 2000; Lander et al.,
2001; McPherson et al., 2001; Sachidanandam et al., 2001; Venter et al.,
2001), and a large fraction of the genes are also mapped to chromosomal
regions. A current challenge is‘to annotate gene maps with phenotypic

25 information that imparts functional meaning to the genomic sequences. Thus,
genomic research efforis have shifted to systematic determination of gene
function (e.g., via analysis of mutant phenotypes). See e.g., Parinov &
Sundaresan, 2000; Beckers & Angelis, 2001; Rossant & McKerlie, 2001;
Yaspo, 2001. The ability to link a phenotype with one or more genes

30 responsible for that trait provides opportunities for new diagnostics and
treatments of genetic diseases.

Large-scale random mutagenesis approaches have generally relied on
creating or inducing genetic modifications, the impact of which are evaluated in
the context of a complete organism. Screening approaches for the selection of
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organi snms, including Drosophila nel anogaster (Gans et al., 1975; Nussl ein-
Vol hard & W eschaus, 1980), Caenorhabditis el egans (Brenner, 1974;
Kenphues WO 0al093426.988) , Ar abi dopsi s t hal i ana (Budzi szewskipCatusa$/13622001; 5
McEl ver et al., 2001), Danio rerio (Driever eta!., 1996; Haffter eta!.
1996), and Mus nusculus (see citations below). For recovery of nut atlons
that confer be#rdgminagbandieaessivamatatiens araevaisle Rplant padanialmrddled f or
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been under t alsherationd ”ﬂﬂ?@f?o?@'b‘?l? @@F'Béhgméquéf‘}‘éﬁf?éhn%oﬁ% ¢ 8%ani sm
anal ysi's, syal enat, |1gggu_1)@;g)e@ze§| $osg. udi es have been |imted to nodel
genetic organl Sns. uncti onal, genom cs a rqach aﬁc]ﬁ?'f enerally

not been 8vai | abl & H‘Siﬁf';*r‘-’t ”ﬁﬂ @an@%%eaﬁ%mmphfge eng@p lrcal |y
i npor tant pl ag f%n{"afjcrﬁﬁe“@éc%use Fﬂ@@@rﬁés' Bloé‘lﬁ\érﬁﬁbﬁpa’tmﬁ)@ﬁﬁﬂ§hy§c§l§glcéﬂowever

genomc seque cln has been accorrgls ed I'S currentl soug ht in many
non- nodel or gaean fusctienarefclnsetireld dtamﬂﬁealﬂ hemans. Bﬁﬁﬁi%m%agﬁ&leﬁ'ém e. 25 A

reverse genetéc?%n%tlﬁ ﬁ{o%l§¥ nfrlﬁéllg?c% Bh ECéEH%Fi@&nﬁ% mﬁtra%rfs@ﬁﬁ'?éﬁllt has been

devel oped recen unctlona anal ysi's i n non-nodel
or gani sm; Acnmablmgllnlmlwmelsv@tﬂphmwesdﬂmh%ies‘m%ﬂéﬂa/R?@Qq Fageed t o

tar get m%,l %RBB‘ANUa%n?FéI' ?0681 ﬁg&%ﬁﬂgg entsr}ﬁéteééfeétg' LGt 0 a | oss

of gene unc Since ran prepare aseg on known
30 sequence, mhtatlbmsl@(dmrsﬁmatqjerIéanrﬁahnereﬂ‘ca/y@@m)sarwSroé%@nsbm@dwn RNA

B
organi sm for whi clSigenphesotggeiquerssasdeve ietiedt ovwholBeergzaisor enalggs,l;
R et e L AT
utility igp dimelsse faidianilg@pomid¥Approach has generally not been available in most
organisms, including humans, agriculturally important plants and animals,
domestic animals, pathogens, efc. However, genomic sequencing has been
accomplished or is currently sought in many non-model organisms, and
functional annotation is similarly valuable.
25 A reverse genetics strategy called double-stranded RNA interference
has been developed recently as a method for functional analysis in non-model
organisms. According to this approach, double-stranded RNA is used to target
specific RNA transcripts for degradation, thereby leading to a loss of gene
function. Since the double-stranded RNA is prepared based on known
30 sequence, the link between gene and phenotype is already known.
RNA interference is a silencing phenomenon that is manifest in plants,
animals and fungi, and therefore enables systematic functional analysis of any
organism for which genomic sequence data is known. See Zamore, 2001;
Carthew, 2001. This strategy has been adopted for genome-wide analysis in C.
-5-



interference is limted to |loss-of-function analysis. Thus, this strategy
Is inapplicable for the discovery of disease-related nutations resulting
from incweaseeses ot herwi se altered gene function. 5 Thu®CTalsns/eses and

| ong-felt needs in the field include strategies for rapid phenotyping and
gene mapping that can be performed in any species. The presently claimed
subj ect nat t eleginsdPesgBanibi300ds f Bespjienids &Efﬂthgﬂ diygissh IR SIS, mappi ng
mut ati ons i n;\i d : t disi tigneed in
the art for t"ﬁéﬁé%nrrg. qu@t@m‘r%r &%Q?ﬁgﬁq@g@e@ﬁé M?%QI f;lrihr%rga’dms'ﬂ%ggi;elgklrr'gtter
provi des cel lindpplicablerfar itk dissevary dfodisedse-related r@ﬁeﬁmwmawbmarfdorgene

mappi ng, andé.@é%%%f%rﬁc%%m%eg&&&eg nclji one enbodi nent of the presently

cl ai med subj erozygous cellular library is provided, the
het er ozygsus cel | Ohas, durfenband loddg-fatliorgeds & the fizld indddeslyatepiea femapidd

popul ation of /isolated cells, wherein.each of Yol I onpri ses
a marked chr &H588 'n@oqﬂﬁfg%q%@a%p'a%m%é’ﬁ’ﬁ%ep%%rhqﬁ?g 'ge g%ﬂ%@% ﬁ-nh(réker. Each
cell of a ranpgesdntymelzagedi zasiegtopnitadri @scidsess ohetheds clel | genemtingonpri se
one or nore heterozygous,genetic difications, . ln o enhqdi nmen 20 the
one or nore WE@BPWQE}%@%@ 8@98?“96“‘%)’6‘?% in 4t AR Hhys ?)c?cgﬁ?ﬁ?égﬁi%fiuréé%t hod

sel ected fromnghengfuRedan hesdn il tied sahen cal nut agenesi s, ultraviol et
radi ation, X-ray radiation, exposure_to inhibitors of DNA repair, and

conmbi natilns thereof. The presently subj ect matter al so provides

methods for 25 preRayédoR RG] UBIEPHREEhloVNaS céliulir fbrdriedusetlfeisent ati ve
enbodi nent of the nethod conprises: (a) providing a plurali t%gof | sol at ed
|

cel I's, wher eiif Vamahesptyping ansl 4angImasping, ansidnetheds (s usiadBepringes a

dom nant positive sebect Jﬂir\aﬁﬁtk%[);théngreséF?Qy rRifRE YublbétaaRiter Bg the
plurality of isolated cells, ereby a heterozygous cellular library is

pr epar ed. 30 Heteraaygdusr celiutas dibrasitis groviged, pihesksterozygous aellasuirayt matter,
a honozygous L | %ﬁﬁa ; r library
conpri si ﬁ'% a %Oéﬁicf]gm@ rr%?? g@%’?"’z’%ée@%%y% rmzti(/)ég)gle %%%%gg‘? g%%yfé%cgol at ed
cell's. In onefdmbisdiabehtellseaviprises 4 mefrked chupmoadye eaipieing Acpnainant

honozygosed popul ation, of isqlated cells conprises one or nore honpzygous
-6 WD 03/ OQS%HW&'FF%@%II‘%&%%% genetic nodifications.

Each cell of a randomly mutagenized population of isolated cells can
comprise one or more heterozygous genetic modifications. In one embodiment,

20 the one or more heterozygous genetic modifications are produced by a method
selected from the group consisting of chemical mutagenesis, ultraviolet
radiation, X-ray radiation, exposure to inhibitors of DNA repair, and
combinations thereof.

The presently claimed subject matter also provides methods for

25  preparing a heterozygous cellular library. A representative embodiment of the
method comprises: (a) providing a plurality of isolated cells, wherein each of the
plurality of isolated cells comprises a dominant positive selectable marker; and
(b) randomly mutagenizing the plurality of isolated cells, whereby a
heterozygous cellular library is prepared.

30 In another embodiment of the presently claimed subject matter, a
homozygous cellular library is provided, the homozygous cellular library
comprising a randomly mutagenized and homozygosed population of isolated
cells. In one embodiment, each cell of a randomly mutagenized and
homozygosed population of isolated cells comprises one or more homozygous
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The presently claimed subject matter al so provides nethods for preparing a
honmozygous cellular library. A representative enbodi nent of the nethod
conpri seswo(ap9yae®vi di ng a het erozygous cellular |ibrary ecwmursoying a 5
plurality of isolated parent cells; (b) inducing site-specific mtotic
reconbination in the plurality of isolated parent cells; (c) culturing the
plurality of geseliamedificatiorent cel | s, whereby a popul ati on of daughter cells

2P O oA A RIS B T

genetic nodification, nozygous ce rary is prepared.
10 | n accor daneringtehhamezygioss telkiat liberhodgepresentatipaemhgdinendaidih¢gous

Further conpriaod EmRrRes (i BYHLE A elaRevb A e RRRRTLofBlRg 851 ¢ e
pai r conpsi s@turality bf iselatetipapent sl (Bricdiurirgesiierspeciicntimgo vacoothitatiosone,
wher oi n the 4bbnaTa SR iRt Batt Shl dakolbligbrEs TRy S leelRRc o °"
reconbi nat i opatsHiSRIIE ewhetdby & pogiiatish B dkugtitee cbily & prddced card (d)

reconbi nati on cassettes eac%’ conpri se a ;:qentrorreri C I[r])c%sitio .

r econbi nat i oifeteqia@4aabIpEells 20PN b RAOAYIP LS QE,G\CO_F“OQBQQQ‘P%, a |lox
site, an FRT y#{dréhy &horfdziddusTeli@ar idtagne prspesd.ment, a first reconbi nation
20 cassette and a 'second recaonbi nati on cassette can reconpine to produce a

stable filPst recoffbrererdaiceayiripe disgloses MpHNeds IPHPrERARGRAPPRPTY IR odi ment
of the pfes%%g%%msrléﬂtyg@&mme%&&ran@tﬁ%'blaté’d bareht cdli§ eanRirat ddfprisasset t e

conprises a , and a second reconbi nati on cassette conprises a
| ox71 site. lamakedchamesansaikwhewsin hpaaskeddemosNepPHEePaRINceédt matter,

a first 25 r‘?ﬁ‘ﬁ@ﬁr&ﬁ{)%&ﬂe %ﬁﬁsaeééc%nﬁWdl%foisfd@r&k&&rﬁé,t\ﬁher@mdthé fegcond

reconbi nati on ~casSette conpri ses an attP si reconbi nation cassette
can further cbhnpnosEnenemprisasmfisivecernbindion cagegtieeprd whereidhepseeand in vitro

phenot ypi,ng d ' xgrg%[ | XoJar ol ' cassette
of a mar Q@d ?‘@%@@@@We@‘ﬁ{“&&@é‘%&%ﬁbn se‘%goﬁ |d 3 E%Ifc?%cérﬁ?@%{?darg eSI S%@?’ker, and
a second recdnbinmtembodirassetie fiedt adtk seaorde decarhbinatingiopasselies eash conpri se

a second sel ectabl e marker. riI n.one enbodi nent, a sel ectabl e marker
conprises a FORRSfE RMKIEPRI'R%t abl e marker or a recessive positive
sel ect abl e mar ker A rdcsmbmatipecdssette canprideis maseomisiralioneite/fdue@mryie,at i c

eoombL ot O e b S T B RS s A"
20 cassette and a second recombination cassette can recombine to produce a
stable first recombination event. For example, in an exemplary embodiment of
the presently claimed subject matter, a first recombination cassette comprises a
lox66 site, and a second recombination cassette comprises a lox717 site. In
another embodiment of the presently claimed subject matter, a first
25 recombination cassette comprises an attB site, and a second recombination
cassette comprises an attP site.
A recombination cassette can further comprise one or more selectable
markers to facilitate in vitro phenotyping and gene mapping. For example, a
first recombination cassette of a marked chromosome pair can comprise a first
30 selectable marker, and a second recombination cassette of the marked
chromosome pair can comprise a second selectable marker. In one
embodiment, a selectable marker comprises a dominant negative selectable
marker or a recessive positive selectable marker.
A site-specific recombinase used to induce mitotic recombination via the
-7 -



fromthe group consisting of a Cre reconbi nase, a FLP reconbi nase, and an
Int reconbinase. A site-specific reconbi nase conprises in one enbodi nent a
cel | - perweablogsse@conbi nase and in anot her enbodi nent a celCrAsesmsabl e Cre
5 reconbinase. Cells of a cellular library can be isolated fromany
organism including both plants and animals. I n one enbodi nent of the
present|y cl aeoenibtatiprcassettas tan complisdsr asije-spedifiiceregprbingse pelerisdmed

subj ect matt echﬂx? ?rg%ﬁtjgﬁ@ é?rms'fs[fmg FECS ecgﬁqblr?as% F Pelch{bﬁ'{asla A ntCan

conprise any s |nc pbrecursor cells,
and di f f er entreadr@binasél Asntda-apmf&: recdmblnmﬁonmnsehm onpreaﬂmdlmgntalcail-rred

Stem el |5 antPpRably P b8 B SERor GPoSafetF Y P gt el o

di f f er ent isat erebtmpiniase. For exarrpl e, differ ent iation can be induced pri or
to 15 nutagenesis, ,follow ng enesi s or to henot . or
& s R

part of a phenot yfisgf aellyr af e Bafat mtwc?{g P2y IIuI ar

libraries aandiﬁMQQh@amﬁﬁH uh @hebhhfo@\rrh@ﬁ ob thet fresgritiginky sabjatimed
subj ect matter each conprjse opul ation of geneti cal I% rel at e cells. 20

The present | yneites %Er%gjtg%?reﬁﬁ@t{ eraimedsyBiecnglier gaaPys “”F"’H}Cq R vitro

phenotypi ng and gessis'staRieldar frkhycobf conifiseryaittte eoiypegiuiirect mat t er

conprises: (a) a heterozygous cell'ular |ibrary caonprising an
nut ageni z1ébl pBem Qgllp difeersersiigtang (bféﬁ"éﬂ’fﬂat%PP'&S 5 95e eh)P Og'rﬂ?m&g&fous

cel Il ar 11 gy AIRHo8 o inARBI0H! bl SIS AThrRBd i

popul ation o aughter c¢ells, wheréin the hompbzygous library is
derived from (B% celi®t er ozygous cellular library. In one enbodi nent, each

parent cell of thg%tﬁﬁeéﬁlrsoeﬁ%i%% rﬁﬁ &é”s%cegg[gﬁérmb?& hSfSinButey fHe

identifier, and e daugh honbzygosi ng a parent cell
conprises a sdifferentiaiguia VItrderﬁqrfeaxamplE h@ffeannaﬂlca‘r can teaindeeec Priehte

B e Bl SEla A sS4 o PR gt ye o and
trait, incl udphngwdmpmg\msalyl mted to a visible phenotype, a viability
DRor TS S e RGO e R B OB AL o |,
and conbi nat i eglisildr Nbreads. ofAthgeprekently olaimsed sBbjdQ ARLOO 3426 cemphua;@rs/ 13625
conferring a gglpeurllgt}g/rpef g%%e‘cincalilyrqgttedcc% St hen be mapped using the disclosed
20 The presently claimed subject matter further provides a kit for in vitro
phenotyping and gene mapping. A kit of the presently claimed subject matter
comprises: (a) a heterozygous cellular library comprising a randomly
mutagenized population of isolated parent cells; and (b) a homozygous cellular
library comprising a randomly mutagenized and homozygosed population of
25 isolated daughter cells, wherein the homozygous library is derived from the
heterozygous cellular library. In one embodiment, each parent cell of the
heterozygous cellular library comprises a unique identifier, and each daughter
cell produced by homozygosing a parent cell comprises a same unique
identifier. The cellular libraries of the presently claimed subject matter are
30 useful for in vitro phenotyping and gene mapping, as disclosed herein. A
phenotype can comprise any observable trait, including but not limited to a
visible phenotype, a viability phenotype, a molecular phenotype, a
differentiation phenotype, a cell behavioral phenotype, a susceptibility
phenotype, a resistance phenotype, and cbmbinations thereof. A geneiiclocus
-8-



met hods. In a representative enbodi nent of the presently claimed subject
matter, a method for in vitro phenotyping conprises: (a) providing a

het er ozygwo0d3/084eel | ul ar |ibrary or a honbzygous cel | ul ar PCThrsas/y362% b)
assaying the cellular library for a phenotype of interest; and (c)

sel ecting one or nore cells that displays the phenotype of | nt erest.

Repr esent at i wenigeing awbpneigperst ieresiprasviheacdbenfapprd prieg dhe Kisclosedi med
subj ect mat t er.60 rise: (a) culturing an isolated cell conprising one or
10 nore heterozygous genetic nodifications, whereby a popul ation of
reconbi nant cel | sin zsrqmr@m]tﬁlde eapadiptgnt nhthupl@etnﬂyeclgmﬁdﬂ@ﬁﬂ magel, vi dual s

within the popul.at 0 pe,

wher eby a ger?e h’ 0“3’2 t'{?a’?n %&@’ﬁﬁ {)Iées R r'a{n%l@{g?és( |(jeg ?ﬂﬁ%d The
nmappi ng can cehmai IﬂﬁaryoerMOmoamﬂLB,ceamiatI}tzanyg(bgamngtpebylmrﬂibrams
segregating in t reconbi nant fance with

ul ati on of ce
t he mappi ng it Q%@t?f?ﬁts@ﬁq @S%'F‘étf'}%%“e o ?rgg?ﬁ%?{hﬁ&gfﬂe cul turing
step can furtﬁh@ho@pm@f inttestont acting the culture WI th an inbhi b| tor of DNA
repair to thereby promote mtotic reconbin 4) geiﬁentat e
i nhi bitor of DNA rldfRIFFELRSr 99U MaRRE]g Eﬁléo SnHWOE!IOFS Yithe e
enbodi ment ac%‘ﬁ@d@@hbéﬁﬁ@ctérﬁbh‘nbhé@ra) duﬂmlriyérﬂéolﬁ@ﬂﬁémtdﬁpﬁsﬁr@or@m be used
i n accordance with the disclosed nethqds incl t are not limted to

por phyr i A OandngyenetRFPEYgoHS BeReiicimedifications, whg V@ pr‘?@%‘@“‘?ré?frr%cm'mthyl 4-
pyridyl) por R:Qu S?g‘éd WRed08Yd %)eméﬁ-ﬂﬂ\?oche NyeHRhfRg! ofMBaRRRERNWTAIA th (NVM) .

The presently c ject matter further provides a nethod for in 25

vitro phenot mpn@tlan@f g@@@hlﬁﬂﬂbpﬂl& @@h@ﬁplgvr@gohema)ypshwh&%%@ef@ﬂee| | ul ar
library; (b) lé&ls%ﬁéﬂ ,ﬂg?lﬂatﬁs ke GRIFR Eyg%'ué‘qeﬁtlwé‘dﬁerﬂecmapa@ t&REbAPriddat

confers a pheno I nteres turing a hat is heterozygous
for the genetforoexamnle fanebrzmgmenenm@mor@hﬁmﬁe@reg@ﬁngfn thegepypidAf cells is
pr oduced 15anq, gﬁtpc% 0g t he genones of individuals within the popul ation
of recombi’nant PP 8 whereby a genetic |locus that nodul ates the

phenotype is i denﬂm faceddal’rct:&awntdltbelmamingﬁnhfbddiﬁ of then presendy pieimetypi ng and

gene mpPI N9 SBBGE Y e ciBEMUPIPLARLL bhAbrdd Bkt e sy aouS

cellular Iibr® e presen subject matter
I's to provi devithaw @ihilsieok lofiDNA tephirdo itmrebppcbmmtemmtqtlplragorahldatymeArrappl ng

e D o RS B R PRk Aot o oo o
20 embodiment a RecQ helicase inhibitor. Inhibitor compounds that can be used
in accordance with the disclosed methods include, but are not limited to
porphyrin and porphyrin derivatives, for example meso-tetra (N-methyl-4-
pyridyl) porphine tetra tosylate (T4) or N-methyl mesoporphyrin X (NMM).
The presently claimed subject matter further provides a method for in
25  vitro phenotyping and gene mapping comprising: (a) phenotyping a cellular
library; (b) selecting a cell comprising a genetic modification that confers a
phenotype of interest; (c) culturing a cell that is heterozygous for the genetic
modification, whereby a population of recombinant cells is produced; and (d)
mapping the genomes of individuals within the population of recombinant cells,
30 whereby a genetic locus that modulates the phenotype is identified. The
disclosed method for in vitro phenotyping and gene mapping can employ a
heterozygous cellular library or a homozygous celiular library.
Thus, an object of the presently claimed subject matter is to provide
novel cellular libraries, and phenotyping and gene mapping methods employing
-9-



cl ai med subject matter. An object of the presently claimed subject matter
havi ng been stated hereinabove, other objects wll becone evident as the
descri ptiwp opiogsdeeds 5 when taken in connection wth thePatasnpaisgs ng
Drawi ngs and Exanples as best described herein below Brief Description of
the Drawi ngs Figure 1 depr cts a summary of the disclosed nethods for in
vitro phenotihpisagieandihigertdedtidissi rpn met i yhiee o inspart SYHBAHYEEE WY awi ng
depi cting prepaialisdBiedf maudiet erozygous cellular library. Figure 3 is a
schematic draw ng 5 ]i cting preparation of a honbzygous cellular library.
PSML, positive se%@c@laeﬂt@f the Rreesently elanmed pdyeat imaiies davingdies stalgker 2;
NSM negativ b X r position
in Figare 4netohagoRe el Bblipls WGk aiind BepurpioRpfoockas

chr onosons pammemmkdemmunbedrqnmrﬁxmmceomparammg Braequmgaamd) Exahples as
representatiye het er ozygous cellular library as described
in Exanple gg‘o bggﬁ reg%\bég "are schematic draw ngs depicting
preparation of a represent aBrisfdDesttipitb mefithe Drawing®nozygous ceI I ul ar

i brary using the_ heter ous cel |l ul ar ibrar of Fi,gure aI SO
Exanpl e 4. Fi gureF@r"?s geé'gﬁeﬂﬁﬁq"&mﬂr Vali hlf 8@‘5 8¢9 Hge BP%?)&? of a
honozygous Crﬁieh@iy@f | drlair g m@pmggthe heterozygous cel lular I|brary of
Figure 4. 25 Figure gB iiS a schematic draw n E } chronosonal events

as cells 10of the r'fé%ea%%gemqﬂs rawing flepiry argtian QlaheaoaY9s: he
presence of Q@eylaPlibrafy. Puronycin, and neonyci n to thereby produce a
honmozygous cellular [I|'ibrary. Fol I ow ng Cre-i nduced mtotic reconbination,

cell's conprising f'gqﬁéﬁﬁz@'%’lﬁn%dé@‘i‘"ﬁﬁ depicfiRg Rigpatatien 9bp BEMEEYINSed on
resi stance tcb&ﬂHl%Pf%rﬁg/nuam ng%@ﬂ%’&éélect%‘l@ nParkér 1; Poiviz, pBHr"trOéWé?éétabl@eO

neonyci n; R resistant; S, susceptible; , random
nut ati on. Detraatket2; [bé%MrnqgaitimselectaU@fmaMr > Ovrd MaRders ”’M@“qu[‘f\olmrﬁf@{ terns
are beli e] Zréo%rtf?)ﬁ el | understood by one of -10 WO 03/093426
PCT/USOB/ 36 ordinary skill in the art, the following definitions are
set forth to facilFigweet is a schematic drawing deprctmg preparation of a marked

chromosome pair as described in Example 1, and preparation of a
representative embodiment of a heterozygous cellular library as described in
Example 2.

20 Figures 5A-5B are schematic drawings depicting preparation of a
representative embodiment of a homozygous cellular library using the
heterozygous cellular library of Figure 4. See also Example 4.

Figure 5A is a schematic drawing depicting preparation of a homozygous
cellular library using the heterozygous cellular library of Figure 4.

25 Figure 5B is a schematic drawing depicting chromosomal events as cells
of the heterozygous library of Figure 4 are expanded in the presence of Cre, 6-
TG, puromycin, and neomycin, to thereby produce a homozygous cellular
library. Following Cre-induced mitotic recombination, cells comprising a
homozygous mutation (circled) are selected based on resistance to puromycin,

30 neomycin, and 6-TG. Puro, puromycin; Neo, neomycin; 6-TG, 6-thioguanine;
R, resistant; S, susceptible; ‘ﬂk , random mutation.

Detailed Description

L Definitions
While the following terms are believed to be well understood by one of
-10 -



expl anation of the presently clainmed subject matter. Foll ow ng

| ong- st andi ng patent | aw convention, the terns "a" and "an" nean "one or
nDre" whewowsees4eé t his application, including the clai nmsPCHUBM®1362F s
"nucl ei c acid nol ecul e" and "nucl eic acid" each refer to

deoxyri bonucl eoti des or ribonucl eoti des and pol yners thereof in sin
stranded, doud®idiagt skifldadhe gt ﬁhlepﬂoﬂ%éﬁgf@fﬁ'ﬁm%l%f§§%rf@@hftPCféP""?tq i m ted

the term encopansen Oﬂ%&bge,ﬁ@ldﬂﬁn@g%gjee{ mgﬂgpown anal ogues of natural
nucl eotides that have simlar properties as the reference natural nucleic

acid. 10 The ter ndollpuinigdpeg-atandingaratentllaw canentivnciheiterae faf-angaanal so be
used in pl acemegﬁu" Nemore” GHNA' e&rrht nc?tU?F ﬁfc?ﬂ&ﬁﬁ%r@al msef ers broadly

to any segnent o assocl ate ction. A gene
enconpasses sequeridestarms! ndrlety, agdimelecule! ande duclelc acid'odaciy refeqiteence,

a
promoter regi Q@y%&&léoﬂggé A Ofidorifetitia &S arfd gBBIrrfe set’rﬂBFe%?ﬁﬁdsuP&'é segment

that is a specitrc reco I on sequence protein
non- expr ess edstEHlMede@mmm -straaded; ontnplé)wésrm o Uipberss 3p)epmeall54 |um|teda theDNA

segnent desi d to have desir ar anet n% tlons therepf. The
Loyl oouer R EboleRs o5 Tk, ARIR Bk ipg ot A bARGLEN 1 b EP
"genotype" r erﬁLmlTa)tHes tﬁm(lnge@temmr pmm‘tidslﬂs the rafer@cteeialturarnuc%ic lafngani fsm
e.g. geno ucl ei c ac mat. e Jerm £no enera refers
o any obBsr v teFb i iaie Ao roldetes anashiiie aRZFAN 485 he28PT bikiedaur ¢ her
herei n bel ow. of‘F@@é"g‘rdmNm’gb.}‘*'mmnAers to a single cell or a plurality of
clonal cells. Thu the term"cell" ncorrpasses a ul ati on of cells

produced by cl onalsrh@iﬁ%sﬂe@ﬁ refey's broad §egrapent of peoRigtedYitha »  ang

"second”, forpigpgiEal nctih. W%é@f&hﬁa&@e%@éh% lnagaiﬂbqgﬂ%%t ﬁ-?ﬁl'fé?ﬁoso”es
reconbi nati on_cassett es, ers, etc., are included for clarity of

description alf® &PdNg 68AYRNGRT aRFOMBLEY iregien, rRycisTagUlgiorFeqUahge; a ngs- used
herein when r@fﬁéés‘eﬂg)ﬂlﬁ?sg?rﬂgﬁlstHéﬁQE%pc\;‘@ﬁé‘r%coégtléﬁg&l%%céfd}‘?ﬁ%ﬁléﬁﬂl of a

| ocus (e.g ene strength
enconpass var P@tql@ng nen- GXﬁl' Qﬁﬁéd BiNfoerament tf@@%l@iflblﬂe%o gefe expiespien, a

enbodi ment 5WDNA%e@&%P&ém?ﬁGb“t@'HE‘%Qtde%n@d ﬁd‘rgme{brétdr confbiHiBRS the‘?éB?Od' ment

0.1% fromthe spec ed vafue, as such variations are appropriate

perform the di scl ddedermetinods” refets i cBo008aPE! IPCIHANSTRH 8625 | | . Oel | ul ar
Libraries The term “genotype” refers to the genetic constitution of a cell or
20 organism, e.g. genomic nucleic acid material.

The term “phenotype” generally refers to any observable character of a
cell or organism, as described further herein below.

The term “cell” refers o a single cell or a plurality of clonal cells. Thus,
the term “cell” encompasses a population of cells produced by clonal expansion

25 of asingle cell.

The terms “first” and “second”, for example, as used herein to describe
homologous chromosomes, recombination cassettes, markers, elc., are
included for clarity of description and are not meant to be limiting.

The term “about”, as used herein when referring to a measurable value

30 such as a position of a locus (e.g., in cM), target gene strength, power, etc., is
meant o encompass variations of in one embodiment +20% or +10%, in
another embodiment +5%, in another embodiment +1%, and in still another
embodiment +0.1% from the specified value, as such variations are appropriate
to perform the disclosed method.

-11 -



The presently clainmed subject matter provides cellular libraries and

net hods for preparing the sanme. In accordance with the nethods disclosed
herein, tweosebi4edé ar |ibraries can be used for in vitro piremaiSypizegs and
gene 5 mapping, as described herein below. See Figure 1. The term
"cellular library" is used herein to describe a plurality of isolated

cell's conprising dielbtatdibjames i c material, wherein each of the plurality of

cells conprises ’ i i\ £ i i to ot her
cells wthin the ce %ﬁsgﬁﬁffaﬁ?@%@%@ﬁ“@@?@%ﬁdﬁ g%%'@t%?é{b rlégrée/l@y IS
referred to amethodsdor grepaingtheasament In"acthelanee mithgbe endtbodsdisclosed | s used

her oi q " ; . . . o
genet o mod: 110 4T PO, IHEn fon BE sRelTor I Mra SREREABINGRRNGer 107 ©
ermbodi ments emappind), @ gésoribbd herehd belowl sSeefFigureciel | ul ar |i brary prepared as

di scl osed herein rises.a "genetic variant:. A 15 genet.ic.varianpt can
conprise a hormozygdifseBP RuHIEy %Yol?s“S&gHSH"&m%8%??%8‘%’[%@.0“!38[3?fﬂ
enbodi nent, acéll@:cbldi_p@ikinb}chkfe’:léé'g@‘ﬁetﬁblfhﬁat%aj&,s\ﬁﬁéﬁem ﬁoaimT slukligat cenmt_terII
conprises a population o enetic related.cells. e term"genetically
rel ated", as 1968 A1 Ot O&%ﬁ%ﬁ’@‘ \éW%'Grmﬂ%P%att?é’PI@',ag\’%%céf’@ef gelgs comon
20 cel lul ar ojilhNhe TalSar ivarperash ¢eln ot beddHureé iBraipie tdialred@to b or nore
geneti calé(i related cells is substantially identical. The term

I

"subst ant 1@l | \BenaEhYERt" refers to genetic identity other than variation

produced by: (a) spfeARegESetBAhe s uddd hédIRrBdILEEYgBRSHE nUBRRNY
genetically identical nenbers of a popul ation; or a conbi nation 25

C
t her eof . Thusacid matesak APHRHSIRG sea el mpr@fgqnﬁti@ira@{ﬁigic)qtieeﬁt Pci acell s are
Lgenetically bahaidthy ine3afR TS in chdBrbBEMerl AhFAblualfifbiieitiong as used

herein to descri pogu ation o e , excludes a ‘ection of nutants
from di ver se calolardibgry prapacochapHisclasedhérett ¢amprigesgdigenealic yar@stury i ng
mutants or.a ctl i ndj vidual e j he term
"i sol at ed55, aéé)iés“gd%@érjheti Er?f;rt' o&gh sﬁcsgi %ehémtgo at gggﬁ%gﬁdgggﬂﬁ %%rn %- ers to a
qual ity of bemodifisefarate from an organism For exanple, the term

e el el Aol Sl o bRl AR D < one
descri be a cemattetddnprisesiagioputativn obgenetiedlly railed 86130 Ih2deRCTORIBOBNL3625 i n
vitro setting far el LW B USnipSriwe B hirs ool MR § Tohiort Ul ur e
20 cellular origin. Thus, the genomic nucleic acid material of two or more
genetically related cells is substantially identical.
The term “substantially identical” refers to genetic identity other than
variation produced by: (a) spontaneous mutation; (b) random mutagenesis
among genetically identical members of a population; or {c) a combination
25 thereof. Thus, a mutagenized population of initially identical cells are
“genetically related. In contrast, the term “genetically related”, as used herein
to describe a population of cells, excludes a collection of mutants from diverse
sources, for example a collection of naturally occurring mufants or a collection
of individually targeted mutations.
30 The term “isolated”, as used herein to describe a population of cells,
refers to a quality of being separate from an organism. For example, the term
“isolated cell” refers to a cell that is isolated away from an organism and can be
maintained in culiure.
The term “culture”, as used herein to describe a cell culture, refers to any
-12 -



immortal cell lines, primary cell cultures, non-transforned cell |ines, and
any other cell population that can be maintained in vitro. In one

enbodi merwQ oa/ogxbké ul ar |ibrary of the presently clainmed s®ebjrasni/1d25atter
conprises about 100 nmenbers to about 5000 nmenbers, or nore. A cellular

|'i brary conprising nenbers having nultiple marked chronosone pairs can
conpri se aboul vitaDsattingder selt groaiouTha BumJouliurehergospagsesiiteccultyreeol nunber

of members | nimnér{.eprcgﬁ Mné%?@ﬂﬁ\%{%@%rli gqglﬁf?ég, tBnafdisRYMed et iRbd, Uhd |

mut agenesi s, ereln a nu r each gene 1s represented.
anot her enbodithente!l pepolatior that cén hecwdintaired /hvibioar y conpri ses a uni que

identifier. In on odj f_t | al ' ter, a
cellular |ibr ary%ri] ?@ﬁ%%?f&a?r%ﬁggf ﬁ%ﬁ&l&%&ngﬁée{ﬁ]ﬂyge%l%gg%u@%g cel lul ar
library ca& beatterdeomprisesdbaat 00@ megniiess id abauiisoe rpembeispor wiordi A t he
array. For exarrﬁz e.a cellular i Brar can l?tgo rTﬁ]l n%ﬁ%ig i%o é)( i's-vvel I

pl ates, and aCiHIERENFERRTSINGBeN arr?t*fé%’&'/‘%?” e et {H° éﬁ% %'!r essed as
a pl ate nunbegarpdiinpilel abdutbes mentbelrs td @soult i1 00,800 eserobert her mores el y

cl ai mred subject natter can

be replicated as desired far. various.
appl i cati ons, "R MFMRED 4P i%ﬁg@fy ﬁaﬂ%gaﬂ'?”@& ﬁouﬁgt?'e‘f? gp%@!on
phenot ypi ng amgRigeHbas, Widreiara/muting foridiicash aeng Rnepreseheeus that confers a
phenot ype of interest, as described heéﬁlicg@belltﬁévﬂibzo The term "replicate”
I

refers tol@® he accdpapehaignbediiesh egeh iC XY COMRTSes;d Yy of the
presently cl ajaRelies URielerBIdRENtloPtHIRELHRY BlalBed biifedt dttal, arcelldlabr ar y.

Thus, the unique identifier of each cell is identical, or otherw se
traceabl e, i nliarawy isspglially arsavgdr spsh that epef self et thereeliuasiliprarscan dier ayi ng
and replicatij cell ol [ tyeichi z ] j qui prment
can be enpl oy@g?tﬁ%hc%cggd@%g %Iﬁm%@ﬁn\ﬁ t”?%%eﬁrg?pﬁiggét*gﬁﬂgﬁ? t he

Bl OVEK( r ) 2000cdliutpnilibrana aan ibegmaidtaiadaini rorlti(wsdt Haigs agnd Bl Wniqueoleratigsc k man

| nstrunent,s, | e ' ' | t i.ca). In
accordan c{e5S Wi 'toI %ﬁ‘ﬁtﬁ e F%%m%%f;&g f b%*g r%réeég Eeldr? th@b{gle'ng nﬁée% ag't?b‘?ée”c'f%étr't er, ‘
cel lular |ibrari eCalafarbiirprie ioficbiei preserilyf olaimed subldct matdruran de _
For oxanpie, AR o rpIaes 40 RuBlF SSAIEIRE, PR B peap Rl e
homozygous cehdrbagols lwelulyr limang pheootypingt a cellulactiwefy, afdemppeisgrt | y

oo e S RISl b BB BHcs ket eroby B o
03/ 0934262PCTThSeFML IR Ratay aefeps tRthecadrdte duplication o ot orjjimad catdaor gene
Tapp! Ng- Reprl?bsrgrr;ltottlh\éepresently claimed subject matter to produce a replica cellular
library. Thus, the unique identifier of each cell is identical, or otherwise
traceable, in the original and replica libraries.
To facilitate arraying and replicating cellular libraries, automated cell-
25  culturing equipment can be employed, such as the MULTIMEK™96 multi-well
pipetter and the BIOMEK®2000 liquid handling workstation (both available from
Beckman Instruments, Inc., Fullerton, California, United States of Ametrica).
In accordance with the methods of the presently claimed subject matter,
cellular libraries can be provided in the form of a kit useful for performing in vitro
30 phenotyping and gene mapping as disclosed herein. For example, a kit can
comprise a heterozygous cellular library, a homozygous cellular library, or a
combination thereof.
The presently claimed subject matter further provides that cellular

libraries can be frozen and transported while frozen to remote locations for
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met hods for cryopreservation of cellular libraries are described in Exanple
3. Additional nethods for preparation and handling of frozen cells can be
found i n wbroeebaaes, 1987 and U. S. Patent Nos. 6,176, 089; @CIABGIILI?2S

5,629, 145; and 5 4,455,842; anong ot her places. Heterozygous Cellul ar

Li braries. The term heterozygous cellular Iibrar refers to a library
conprising a PHIRIGRNGE @fiirayde phanopeing and/emdete Fé@P!i‘QedRelé"@F?@at"@ cel | of
a heterozygoum%bg%raéryépreééwan&pmfeu@sﬁn.tﬁaf@s}m@me@emédﬁaE»éﬁrdnél@t 10 The
term"random genetic variant” refers to a genetic nodification 1nduced via
r andom nut agefedilienal rethnsiafeeparetionand handing atfreges qey@camm f)ound in

het er ozygous, r Bl o} c I ' n one
enbodi nment , el;%ﬁﬂnt%}ﬁpﬁgﬂca@ G'gb?agghﬁie\@érgggg’gﬁg %g%‘ﬁ“? F?%ﬁgg 2 dCOfT'pI’I ses
a marked dhr of85.882;caompng ethﬁgpacehbm nant positive sel ectable 15 mar ker .

The term "marked ghgg . CAIftlst Libr r%saTﬁQ{e‘?rﬁmﬁé’ch‘ozg%qu]éeﬁ&lQHE}?aﬁe' ectabl e
mar ker that enabl € narKe

chr onosone i nreéerpcbqnalIlareirgam:om‘prlsmglasrandomlyudutagesnzad Ipapula&d)rh of isblated ack t he
el ect abl e mar el e on_of marker ei c_aci ar at.ion of

oar kod-ohr ot 56 S e e el R ARl roBkiSer d et R nar onal
Publ i cati on NariafD 99/ 67361 to Wbychi k et al. discloses a heterozygous
cellular Jibrary. Jln contrast to W cl ai med
Sobj oot i Per Y iR Fadorh qeheh Vanh aPleis 4 Ao orBiti FRRTRSt or v can

conpri se one jadudEN \a fmfdbﬁﬁngiag@mgnﬁéndm baﬁetlclrh@d.ﬁcauanyekert?pnc@wenot ypi ng
and gene mappin anong other distinctions. The rked 25 chronobsones al so

facilitate prfe grpgyg% 8hd Repemiiieyigon helPrYgoNs qef'%'?éll'tifaryvml ch is not

readily acconpli shg@dnkRmdtRim&ReOsch &fth@cél%rd?%%éiéﬂoﬁy@ﬁ}%rﬁ%nulﬁhﬁerFyeSent Iy
claimed subject matter further provides a nmethod for  “preparing a

het er ozygous @¥MRIfEsE MAedAroMesane epPRaEng atdominaipoditive selesrble he
present |yl algR@: SH £ “%Fﬁe@rohrérﬁ&dﬁé”h@fgrﬁgmrozﬁ&iorﬁ@éonw (y ng a 30

plurality of i1solated ce wherei n each of the ralit Iated
cells conpri %eé@pt@bladsmrhal'r\thap@@ables/éﬂe@éﬁ@é@atﬂf @eli@ck@pnsmdhe( marke@hdom y

mutageni zi ng {NgmBLitha!ihty 9 ul%\ﬁe h 3 SR, bklﬁdnnﬁgﬁﬁmﬂgé’ cél fiat "1 e ©

cellular library Is prepa epresent’ati ve e presently
cl ai med subj esslectatletrparkar.e Skiedtionbeld markeExucisie azlds%md @rmrﬁlogluofes 2 and

4ho;rggy;\gug3{: BERAAS RETAPA AR R bR WOy 27 L braries. The term
PCT Interna’uonal Publication No. WO 99/67361 to Woychik et al.

discloses a heterozygous cellular library. In contrast to Woychik et al., the

presently claimed subject matter provides that cells of a heterozygous cellular
library can comprise one or more marked chromosomes to facilitate in vitro
phenotyping and gene mapping, among other distinctions. The marked
25 chromosomes also facilitate preparation of a homozygous cellular library, which
is not readily accomplished in the absence of a marked chromosome.
The presently claimed subject matter further provides a method for
preparing a heterozygous cellular library. In a representative embodiment of
the presently claimed subject matter, the method comprises: (a) providing a
30 plurality of isolated cells, wherein each of the plurality of isolated cells
comprises a dominant positive selectable marker; and (b) randomly
mutagenizing the plurality of isolated cells, whereby a heterozygous cellular
library is prepared. Representative methods of the presently claimed subject
matter are described in Example 2. See also Figures 2 and 4.
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refers to a random y nutageni zed and honozygosed popul ati on of isol ated
cells. Stated another way, a honpbzygous cellular library conprises a

pl uralitywomBodaed ated cells, wherein each of the cells cm(mmssﬁs%as
honmbzygous genetic 5 variant. The term "honpzygous genetic variant” refers
to a cell comprising one or nore genetic nodifications that are manifested

on each allele. Thiemozygous Calilardiilbradesaiiestaim ahdieeryapys aellulps farand

nodi fication hRMR% ation. In
accordance wi lg %?gf) deéqrré?ﬂ&ﬂlg%? ia?%m% B(rjesentz?!,gg ?gﬂgéﬂ&})‘?@gdtﬂmﬁgt ter, a
hormozygous geels.i Stajed angiberouay @i mzwoumﬂélu@rﬁbbr@mmpme@ aplungtitye
honozygous ¢ | rgq&ﬁq& cdescri bed
her ei n bel ow. %%}dl&f%@llg,%glﬂ%}@gﬂ %{E&llﬁsegmﬁgrégl n c@gléér @aa cel lul ar
library o5 tvadaptesently clai rred subj ect matter, refers to a popul ati on of

| sol ated cells, I . /gous
genetic variants. ﬁﬁﬁ@ﬁf@ E'}&%&ﬁ nﬁeg\?%[)?gj *Zr%%rsﬁtlg{%tc%p C%Pﬁ ?%Jﬁg%f%w des a
met hod for rrndn"en@raetnb(moalﬁ@nms dleditl ark ananifdsteatr gn \elaah latielez yTlow, g aof a
oo 9o iAok DA s Bped G Process
modi ficati onawom&yggurwgéﬁal&ﬁlohﬁmmousa@éorﬂ@me wmmmm shdtodshef thiee or nore
random y i nduced tic di fications. In a sent ative enbodi nent of

the preseit| 3Pr%$e£| imgeseRiect Rty 2 homéyw( g BMRHFTELOMPASSS 1B ovi di ng

a het er 0zygousehbddibni oridf GHrifore BiSRI0Z Al geefit Hicalficktior®f on SMkidead par ent
cells; (b) inducing site-specific mtotic 25 reconbination in the plurality

of isolated FAFRRPSQURE Pair, %Scﬁesé’ﬂp?%h?rﬁtj‘ BeleWpl urality of isolated parent
cell's, whereby a meRWRl MRy @@é@fys%eeﬁbb‘mfo%debmw&eéhumsran(@k)
selectlng daughter cells conprising a honobzygous genetic nodification,
whereby a horibe piraestly. elaimed subjepi matjen, seipisda pepulaian esiselatedicelds.net hods
for prep rd n anple 4. See
50 al so A gurerdABRRIEHToRRS Bie ol mb R orRE R oty B RAAANE ST 1 T
refer to a cell cdimprpresenjlyacleised stbject maﬁﬁeruhldbegérqwcia‘ﬁtadn@bw fefi vi si on
to thereby pr t urality
of parent celrﬁ%ﬁgﬁoﬁﬁng yg@é?fﬁﬂggmrgg Ylgqc’lﬁo i Qﬂ lS’a;%lell?l Qr&w&,s

asymet ri cal Io;elldlar/hluhamg Pae éerm ‘d"@lmcxygmngi retamrtcnatprmess viitereity 66/s093426

PCT/ US03/ 1362c5ompns‘?wrgeoonfe or more randomly induced genetic modifications are rendered

20 homozygous at loci comprising the one or more randomly induced genetic
modifications.

In a representative embodiment of the presently claimed subject matter,
the method comprises: (a) providing a heterozygous cellular library comprising
a plurality of isolated parent cells; (b) inducing site-specific mitotic

25 recombination in the plurality of isolated parent cells; (c) culturing the plurality of
isolated parent cells, whereby a population of daughter cells is produced; and
. (d) selecting daughter cells comprising a homozygous genetic modification,
whereby a homozygous cellular library is prepared. Representative methods
for preparing a homozygous cellular library are described in Example 4. See

30 also Figures 3, 5A, and 5B.

The term “parent cell” is used herein to refer to a cell comprising a cell
that can undergo mitotic cell division to thereby produce one or more daughter
cells. A population or plurality of parent cells can comprise symmetrically
dividing parent cells, asymmetrically dividing parent cells, or a combination
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The term "daughter cell"” is used herein to refer to any cell that is
produced as a result of a mtotic cell division. Il.A Cells 5 Acell of a
cel | ul ar wWpDlBass2€an conpri se any cell type capabl e of beiPag/USos/iises ed,
i.e., any cell that can undergo mitotic cell division in culture. Thus, a
cell of a cellular library conprises two or nore honol ogous chronosones
(e.q. di pl dheteotl | s, tetraploid cells, etc.). A significant advantage of
the in vitro phen p p y:.cel |l ul ar
[ braries of the procehfy SRAPARRETIREE, nalil ) PACP o DY R isrs

perform such p'radthnmﬁsawrefayltarm roigdtic cefl dlvrmaa“r est. Prior to the present

di scl osure, systegﬁégcggﬂzagenesis and gene mappi ng studi es have been
substantially con d nodel genetic organisns. In contrast, the
cellular 13 brari e\ céll dfhee cgliudsreidiadry cah abrmdseabyeem typetdapableaﬂ beygpr i se any
cell 15 that can pe cultur .. Thus cellular lib can
conprise a pl etfgl’f" gry 8?1' ﬁ%{'ur&c@rgo "1&8?? %ﬁd'\“?@ﬂl"&ﬁw%‘ﬁeiﬁlé%

i ncl udi ng, budeldph cbmuraﬂlmebry@om@hée“s td@or wifle horabloghad dHaRBSomEt@RE! | C

ani mal s, agri cuI turally inportant an| mal s and plants, etc. In one

embodi ment ~ ofdiplp ‘?ﬂ”ﬁs@ﬁ?P'?'dc‘feﬁﬁn%ter subject matter, cells of a ceI lular 20
l'ibrary conprise W%Hlfl@&%ﬂaﬂvaﬁﬁ@é%ﬁfgﬂtdlﬁ@detyﬁl g?ﬁﬁd"g@ﬁé used to
prepare a cellul ar brar i ncl ude but are not to dif erentlat ed

cells and%ndﬂ?’ﬁ‘“@ﬁiéﬂﬁt ampleycsilylar ligrges %ﬂkﬁﬂfﬁ%e@lyéﬂﬁ"@éﬂlsﬁblﬁﬁd“%@ur sor
cell's. The te[QQ”'a gft gcﬁ)gﬁél‘n@rsﬁgn ﬁ%tllnodsrl?étlﬁq any Sellek ‘M“t@re%?' PribY Rfthe

Dfferentiat s are typicall mtotic. The term"stemcell"
refers to a wewmr%aelqwu%ray@@ma&gymﬁmeme@lwd genfi Wiappipg stusliepchmdeat e one

or moré proggiyg,C &Eds??rﬁféﬂ% tBnfifedt B hitlel Euﬁ(fﬂtcf ré;-gméﬁs amn $h lHe 1S

pluripotent in th Ive rise to types. e term
" precursor ceielllUlarbiﬁlanesDbtharpresmhltlvblamdSlmlem noagielr cdecomedsd amneall 30 stem

cell, an temcell. A precursor cell can al so show
pl uri pot gﬁcy |%tt‘f%"a e%‘t"tslﬁ% ‘ogeny are capable of differentiating into nore

than one cell typéusfe pellecaﬂarcxaﬂulacl&iraryataesomptlsea plalpi d;ellsmz bhanmahtednance.
Representative . ecur sor cell.s i ne e rc nong cells and
an enbryonic (Seeqy%j (%)ar@'eﬂ)%c'es iré: 39"@3?33 %gﬁ f%\%c P one
enbodi ment of pdthegamsgdembstic alimalpalrivulijratty inigdrtaet animatsdnd wiénts, etc.
In one embodiment of the presently claimed subject matter, cells of a cellular
20 library comprise human cells.

Representative cell types that can be used to prepare a cellular library
include but are not limited to differentiated cells and undifferentiated celis, for
example stem cells and precursor cells.

The term “differentiated cell” refers to mature cell type. Differentiated

25 cells are typically post-mitotic.

The term “stem cell” refers to a cell that undergoes asymmetric cell
division to generate one or more progeny cells and to regenerate itself. Thus, a
stem cell is pluripotent in that it can give rise to multiple cell types.

The term "precursor cell” refers to an undifferentiated cell derived from a

30 stem cell, and is not itself a stem cell. A precursor cell can also show
pluripotency in that its progeny are capable of differentiating into more than one
cell type. A precursor cell does not exhibit self-maintenance. Representative
precursor cells include embryonic carcinoma (EC) cells and an embryonic germ
(EG) cells.
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cellular library conprises a totipotent stemcell, which can be used to
produce chinmeras and non- human cl oned organi sns for additional phenotypic
anal ysi s.womatn9mx@npl e, an exenplary cell conprises an ESPcelusp3/wiseth can
itself develop 5 into an entire aninmal. OQther exenplary cells are callus
cells and/or cells that can be induced to faormcallus: cells which have
the capacity to r&y8neesthedarentyf Blepraseiyclaimed subjest mafenha Gel of 8t ed from

any sui tabl e GaUaf RoraRfdoibmi@s dtbfipdiéit stérh Bbil, 8hidPod 5o LEHIAG prédUcemass of
bl ast ocyst stage enbryos (Evans & Kaufman, 10 1981; Martin, 1981; Magnuson
et al., 1982;chipetasenfmendiunan cloneggsganigms iyygedigana dhapeivpiaanglrsist et ter,
1988), and prg ' r I i | : | al .,
1992) ot hodorPsgiPio; AR BBl FodlBiriioat b EX ool WL cafRecl dcicRp 2
skilled i tihe arentirRepinalerdtheil exemplay cells eref eallug gelisiard/of cellsithait e ES

cells and mlﬁ%?\’b%éafﬁc?eoct%lfhﬁn 8?1&13?8%{3%81 h thg)&ggaﬁ&épirg%%ﬁé}gr BS?OOO and

in Tymms & Kol a anong o aces. See al's
6, 190, 910, anwhdle pEMiBO6. ES cells can al so be obtained from
agriculturally i i.ncl udi nﬂ e goat s,

tant ani nal .chick, cattle she
rabbits, and ni n%@%&egﬂbﬁt'ﬁ@mi@m 8Y & 'tétﬂa s@Hrcteu'Pgluﬁ'@fghgﬂtsR%e
de/scri bed, 1(‘1 Grmi’@d&?ﬂﬂu@innbﬂcé?ﬁﬁiaé%f&ﬂdﬁédy@ﬂabga@nﬂnj&isﬂ' (Exhho& Ksagman)O ]
97/ 20035 an 01/11019, _and in U S. Patepnt N 6,333,192, a ot her
pl aces. Iﬁ) onws)é' W'H‘eﬂpsg;f ﬂ’!@?@”ﬁ?’b?@r@’y&ﬁzai S‘gh”b?récs? t{%%; t he
screeni ng andiis@ppéddedridiabs (Hiseabededs))anepAimatd@alifirmadene dvasung cel | ul ar
i braries conprising human ES cells. Representative human ES cells that can

25 be used i rilad B9 Kepftah: 19%2)met hods of t he presently clai ned subject

matter include, %th@d@fo’ﬂ%ldtih?’iahé‘éuﬁlﬂi Bell{HFBknBwn 46 bhe bkiapinavai | abl e
fromES Cell International (Melbourne, Australia) _and from Wsconsin

Al umi  ReseartbpartrBgRtrsentve peireslor Wik plrimatefSiceds shameyseESaner i ca) .
Addi ti onafs rr%gé Gaf %Fg%llllﬁe/(f g‘mﬁﬁ@iﬁfdﬂnek'M§ qu%‘xqun FORR0S KbRY 2664 .t uri ng

the sane are avai romthe N HHuman E onfc Stem Cel [ Registry,
whi ch can be amengeibetplarest feaialsall.§. Batent Nos. 6,190,910, and 6,200,806.

nttp://purl- accessRgHRM] GRY b bR frodfrdridhfiraty, PRSI oRRHEE, S1 N

stemcells and precursor cells can be I nduce ferentiate invitro. An
ES cel | can becludidgcehick, ocadild,f greept igagts, irabbits, tand minke exepresaritativeni c

LI5S (SO ESlA AR S PRI s I U RRURERERS, | .,
germ | ayets. Publication Nos. WO 97/20035 and WO 01/11019, and in U.S. Patent No.
6,333,192, among other places.

In one embodiment of the presently claimed subject matter, the
screening and mapping methods disclosed herein are performed using cellular
libraries comprising human ES cells. Representative human ES cells that can

25 be used in accordance with the methods of the presently claimed subject matter
include, but are not limited to those human ES cell lines available from ES Cell
International (Melbourne, Australia) and from Wisconsin Alumni Research
Foundation (Madison, Wisconsin, United States of America). Additional
representative human ES cell lines and methods for culturing the same are

30 available from the NIH Human Embryonic Stem Cell Registry, which can be
accessed electronically at http://purl.access.gpo.gov/GPO/LPS15792.

Cellular libraries comprising stem cells and precursor cells can be
induced to differentiate in vitro. An ES cell can be induced to differentiate in
vitro into extraembryonic lineages, somatic cell lineages, or a combination
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Differentiation can be induced prior to, concurrent with, or follow ng
random nut agenesi s. I n one enbodi nent of the presently clainmed subject
matter, swormoegd4ke are induced to differentiate prior to pPeTfusnInieg a
phenotype 5 assay as described herein below. Thus, cellular libraries can

be prepared conprising cell types relevant to a quenotype to be screened,
for exanpl e dR§rebnESHPlE arotRyise ¢ earivalingbetAlliies erEbiRYYs- adi pocyt es,

hemat opoi etic  prqgg&ch@4bton ¥4 ke 3@&%8‘@10‘?&6' CcORERFEE With CBOTBRMY es.
endot helial cells, nelanocytes, neurons, g pancreatic islet ceIIs and

prinmtive enoraaé@rmmmgene%s I/ PRe eMbPeRerY stivke Pfﬂ’,b‘epfllé§@ﬁﬂ$q/séblﬁﬁrred
subj ect matt %at@ér%’ﬂeﬂ?éelféeir% H{gﬁl&?c{g{g@cﬂ{;r‘eﬁﬁateﬁg Hb%ﬁngpd bﬁéﬂoyp}réar ced

i sol ated cel | wherel n eac I's conpri ses one
chr onosonds. ¥say@sededcsbed herdiobelowt hehyss raglltlan lilvades can dmorsr@neredr efers to

2 Chr OMDSOMTe GRS A8 T ASERELARD & ABRGRS 19V Slleltod RulisEfiplpe! oot

subpopul ati on on expr as
descri bed f urdrteeof ardiomybeytesy. smAosthl mcisabl eelisarddmoogms tbematmﬁletwed as

part of a rec | nation sset h I|t of a
subpopul at i orpqgg?r?@ﬁ' ’n\ﬁmﬁﬁsﬁcé’%&%a@ %[“?OCC Cgﬁﬁ@o gbgﬂ(g@h%fag (?qﬁ’er ein
below. In onﬁeleandiesremwmfs yiee ppnerseatid isLetcélw amd psirjvecdndodéiner, each of
the cells of 20 a II g! I;Eraré conprlses a marked chronosone pair. The
term "ch1r00rmsorre refers to a pair of honol ogous
chronosones, and fTet fpeésetnﬂyseltaﬁnemf suajebednaiférom ceftGlar Gibpiidse, a
honol ogous chrom)sorre alr % 0? g&) flrst Sﬂlzro%ﬁ?orre and a second
honol ogous crﬁoﬂFﬁfW WAFRdiEYeRT fptad T"?”ISSW e QA HeG1B FREBHRES Ue each 25

derived frome bld Rlapttd a%ﬁfabomés hEOhSEQ HerdiR TDB0E O BAh "madtedal SO
conprise a collection of honol ogous chronobsones present in multiples of two

chronpsones (Ghre@nosBe'srelrs iR SRaMEpPIBABIDRENN] a felectakigmarkera@hisB isur s i n
tetrapl oig Oruéébhs lseR@t ¥Bh9¢6bu¢£l|oh%f calEndREBn S &LSbrediRdRsIerRbRAI I

refers to a honol ogous hronmosone pair wherelin each of the honol ogous
chr onbsones dOafsersas d@scrmde&mar &ergin |ostow. CA |selestakde dearken gan (bebr ary

pai T, or il 11 ePasEEs FRBle AoRofldlbh BaSRRERE tndrohp e IE kg N S Do3426
PCT/ US03/ 136 28ibphpulkrtioh tohewing vitiesd mieticexchargsaalsd dbwr@ﬁyl hetgin keidow. net hod
for In one embodiment of the presently claimed subject matter, each of the cells of
20 a cellular library comprises a marked chromosome pair. The term
“chromosome pair” as used herein refers to a pair of homologous
chromosomes, and further to sets of paired chromosomes. For example, a
homologous chromosome pair can comprise a first chromosome and a second
homologous chromosome, wherein the first and second chromosomes are each
25 derived from a different parent. A homologous chromosome pair can also
| comprise a collection of homologous chromosomes present in multiples of two
chromosomes (i.e., sets of paired chromosomes), for example as occurs in
tetraploid or other polyploid cells.
The term “marked chromosome pair” refers to a homologous
30 chromosome pair wherein each of the homologous chromosomes comprises a
selectable marker.

Cells of a cellular library disclosed herein can comprise a single marked
chromosome or chromosome pair, or muitiple marked chromosomes or
chromosome pairs.
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cellular transformation, whereby a heterol ogous nucleic acid is
incorporated into a host cell genone. The term "heterol ogous nucleic acid"
refers toveowgddeé c acid nol ecul e that originates from aPEBOISOR1I6RF €i gn t o
an intended host cell or, if 5 fromthe same source, is rmdified fromits

original form Thus, a het er ol ogous nucleic acid in a tL E i ncludes a
gene that is endod&ked ChEPROROMNS 631 HE ArePREL LY aNY SHiRDIR LeetBed fofpdi f i ed,

for exanpl e Ry omgf ﬁgﬁﬁgﬁhﬁnoﬂrwﬁ%febﬁ@h@tb?d%boufsrnQBlbl&%Hd\{@m@bt%ofa@éﬂihﬁi ory
sequences. The term "“heterol ogous nucl eic acid" also includes

non- nat ur al | ya Begtwelligegomet tTihe! terme opgtarplegoug WQHQ/@'WJ@I‘%F&O aé\UHle'GlO In one
embodi ment Ofa&&‘ﬁlo@cﬁﬁaﬁﬂé éflg%La?éMnﬁléBh%tfoﬂé?gtnttS%n iftBhdRfhosEEBIdTGEOMES ar e

prepared by gene targeti term "gene target |ngr general |y refers to
met hods fd&r tfengétd mn@s@gpe,rl@rr@gltméfmﬂ%@mgl ferm. ol s, @h@t@é@l@@%&wed

endogenous t I % uence"
and "target 3?"&%’0 are'ﬁggggﬂ%(rﬂ lﬁch(?e 5ae¢’n?eetrﬁgﬁ'§ﬁg‘§§§?n&ﬁg?i er t%g'qDNA

i ntended to Hwstodi bu’etiaé)yeejenedmadgbﬁewgnpléw mutaggpoesiDn bydeplaticte can a
gene, or part t her . g. n_in L eguence) or
an intergeni er,rgd]ag}qe c‘ﬁrgﬂyl@}oﬁ( Sﬁ?%ed%?@r %ﬁqarﬁ p ts%d ggg{% ?Cograogorral site
that is sel eﬁlﬁdnr@h;detsh\endiaaﬂal@tcbmrmfg mblapnercmptestofarrmhvermucﬂea dwicki s of
known or predict eg i. S . not cons ad ned to

speci fi c Sequence uené%@d“ 'S/E’{s]{ r§ﬁ%’§&f?lﬁ'"}egc%%?%£%%er laa &scri bed

further her Eicfhrbmb%YneESﬁs@erépﬁréd/ bgrgeneClarguiingo Nithe Sertre“g‘etne ml‘gemhg”sequence
data is known can be sel ected redeterm ned site he term "targeting
DNA" refers t@Pnerallycrelers t&c’f‘ﬁthﬁ‘g? g?ﬁruf) 3L HGp? |h§P 8‘090"2‘“‘5“{"9?'0 a ‘aug‘;) &bt i de

sequence to Qﬂeﬂ@tbﬁﬁﬁ'x\é@%db?érﬁau%h@rgﬁﬁDMﬁBseq@@Hcé Ma éell. nucl eoti de sequence
honol ogous to the target si | n accordance with the nethods of  the

presently clai med eojesws ‘tsgeldPNASaqsened ansk 1ast &g gelegusrd hegin oduced
into the fenane r%@{gggs& 1Grei&rs OhNahnBE ke r%(él/h@ﬂ dbiger h@atheon
cassette to t act |

Itate the preparation of ul ar brarles 30
phenot ypi ng, tarapt iseguaRacherisadesel oseart iagrephie. . aNdNER |6ta<@nsahuence

honol ogous t o, gnsﬁ&@?ggﬁe@e Sr?)'?%&ﬁohléqgﬁehc with the target site to

t her eby pronot guency reconbi nati on as described in
U.S. Patent No. 5,Ttegem predeiaemioed” raf@l'ﬂip@gmmcpﬂmaéértefbéﬂéé@ia@ﬁéé% t hat

are not | SOgetﬂiﬁs%;?etc% of tﬁ%éra\l:\@lo%%/rgﬁelﬁgﬁ FEH Wﬁ{a&?’pﬁ%é ictdd¥eBBElncd L€ can

al so be used cen denbhstrate
20 mformatlon and it is not constrained to specific sequences recognized by site-

specific recombinases, as described further herein below. Essentially any
chromosomal site for which sequence data is known can be selected as a
predetermined site.

The term “targeting DNA” refers to a nucleic acid molecule comprising:

25 (a) a nucleotide sequence to be introduced into the genome; and (b) a
nucleotide sequence homologous to the target site. In accordance with the
methods of the presently claimed subject matter, a nucleotide sequence to be
introduced into the genome includes a selectable marker and/or a
recombination cassette to thereby facilitate the preparation of cellular libraries,

30 phenotyping, and mapping methods disclosed herein.

A nucleotide sequence homologous to the target site can be isogenic
with the target site o thereby promote the frequency of homologous
recombination as described in U.S. Patent No. 5,789,215.

However, homologous nucleotide sequences that are notisogenic to the
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frequency of honol ogous reconbi nati on can be adversely affected by the
presence of m smatches between the targeting DNA and the target site,

i sogeni ciwp 3®9BRe strictly required. See Sedivy et al., Pe¥aSo¥met| eoti de
5 sequence honpl ogous to the target site is in one enbodi nent at | east
about 90% identical to the target site, in another enbodi nent at | east
about 95% i dardateie ean @lpe beaysesk Althaighahhas beepidamanstaiesk thahdisdi nent  at

| east about 99% uén@@%'%ol&g@:&%c&ﬂbﬁﬁﬁoﬁ IcLA- beOBH\Pé?E'éH/ éi¥ cfefl W’g‘%r

m smat ch repair enzynes ca transitorily inactivate
provi si on of preasnrd af ariymeishes debveent the mrgmgw@ﬂ\lﬁoﬂndfthemmé@uences

havi ng i sat ehed0as RendSfiSCIoklRth | Boa kSl St 1060, % RABeSTR:, A

targeting DNA'C carri vector s used herein
to refer to aseqmeheehoamiagoualtcetheltergwmtmg; inlesshbatimepitaldeast abohkt

enable its regld 1,0 'n ct a ucleic
acids to 15 p&#{%ﬁﬁéﬁ"|°§5°%‘ﬁt§?9%h&§? thn(%he cﬁ}(ga%qi@ \/\%ttﬁg? C%)gﬁgggt or,
wher ei n such idesticzil to thedadst sitec and Bosthlezniothmtembounnmtfaomtastaidut 99%
Represent ati v, and.viral vectors. The

term "vector" g?'\%/tec?ﬂﬁ g)&ﬁﬁiagge%gedggh?ngg celly OQE%"@%@P B SREYPEREEN Reher ei n

the expressi offarRosk Mﬁcﬂ@eﬂ@@ﬂ@%s By \eelision end ancmmdtsw)cmaogrdmafeerat ively
inserted with the vector at the nucleic 20 acid |s ex re sed.

Sui t abl e @prr@gemewavee%w $rauepses bRving BUsMaeheriRasas s desClbeHInN | nit ed
to, the fol |l oyigipataftng. $ 985 41Bei r derivatives: plasmd and cosmid DNA
vectors; viruses such as vaccinia virus or adenovirus, bacul gvirus vectors,

yeast vectors, and® geEg DNALEE becarendin@veptor. xThaigle) veqied iorsectan al so
conprise nucl ﬁ'érﬁlnal%' @fer D e MIde a@P&%SI%@bI@rhaQ/%t Aliectide s%h@@ﬁcrgssthatSUCh as

transcrlptlon/trans ation control gnas ori gl ns of rep | catl on,
pol yadeny! at i @rabls i eardicationtiaehst eelb ok aoneart glsgmcwe icisinacds o

enhancer s, ecré"ét. l@@ﬁéﬁlgﬁhﬁl&%ﬂ&&%%@nc@% @Fﬂﬁﬁttﬁe \?%cforOWﬁér%ﬁ hugRgoci at ed

with a nuc eic ng a ge uct. Selection o ese and ot her
common vect oracidd evieraliso aemlcatedvlenaumlceandﬂaaw,%eetauw yeqt@eslmwudfan be

derived from &erﬁgg‘ﬁ%ﬁ 8k lha A lrf h-IZ:r ;Eﬁﬁ S\f._?c%?’qs Srsg gfeé‘ﬁ)rg%r ofle &

Russel |, 2007 rences cite epr esen I've protocols for
t he design ofargemreSsiiOtgeonsmtycivEmtamnstheaaxpmssndnmmndtrudtoommaem&eectorn Hasty

6, 255, 113, arfee 31616970 snBRivel s b i P8 spp s s drieie 207

PCT/ USO3/ 286 24cid M expréesseal csgmableree(pmﬂsidnaxebmns ihat geabe used lrotude; bat  whi ch

requires are not limited to, the following vectors or their derivatives: plasmid and cosmid
DNA vectors; viruses such as vaccinia virus or adenovirus, baculovirus vectors,
yeast vectors, and bacteriophage vectors (e.g., A phage).

Vectors can also comprise nucleic acids including expression control

25 elements, such as transcription/translation control signals, origins of replication,
polyadenylation signals, internal ribosome entry sites, promoters, enhancers,
etc., wherein the control elements are operatively associated with a nucleic acid
encoding a gene product. Selection of these and other common vector
elements are conventional and many such sequences can be derived from

30 commercially available vectors. See e.g., Sambrook & Russell, 2001, and
references cited therein.

Representative protocols for the design of gene targeting vectors can be
found, for example, in Hasty et al., 2000; Joyner, 2000; and U.S. Patent Nos.
5,789,215; 5,859,307; 6,255,113; and 6,319,692; among other places.
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regi ons of honol ogy as short as 30 base pairs, can be used to facilitate
construction of vectors for gene targeting in cells where | onger regions of
honol ogy wo oa/0pHeget site are used for efficient gene tar@eriusgs/1dexor di ng
to this 5 approach, a genom c clone containing the target site in a yeast
or bacteria shuttle vector is co-transforned with a targeting DNA into
yeast. The t ar get iMigrohoriRlqgays seceabjaatianeid YsasbeRbagkgriaf Whishireauiess t he

nucl eot i de  SRUBRECort AofiBlog) AL FRHCEE 3b%dkor ol CLAOS BBy THTkfhieIS! O

priners honol ogous to t arget site. Wtk the yeast ¢ ~ honol ogous

r econbi nat i oncanstrueiiproet vieziorstfioe geoe tianggting i celisawhere lohgegeagieriscolcl one, to
t hereby prod ' J | Sl F i ' | ogy to
the targat siianOghfidfbidsilthe SRR oRsi3y o8Pl BB o WARLCTY . G
U S. Pateri Naspro#&ch zlgébmiamtbn®, @bfaitihg.the fargar gitt inng yeesitarbactariabe

oA o cel | ndeetiif-fhod oS Vith & ol A0 Byia JEAd) e Babtiy 0cuc! N9

SI Ie_ct roporati IDN,lt\ qaa:ckxei g%qmem@d;b%?t;ﬁ anmfitﬁ;lcn:aﬁmra(bfitmntééléqm{;e@mfum t_atlfdd
elivery, VI.Ir I NTectl on I 0 a usi on an rti cl e- | at e

ot ake: Repr dotRRTE s AsaBhe B Bl boihe PmeRtbo Rt G BIFE HENET cel i s

can be found die. Withireemaaet celCaRewdddousi28Ombinatide bedlirs DetwdstBthe Manni no

& Goul d-Fogerite,, 1988: Sli|laty & L Aposhian, 1983; ssoul zadeg et al.,
1982; Ar eotaéqeﬂag.Pﬁﬁwé;tlﬂar%nowA@a%rtedhe@ R OP,aﬁiéﬁtfngaﬁ&ﬁg ot her

pl aces. Opti Oé‘tﬁhluér}éin@loh@ér@@éibﬁ‘gof%dlégﬁéﬂ%j@g& sitersgh é’\@t Zh:ﬂqg’ &@P,”bi nase,
for exanple recA to a tar(F:]et cel a rate of 8ene
to a

| to'th b t
targeting, FoRO0ZSKAIRDIEOVA of dlod BB TRRSL) Br CHIENTINGE) O.88h6A62NG6AER 0
targeting D'\lAAal%r%é?!rTéﬂ%C\fe'c{b‘?%ah rbquE'%\dllJ:@dqmo ﬂ?getiﬁg?c%ﬁs Likg 2y SUibpfce the

| oadi ng process, ) targeting I can contaln one or re’reconbi nogenic
nucl eati on setajaﬂmdé@r.mtradqcmgg@gﬁ\ figo eplls, ivelkding but neé lirvted tednigioirtieation,

reconbi n p ' ' i ' I . Je with a
B T i S

pol ynucl eot i déral BéectiahserolgpBst fupaneand pasticle-nTsinied eptake) Bepriesentatvecel | s

compri1ng. 2 RORBLARIUS R fRILRNLO RNl S AORAURT, RpckdifgesT on of

the targeting vector enp ese ar & déscribed in
Hasty etal, 208&fscchiyagn; PoRedstalandds; Wahnireak GouldNesgerite, 1888, Qlkaty 8, 859, 307;

0,205, 1130 g Bl 08, FRIBATTIRE o2kt FERLERSELE 1B sy *
ani mal s, amcl sahb@okw@Rosszll| 2601; aatonpettieryhabesf or exanple, in M Creath et
al, Optionally, a targeting DNA is co-administered with a recombinase, for
example recA, to a target cell to thereby promote a rate of gene targeting. For
example, a recombinase protein(s) can be loaded onto a targeting DNA as
described in U.S. Patent No. 6,255,113. To enhance the loading process, a
25 targeting DNA can contain one or more recombinogenic nucleation sequences.
A targeting DNA can also be coated with a recombinase protein by pre-
incubating the targeting polynucleotide with a recombinase, whereby the
recombinase is non-covalently bound 1o the polynucleotide. See also U.S.
Patent No. 5,780,296. Selection of cells comprising a homologous
30 integration event is dependent on the design of the targeting vector employed.
Representative methods are described in Hasty et al., 2000; Joyner, 2000; and
U.S. Patent Nos. 5,789,215; 5,859,307; 6,255,113; and 6,319,692; among other
places.
Representative protocols for gene targeting in cells of non-model
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2000; Sedivy et a!., 1999; Hanson & Sedivy, 1995; anong ot her places.
Representative protocols for gene targeting in plant cells can be found,
for exanwbDa®3/0932Ri sseeuw et alL, 1995; Kenpin et al., 199PCTMSHI/1IgR &
Hooykaas, 5 1995; and Hanin et al., 2001; anong ot her pl aces.

Representative nethods for preparing a marked chrormsorre pair via gene
targeting ar &niBalsr Neldinghumagfsile can bedeund, dor eegiple inMcGreath etal.ect abl e

Markers The tjop S%%lh@fcézabl 91@ l?‘i‘e(nsoﬁeef( & siviy? 1@9988Fﬂoﬂ9 &henpﬁia)é@§pt i de
whose 10 presence can be readily detected in a heterol ogous cell when a

sel ective prRemasentaiiyeappiacels oo gene tarepting imelanieeeis eas be founs, é@ressur e"
refers to any, e@ﬂﬂﬂ’é tif ﬁ%sﬁa@ﬁ\he?’ B C®oBSK ngin ot df X #@ﬁ'ﬁﬂgé&sﬁ&&&rﬁ?' e marker

fromcells |ac 't he sane se ecta1e rker. nrer sent at’i ve
enbodi nentss oﬁg%henquesmmtlaﬁ 20Q; apwngwiferiagest ter, a 15 sel ective

pressure can be a%pr&s%nl’e{t%%& b&é P pPinad a‘%ﬂa&% o o%%bﬁ%%‘ C,
Hods R0 piKrefind o B @ Bnrorfithdhy

nucl eoti de anal og), "provision o ubs
chr onogeni ¢ @mbstamtleg areetxmsbedalrﬂb(dmmhﬂ (ﬂeeaafscaﬁ;gucepm at e exci tation

spectrum and exp E o! %E @f f!| nlty agent or columm. Exanpl es of general
types of sel ectabl—e—ma but are not 20 limted to: (a) a
nucl ei ¢ aci d encodihegen mtatm@mwkert I‘m&rspo a\pepéide bepblgpamtm wlagsai nst, or
ot herwi se inhibits, toxbc co | ei c i d encoding a gene

O ot bt Hretditharat oS rrad: dord e Pelitodnt &8 WnsRE SuBhE I o

encodi ng a gqﬂ@sw@(yﬁﬁphwmthﬁm@presses an activity of another gene
product; (d) a nucleic acid enco at nodul ates an

ene roduct t :
endogenous 25 enzyRELEE Fetactys 9res§lér?-) %?f‘gfﬁé?é copditipry that digeging,eeli$et ect ed

usi ng ol ecul g reddRigtrstioctaé n{arr&erarom@élgugckﬁr@tﬂe §a§‘rﬁ@@bl&ta®l@tﬂaﬁ<epr oduct
that is toxic in recipient cells. In one enbodinent of the presently

cl ai med subj dBtrepgasesiative, estyasiperp of tharm@er@&srﬁiﬁ'rr@ésswct matter, a
expr essi o C%I@ﬁbre%%b%aﬁtﬂeeaﬁm%&%fa’ prmgl'bﬁ'o?'a%ruéfb gygh %hﬁbnéﬂd @ encodi ng

t he sel ectabl e S eratively fused gr onoter. The te
"oper ati vel y nuclsedide analspgh@é@wrﬁ@m ef an eﬂé\fr@a‘@ QL@S afeulged-i @ﬁbﬂomqg@msa nat i on

between a pr e I
transcripti o%@%ﬁéﬁz Qkﬁégfégq%gﬁgﬁil ?dgcgﬁgﬁo?gg%oﬁfﬂa]ﬁ?ﬁﬁ%cfénr égu at ed by
the pronot erexpegurerio amediinily gest érawolwpmr at i vel y |inking a pronoter region

to a -22 VO 03/ 09347 0d: T Jendidi tifaor SMEE midfkdls TRAGE! ot BFSné1OWN 11

the art.
20 limited to: (a) a nucleic acid encoding a gene product that provides resistance

against, or otherwise inhibits, toxic compounds; (b) a nucleic acid encoding a
gene product that is otherwise lacking in the recipient cell; (c) a nucleic acid
encoding a gene product that suppresses an activity of another gene product;
(d) a nucleic acid encoding a gene product that modulates an endogenous
25 enzymatic activity; (e) a nucleic acid that can be detected using molecular
methods; and (f) a nucleic acid encoding a gene product that is toxic in recipient

cells.
In one embodiment of the presently claimed subject matter, a selectable
marker comprises an expression-competent selectable marker, wherein a
30 nucleic acid encoding the selectable marker is operatively fused to a promoter.
The term “operatively linked”, as used herein, refers to a functional
combination between a promoter region and a nucleic acid molecule such that
the transcription of the nucleic acid molecule is controlled and regulated by the
promoter region. Techniques for operatively linking a promoter region to a
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Representative constitutive pronoters useful for selectable marker
expression in ES cells include a phosphogl ycerate kinase | (PGK) pronoter,
a RNA powgreengses | | pronoter, and a synthetic herpes si mpCERSO3/ 13635

thym di ne 5 kinase (HSVtk) pronoter (M) (Thomas & Capecchi, 1987; Sori ano
et al. 1991). Representative pronpters that direct constitutive

expressr on i nmﬁﬂ%lﬁﬁc'd(f@zq"P%U'?ﬁﬁq mmindae et | oner Mosaic Virus (CaW) 35S

pronot er (Chi bbar eéior@éemanv@@&%suuﬁroea,saforrran&éqryérrﬁrfof et didbie %arﬂler’ 1990;
McEl roy et al. ubiquitin pronoter (Norris et al., 1993;

Tayl or et aL, ewewon lm@&@ﬁ"ﬁr’r@ﬁh@dﬂ)@Qhﬁ?mfvéefai%lﬁ”é?%ﬂpﬁmm@ﬂdeﬂcﬁ exanpl e

eprecent at; VoA tRlhpReS FRGHAR SrtP Kl RGBS, Shplol Allsthinticie o2 M A
chemi cal | \b i nkloaseb(S Yikb prsireate( VG, (Thomps dnbapecahs gl Sbribpo teiel.pr esence

of a small rmlbg‘l}@b}' @epgék%r?&tnggﬁohgf&’% r%lt?hregrc%'ﬂgﬁtﬁﬂve &% |R Bﬁ %hegl%ﬁ{sl ve

chemcally-in bl e an ¢ I ncl ude
a netall ot hi oa:&illsnnqdemCeuhf(oMmr Muoseic \Atus, ( CBMA,SESI%ed)me@rrI(@hrbbar etla.1994), a

tetracycline onsi_v E and ene
expression syﬁlgz‘3 %?84’3'7 ﬁf&"éO it M%Ogn%té hﬁ%d@%@'&y ﬁt al. qﬁgg\l(a@éaﬁg o Alto,
Cal i fornia, Umbiteitin ptoatesr @Iorﬁé@f&lgab%mmmteﬁdm&)e i nduci bl e 20

pronot er e g., ression, system

avai | abl e rom Stc%{/'lp 85%9%9@[%{“9"8 F%[‘ a‘%%'P‘? \"?ﬁqn °éeX§JrﬂP'?é!‘ﬁ‘e§ EP@S'B'F of

Anerica) . Repﬂhe%er@berbre/mark@dmeubé@cdwt@a@rtﬁrﬁeam eesfeafawé fhduBibR ant s
I nclude the chemcally inducible PR-1 pronoter el et al., 1998), an

et hanol - i nducPremetersaclidesnBytds npidimtdde aé)cheg]rcally i@@'ﬁbb'e %rﬁﬂ‘oéerdﬁﬂ:’(?cort icoid
i nduci bl e pr og@hfyter rég?tﬂ&l%ﬂ%y&h@?%ené@@f@ smEERIoRTEY) aht Wehdagfaucipiici bl e

pronoters incl ude, are not limted to heat-responsive elenents in heat
shock genes (@O@Oterhspzo 30, hsp27, hsp40, hsp60, hsp70, and hsp90). See

Easton etyal ., Zo%prgéﬁﬁéfﬁ)eycﬁém Erly-rnngggl:e %?Fss'ébﬁ‘atﬁ‘e%r se2§P0; and

references crted therein. I n anot er e the presently clai ned
subj ect mat t emammaligs| ealls abrivdesd r(eetallcsthlpaelgepr@mcﬂer éK@rms iet iabn 19841 he
genone such t | by an
endogenous geﬁgl ed égétgf,arg’@ﬂ),@g%t{éégﬁlb@gegg&ﬁﬁkiré@é%g %T ?@#@%&d 1995.
-23 WO 03/ 093026-OMB He189eXr8sen sybitras awdilablerfronk Stantenhdlabpeadories, tnee met hods
of the pr esen(tigayo ﬁlt@,'é@ﬁornia, United States of America), and an ecdysone-inducible

20 promoter (e.g., COMPLETE CONTROL® inducible mammalian expression

system available from Stratagene (La Jolla, California, United States of

Ametrica).

Representative inducible promoters suitable for use in plants include the

chemically inducible PR-1 promoter (Lebel et al., 1998), an ethanol-inducible
25 promoter (Caddick et al, 1998), and a giucocorticoid inducible promoter
(Aoyama & Chua, 1997).

Representative heat-inducible promoters include, but are not limited to
heat-responsive elements in heat shock genes (e.g., hsp20-30, hsp27, hsp40,
hsp60, hsp70, and hsp90). See Easton et al., 2000; Csermely et al., 1998;

30 Ohtsuka & Hata, 2000; and references cited therein.

In another embodiment of the presently claimed subject matter, a
selectable marker is targeted to a position in the genome such that expression
of the selectable marker is controlled by an endogenous gene. See e.g.,
Wolfgang & Gossler, 2000; Hanks et al., 1995.
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subj ect matter can confer dom nant or recessive sel ectabl e phenotypes based
on the host cell genotype. The term "dom nant”, as used herein to describe
a sel ectablog/osmeker, refers to a sel ectabl e marker that PCTiGsogi¥eeTti ve in
a naturally 5 occurring cell. The term "recessive", as used herein to
descri be a selectable marker, refers to a marker that can be sel ected when
expressed i n cel | Setduiable mackers eopiayedds fenaiethgds of dipepreaantyemimetor

exanpl e by spont i ; ' | of

sel ectabl e naﬁ’ﬁ%éer%gﬁ’%gél’ec%’e%ﬁ%?g? éﬁ'ﬁtgg're\%g%ﬁﬂe éﬁ%&%}?}l@@ |h? ﬁtg\!ﬁ%é lg%)@r(?idnant or
recessi ve condretb hoascelajendtyper dihe terh“domtioant”, Bisaisedherein éd deacabe e mar ker "

enconpasses positive sel ectabl e marker i rkers.
Positive sel %PE?%GFP&F 1k ?edﬁgo%aagg F@lg "?%g?gé{@%%éﬂﬁéatrﬁ)l?gﬁéﬂg{r@al hosen as
sui ted foms a @RUkINgWeR TRRREINS dkbessiveQnes ustd dreid to estribesa selectableeadi | y
sel ect an appropriate nmarker and sel ectiv 1 ressure to.enghl.g .sel ection
of a desired Baksbpaies Too?'lm%%%#%*%%%%%‘g“@8pféﬁﬁeﬁsggﬁ?§§rtﬁatr efers to
a marker thatj;Q0mh&correSSorRIMd @Adederkils! GerX Hoesxamgld bg spunkateous, t he
presence of a selective pressure. The term" n%%?tive s&l}{gcﬁ abl.e marker"

refers to a naduead, Oniaroets BHtation) A ValelY §if selgtiable nar HNE BHEker in

the presence @fscans®hvRichia¢EinRitBEsH BEminaRPoresdssiR doptekt,Rehmted kerepposi ti ve
sel ectabl e markers or negative selectable nmarkers, depending on the

sel ecti velQr ekdlewe enpl oyed. For exanple, HPRT-positive cells are sel ected

by growth in HAT (R i TSHR AT v GeRelabimehier

HPRT- negative cells aggﬁggrégg?oé%mg?@gr ow_t_ﬁ{plaig?]ésgt hi o uaniane (6- ,TcS;) . 25 A
sel ect abl e naankknegaiive slefastaide meeierso Aesiive iseleripblee eraaAd megatve el y
select cells LSl e r : ~ect et isel j ve
pressure. Forgeg%%%éerﬁ&ééﬁ %@é@%&é‘g%ﬁg‘“?‘% ﬁ%r%g%ﬁ?@géﬁgg?gﬁl ?_Hrgar ker
(e.qg., GFP, €fiRd MFfe aticcdn ceavilpesadédt eam appioprigiec magrasdansk isalgetve

fluorescent - activated cell A : EPI CS(r) cell sorter
avai | abl e{% r o?ﬁes%et&)ﬁp?@? Sﬁfeg{é‘%rr?éfnﬁ( Eé%@dns?%?ﬂ?éﬁmggh, Florida, United

St ates of Ameri ca)Thelleemt“positiVes etlecthblel rearkar’kefers i sanakeoinghsorfersa f usi on
protein conprisin ltiple selectable . e R- geo
fusi on protei ﬁelegmggseoxgrqs&@qégH@rlﬁ‘@hgﬁ%ep g%éfe%%%ﬁkggre%gﬁg. and
shows both 1- gal apieomitaregativeiseldcyatie tha@del Brafersite ttamarkef Frat edniech &

Sor i , 1991). -24 WD 03/093426 PCT/ US03/ 13625 Additi | | ect abl
mca); Lgpg conpr%@?ﬂtj’nfﬁé’fa%laﬁ'ﬁ'ﬁ%h‘%@a énhg.gcprr?st?@&eioﬁasfe}écﬁ\r/]é?‘preigu%? e

20 Some markers behave as positive selectable markers or negative
selectable markers, depending on the selective pressure employed. For
example, HPRT-positive cells are selected by growth in HAT (hypoxanthine /
aminopterin / thymidine) medium. HPRT-negative cells are selected by growth
in 6-thioguanine (6-TG).

25 A selectable marker can also be used fo positively select and negatively
select cells comprising the marker when subjected to a same selective
pressure. For example, cells expressing a fluorescent selectable marker (e.g.,
GFP, CFP, YFP, etc.) can be alternately recovered using a fluorescent-
activated cell sorter (FACS) such as an EPICS® cell sorter available from

30 Coulter Electronics, Inc. (Hialeah, Florida, United States of America).

The term “selectable marker’ also encompasses a fusion protein
comprising multiple selectable markers. For example, the B-geo fusion protein
comprises a lacZ gene fused in-frame to a neo gene and shows both {-

galactosidase activity and G418 resistance (Friedrich & Soriano, 1991).
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Abbate et al., 2001; Chen & Bradley, 2000; Oh et al., 2001. In one

enbodi nent, the conbination of markers permts selection in different

set ti ngs,wofoamxanpl e, both in vitro and in vivo. 5 A selPettisbl/esonmr ker

can be introduced at a particular locus or chronmosomal position as best
suited for a particular application. Exenplary positions of a marker

i ncl ude posi t Addiional sefeciabde markersxeqrapraing&isiin Aroteing e dnserizachin The term

cdistal chronRBOIE gRGKeaool; PHéﬁd&fﬁfa%!eE}h%ood?ﬁFré b, 2odfr kap st is

|ntroduced at or near a ronosone 0 arm The term
"centromeric emqumhﬂﬁmmm@nathrsofm&erheeﬁmts seleclien &1 differeat selingRer t hat

S |ntro§juced¥0?tgx%hplge85th %ﬁgl}ﬁ/{\%hronatl n of a chronosone arm For

preparation o erogeneous i brary, wherein the heterogeneous
cellular I%brary whAldeldahleentafi@r qdremet ymodgcezmcatnapmnrhgﬂarf locls diomni nant

henot , | ect ab k el ker .
B, 2P et or BGaLMALRT & pef bRl < Bl RecbpEIas nﬁgsér%ﬁaa‘fvagﬁai red
popul ation of pegtidrs, oivaerrirkeremciudef pcbmrsehﬂ ®r qaprihe esximndtiey of ra)r e

mar ked chr ormsorre conpri si a donm n osi tive sel ect abl rrark In
one enbodi ment! ro@QF?@ecﬁm‘a '6‘?952%]@5‘@??%% Marffirar'y U8 ?Teéré

different 204aasbb laVifaf@k @6t adInfrodBedeat rmearahdistl bt & Rheoriedoked
chronosones. Representative dom nant, Sp05| tive sel e%ciabl e rkers for

manmal i an10 cefiny THRAEHASCANHOMEAISICEFORPSOMA MBEEY d8 ¥s heyeingg §B‘Ff5’teraansf erase
gene (neo), WKL 1KAN ARJLES] St HRr bnttdiSeril diiofalS of B cRFgMEHoh/n cel | s;

the bacterial puronycin-Nacetyltransferase gene (puro), which confers
resi stance toafnfie 25 anti biotic puronycin; the bacterial hygronycin G
phosphot r ansf erase gene (hyg), which confers resistance to the antibiotic

hygronycin; the bﬂrdrebreﬁaratb'naﬁi |€C'l‘@té?o@r@©ﬁ§1 celsiiar gkstary( bshgreint ke
bacteri al xant hi ne- guani ne EFH hor | E} transf er ase %ﬂﬂe é&g % fV\/ni ch
confers the abfEragpneeugFeviar ‘bﬁfé‘ wilh og JOBP ?ﬁfglﬂiﬂ% i"® M and the

bacteri al 15 BbBinaRfshdneBMes, dbbieBaBR rﬁméﬁmd rEbaNSRitive seleRtadRs i bi ot i cs
phl eomyci n and ZIIEOCI NTM (‘I'nvi trogen rdlﬁ?bad California, United

States of Anefese. Thu%d%il"teit‘ifﬁzy&%é“ %‘P%ﬁl&‘@ﬂary iAo S2MPHSH & FANFAMbE

phosphori bosy | 86h 86th@ coll9EbRpAtedBR&SF in mal e
cells. -25 V\@l‘ng%%%@%%%ﬁ%%/@l%@b% egeg@e%ﬁelpér eseﬁt at? ve @?I t?ve sel ect abl e

mar ker s usef umoremgriesticheamesemeaeemirsing derpingat, pesiiive a&i@@ta@éﬁ@é ®nd
antibiotic rep| $UMSoRHABRS celRr EHet? B2y BLE E&iRilar library comprise a different

20 positive selectable marker on each of multiple marked chromosomes.
Representative dominant, positive selectable markers for mammalian
cells include the bacterial aminoglycoside 3’ phosphotransferase gene (neo),
which confers resistance to the drug G418 in mammalian cells; the bacterial
puromycin-N-acetyltransferase gene (puro), which confers resistance to the
25 antibiotic puromycin; the bacterial hygromycin G phosphotransferase gene
(hyg), which confers resistance to the antibiotic hygromycin; the bacterial
blasticidin S deaminase gene (bsr); the bacterial xanthine-guanine
phosphoribosyl transferase gene (gpt), which confers the ability to grow in the
presence of mycophenolic acid; and the bacterial Sh ble gene (zeo), which
30 confers resistance to the antibiotics phleomycin and ZEOCIN™ (Invitrogen
Cotp., Carlsbad, California, United States of America). In addition, the X-linked
hypoxanthine-guanine phosphoribosy! transferase (hprf) gene serves as a

dominant marker in male cells.
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used routinely in transformation include the nptll gene, which confers

resi stance to kananycin and related antibiotics (Vieira & Messing, 1982);

t he bar gwoa3/o®4ehi ch confers resistance to the herbici dePpasphises hricin
(Vieira & Messing, 1982); the hph gene, which confers resistance to the
anti biotic hygro (Bl ochli nger & Diggel mann, 1984); the dhfr gene,

whi ch confers resi E@Péﬁﬁ?@tﬁtwe pesitiveselesiable maskerssisetl i Dlantgells inghelp: t he
EPSPS gene, S.

4, 940, 935 and g8 Sifos LR ol B et e A s " whi ch
provi des the L@bdlrwutmetyon trensiponation lnqlmdeﬁb@aOI(IUGS‘B, whicheeanfews sesisianme7, 378 and

oot 529, Pebly SR eI R RPN ARG B "

| nc., Resdar othidh cmfgtsereﬁiatdnpe rt@tl'tetherlﬁlandelphnaphlmbthtleld (GerasMebsigver i ca;

R A i g A

enzynes t hat B&mhh:@al&ylb@gehmrfmtl 084); thie dbﬂfger@r emmrmnperedm*tanéﬁ”ltese

| ect abl d
71 ot cacence. M BRI A EBUT g SarY b e £ Sk e BT POUSF e 20 A

dom nant, pOSrbéuBMﬂcéQb W;fﬂ@b@tenw BePakab NisS @, 92100985 88d & W429|eth@r
pol ypeptide | ocated on the cell surface, as desc(§| bed i ternati onal

Db oot [ NOSSeEaplRsPRale eI e aseaq s BhiRe Pedicas N Ay frbelePAER L

menbranous pahyiRik ég® FRErht Nss. b YeT 1376 lpwsaddd, g1 d) yartemé@iolby Wilantact or
receptor), CD24, and LDLR (| ow densi ty i poprote| n recegt or). Al so included

25 are extrao@Pﬁ%PWﬂ”%%@?ﬁ@hQW%M?ﬂ sofersyEaeiiantsu WesBisidedes. 1n
one enbodi megy Taw | iNgiRI C
fragments to enab?'qﬂde ect %ﬁta%léﬁ&@{;ﬁtﬁ?o ,yhg@gg%%a@ sen reF%{H(e mar ker can
conpri se a peprdlife, urﬁeg.StatHBQGAmedchﬁa;dn ebak,1200dpl | surface using
reconbin t echni Kk . odi ment ,
a pepti dgl%t)r pol y@éﬁ%ﬂgﬂ‘gé&%&gg?@g@ﬁ% §931 “l’ne §J?n§c{tgﬁlg%a{rg%rgﬂ'§; {L@ge)xpr essed
in the cells fobrescerl proteins (8.9 &RP, CF$EI\€RR); and ehzyreés ﬂwatanaproatalyzg an

econpti shed BYPAED A ToIPRRN RIS iR SRaIe o aBel bt sulfro €hnaogenous

ligand, a syrudngtbaeea Io@a(ﬂlﬁectableefmméﬁcbﬁdie Ubﬂéxangplpammm@la)ﬂadn@etcence-
specifically bi g% mar ker. See e.g., PCT International Publication
No. -26 WO (P&f §91§8" 'WS03/ 13625 WO 95/ 06723 and U.S. Patent No.

6, 284, 54120 For pr @p@srainkat) poéitive SelbEtaBIBYGRKST 81 dIsd 86mbiise apyptidd@r ei n the

library wll
polypeptide located on the cell surface, as described in PCT International

Publication No. WO 95/06723. Cell surface marker polypeptides include
membranous polypeptides such as LNGFR (low-affinity nerve growth factor
receptor), CD24, and LDLR (low-density lipoprotein receptor). Also included
25 are extracellularly presented fragments of membranous polypeptides. In one
embodiment, such fragments comprise ligand-binding or antigenic fragments to
enable selection. Similarly, a peptide selectable marker can comprise a peptide
(e.g., Hisg) targeted to the cell surface using recombinant techniques known to
one skilled in the art. In one embodiment, a peptide or polypeptide selectable
30 marker is not endogenously expressed in the cells of a cellular library.
Selection of cells comprising an extracellularly presented peptide or polypeptide
marker can be accomplished by use of a binding partner (e.g., an antibody, an
endogenous ligand, a synthetic ligand, or any other binding partner) that
specifically binds to the marker. See e.g., PCT International Publication No.
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be used to prepare a honozygous cellular library, each of the cells of the
cellular library can conprise a marked chronosone pair conprising: (a) a
di stal 5 welosotzahé e marker; and (b) an allelic pair of ree®crhiSaziiceh
cassettes, as described further herein below Optionally, each

reconbi nation cassette of the pair conprises a dom nant, positive

sel ect abl e maMP5/08723 an%Hysd?atﬁﬁd%%G a4k abl e markers noted herein
above). In anot hergq Mé’iﬁiﬁof aGfetdlos onSelﬁf?ér'hBré?I/ v&ﬁb@eﬁ%é ﬂUr?rngul! brary

conprises 10 a nark chronosone pal’r conprisin afirs
sel ect abl e nevkgsedto grefdare st h@hozwoga m@lluleb)lbrarys eae@hobfdhstoalls Qéthact abI e

mar ker on a Sc?e‘ﬁBf&‘?hth&gF@A ﬁ@s%%rrﬂéﬁ% El[j‘rgp@%gm%@alr%ﬂ ﬁh gtﬁ ) P@ibtal Of

reconbi nati on casse e selection of
honbzygouss c:haiemalslemaarh‘eql andv(b)g ah rulbb@qba'rri ofoteoonfrmmﬂm cmsetbes aafs a cell

conprising th r| Iﬁe crrellr mi)os eac 51 C | e ma_r ker
conprises in e NgERe" n( B rﬁ‘}‘rt % RIS 5 rker; or
(b) a {IeceSISI pegr, compgsés wedaraihent, ahbuﬁv&rfelc?etabrl]d mam@r e;@pdnyrmﬁtth@é_e t he
presently clained subje rked chronosone pair conprises a
recessive, po%ql‘?qq@@ E%rtsa{lﬂtt%fh%mw«ea%aé{?) a distal 20 position on a first
chronosone, and a jdarbthenémbogigitht, eacts 6l the taly o theddielar iragy cdinptiéds posi tion
on a second honol ogous chronosone, there ermtt recovery of genetic
feRe Bl Rkinia) adert

modi fi cat {%ns® M@ r/ROSQIPR PR FURBHSINE frgedistg aklp O pair.
Represent at i igstd@Rtdiaddomdie@dt & VEacdRl e&ét@b|s‘élé&e{d{@rrﬁaﬁk@ﬁtorp%nfsééond25
cytotoxicity include, but are not limted to whi ch confers

cytotoxicity |Qm<?'ﬁ6°'~'§)‘?f€§@ﬁ§@m8f ands(cy An @i&%imﬁlrr@)re@onvwamcaaswer@ whi ch
confers cytotoxi Cig Yyistd SBRctdMiEIRAKE: @hnI8RMIE! MbdtioRr of h(omo’ﬂ/ﬁous

2' -fluoro-2'-deoxy-|-(3-Darabi nofuranosyl -5-1odo- uracil
Expr essi on ofchrei@ogemnes o wingdgaudedenitodic seqoamhieatianral @rcell eadpdsingthei pht heri a

toxin A f{§9?ﬁgfkeﬂ%F@%8§om@eénp.ggﬁﬁg%Qﬁ&alogel QBPAdrE% %@r@@é fldriev e

pressure om nant, negat i on mar r can a rise a peptide
or pol ypept i erebediaent: s(a)oa@lgmunam nagative seletiableuntkes orr(b)aamaﬁgylve,o pepti de

mar ker s desc dsﬂ%&?%c?%aﬁ%j%& as_domi nant, positive sel ectable markers.

See U S. Pat -27 WD 03/093426 PCT/ US03/ 13625 Recessi ve,
positive sel ect ablle omardrevasliraert afslea prasentlyeslpinests subject neattant amtarkesc kgr ound
devoid of t hechrnrgrq"llégémg%gﬁ cg%%ﬁgés? A recegg \56% %%gllﬁ% is\e/l%ctable marker at a distal
20 position on a first chromosome, and a dominant, negative selectable marker at
a distal position on a second homologous chromosome, thereby permitting
recovery of genetic modifications induced on each chromosome of the marked
chromosome pair.
Representative dominant, negative selectable markers that confer
25  cytotoxicity include, but are not limited to gpt, which confers cytotoxicity in the
presence of (6-thioxanthine) 6-TX; and HSVtk, which confers cytotoxicity in the
presence of gancyclovir or 2'-fluoro-2'-deoxy-1--D-arabinofuranosyl-5-iodo-
uracil (FIAU). Expression of the dominant, negative selectable marker
encoding diphtheria toxin A fragment operates in the absence of an applied
30 selective pressure.
A dominant, negative selection marker can also comprise a peptide or
polypeptide that is presented on the cell surface in analogy to peptide markers
described herein above as dominant, positive selectable markers. See U.S.
Patent No. 6,284,541.
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recessive, positive selectable markers include but are not Iimted to
thym dine kinase (tk), Herpes sinplex thymdine kinase (HSVtk),

car banoylwphoesptiad e 5 synt hetase 2 / aspartate transcar bargirases/i362s

di hydroorotase (CAD), hprt or an hprt minigene (Reid et al., 1990). II.D
In Vitro Miutagenesis The term "mutageni zing" is used herein to refer to a
met hod for induci ridecesaige opositiviesselpsiabie marksds are:used)wben axm@$3aqilla|a nucl ei c

Ceter to any "AFTLPARKGRUR QRRCR o Bikter ca RnotBd RN (o

natural |'y occrecessiee, fpositive sélephabbernanmrisxieclg@mbutrmdmbt lirattedioghymiclinede

gﬁgl gghi EZ :asn‘§ 'g%ﬁ {%Z‘s_' g’ %@;8&&6%@%9%%%% | Q-( gek)aggfb%ﬁl g!)?'ﬁﬁ‘?ﬁgieahggr gf h
T . Ol

nﬁileZot [ d(LaIS Se$yrrr¢hné(;cgse;%(/jgsmti-aﬁ’éat@trggsaa?rxohgymlaxfﬂrdégdrrmﬁf?@ ,mhp:l&r/cggu ? RZ o

posi tion or &?’iﬁ‘ﬂ'&@?% '%f'dﬁf\ﬁl é@prl sing a region of a chronosone is

altered. A chronospprl /nMgtAs Matr@e m can conprise an intrachronosonal

rearrangenent or i nter chr onpsora arra | n.one enpbodi nent,
O e (oA R M P A
are substanti@id §r marIgenetis Bhodiftations laejéﬁmbpnuaadlaadqaaﬂeﬂal can occur at any
avai |l abl e nucl eoti de Eﬁismlon within the nucleic acid material to be

nut ageni zEH. St at edeaiiMgergenglic madifigationr ndodi melationh eachelegdAi #ng does
not show a prafRafird DNA‘rH&@f%ﬁﬂtﬁaﬁ%%ﬁ‘éf@Mttﬁén 1 RatBFy bR, Bhm.
particul ar nucl eotide sequences. The methods of the preSent l@é cl ai med

subj ect matteﬁe@aﬁﬁeélf?éwgw%ﬁymo%‘taé@éﬁ|l@|lé§éﬁ@0|e¢i&%'ﬂﬁﬁ§0n% lefiens) i i t ed
to ultraviol eF=Tyaps-R

N- et hyl - N- ni teéruc?lés gﬁ‘?égs ?@Hﬁ*n{%ﬁh m%{rocgsour ear{ el as a eageilsr?e (PRO),
triethyl ene n®l asi laegg BEMgnsaot yiheusadds radnloares. (M)JS 306 dﬂlrm)r gabelisi | (CHL) ,

ot hane. st  onapLEY EVEHPERRPAT: ot fihe 4 £ hlMpa i p@lnge Flotndh oY ne

(6-MP), m t ongfwomeoomhMBarraNgeeiehls| wilerebtyr iheNpositionr ors orerdati aohi ofeD(\IDONNG)
3H20, and uret hane.(UR). See e.Q., nchi k 199 rk 1997; and
Russel | 1900 I oha1eGit Sehi eMelErpleate st BasGhadsanat

PCT/ US03/ 1362=arrdagemehtedamtcomprise an intrachromosomal rearrangement or an
http://dir.ni ens ni_h. gov/ i rth/di rrttg/chem' cal sstudi edi ndex2. htm In one
embodi ment  of NSKENTBOEAMA] (PaKRRIFRe s ubj ect matter, ENU is

20 In one embodiment, the mutagenizing methods employed in the

presently claimed subject matter are substantially random such that a genetic

modification can occur at any available nucleotide position within the nucleic

acid material to be mutagenized. Stated another way, in one embodiment the

mutagenizing does not show a preference or increased frequency of
25 occurrence at particular nucleotide sequences.

The methods of the presently claimed subject matter can employ any
mutagenic agent including, but not limited to ultraviolet light, X-ray radiation,
gamma radiation, N-ethyl-N-nitrosourea (ENU), methylnitrosourea (MNU),
procarbazine (PRC), triethylene melamine (TEM), acrylamide monomer (AA),

30 chlorambucil (CHL), melphalan (MLP), cyclophosphamide (CPP), diethyl sulfate
(DES), ethyl methane sulfonate (EMS), methyl methane sulfonate (MMS), 6-
mercaptopurine  (6-MP), mitomycin-C  (MMC),  N-methyl-N*nitro-N-
nitrosoguanidine (MNNG), *H,0, and urethane (UR). See e.g., Rinchik, 1991;
Marker et al., 1997; and Russell, 1990. Additional mutagenic agents are
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enpl oyed as a nutagenic agent. ENU can efficiently produce point nutations
and, less frequently, small deletions at sites throughout the genone. These
5 types oWOoganetee nodi fications can | ead to reduced or | est/ugesiesetiincti on
(i ncluding dom nant negative gene function), up-regul ated gene function,

and altered or new gene function. The term "nutageni zi ng" al so enconpasses

a nethod for dascebedhgt htg:dir. n'eb§4nﬂ“ﬂ@f“wd'ﬁm/ﬁ'ﬁ‘?fﬂﬁﬂséwdmﬁmﬂ%? hhg a cel |
f t to th t
unction, to ther Qﬁkggn@iﬁ28§r%g€ gﬁiﬁrgrpég%ﬂiﬁélhl ed Qu j&ct rﬁgﬁ%OEW genesi s.

For exarrpl e, a cel to t ere e dystunctional
or deficient emplopad agpaiutagenic agrnt Ewwfflgmtlmodwpmmwtaima Y,

genom ¢ st ab'%d& Jess o[t;J%HHY rl?ﬁélP&b?et loRE " 8 tes ng(ﬁ\E‘qﬁ-uoui"trFer%b‘Hou b Plesgene

functions th horna ain genomc S can sed to enhance
nmut agenesis. itRees of geneatic \rmctlmagemss caf ledd tdlrequad on Iosh(geude‘und:tm are not

limted to (U.S.
Pat ent No. m&:@ﬁﬁomﬁgﬁé%agﬁgﬁggghp é%’ﬁeh) ?egﬂ,g%i(éﬁ lﬁwpﬁéoaﬁ'dexposure
to one or nor&lter%bag@lmgenagmtlsn can be m)dul ated by varyl ng dose and/ or
repetition of u tail ored for a particular application.
o e e i botelEen miEenABabts ProRimshs ny ettty ke TiadBidr | Sat i on
of arare drL@tar?e@hmmmpbme@mmgéb@ﬁuﬁctfdnewmefaby@nhgm fate,

nodi fi catjon can e selected where le nutations are induced on

each chr otfbs dH&lItys;ar eXertyof mPtaQﬁ%eS' amng: HEel L8R By akeiele® for a

nore general @bdigicanbl Abichy Bﬁ‘@ﬁ&?&dﬂﬂ@nalt&%ﬂcb‘hﬁ il O Apdira ket ration
of nutagen can be varied to generate a relatively 25 fewer nunber of

geneti c nodi fetabpbe, rﬁeﬁagennrssﬁ%\twegenqml@ﬁ@béa%mpﬁmmnatlom%@efq%at nent
dose and regi men dggs, WRup ti&ﬂugre?édbbﬁ}r%%h@'theﬁyﬁ&h@nyCrhélxtald befomlcghduced

Mtotic Reconbi nation The presen clai med subject matter farther provides
met hods for ﬂ@bﬁﬂxy%lsbﬁgisédﬁet%m@mam%sﬁr yR@PfQ$étaﬁV%§@ﬁeﬂSchl ai med

cbodi ment? of B o BB bl Mol s BRATARE (et o1 2, PBRBRSEY M eas
(a) providi ng:a@elmnwa)lz(ib@@ate@”ﬂmlﬁe{%ﬂ 2¥f)ary conprising a plurality of

i sol ated parent c t re nation in
t he pl uralol ty of |e[lsHo ?cg%}w%ro gﬁ?ﬁétfégpﬁ&h&(tl%ﬂqgﬂoh%lp%n&% gonsléljrr |ty of

i sol ated par emutagehilcsagem@mb)beanpdplatmi byrvaofing d@%\@dﬂﬁ/ 1ep&iitdé of

Cel I 5 compri 9N RoATGn Jalslse I e AL SobliecS T ERL Y BRO AT Y gous

cel | ul ar 40 braubgeggent phenotypic screening involves identification of a rare drug

resistance phenotype, then a frequency of genetic modification can be selected
whereby multiple mutations are induced on each chromosome. Similarly, if the
library will be used to screen for a more general differentiation phenotype, then
the dose and administration of mutagen can be varied to generate a relatively

25 fewer number of genetic modifications per chromosome. In one embodiment,
the treatment dose and regimen does not induce substantial cytotoxicity.

I.LE. Induced Mitotic Recombination

The presently claimed subject matter further provides methods for
homozygosing a heterozygous library of the presently claimed subject matter

30 via induced mitotic recombination. In a representative embodiment of the
presently claimed subject matter, the method comprises: (a) providing a
heterozygous celiular library comprising a plurality of isolated parent cells; (b)
inducing site-specific mitotic recombination in the plurality of isolated parent
cells; (c) culturing the plurality of isolated parent cells, whereby a popuilation of
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prepared. The term "reconbi nation"” refers to a process wherein chronosones
are 5 broken and rejoined in new conbinations. The term"mtotic

reconbi nawoDmn/0934eef ers to reconbi nati on between or anong [ROFIISO3 0625
chronosones during mitotic cell division. The term"induced", as used

herein to describe a type of mtotic reconbination, refers to a process
wher eby i t otdaighiee el Apresiced; and ddx eelegling fdaughier eells: GRRREPIG Fomps omal

sites Via pr iAot gandilc Rodfiesioh] GnbREATDNEABEYadUR g IBIaR) fEnt

i nduced mtotic r Fnation results in exchange 0 substantially the
entire regiopreparadmar ked chronosome armwith the allelic region of a

T e oDl Q00U 1F RN ARG A dona K16 6 pRERL UrRET aiBfekimabElcPl. Thus.

the term"” indu0|ng m i C reconbl nat rs to provision of a
si t e- speci5f i drolezroatid nejsieed in ae\&e:bmblnﬂ’men&bﬂ' heitewe |“mlt®t&m¢bmbman@n i s

I nduced. The r , | site at
wni oh- i t ot REIT e RBPAIRDR Pevich iy s REROF R ArdRogtiicd acth
chronosone ahigsteadefirdiigion.by a uni que nucl eoti de sequence that is

recogni zed by a site-, spegific reconbln 5 o] h% [ i nduced
mtotic recombinat'i Snteﬁ% d%‘# H@?%a}'}%r?fg % e%ggg Sie ot(faﬁg'frtn&@ sequence
at a given sirb€orhBinafién, ludf%rstaarpﬁﬁwﬁslvﬂﬁremnmﬁoﬂkerec&mbimamd|sfellcmd a@ins can be
made usi n gene targeti n net ho as desc n. abave, . See al so

T e R Y A e Lt g 0 A

al so referredn drie Bﬁ]’b@diﬁnéﬁﬁ ﬁdﬁé@cﬁﬂbtlélaéctd?ﬁblﬁaﬁ(ﬁl Fesaa@nresamatgever
reconbi nation sites for i ncl ude | ox and att sit ch nedi ate

mtotic recorfbPaANialY Kﬂeaﬁ"@%rqgé(ﬁb%? mﬁréed Pil@"}%@m?o@fﬁb gﬁ “&‘n@h?'ﬁ’t
reconbi nase, r%@%%@hw&ké!d h@folof8FCEHEREsbiHE bhA! ad@isttiPedRiiBYE hdrBinone

enbodi nent , nbi nat1 on a Site-specific reconbl nase and _reconbi nation
sites is sel i@y Toeh ﬂﬁeh@rm ainglueing mitele FAsORMAINieieTE to Broyisiam d a 30

L her eby Ty O diadeBhRYSEdmiRhaddABUIIO U ofby ORFSIE FBSomiindddnSt indeedbi nat | on

event is referred to as en It does not readily reconbine again.
St at ed anot her wayThettaen fabhcemesamealistiel, 85 teed hereindg deserihe-a wisia whigh

follow ng a e’?]it%t% n%%?\?dmétﬁﬂt iR gg@tregegga% %éjoé @526 &h T4 EflondReRiEdi nati on

can be favor reconbi na I on PCT/ US03/ 13625
sites that recmmantametddo;genuerqaemualeoad@nsbqwtqedhatslmrecqqmedrwsa site-

exci si on; (b)ﬁpeglflc?egcprﬁ&ngéec A SRUTR AR Sitd R indllcRB ot J0RYnMIh&Rsh €xci sion

functi ons;
20 can be predetermined by modifying genomic sequence at a given site to include

a recombination site. Such modifications can be made using gene targeting
methods, as described herein above. See also Example 1.
A chromosomal site for site-specific mitotic recombination is also referred
to herein as a “recombination site.” Representative recombination sites for
25 include lox, FRT, and ait sites, which mediate mitotic recombination via Cre
recombinase, FLP recombinase, and Int recombinase, respectively, as
described further herein below.
In one embodiment, a combination of a site-specific recombinase and
recombination sites is selected such that a first recombination event is stable,
30 thereby favoring recovery of homozygous chromosomes. A first recombination
event is referred to as “stable” when it does not readily recombine again.
Stated another way, the recombination sites are excision-resistant following a
first recombination event.
Stability of a first recombination can be favored by: (a) recombination
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presence or absence of nodul ators of a site-specific reconbi nase, for
exanpl e accessory proteins of a site-specific reconbinase; and (d)

conbi nat iwo3/0B4eher eof . For exanple, the X Int reconbi napeT/ushameps ovi ded
in the absence of the Xis accessory protein, nediates reconbination at
attP and attB sites that is essentially irreversible (Thorpe & Smth,
1998). As anditasthaixegamnidne torgenerata @geeombinatian sita thatreaistsaicisian (x sites
lox66and 1ox7 ; -H%)&if' ; ohBsdd @lcidich HRaRR: Id a
subsequent |y sﬂiggsg%g{ngter&g)e@%i esttﬁ%q%%ée@}emﬁgﬁ%r e. ! lSclﬁwt e- Speci Fc?c
Reconbi nases.présencear absermeaibiodasiors gba sitaxbpacifiicateersbinase, &1 examplee t hat
catal yzes reconbination. .The.teprm " sSite- oy e Fnat o
describe a tyapcgg%)sf%%yr%g?r"}i@% ﬁgtsaeg'?)gr Séé‘{]@pg&??ﬁ Jr"lé%sghbﬁa@ oﬁorn@é&eéhss to a
process of5 brieakiong and 15 joi ning chronpbsones at prescribed positions,
which are referred to herein "reconbi nation sites.". I n accordance with
the methods of thg"%%%r@ﬂ‘ﬁS'?egﬁ%'rﬁ%?i“b'%%ﬁ’&’@F”HE&V{G@?,'”@‘*?PF’%“FSES Sic

reconbi nase nSQQia%b@é,‘sdr)gP%h,nﬁbhiafb@ﬁecombﬁ@ﬁbh la@ it drisatem sieyblad Bous
chronosones. Any suitable site-specific recont; nase Cﬁn be used to induce

ntotic 20 eS&SREWRYY irraversivl (Therre dcamithy a$9$;b’ﬁ%1@99t BF 6¥HR® (et t he
chronpsones ofqtdi reEGhbinaMPAt S Rahig6LeRs TiXebaRd fx7¢ Gen@aRERIM&HiY t he

: b t . )
site-specific reconbi nase of choice. Thus, a si te-sFeC| fic recanbi nase

conpr i sesi0 n loxeiteingbisi unehle ta subsasienty ecopbine daspio eayesersea et al .,
1989; Maeser & Kam:-%ec?f%%com%ha@ééﬁtﬂéte% srecorRiRase” B8heriRHcfirS®
i ntrachr onmosonal . 1 n_anot her

not. enbodil nent, "a sit'e-specific
reconbi nase earpények that céielyres tecambifatiohe presently cl ai med subj ect

TRLLer COMPrises afd RLAPTAREshadif SROTRLAAEG I A5 ARl £UhpBObe | i M ted
to prokaryotic plasm d reconbinases’, yeast plasm reconbi nases, bacteri al
reconbi nases metombimaXeor artgpodoimetamblnatien, rafeds fhageoceds of brsadirigranses

E it S 1997; G aj J . '

it gr aseld y penEeBrRaemes AheRSalbaouREs i ke g b

reconbi nase, ‘resinisihaiprisies.e inlaccoréahdervith tha agthquisiofik pféFentincleinadd , 2000;
Th ' t al., 2001 . 4 (A t al.. 2001 rf h
025 (Kol ot -sibiegt matggbg. S dhasiie conminese (eadiees osambindln. €7 "o ®
03/ 093426 PCTjsOlctiidb ondfbiodsag\chrati@dmesa FLP reconbi nase (Fiering et

| . 1 : ki 1 : i . i -
?ec E)nb?gg,ses? (rjgvn\fb%\’)i ﬁg‘%{%&ﬁéﬁ%p‘%m |rc r%tcor% in’asczeL %gﬁ )b’e t?sne t%r}nclduncteel%lrtg’(?ce type

20 exchange in a cell of a cellular library, provided that the chromosomes of the

cell comprise recombination sites recognized by the site-specific recombinase
of choice.
Thus, a site-specific recombinase comprises in one embodiment a
resolvase-type recombinase (Stark et al., 1989; Maeser & Kahmann, 1991;
25  Oram et al., 1995) that mediates intrachromosomal recombination. In another
embodiment, a site-specific recombinase employed in the methods of the
presently claimed subject matter comprises an integrase-type recombinase
including, but not limited to prokaryotic plasmid recombinases, yeast plasmid
recombinases, bacterial recombinases of the Xer and Fim families, and phage
30 recombinases (Esposito & Scocca, 1997; Grainge & Jayaram, 1999).
Representative integrase-type recombinases include but are not limited
to an Int recombinase, including those derived from phage phiC31 (Groth et al.,
2000; Thyagarajan et al., 2001), phage R4 (Olivares et al., 2001), or from
phage HK022 (Kolot et al., 1999); a Cre recombinase (Sauer & Henderson,
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virus (Tanaka et al., 1998). In one enbodi nent of the presently clained
subject matter, a site- 5 specific reconbinase used in the disclosed

met hods cwopPBiosxaze a Cre reconbi nase. Representative Cre PETAsHI/m&ses can
conprise amno acid sequences disclosed as any one of GenBank Accession
Nos. P06956, CAD22449, CAD22450, CAD22957, CAD22958, CAD22959, CAC51201,
AAL31698, and 988718agy, 2000k k FuPerehembinase fiderindebale 993 Sasowskind@9%:n t hei r

10 entirety. L sdd e L | y SRR

functional Y \%—%S'Ef{sén ?@a%%ﬁa%ﬁh%ﬁ%*ﬁgﬁﬁcg@ ealsgi'%g)f any o?ﬁ?ﬁé

f or egoi ng r ecdbi(Tasde. et aZINLEY8).a r econbi nase used in accordance with the
nmet hods of the presentl cl.ai med. subj ect tter can..al.s ' a
reconbi nase t ha!to &(é?nﬁeéﬂb(i%mﬁﬂtt %ﬁ'}‘ﬁ él@aegtgfi B'?g%cggﬂgg%teﬁgﬁ%%é@&w th

al tered propesetifis agofdiiasedusar im thpadittlosddamethpds catripoises ForCrexanpl e, a
site-specific reconbi nase can cqonprjse enBanced FLP é}ELpe) -whi ﬁ@ was

sel ected fol I"6FP'ABINESHr SHERIGEES '%t‘#'@rfec%'%‘ IDARER, Ca' CPIBPES &M PRSI abi ity
OI E'—Pzéglllch;&élqé?ﬁéesabisclcfs@@fﬁs gafadie ©f @énBank2RBddssiohieRlos) F068E6,i ment i

et aL, : Si t e- speci

fic reconbinase can also podif i | mprove
expr essi on arfeAP ’b@AP?%ESOf’o@AQ%ﬁ?ﬂ’egﬁPzgﬁ%’nggQ%Q% ’ofbAC%‘gaéﬁ usage as
described in Korespeaagd Jev213 2006k aldhéreinOREsPoREDRY refdef@8hdthednd in PCT
I nternational Publication No. WO 02/04609. In one enbodi nent, a

si t e- specilf i centiedlbi nase enpl oyed in the nethods of the presently clained
subj ect matter caRgyrediat ‘*‘sitlfags?%i’ﬂb NaboMBinkBe” 2Ro! BoABRBES f@ictiBR&IESSOT Y

factors. However, additional Tactors that contribute to or nmodul ate a
reconbi nase aeriants; fragmantseanshiuaioniproteing ckanywiithe toregairtiscaabinases- t he
presently cl ai-nged ' ; SERLi i ' jynation
I nduced by bgtf{[g;r‘ ?gggg'géﬁ.@g@f"%% 'rne%g{r%l nagg'l’ |ﬁ1nwg%§lg6t@%g’flﬁwne{ @grggﬁ{&!ygn host
factor (| HF)claimeidesubjéttamditer ¢@93so Tompriski@e ravtiombinaser habmies kasnon i n

Co 1S o SO LSRR pateld PRkl il Merd R bR |
library in amartiewaesppivtionciFenexarhple] asitesspetiificvecambiegserbamedmpise | n one
o T oy SuabEl S TFOPST S 3 P JPAPRE Qb 1
03/ 093426 PCTéit63/ th3fdrovetthemsdlaisilitg &f WLP{Bachnotd ef 1., 4898} Subkéia@ilag, encodi ng
B e R S ont 841 B0 1 B R SRS Sidind oS 1o
20 modified to improve expression and inducibility, for example by optimization of
codon usage as described in Koresawa et al., 2000; in European Patent
1170354; and in PCT International Publication No. WO 02/04609.
In one embodiment, a site-specific recombinase employed in the
methods of the presently claimed subject matter can mediate recombination in
25  the absence of accessory factors. However, additional factors that contribute to
or modulate a recombinase activity can be co-administered with a recombinase
of the presently claimed subject matter. For example, integrative recombination
induced by bacteriophage A Int recombinase involves the integration host factor
(IHF) protein (Landy, 1993). To induce mitotic recombination in celis of a
30 heterozygous cellular library of the presently claimed subject matter, a site-
specific recombinase is provided to cells of the library in any manner sufficient
to induce mitotic recombination. In one embodiment, the method is amenable
to high-throughput formats.

In one embodiment of the presently claimed subject matter, cells are
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reconbi nati on. The transfected nucleic acid can be maintained as an
extrachronosonmal construct or can be stably integrated into the genone. Any
5 suit ablworewdsads f or the introduction of a nucleic acid ean/uses/used,
including transfection, mcroinjection, electroporation, infection with
viral vectors, m cropartlcl e bonbardrrent etc. Arepresentative protocol
for int rodumtr@swctmmeaou@lelpdlclﬂmelewléeemdjm agiterspeaiiitisrembiaasat o a cel |
by el ectropor e t anpl e,
repr esont at VNERY i REl oot & otregspd i cafman Bl foR

encodi ng a sifeeempipation.c Tee drdvsfarte anuelelodaSIdr taede maGiapgdeatanal ., 1995

and in Rnaldi .et.al.. 19 I med
subj ect matte‘?Xtraghro ??Hlﬁi?‘?%’%ﬁﬂﬁraﬁg% %QAB;)? etggétgﬁgﬁ?p{ ecgse(r?@h{oe?/rbl r@se i's
provi ded t® cailitableohethodder theliaroductiomoy a rocleicadid y:an mecused] Irsluding
site-specific reconbi nase cq od nt er meabl e,
site-specifid ?@i%ﬁfr'ﬁpnég'ﬁm' n&'oper%?“’t@é’lolreﬁ}?@r Hﬁ%ﬁr? ”§§ \ﬂrsa!e \?eﬁ;gc}r into
describe a S'ﬁ\ﬁ:‘rmlé|b6mb@|>$%érﬂ0@ﬂ‘:blmaéiﬁesémétﬁlb%)rbmcal foetrmvouciage that is
able to transduce cell nenbranes. Wil e not |ntendﬁ§Me§ic e I| ted to any

particul ar t HSISic a¢id eplerule PREPAING R racPRINESE AP GiFe 8P°r

recept or - i ndegandgad mﬂ.’?&'etQozbﬁﬁnﬁé)@ﬁétﬁéréx&ﬁwméiﬁaéeﬂ’fﬁwwﬁroto‘éb%ﬂoﬁpm i ed
exogenously to a cell, a cell-perneabl e reconbi nase er the cell and

medi at e ni@ otipteciiag gnerllneith arviigt vedpr aneading\a sitesPee @Coé“%'f‘%??pa'ieal
duration SuffiddeRbd PKafBdaBld:aL! RRBHNAAIRIRA & A dogper meabl &

reconbi nase can be renove washi ng the cells in culture medi um | acking
25 the reconbi nasén Theissmbedimett df ofnec Rresedteidimerc BHPIgE! ehPiadyithg a

cel |- Per Teabl L SHOINABIRING Y SpTR IRBhBIERRTY RNAAT ol dld | g

reconbi nase er nea | nase can conprise
a fusion pol yq;ﬂlptardibrary:oﬁprr etﬁrmlgtcacelbc@ﬁﬁeﬁastéflf( @Cgmblnﬁw cONWIiges the

site- spec %hgoriee %r%gﬁgl Pﬁ%gﬁﬁgﬁ}rﬁg@é f§|t§%p@8ﬁ|8'r%o%(ﬂ¥aﬁs)e fused to a menbrane

transl oca erneabl e reconbi nase can
conpri se a Cre rechmbienaseell peseshiied, ahelsw Beddin Kapesonbfe@srb@sa@mflcgrovw h

el e L B L o S SR
PCT/ USO3/ 1362&1enﬁmm agidlesesiliatenelet tathe limitedhdo @pytmadticwér toebar ger
E;gﬁ :Isgnt gf?{,g[gqe% ﬂ}; ltl%%as1 olcgt?onOfca%h%c JrOtme y r%gép or-ln%eperq})en Shd
20 transporter-independent manner.
When applied exogenously to a cell, a cell-permeable recombinase can
enter the cell and mediate mitotic recombination of cellular DNA. Following a
temporal duration sufficient for mitotic recombination, a cell-permeable
recombinase can be removed by washing the cells in culture medium lacking L
25  the recombinase. Thus, methods for chromosomal exchange employing a cell-
permeable recombinase include desirable features for controlling recombinase
activity in a cell.
A cell-permeable recombinase can comprise a fusion polypeptide
comprising a recombinase (e.g., any one of the site-specific recombinases
30 identified herein above) fused to a membrane translocating sequence (MTS).
For example, a cell-permeable recombinase can comprise a Cre recombinase
fused to the MTS of Kaposi fibroblast growth factor as described by Jo et al.,
2001. See also Example 4.
The term “membrane translocation sequence” generally refers to an
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transl ocati on sequences that can be used to construct a cell-perneable
reconbi nase include, but are not limted to MISs of fibroblast growth

fact ors 5SwQlBmme@l, 1995; Tarantini etal, 1998; KeresztePCBoymsLS a,
1999), lactoferrin (He & Furmanski, 1995), VP22 (Elliott & O Hare, 1997),
ANTP (Joliot et al., 1991), TAT (Frankel & Pabo, 1988, Geen &

Loewenst ei n, ang8®;ackt ispguensecthatain thel g9ntext ehdr drpeid Piatsin; dredigteg) . |

1998), and - Q}P‘E ' . n | : 0 be used
to const ruc{_k? '}a&ﬂg’@f:%t- perf‘rartégg)lr(ztglrngéc%%sll%g@%mbﬁ%beﬁ%ﬁée%gt%g?.n?@f?%%g? Pooga et
al, 1998a; Pdmgaloettican sequed@eb:thScha |ber used 46 .consirgeoa . caltiermsableat i ve

t hod d i,d ti f ; ' L. ' i si
VBT can bo.f SERANpIRES fopge. ol S8 NREiidd Rty UPHERERE SRl 2 "9
2000; Proshi ghihzst a2,0005; Bardntifiet alefl 098 iGaresaies & Bohest, 1989plasiofertis anong

Fecombi nat | ot & HEDERSs J86E erd g 1 BF Al EarS ANl (B0 BB G

chronosone paign1), TNTH(Frikeps. Fadd, #098; Cstercoswensteing 00@8;iSchngrze & r st

reconbi nati on cassette; . and (b secopd h | o hr onps npri sing
a second rec<ﬂ+bi1ﬂ%?'rﬁﬂgrﬂée%g@i'gz ?g?l"ﬂﬁggkiﬁqgﬁ%‘afgf@?&?@%gﬁﬁﬁﬁgﬁgn
cassette and d\aghaiRARTISE cAreaI8FBenREH % comsinet & eeipperniddutd tetombireaskeer m
"reconbi nati on cassette" refers to a nucleic aci noéqeﬁg)gl e gﬁﬂgr' sing a

> SEbRlEn L2

d
site for 18i t dOshikeiatiat, 1998 BP9l @n, 19988 Poodg it 12kot bt whi ch
a site-speciflggoy econbi nase nedi ates strand breakage and rejoining. 25
Representative reconbination sites include a |ox site, an FRT site, and an
att site, as desdleprrsgnialive mesthads and coesiderationsfor sppstrugling|d Usidnefers to

e @n : o
a_same c roirrgﬁeagm %@ﬁ@fsﬁ@ogmemémn, {oNERIMRSI8 B8 rosEPEr £X30D8E. @

e
first posit I'S to a second position, Wwherein a first position
i s | ocated wiltitdgremeta/n8000; RrochianiaR090; @yl ba refarancgsciigibiasein ako¥econd

position s | i thif. the same gene or intergenic region on a
honol ogoJéschaﬁﬁ%%Hgél é}term "lox site" refers to a nucleotide sequence

t hat nedi ates m t RdécombinationBiapsatieanThpravideder indisedbiitetic egcombinadieanpl e a
natural ly occurring |loxsite, |.oxP. I Ite typhcal | an about
34 base pair asg&t%ﬁ@/goyﬁac‘teﬁulgéjﬁ% (9%?0"8%@'5%’%‘/ %gggléﬁggg%%ﬁdes a
core spacer semueisrg: ¢f) safirelthrémbasree pampsisiagd fiasstyacombihatigatcassetteni c
sequences thaaEndf (t)?g ls(eéorl%g h%%ro?og%ag gﬁrgmoggr%gc %lp'risr}ﬁiég T Eorldt8EMbination

20 cassette, wherein the first recombination cassette and the second

recombination cassette are allelic.

The term “recombination cassette” refers to a nucleic acid molecule
comprising a site for site-specific recombination, i.e. a nucleotide sequence at
which a site-specific recombinase mediates strand breakage and rejoining.

25 Representative recombination sites include a /ox site, an FRT site, and an aft
site, as described further herein below.
| The term “allelic” refers to a same chromosomal position on homologous
chromosomes. For example, a first position is allelic to a second position,
wherein a first position is located within a gene or intergenic region, and
30 wherein a second position is located within the same gene or intergenic region
on a homologous chromosome.

The term “lox site” refers to a nucleotide sequence that mediates mitotic
recombination by a Cre recombinase, for example a naturally occurring lox site,
loxP. A lox site typically comprises an about 34 base pair sequence that
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conprising about 8 base pairs to about 13 base pairs. See Hoess et al.,
1982. The term"FRT site" refers to a nucleotide sequence that nediates 5
mtotic rwoospyati on by a FLP reconbi nase. An FRT site i ®CIrusnd/aa23 o0 a | ox
site, conprising a mninmal sequence of about 34 base pair sequence that

i ncludes a core spacer sequence of about 8 base pairs _and a pair of

pal i ndroni ¢ Jeejuder 8scergasPaqesnieaurace & eaboh & base Rarspand fPaii ef regi on

conpri si ng a%ﬁﬁd%ﬁﬁﬁr@g@@{cﬁ th& ﬁé?fkuﬁw]g]céﬁ@%égcé??%@? {)M'Heg&ﬁiceﬁegﬁzln; , 1986).

10 Typically, a pali m c sequence 0 site includes a p\érl m di ne
tract, and sospising abeyt dhasmpaitrteabaubtehseingiac SeetHosss whalke 1982+ s

(Ur auf & Cox, 1 ) sk M LKL e i d ane side by
an about 13 base %%gi tF rrﬁn\/FquT:%elQé %Leégﬁ ?Lémﬂlﬁ(g%ét@aeﬁéegcﬁg%téghfﬁh@%g%aﬁ% ci ency of
r econbi nats ommitdttapaombinali@8 by a RIS redombirsisee AMBRASHERT sigiitaeteaddx conpri se
a directionality,

. whi.ch is _.defin t he ; acer.
The out conme ofter SLERBFAGA Bhnln}angalile?gﬁg (gearpg)%%d’%h%"} é?@feﬁ]\%etg?t?ent ation
of the two reacobésiango bpacer Sueact iansbdudr8 daserpdiisngnd hee pair of
directionality of a.lox site d an FRT site are described in Snaith et
al ., 1995. Zoe/ql'ﬁd%?é‘??nsﬁ%we\ﬁnﬂﬁﬂt @aqke'gl‘ge%oéﬁtsﬁ?ﬁfeeﬂ& RS%%?m{%@%bo?]esent ly
clai med subj&ptprisiid &out B EvekRatsab LBBBSTBBagepdirsofMalcoaldt abf 19883l | ul ar
library can conprise a pair, of |ox siées t,. at pai.r of FRT sites, wherein
each pai r'Gf TYREEIHR RAINDPMIS T898CRSH P ?'%Eg? e AMRUARS 2 RYUPINE fagte Fi gur es

3, 4, and 5B gntfesiReMeg®rinsiLiss a pRidBhindriee af AVBLESphite(LAIGUER Cox} hat
nmedi ates mtotic 25 reconbination by an Int reconpj nase. Regresent ative

att sites incl%e hhisminimal senueaee E,al%f&rﬁﬁgmoaﬁﬁﬁeiby %ﬁbﬁH lﬁb% base
parr Sequencepeﬁrolrﬂ]i\%‘r’@&”r_%g%&@avt?rtnigb%ﬁ BRimioté RhE-diindyof RbésHhbigatidrt €s and a

7 base pair overlap regi is an about 240 base pair sequence
cont ai ni ng " cdawareyprd98%at binding sites, "arm type' Int binding sites,

and binding sites { g5 a6E8R5YY FRICGRPEAA bifipierh LifRtionflinSafhibpndy, 1989.

Phage | nt' Teconbi nases catalyze reconbination_between an attB site and an
attP site. Redefimgiimttheasyrametry of the dojespatesi The odtcomesgideeamipnationhi ch are

refractory to _furthe i pat L.on: : i Si i | BraleS

Suppl i ed | ThoEgbdCpAE TLRR ety bRl B he 1A0 FEER, heb

"att site" al Gomamtionpis sieserivmdpitheaditectiorslityest & loxtsithand aneleiT sivelafd ed from
-35 WD 03/093426 .PCT/ US03/, 13625 eir naturally occurring sequence and

whi ch nedi ate ?SQE'E%I% ‘?"i"ﬁhetb%/’ ég%#e reconbi nase, a FLP reconbi nase, or an
| nt recordy nase, rigseesidanesd withFeorepresentative method of the presently claimed

subject matter, a marked chromosome pair of a cell of a cellular library can
comprise a pair of lox sites or a pair of FRT sites, wherein each pair of
recombination sites comprises a same orientation. See Figures 3, 4, and 5B.

The term “att site” refers to a nucleotide sequence that mediates mitotic

25 recombination by an Int recombinase. Representative att sites include atif,
attP, attl, and attR. attB is an about 25 base pair sequence containing two 9

base pair core-type Int binding sites and a 7 base pair overlap region. attPis

an about 240 base pair sequence containing “core-type” Int binding sites, “arm-

type” Int binding sites, and binding sites for accessory recombination proteins.

30 Seelandy, 1989. Phage Int recombinases catalyze recombination between an
attB-site and an attP site. Recombination results in hybrid sites attL and aftR,
which are refractory to further recombination unless a excisionase protein is
supplied (Thorpe & Smith, 1998). The terms “lox site”, “FRT site”, and

“att site” also encompass recombination sites that have been modified from
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exanpl e, a reconbination site can be nodified to enhance specificity of
reconbi nation, efficiency of reconbination, and stability of a

reconbi nawoen/oB4ee/ent . A nodified reconbination site can PETgSgImeEd usi ng
standard techniques in the field, including but not limted to chem cal
synthesis of a nodified site and nutagenesis. See e.g., Lee & Saito, 1998;
Schl ake & Bodégir nabwally easdrringsepHergavid whish Megliste seaomiinatios bWAG-®1/ 23545

d WD 99/ 258 t ' oA Sidiesi | ected
an o r%?:grglﬁﬁagg %?Lger’féﬁbrﬂ?ﬁnggé(,eor drERP PR Hin, ?é%g%%t:\%ﬂ pgr sel ecte

to favor I rst reconbination event. Thus, i'n one
embodi ment of example,pa ersedmbinatiomisitedcanu b guedified t@renhanes|spegificity ekl | ul ar
library conprj ked . MR : risi L4 St knation
cassette and %%§®g®ﬁ al %ﬂ?lleﬁw §eco%h@%né@a§%8@%@{ é\hrgécgﬁﬁ deﬁafi rst
r econbi natj onevemés eAt modifie riesanbinatid0sBé int be gamnerathe rsing stemdgrtond

nbi nat i tt i, S | ox 7l ' ' i th
o7t o pr ootecanguen e Tl “ERyAnpif not gl o chBIASERERENT Sbi ' o
a WIt Ihd tyﬁte) Lm&ﬂ’ifitédj‘s'me aAd bﬁltégeabtsial Selekﬁﬁﬁaeeﬂ&s_hlto,etggs% tSchlalieQ&BoldleJ nf
ano er e odal nen e r en .Cl al (0] a
cel lul ar 1ibr &3/ EB%QHQB?P%&E@Q? éﬁ)“&ﬂ%@éﬂ@%@%ﬂ%@? @/@51 20
recombi nati on cassgy h6tedMbréinE@o08dredbheinagor etedTbamabi sfedteb Refalier;,  Wher ei n

the first reconmbination cassette conprises_an attBsite, and efein the
second rHtonBRRHY] %fnacf!i?séqop@bdﬂﬁ'ﬁpi%v@é‘t-aﬂa hygy 1 QP?e@‘chﬂ@@\éﬂﬁf i on

cassette UsedsoBemfaMifRa%GELMGE Mattélea BB siedkei@br Kdt8ry dongHRBs hyngkai med

subject matter canfurther conprise a plurality of 25 reconbination sites
to thereby préifemesemne qompyisinecy fist recsehitation jasaetiagnd fesespamlglic a
recombi nat i onLa3BRtEn CASSHIMWhbRM Melifdt leImBIRARINUAI8ERe Sbthffsestdrat flank
an arbitrary intervening sequence. See e.g., Liu et al., 2002. Simlarly,
a marked chr olpy€6aite, aad whereindhe senoprireeonthinatiopl casselieMnNprigssenosdkset t es

|0 Substagi aliy £haceRbMRIngLWinOBxP RBBARSS Hiniiant R B AR APt e the
ef ficiency of reéeconpination. For exanple, two or nore reconbination

casset t es canrdgembieavitiulited!t o o wild typee/oaiistidi(Mbatt et aleyPm Areldai@.ng about
100 kil obases %é(?lg) I n anot her enbodi nent a regi on spanni ng about 10 kb,

i n anot her en% Yment a region spanning about 1 kb, and in still another
enbodi nent a regi dn asptuenemodibtat oflie phmsestipcaimsad subEciDaliar, as8i 26

POTYUS03/ 13522 MR HheE 7 hfat RuBRRETR, olubRERG: 25y
sel ect abl 20 mardeembinztibn @asesetichind a second allelic recombination cassette, wherein
the first recombination cassette comprises an aitB site, and wherein the second
recombination cassette comprises an attP site.
A recombination cassette used in accordance with the methods of the
presently claimed subject matter can further comprise a plurality of
25 recombination sites to thereby promote the frequency of recombination. As one
example, a recombination cassette can comprise a pair of recombinase sites
that flank an arbitrary intervening sequence. See e.g., Liu et al., 2002.
Similarly, a marked chromosome can further comprise multiple
recombination cassettes in substantially close proximity on a chromosome to
30 thereby promote the efficiency of recombination. For example, two or more
recombination cassettes can be located within in one embodiment a region
spanning about 100 kilobases (kb), in another embodiment a region spanning
about 10 kb, in another embodiment a region spanning about 1kb, and in still
another embodiment a region spanning about 100 base pairs.
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presence of a chronosomal site for induced mtotic reconbination. A

sel ectabl e marker included in a reconbination cassette also facilitates
sel ecti orwb 0af093ed | s conpri sing a honbzygous nutation fol IPO®iIUsSg3/13seiced
mtotic reconbination. Thus, a cell of a heterozygous library useful for

preparing a honozygous cellular |library conprises in one enbodinent a
mar ked chr onpsome Aggcembiegtion rassetie caapriorally §empEsR AFCRURF BrPSHY et t €,

wherein the Té'eie%‘iam%% Iraatd 18 1h8 présshes bihe S8BEBRMAKE ih@batbéM@NDI nat i on
site and a first selectable marker  proximal to the first reconbi nation

site; and (b)presenseont] ar ebiomsisomal gite toasisdyaas, Milede eferomhBIagedond
reconbi nat | 0%eﬁeé&a%ﬁ&%ﬁ{ér?ﬁcﬂ%d%&?é'b%g]b'fr?a%ﬁ@ é%%{téQl&o?ééilﬁat@@%gj@cltﬁgcond

sel ect abl e mar € secon reconbi nation site terms
"proxi mal "5 amd tellsstcahipriaing as ddmozygous awdatian rigllaving cioduesgtt initoticn t he art
to describe relative.positions along a chronosone arm The term "proxi mal "
refers to a frfe?%b'%g%'i on that is closer to a centronere when conpared to
a second posi ti on Thosga calgt ahletevongyone lileram usetul e psepayingafemazegous” di st al "

refers to a first sition that .is further froma_centroner r..closer 20
to a chronosdfRiviaf ﬁﬁfafmsmpé'éﬁw? é)get%“%oi@g%ﬁ g F?i%ﬁm&f%g%mga&’
chronpsone arddmpkRingP{d)m et feBémbinaGowtasbtionmiseratl the ¢igst eacontifimdtioar e
exchanged during induced mtotic reg,onbi naLion, rec rrbiI nat,i on cr?ssettes
are | ocat¥d iGRseeiie cempiseherirstecemPRidbsEe ahdsd ?‘fsgr%e %%’t'e Jrasrer

substanti al | yor6}iRRe 16 Qné st AeoRDiHAtiBATIIR; anbiS ?rﬁfseemﬂ résbritsihdtion as a
"centroneric" position. The phrase "substantia %‘?Cl ose", as used herein to

describe to aaspeliemvhprein the perashirereMRIRALoRs§ t SOTPRYiSeSC 8n FERRE e,
refers to a cREGABHAEN s%séﬁ%ﬁge dddndOdtfeciIdhaRBE diftaiStd R sadumdt 50% of

a chronosone arm I n anot her odi nent | ess than about 25% of a
chr onosone arfepotnhingiion Bitgg- 30 enbodi nent | ess than about 10% of a

chronmosong; arm | Ay ANeL Qe “pnﬁmj TRAL ik éf@aﬂs Hérein Ya8dording Moomosone

arm in anot her enbodi nent ess ;han about 1 %of a chronmpbsone™arm and in
still anot herconwboitimipribe lkdde destribe raladive positionsodlong arheRIesATRE affn A

S s T S
headi ng " GenecdWpped ¢ a s&tatdgubsiiootdner sangg/chromespmezsi. "CGartyetsaiyt trel | y
g Lgﬁ:; c ga(r)\f ' etfanr] “éigta?’ rgf%%s' ’ttoi aofﬂs%catsnfoﬂ 1Pt isatg:jdﬁgte‘f%m taoceﬁtraﬁ"lte%, Ioir EISSQNA
20 to a chromosomal tip, when compared to a second position on a same
chromosome arm.

To optimize the size of chromosomal regions that are exchanged during
induced mitotic recombination, recombination cassettes are located in one
embodiment at chromosomal positions that are substantially close to the

25 centromere, also referred to herein as a “centromeric” position.
The phrase “substantially close”, as used herein to describe to a proximity of a
recombination cassette to a centromere, refers to a chromosomal distance in
one embodiment less than about 50% of a chromosome arm, in another
embodiment less than about 25% of a chromosome arm, in another

30 embodiment less than about 10% of a chromosome arm, in another
embodiment less than about 5% of a chromosome arm, in another embodiment
less than about 1% of a chromosome arm, and in still another embodiment less
than about 0.1% of a chromosome arm. A chromosomal distance can be
measured, for example in map units, as described further herein below under
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centroneric chromatin (e.g., an al phoid). The frequency of induced mtotic
reconbi nation can vary according to 5 the chronosonal |ocation of the
reconbi nawpen/0gi4Les. See e.g., Herault et al., 1998 and PCO/Es3/88625 2002.
Thus, a reconbi nation cassette enployed in the nethods of the pr esently

cl ai rred subject matter can be introduced at a chronpsonal site (e. by
gene targeti g9 h?ﬁ@lﬂg neenatMappingiuSietedarghecway.dhe mhirsg |S(§‘H3t§f‘t‘adIYf requency

of in one emg rétbr snt%tﬁ%{hn?orla@adé?\t’?@a%FII@DN%@&%WW at | east

about 1 % in anot er e I ment at [ east about 10% and in yet another
enmbodi ment atcehtramerlabbwnﬂm%eQﬂssarr@iqmlﬁ)ed position- dependent frequency

of induced mtoti d using
st andard met hods ﬁ-rq%?‘%e arg%1J |ﬁ?u&=@'}n@ﬂcer€9 gﬁgtéﬁ%ﬂﬁéﬁlﬁﬁ%@f@sently
cl ai med subj abé chmimasonfaltdchtion pitbe iretosnhimatioodites o Seescg.cBaiauli et el ul ar
l'i braries pre, ed di,s BLEIN n Lt erest.
Repl i ca pl at %ggf ﬁg ra z%@%s L&y l%reggn'ﬁ%ﬁ'%ﬁgﬁfagga% %‘Inégge%g{}sh cel | ul ar
i Ibrarly Cag ]Elfﬁetﬂbd@adfetde eséntiyhelbimedssutgéet inatieracan d:zﬁmrtu@da@ed amaeﬁ Id n f
mul tiple, different enpt ypi ¢ ,assays, The in, vitro.phen t hods o
the 20 preserﬁhr?)"‘e(f%[ﬁaeﬁ?esﬁ%)ge& ﬂ%'{et@r %‘WA%%H&?& ¥ éné%gﬂa{ﬁé&i%he
][eqwt rerrentT hfr@§om§maﬁd€]ratat ?ﬁré@yﬁeh@?bﬁn&fr@%fhbdﬁgﬂeﬁt whieabt a@ommlt%amqe gene
unction e term eno refers an serva er
or gani sm' ha?c“of@r(f@g@ﬁ’ﬂ@ tqﬁﬂﬁ?ﬁt ?q’fé‘tée/‘?a('fh@’Y‘?fgert?{Bb%‘is)@‘gﬁf)%ﬁgasl\aéﬂ‘étnotype
can be furt hieyo, iR e EInoBRs effbodiebint atiegstpott 2099 A€ RRfuired,fpasition-, an

i nteracti on 25 between two or nore non- genetic factors, an |nter§ct|0n

bet ween a gerfépepdentoieauensy of inevragemiRTic recambinatiosy cam benempiEedllYon _
bet veen 10 QfotgMed8AF g olhiARGRASIHABEH O factors. A non-genetic

factor conprises an environfent al condition or exposure, for exanple a

habi t at condillli on /n¥itrePbenaiypiagtivity or exercise, diet, a drug
L1 eat mentye and Conbicnaiueanfy LARREM R ThRcE 7 PhBIRENRREioad gy nat el y

expressed 5herel n as henot ers to a method for assaying a
phenot ype. A sehestonyedliuar hleltaneel pre@aremi asclieclesadd@irein ta aspespaphenatype

hi-gh- t hroughp &Hrgrs@efs'frahg e%]at%e?)?eslﬂ{e%g@]ygbﬁg ell Py 1 Iﬁ%ﬁl‘z oPh I*Foprﬁ)z 56(]55 of the

library is rapi HsS 68 |sp ype o I nt er est
can be sel ectatiylaatiorasytareoe prepapdts sottyihiahg smha Ilﬂ:trary @8 WWGO%WG

e eh e b eCTr S RE Bl A R 8 e,
al . 20 presently claimed subject matter advantageously eliminate the requirement for
generation of whole organisms in which to evaluate gene function.

The term “phenotype” refers to any observable property of an organism
that is dependent upon the genome of the organism. A phenotype can be
further characterized as modulated by a non-genetic factor, an interaction

25 between two or more non-genetic factors, an interaction between a genetic
locus and a non-genetic factor, or an interaction between two or more genetic
loci and non-genetic factors. A non-genetic factor comprises an environmental
condition or exposure, for example a habitat condition, a leve) of activity or
exercise, diet, a drug treatment, and combinations thereof.

30 . The term “phenotype”, alternately expressed herein as “phenotyping”,
also refers to a method for assaying a phenotype. A phenotyping method isin
one embodiment amenable to high-throughput formats such that a phenotype
of each of the cells of the library is rapidly assessed. Cellis that display a
phenotype of interest can be selected, and subsequent phenotyping can be
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di scl oses a nethod for screening a heterozygous cellular library by
detecting the occurrence of nutations in a gene of interest. For exanple,
a gene ofwb mBntaeest can be anplified by PCR, and the seqeemasoviscehe
anplified product can be analyzed to identify genetic nodifications. Thus,
a screen conducted according to the nethod of Wychik et al. requires

det er m nat i orpespraedin ehimerig neiopedordenisaisn s deecrtbed\isyeinibelost al. | the
present |y cl ai med pysbiygeinagBhAicPunitdid N, 499 b9RYa6F b Unelorlt ki 2l es of
the presently clainmed subject nmatter can be screened based on a resulting
phenot ype, whlisthoseara inetosiforscrbgnine adieterozygedisfceldar Hranfoyggiestogus
segregating | r ' oach as

i Sl osed hendy SoBmLS R SinaERGRE Lo Qe 3 eRisE £ s ERpd e

contri but & t dntargsheaobepenglified by RGR tdrel thasequénasl ofgbeeniplifiechprodoeipl ex 15

traits). In one enbodinment .of the prese . [ ubj r, a
screeni ng né’taﬁobc? YZCWQO gﬂgﬁ%g%r%'giﬁors&i t'%ﬁaﬁ?ﬁ’bﬁ%@{ﬁc eréﬁn each of
the cells of ddaerdieid theanethod bhoycliket ab esyuiresrieterohirchion wba omeant
Phenotypi ng of a heterozygous cellular library is used to identify

domi nant nut H5"8H®S hat confer a 20 phenotype of interest. In anot her

enbodi nent of the |prRsaast 16 WochRetS4Il A6 tpreBdrityr claitneds sulsiesti mgtteret hod
enpl oys a honozygous cel | ul ar 1 [ [

r Tibrary. In this case, a .phenotypic
scr eeni ng%f RrAddes H}%P?"Li"%lreliﬁr'f“ﬂ‘?%‘% t%/‘éE@@PU%C'W%‘&%@CWH%F”%EP& a
phenotype of d-pd &R asedor B ras@tiignsdiyel Whidhecat BE ealised By géma&_ subj ect
matter, in vitro phenotypi ng nethods of t he presently clajnmed subject

matter are cdnadifieationiof anyigcks se@pyatinogans markegchraraesagiey MPRENOYPICep| i ca of
a cellular li | j ' [ 5 inusestird rectly
for phenot ypi%g@%%{%ﬁ%%ﬂggglspﬁf? Hﬂe&dr.%lﬁ'géa@% gF%ngéf}g? glrrllt I ggcr@ai med

subj ect mat t decidlaat coptribaie toer rhenelPe edhyn Hetasplohplgadsnieaand CoRPIaXdi ng a
96- wel | q%r%mi@}e as well as higher density formats such as 384-wel |,
560-wel I, "864-wel'l, 1,536-well, and 3,456-well mcroplates. Representative
prot ocol s and i nstinoneetodionerf of the peasgnty ¢laignasksubjdrh sedtenesateening hi gh

ct 2. 1008, MREPPeRHag FeEeligols Yo BB A Pkl BRI RO AR 56 0 °°
Mere et al, 1&80iaralivary cohgrisps az envarkébecioprisosed s@headtypingcelss of

generating a P?e?lenlo%/gcgusl clzelﬂlrﬂ%rr P{braRns? lrJ]sOetdﬁg H?a%tify dominant mutations that confer a

20 phenotype of interest.

In another embodiment of the presently claimed subject matter, a
screening method employs a homozygous cellular library. In this case, a
phenotypic screening of the library identifies recessive mutations that confer a
phenotype of interest.

25 In accordance with the presently claimed subject matter, in vitro
phenotyping methods of the presently claimed subject matter are conducted in
multi-well plate format. For example, a replica of a cellular library maintained in
a mulii-well plate can be used directly for phenotyping assays.

The cellular libraries of the presently claimed subject matter can be

30 screened in any microplate format, including a 96-well microplate as well as
higher density formats such as 384-well, 560-well, 864-well, 1,536-well, and
3,456-well microplates. Representative protocols and instrumentation for
conducting cell-based assays in high density formats are described in, for
example, Kolb & Neumann, 1997; Dias et al., 1998; Maffia et al., 1999; and
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the library, and selecting one or nore genetic variants that display a
phenotype of interest, can be repeated as desired to uncover multiple,

i nteractiwgogessaté c 5 | oci. For exanple, a nutant cell of pPaTRISIB3EEOUS
cellular library, which bears a nodification of a first genetic | ocus that
confers a phenotype of interest, can further be expanded and nut ageni zed
as descrlbedthee#ahaﬁﬁweamvhe0”E%9h&§$ng derivative cellular library can

then be used to pep oifided 3 oRASRR KR BRAS S KILBIED DN aRSAEC

interacting genetic I'OCUS TS |d
Differentiat ltmlb%srynam¢sbla@mlame@bmmee genetiglvatianis that gisglay agihenalyPer esent | y

cl ai mred subje tter, c | whi ch
are induced toﬁmt%'gstr 8?%%?%&8%%[)83%3 ges) rgégogndc% Q’% ] %ﬁlhﬁe ﬁﬁeé{:ﬁ?@ ggsay.
Di ffeL Ient pat ﬂl@; ®or lex%rpplepamﬁma;ntcell of ajnoraozycggus celldlardlbrarb,elvhltr:fdbﬁﬁafd by any
sui tabl e met hod i.pclu 5 but not t.o
factors, pro® 'E?‘éiﬁc%\onéﬁ% fﬁé‘ E%%{hﬁg%@qersa%@?eé@{}@%qq{htg'fe\?mpt % ot her
cell types | fuite issrteghndsd anbeh@taggan@d tay aempniped thezeidi ddoveenthat ed cel | s
is limted, such that the dlffe ntiated E%% at i 05 t?s 8I§ubstant|ally a

a

single cell t§pitinggderatrpslluladipragyican P1&e PHuEcBY"T o devel op

as 20 di fferp?\@hb@]@)ﬁ’@ éé%éy“vﬂ{éfé@ysa cMINdS intdradting gekRR8E loduBlid islentifieid. al .
1993; Mlle HancCe ét 993; Maltsev et al., 1994; Wbus et al., 1997)

myocyt es 1(3M N er-LHénc grgiDior iONRohwedel eta!., 1994; Rose etal.

1994), neural cell , | gént@lclaima® S @trubl ng
et al., 1995; &aégng)?%aﬁbreiﬁtababe ééﬁ@ﬁ;l{ﬂéﬁ@ldgm&gelr}?cawl es gJLZKeIIer

1991; Hol e &r&xttermanlggmpn?@lnr%qursqgmﬂy orogfegy Pelise yyhieh @fey fpduse 1997)
epi thelial celds ﬁl%?«g%% t(‘?tcoﬁallxctlnéga?ﬁhe?tgpﬂiﬂbha@sh?' Dlﬂ‘&le'nﬁat(dﬁ' sey et al.

1988), and VASCUT Arg sal et : 8; Weitzer et
al ., 1995; Drpmbcursoraiell ot @GTYm chibecarvlss intioeed hxda@ngtab@ nneihard inglydieg.ent i ati on

invitro, re k“me%dttggrog{sﬁ%neqf%‘?@mﬂ%&& b%@:s Qﬁ%%%cfh Bub§rd@und i n

the ref er ncé’é‘tp cite erein a ove. See al so
U. S. Patent NoslcoBcBie W8H ottter 268lMtyBdS|n cmeoasb@@mens hetgogaeity emppg, 911:;

DRI T s Y e
or neasur abl eugeRIntialy & singlesceallsgib.t o phenotype a -40 WD 03/ 093426
e ey Al g € UE3S0L Y, LA, e b o
but are ngf |difdreptatb@ cardiocytes (Wobus et al,, 1991; Maltsev et al., 1993; Miller-
Hance et al., 1993; Maltsev et al., 1994; Wobus et al., 1997), myocytes (Miller-
Hance et al., 1993; Rohwedel et al., 1994; Rose et al., 1994), neural cells (Bain
et al., 1995; Fraichard et al., 1995; Strubing et al., 1995; Okabe et al., 1996),
hematopoietic cells (Wiles & Keller, 1991; Hole & Smith, 1994; Keller, 1995),
25 adipocytes (Dani et al., 1997), epithelial cells (Bagutti et al., 1996), endothelial
cells (Risau et al., 1988), and vascular smooth muscle celis (Risau et al., 1988;
Weitzer et al., 1995; Drab et al., 1997).
Methods for inducing cellular differentiation in vitro are known in the art.
Representative protocols can be found in the references to particular cell types
30 cited herein above. See also U.S. Patent Nos. 6,322,784; 6,294,346;
6,033,906; 6,093,531; 6,129,911; 6,117,675; and 6,001,654; and PCT
International Publication Nos. WO 01/29206, WO 00/28000, and WO 00/27995.
IIl.B. Phenotypes
Any detectable or measurable quality can be used to phenotype a
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a visible phenotype (e.g., a norphol ogi cal phenotype), a viability
phenotype, a nol ecul ar phenotype, a differentiation phenotype, a cel
behavi or aWwophessaee/pe, 5 a susceptibility phenotype, a rePCIUBNYE625
phenot ype, and conbi nations thereof, as described further herein bel ow

These descriptive categories are not stri ctl)é_ ‘defined and are al so not
nut ual |y exclogdylge librasyr dsthet Brasoative elaiped SUDIRSE dPatlRtd  IRaPEISENERIVBw ar e

exenpl ary angmgﬁya\enggtafefﬁs@ deQsdd ichitlras chiPRcfic basfavol idteddn be

performed. 10 Ce Ity Phenotype. Any clone that is not recovered
fol | owi ng i rkigible phienotype (e.gc emirpbelpginalahenspek giviabiltypipncdes, a

candi date Ce%olle@ﬁl&?éhoengwp%t 4 Siﬁe&ﬁii%@%é’%@% Eell ﬁéﬁéﬁrlec{r%%pgﬁﬂgﬁés 0 be

assayed in response énvi ronnent i tion. ell phenot ype
can be detectaeshsogptidiidy phemyjyre, reekistadcapindretypel Bnd combivetions tbereef,abl e

l1's. Viabil]jt - ol trat
For m t ochondtt el Brigaieatephlrre e iy b Giet o nofyiss (*,0
l'iving cells definetheardbizestaisb col onutoalyr exclldive. (Rbpreserpiies enamplese

viability | ncf cators, Laclude, 3 (4 Sihehiuld Rirahiad ol ot gheny!

2, 3- Bi s( 2- metdygxy titht 8hh beperistthéddphenyl ) - 2H-t et razol i um 5 20 carboxani li de

(XTT) (available fromSjgma, St. Louis, ssquri,, United States of

Anmeri ca) ,1%and net @ﬁﬁé@mné\”ﬁ%% g‘qiréf mg|f?°£é!8fe<s’n@°ww9| i vi ng
celI's to prodyggdal HigotRNEcahBingsor Hd@AedioRIcofptiEss alcaf@asteicetlgthalMet hyl ene
bl ue is decolorized drogenase activity of living cells. See U S

by deh
Patent . No.  STEiSHomEOUESoN| Gl atalish 6b AlRke astayeddr FSRoBPR daRa,

phenotype" reffirntental coifdist abl e feature of nolecules in a cell or
organi sm Representative nol ecul ar henot ypes i nclude, but are not |limted

to a level of gend estijetegkahenolype gan badeteg Iby(ﬁbSRNK‘Qﬁregu?%m'?ﬁr

protein) 45 pcfr%‘o@{aﬁbé‘&%wé?@éub.om bifiReeite e{bs@féédyf&rléx&rﬁp@; by prafidfiaZy Me
activity), a level of lipid, production of a lipid type, alipid 30

nodi fi cati on,a aubsivase fof raitachond/itt stebydipgenrss: iwierein eetaobyRyefrtee type, a
car bohydrat e | £ ] on, | | : 1 . ~abservi ng,
det ecti ng, an%}%gﬁé{ﬁfb%fyﬁﬁgceﬂg %@@?Qértgg%gﬁ%@h%y‘%@%n%%. géséért%etlrvgd | evel s
of NRNA t r ansdabiliiy ndizgadonadndiuderBeids-timethnihiakolet2eyl)-2 5-diphanydetrazofie® Ausubel ,

Looc: L. ASi0in SR, AP Rl IR R B, 1002
protei n o ucdanbexanffide (XXaNtalalabtefodm iSigmes, St.droudbe MissoundJritet Stadeyefant | gen
America), and methylene blue. MTT and XTT are metabolized only in living
cells to produce blue and orange formazan products, respectively. Methylene
blue is decolorized by dehydrogenase activity of living cells. See U.S. Patent
No. 5,858,687.
25 Molecular Phenotypes. The term “molecular phenotype” refers to a

detectable feature of molecules in a cell or organism. Representative molecular
phenotypes include, but are not limited to a level of gene expression (e.g., a
level of RNA or a level of protein), a protein modification, a protein activity (e.g.,
an enzyme activity), a level of lipid, production of a lipid type, a lipid
30 modification, a level of carbohydrate, production of a carbohydrate type, a
carbohydrate modification, and combinations thereof.
Methods for observing, detecting, and quantifying molecular phenotypes
comprising altered levels of mRNA transcripts are well known to one skilled in
the art. See Ausubel, 1995; Innis, 1990; Koduri & Poola, 2001.
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conj ugates or conplexes include but are not limted to centrifugation,
affinity chromatography and other imrunochem cal nethods. See e.g.,
Manson, 5w099A934behi kawa, 1999; Law, 1996; Chan, 1996; Li e¢d@luso®idseeks,
1995; WMasseyeff et al., 1993; Wal ker & Rapley, 1993; and references cited
therein. Additional nethods for nolecular analysis that can be Ufed in a

phenot ypi ng assayinuhunaesepicséapnrpgchassamba usehiosbaraciarizea AreleiniRYE! ni gh

per formance | gHi G i | i Letiesi s, and

D0 rmss spece & lsfeif PRI BRim e dechnigigtor UBlaify B e oy sao.
The ter m " massnjsgaies oo remplexesinclusiedus @renet linsites o eeptrifagdiongadisity i ncl udi ng

but not Iim t - t - liquid
chr omat ogr ap%@rg%ag%&gégg ? bg @‘33 Eﬁ@@ﬂ@?ﬁﬁaﬁg@% E]J(Sjéelc{s'rg rgpe%éi é.%:nl\%@)sson,

spect r ones r y 1908 MRjkawent 1909 hawj S1986; IChaer 18860 Lisidethrd iWYaekat 1999; mass 15
spectronetry, {MALDI. - , JLiare-af -fd igh ) ; = VB) ,

el ect r ospr ayMeSARER %%( ﬂrg%ﬁ%%%rt%’ gﬁgtely m%ﬂ ?)%%{epﬁtﬁé éﬁ%gc?-raﬂséggﬁ
spectroscopy, fi ehdditieh# anethods Sors pesiécudare inglysianiiat cabibemtusetsntder eof .
See e.g., Maurer, .2000; Kar et _al.. 2000;  Kowal ski S e 2000;
Gitfiths et Phgpotypipg Assay) °§?‘%a’?@ﬁ?”%§%"%‘?‘io“?‘?’abe£§;m%féio"z?&géé%‘%ﬁ 093, 300;
6, 057, 543; 2QefiodahceNRjuic chddalagtaply 1ABLOS %apiliafp 2lealidphaasisy efier ences
cited therein. Determ nation of nol epgul @Q%G@Oé}l e ﬁan al so conprise a
reagent-1%as€@3§§§89t,r0%*é¥’é"hécrb‘?agﬂé€f adanied g @BH MASESpi ¢ si gnal or
a fluorescent sigpdlerm gm%@%Eécﬁanﬁétry"%OQé&ﬁhbﬁeirprrét\é'r§id)teohﬁiqaes
chronogenic or fluorogenic su

C i i strate.” For exanpl e, chrom)!}:;?@]i:1 nd
f1 uorogeni ¢ HnehutingbeNnop Emitemhtogas chermalagmpinynass sperkeet m
activities, i | | S@B-va) dRls8E8SsorptidPeRS
am dases, epggﬁgﬁ%?ﬁgﬂg n&?\%eg% é@gﬁégﬁaggs. %ees_e.@/g. ,'or \ahl er fﬁ Reynond,
2001, and refpearareetnci(LBdVIS), haedinassiiadolasele SL8PPHOBMNIZAERt M78S been
devel oped.to [ ( r hipL e [ nRGCiTOFag),c and
fl uor escg?\t s?Pg‘ﬁg s(,gﬂ)lhn@h%lﬁ%éﬁiﬁ@?%%g#?s rg%)m%(%%fowrmn}(cs (V\a,t ertown,
Massachuset t Slectiosprag  Sorizasipnof magerespeciometiye r G Phatangdeny mass

Bi ot ech/ Mol | ' i L 3k t f
Aot oa) Ao SPPatPRP B el sleRE SR sBctrd iy, ShdbdbibdrEinerdr 8ed o
Anerica), ane.gemanier, S0y Kamssetlahc20q0itowalskp &\FoakL02000:6C Hiliths 03/ 13625

Lo ot e S oaBTLES BHR 208 Y 658 o 1B Bk sy ves. The
20 6,017,693; 6,002,127; 5,118,937; 5,952,654; and references cited therein.
Determination of a molecular phenotype can also comptise a reagent-
based assay, where a signal, for example a spectroscopic signal or a
fluorescent signal, is measured in response to provision of a chromogenic or
fluorogenic substrate. For example, chromogenic and fluorogenic substrates
25 can be used to assay a variety of enzyme activities, including alcohol
dehydrogenases, aldolases, lipases, amidases, epoxide hydrolases and
phosphatases. See e.g., Wahler & Reymond, 2001, and references cited
therein.
Common research equipment has been developed to perform high-
30 throughput detection of spectroscopic and fluorescent signals, including
instruments from GSI Lumonics (Watertown, Massachusetts, United States of
America), Amersham Pharmacia Biotech/Molecular Dynamics (Sunnyvale,
California, United States of America), Applied Precision Inc. (Issauah,
Washington, United States of America), and Genomic Solutions Inc. (Ann
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generally refers to the ability of a precursor cell or a stemcell to
generate one or nore differentiated cell types. Particular cell types can
be assessw0,03fm426 exanpl e, by norphol ogi cal inspection amdrarse3/13625
determ nation of a nol ecular phenotype as described herein above. Cell
Behavi oral Phenotypes. The term "cell behavioral phenotype" generally
refers to ceArhgraMichigany UnitedStatesolAmedta). adhesi on or attachment to a
surface, cell a09paalliBfon PHdnoifieh! [ tthe a6t iihiion Coenogpant h, cel |
tropismor 10 aversrom, etc. For exanple, a cell behavioral phHenotype can
conprise a f gengratysefers to Heaaliility oba precurspricall eba gieonyaicipigesetaie @édcr i bed by
Wbus et al. 001. . l.qr al t | S tg,of cell
growt h can be" %Wg%ggﬁéeréﬁla#%af%g@&h%{’epa@&% (iqhﬁ%pﬁ%g%%ﬂf%gﬁﬁ%g %ﬁr ker
(e.g., ansamexanplel bylfomhbliogiEa) insBeetidd. Shd/Pateiermiation Bf @1motegalasnd

5,707,798. Cel|ll divisian can be red by quantification of

br ono- deoxyuphﬁ?ﬂgpe ?ﬂ@S‘?’%@ng%ﬁqﬁgs&ﬁ Hoechst - et hi di um brom de st ai ni ng
as described by Pgkll BdhavibraléPHemotypb89 7Thdeqrre Seqiit d¢haveoralsplarotype’
measuri ng chenot axi are

s, far e l e .20 chemptaxig, to chenpkine
descri bed i n9PRYRHY FIEredp C&F‘ﬁg'p %866'.93 Sﬁﬁyéfs&?@aa%%ﬁ‘”bﬂfeﬁgﬁ’ﬁlee "0%e term
" physi ol ogi calirfke el ¥eeregariecall otiltgf edlisditision heelprosibs selbtradisthan
conductance across a cell nmenbrane. Representative neasures of a
physi ol odP caPVPEE e include, for exanple, a resting menbrane

potential, an anmpkpf sen®é, d EBeMaGHraipherelyss cavtenplisd & freq@ehcy
pernmeability across a nenbrane, etc. A physi ol ogi cal phenéb%; e can be

assayed usi n§eaiing eetivininersdRRYRAYIES as deacriied by, WePysiehg- acel | ul ar

single unit vol t age.djeseHatiorsl pHeRblype &dmtlrRing’#rkt8ast celleftonh &dh byol t age
cl anpi ng, and patch cl anpi ng. Représentative "net hods for physi ol ogi cal

anal ysi s can nirasticathdor exaimpe dypliwantifyingsa loslwar marisr ée-g. raonoud®f DerFel i ce,
1997, u. . LAl ' h | b
A s B s o 120

assayed by d m’nin tracer ions, for exanple as
descri bed by Catt ellidivigion ean be m@asureddysyantiigatian of booo-dexpiiding of

oot oA DA HARRL: SRR B o 5RO Bog b ol 03/ 093426

PCT/ US03/ 1362%°'% clum<Toncentration, nenbrane
potential, amdWalker, t98¥.can al so be used as indicators of receptor

stimlation and '?pep(r:(—:hsaeﬂ{é%lve assays for measuring chemotaxis, for example

20 chemotaxis to chemokines, are described in Proudfoot et al., 2000.
Physiological Phenotypes. The term “physiological phenotype” generally

refers to the processes of ion conductance across a cell membrane.

Representative measures of a physiological phenotype include, for example, a

resting membrane potential, an amplitude or frequency of evoked potentials, ion
25 permeability across a membrane, efc.

A physiological phenotype can be assayed using any technique known in
the art, including extracellular single unit voltage recording, intracellular voltage
recording, voltage clamping, and patch clamping. Representative methods for
physiological analysis can be found, for example, in Sakmann & Neher, 1995;

30 DeFelice, 1997; and U.S. Patent No. 6,174,690.

A physiological phenotype can also be assayed by determining the flux
of labeled tracer ions, for example as described by Catterall et al., 1981 and by
Reith, 1990.

A variety of fluorescent molecules have been described that respond to
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activation. See e.g., CGonzales etal, 1999; Denyer etal, 1998; and
references cited therein. 5 Specialized Cell Function Phenotypes. For

cel |l s wi twogpeei4ad i zed functions, a phenotyping assay camCaltso3/coepri se a
determination of a cellular activity. As one exanple, a phenotyping assay
can be enployed to determine a level of T cell activation or cytotoxicity
as descri bed chyngesdn deiracetidar capismegaricpnlration, pieaHtans egtentgleand pPih
Suscepti bi | Lhy BeNgS KDGieel Shahdcire JrcRBploRSgARth 6ABASH ol 1 ok for
di spl ayi ng a phenoty |mte to any phenotype noted
herein aboveacﬂ’ﬁm’uoexﬁepb@,, @omlﬁ@eqwl Ul%Bt@en){ﬂﬁeh@hyB@s &ad referanerse an

I ncreased fre uq?g}% .of cyt ot oxi C|ty In the presence of a drug. Resistance
Phenot ypes. % the term "resi stance phenotype"” 15 refers to an

i ncr easedscapaci tggbdalmdi Stll ebuncters iRenofypas.phEonteltse Withcspatialiged but not

limted t h ted h bove. . : st
Dhenotype.camndss AnRap iR SReaey Fal 98P ROTRuSe) oGkiRblon Gadiilall 2N0C
anot he{ gx?nlabﬁ\{nyaprsaﬁi&éxanm , BipteablypiRgEasayg cae empnoggdumedietermmel 099, 20
susce 1 DI 0O VLIra In SCri arl ,

| V. I\/gppl ng @?emoaﬁtcemeﬁwa%ﬂ@%P)é‘g@ﬁyaa@?ﬁ@&\éﬁ)/ﬁg %)fopth,r further

provides an in vi Shgcg!@bm%hén@fyg@ﬁpphé\@rm “Q@%@bﬂ\mhmpﬁeﬁo\ty@é’ irefersaonf erri ng
e net hod

a phenotype of inferes ri ses cul turin n |solated
cel | conpPi sigigneieases caRRdly Hetsk 0% fisp é’(hieg %FB%% ncluging g‘ﬁ@

random genet j 'an t\é@rtbaa'ﬁg)phe b@%te%l Ré‘rem%dv@t | é&én{p@mmmbnmw 'sis

pr oduced; ing the genones of individuals within the gopul ation
of reconbi narwheneﬂypg cammm@rw@;ﬂrupcr&amfbfﬁ%ﬁgﬁ@éyof%@%ﬁﬁv'af*&enﬁ%fﬁne | ocus
that nodul at & !? phenotype is identified. The term "reconbinant cell" is
used herein to re %r to a cell that has undergone a random (non-induced)

mtotic reconbl nafesistance Mhenotypag.eCanvegeely e hergbiiesisiaace BoeRMYRE s
heterozy Adigiisget hod can
For ther Gy B R TP ST B0 5 rodt 8RB Son PR pheRL e kil
genetic vari amm::nm lmtq@o’pulaaylmenompprn@edd\ﬁems@ﬂ)@@t alfics examue, at o

t hereby sel ect ceIIs r|S|n A 2O

087 059426 POTPHSEaPE SERROVPR B ERTPAE Flack VALY H@?@%’%}a%%ﬁfee 61aacel |

conpri sing a heapidide geambther axampata resistance phenotype can comprise reduced
susceptibility to viral infection as described by Bedard et al., 1999.

20 V.  Mapping of Mutant Loci
The presently claimed subject matter further provides an in vitro method

for mapping a genetic modification conferring a phenotype of interest. The
method comptises: (a) culturing an isolated cell comprising one or more
heterozygous genetic modifications (i.e., a random genetic variant), whereby a
25 population of recombinant cells is produced; and (b) mapping the genomes of
individuals within the population of recombinant cells that display a phenotype,
whereby a genetic locus that modulates the phenotype is identified.
The term “recombinant cell” is used herein to refer to a cell that has
undergone a random (non-induced) mitotic recombination event to make a
30 chromosome that comprises heterozygous segments and homozygous
segments.
Optionally, the method can further comprise selecting from among the
population of recombinant genetic variants a subpopulation comprising a
selectable marker, to thereby select cells comprising the genetic modification of
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can be generated via random nut agenesis and typically conprises a

het er ozygous genetic nodification. Thus, expansion of a cell derived froma
5 heterozygmas9aed | ul ar library will produce a popul ati onPefi/usos/izmseent
cells as a result of mtotic reconbination. In one enbodi nrent of the
presently clained subject matter, the culturing further conprises
contacting thdereal.ture with an agent to pronobte nitotic reconbination

during expansion gf dEQ&;b%thteY%ﬁabg?é)r (ﬂ%g{gr,\éﬁ Hg&nld%%ﬁ[g@arﬂa(pﬂ

i nhibitors of DNA repair sah I ca tor or exanpl e,
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anal ysis of a tar gﬁénd@ﬁbtﬁlméﬁkofgﬁmbsawtiy@la?mdptﬂo]sd:mnatféln,eheemmhng of a
mappi ng nmet hod can be expresse

t t
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genes on a Cly BEsesq}‘\%Iqu%ﬂpHthdeﬁMtlveb@dd:l@é’é rﬂ&s@-tétl%qmmh?tl on
frequency of 100/o A centi mrg@ylé?haﬂr)l ndi cates a 25 reconbi nati on

frequency of 4ipwidylyperphénertetra o N-mefiybmesorerehwind X (BIMM), v a1 ue
cal cul ated a%aﬁb@uéaeﬁ%g gnﬁ&s Oye Rotommisthatihot kol ind@imgleisber  of

progeny. A mappin e nethods of the presently clained
subj ect matter |sT!;ert@f(JTSémalpolnlg aad &6 roapping oassed tb‘ﬁerﬁlé%’lﬂeéﬂ%ﬁ of a

target 3@ | (?gfté?t Tr9§re5§0£'}é5891%50 @&o‘r‘f?‘i@g ﬂgn‘éb@oﬁf@;rﬂ nBBIQFe pAoObabi I'ity

of det ectl ng a genetl s in o ment 80% in
anot her enbaybsmjnbamﬁ% ekperanett enpleys nkageranalysis ofamdarigat loeds landnot her
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20 genetically determined alternative sequences or alleles in a population. An
allelic difference can be as small as one base pair.
The terms “Morgan” and “map unit” each refer to a unit for expressing a
relative distance between genes on a chromosome. One Morgan unit (M)
indicates a recombination frequency of 100%. A centimorgan (cM) indicates a
25 recombination frequency of 1%. The term “recombination frequency” refers to
a value calculated as a number of recombinants divided by the total number of
progeny. |
A mapping method employed in the methods of the presently claimed
subject matter is selected to have sufficient power for resolution of a target
30 locus. The term “power” as used herein refers to the probability of detecting or
mapping a genetic locus. Power is in one embodiment 80%, in another
embodiment 90%, in another embodiment 95%, and in still another embodiment
99%. The power of detection is correlated with target gene strength, and is
optimal when genetic noise and environmental noise in the mapping population
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The term "target gene" in the context of gene mapping refers to a gene
that, when nutated, confers a phenotype of interest. 5 The term "strength"
and "tar gwo ogeys26t rengt h" each refer to the percent contcirhispd/os2df a
singl e gene to a phenotype. Gene strength correlates with ease of
genetically detecting a target gene. Relatively strong target genes are
easi |y det ecisdew. Conversalyt thernawar iof deteciipruir dininished bM%ﬁf’ﬁ'%an'%e 889 conpl ex
traits, ande%?on%érﬁQ ked by environnmental noise. 10 The ternms "genetic
noi se" and "genetic background” and "residual genotype" as used herein
each refer to a | Ehelernfiajgeiaene” indhe gontent of gene MARNKENG REYBIA YeRPer i nent ,
geneti c noise_i.s, Qv r 1 ic diversity. A level of
geneti c noi sg"aé’g‘“r’]"‘%‘eﬁﬁ%gé&rfi @&‘f%%ﬁ@‘g&%g{ i?‘ﬁ%‘geneti c noise =X b; xi , 15
wher ei n b5r epr eseThsteparistrangtieTrayiditavgetagenelstresgthSeaahuefes fo befpeseent x

represents ena e, and i.r ese rwnb t Ss. Thus,
gelr[:eti ¢ noi s&" F'éﬁ&é‘s%fﬁ? g'ngles%ﬁ%reot?) %Fﬁ%r?oéYSUbg% F?fﬁplglgﬂhecﬁlggt%&g@ ﬁaI I
nﬁn-fgrget I@eir;le cpgjﬁrre;imuyide@pqtihg aaar@bEgm*_iQ(p’mlathety stmlngyargeh@rmr%eirﬁ noi se
shoul d approach, zero for . maxi. ensitiyi of ge . e terns
"envir onlrorgnt &PS'Wdf%@te‘gn%eneesn‘%'m]%)?ﬁ’gﬁ@é{‘fe%giféﬁtﬁ88&‘5‘8&328 gﬁjg@gxﬁé'?séi n each
refer to a | guelar@biteinasraNBbMAironaidngdlinelze. | N a gene mapping experiment,

environnental noigse is inyersely correl ated wth experifental .replication
of identil@al geno?%é@(mq:\éger@i'ﬁn’iﬂ'%‘? igﬁ}?ﬂl@rﬁaﬁgﬁ%b'f‘geaf‘g eyt i cant

when al | i ndiggj 8y Sasilise dHEréiH®ackPéfer® & overdT\geheiidedtizalonnt agendS shoul d
approach zero for maxi num sensitivity of i

f _ tivity of gene nap%:drbﬂ | n ac&ord nce with
t he met hods Gﬂﬁ}nﬂfﬁg%Pé@'é‘ﬁﬂiyﬁ%@%r}?&?‘%\ﬁ‘ﬁ?@@'ﬁ’cﬁﬁ?lﬁ , t_hagql?ﬁb‘b_"r‘l%fs thod can
conprise an 'A”Ibflél%f GRERIFsiYE Eigh BE BBsdibeByahe BQRtoat i on derived by '
expanding a cell coffprising a random genetic variant. The progeny are
genotyped to define an approxi m@eselc ngseiier val in which 30 the target

| ocus regides., A. j.on. i.s, i A1 i r ppi ng or
vari ati oSt NFEBR e BREhls Yhris s Y e b it RSBt KT eseRREE 1P e
genetic pol ynenplypsendirégreserisie number of ion-tdefet genes. theisyganeticopisher

Vari abl y i FeREares asyara mgegoena o R i SRR log Sy T
power to detegta phéfotyifd.030PRB4RE tRETJSAS/ k2 Shogd nagiproadhoeeronfdrh smal |
effects. Teck;\qeilxlugﬁ1 Sfecl)qrsmgig\gf grga epr%qg iﬁé.e wel | known to one skilled in the
art,
20 The terms “environmental noise” and “environmental background” as
used herein each refer to a level of environmental variation. In a gene mapping
experiment, environmental noise is inversely correlated with experimental
replication of identical genotypes. For example, environmental noise is
significant when all individuals are unique. Optimally, environmental noise
25  should approach zero for maximum sensitivity of gene mapping.
in accordance with the methods of the presently claimed subject maiter,
a mapping method can comprise an initial genome-wide scan using a
population derived by expanding a cell comprising a random genetic variant.
The progeny are genotyped to define an approximately 20 cM interval in which
30 the target locus resides. A map location is then estimated using interval
mapping or variations thereof, wherein linkage analysis is performed using
additional genetic polymorphisms within the initially defined interval. Further
evaluation of candidate genes within a small chromosomal interval is variably

difficult depending on the resolution of the mapping and the power to detect
- 46 -



i ncluding I'inkage analysis (e.g., Wlls & Brown, 2000), |inkage

di sequilibrium analysis (Kruglyak, 1999), restriction | andmark genom c
scanni ng WBILG8Y3436 ( Aki yoshi et alL, 2000), and radiation hyomiusosreisps ng
(Schuler et al., 1996; Van Etten et al., 1999). Any suitable mapping
techni que can be used, and it will be appreciated by one of skill in the
art that no g&n@ﬁQﬂQ@aﬁltl’tﬁ’ﬁalb@ffﬁ@S essential to or a linmitation of the

presently clai ”Ed g% aﬁﬁm@@‘?meﬁrkﬁo»%&@%ﬂestﬁle@me@ppl ng is
| i nkage anal ysi s ere a W pe is correlated wth one or nore

det ect abl e pmio}udmg)lml@ge alnabflslﬁdﬁ@ Wiells &risewni 2800.dinkage diseabilpiwn f r agnent
length pol ym)rg gﬂ@(ré S‘%Qg%hor t|§‘n Iﬁ%ﬁérﬁ' ﬁﬁ@%}:ianﬁhg ﬁ dem

repeat pol yr’rﬁlrn seguence ( SSLPs)
(Di etrichset (Akiyoshl 884), zom)canswtdmnomtwbmmwp@g (Selmﬂen&iw]km% Man 1999),

and single n | eot i de y

exenpl ary te Tr’?f"cﬁlép’f@%g} kyaﬁﬂtaiﬁsmé%’ygs eghéﬁgg ég%'ﬁ)g%%%?d %ﬁa%‘?ﬁg density
of SNP mar kera%prdmla@ed’rﬁﬁﬂﬁé0f6§k|llgﬂﬂwm‘tihatmpartrmlmcbl'tomebees&mmaltmorSNP per 1
kb of sequen See C‘@I | i nqq@ 1998. S%¥er al approaches can be used
for typing S r%ta“?rheﬁ 8iPhe? Mﬁ%@’ﬁ%@ﬂ?ﬂr’? ation assays (Livak et 20

al., 1995), ol i gopHExeriplde ndigat i0p gens FrppingT inkagfe arlalysislOREEby a

T o 58} bEcortod s el B oot Bl AR BRRRS BB o

chromat ogr ap IMt ﬁ&'?k@ed Q@Fé&fﬂdﬁbn ﬁhgm@ht len@ﬂ%@bymd‘rbhl@rm%ﬂﬁmﬁ (Mc@l" &zation

(Chen et al. 99), array-based "technologies (Oonin 1996; Haci a
et al., 1996; qu@@lnb }Q&Q)eqhogqtandemgqpeaggol)@ﬁ{pﬂ%mﬁ @1, s nggqu%m sky

etal., 1999) ’l%@ﬂ’é EBRI‘B'?RMEFIS "(SQLPgﬂgﬁé‘lﬁbW%t ak ngg%? rﬁk?dsatell?t@%rke:@nd

I nvader meth et al am chev e 1999) al so
Landegren et (8chglkwpost &y e h%)r \ande sing nﬂ@)?"@@i’@é’é@?mémsafg\’ﬁray based
ol i gonucl %ot g?ookg%b{ zat i on and m ni sequenci ng, described further herein
bel ow, as th n| gues are anenable to high-throu ut and

nul tiplex for mat sAn@megmlaryIt@d)mlqwe foit linkege Aeglysisis Qﬁ@%@néﬁgﬁé n&8uf act ur ed

u%ihg, for odrpreor SN MARERR el AR fenbie P RsuaRiey 8 il 1CF
G eenford M oE;Nle@erxj kiSoesequeBret SeaCotine eFakidr998t Several ag@oachifg agNS. Pat ent
yloi. gghﬁﬁﬁégfi . %iﬁr’@gﬁ‘b@@ﬁ&wc%‘ r}9 %%c?ggg@%brpfgggwﬁggéﬁggnucﬁ eot i des
roboti caldgy odit agts)eoidoniieleetiad ligatiohiadeays (Obiehet as,01998) sugipsrassis®dhena et
al .. laser desorption time-of-flight mass spectrometry (MALDI-TOF) (Kwok, 1998;
Ross et al., 1998), high performance liquid chromatography (HPLC) (Schriml et
al., 2000), fluorescence polarization (Chen et al, 1999), array-based
technologies (Cronin et al., 1996; Hacia et al., 1996; Pastinen et al., 1997;
25 Gentalen & Chee, 1999; Sapolsky et al., 1999), pyrophosphate minisequencing
(Nyren et al., 1993), and invader methods (Griffin et al., 1999; Lyamichev etal.,
1999). See also Landegren et al., 1998.
Exemplary methods for SNP detection are array-based oligonucleotide
hybridization and minisequencing, described further herein below, as these
30 techniques are amenable to high-throughput and multiplex formats.
Oligonucleotide microarrays or chips can be manufactured by photolithographic
synthesis of oligonucieotides onto glass slides using, for example, the
AFFYMETRIX® system (Affymax Corporation of Greenford Middlesex, Great
Britain) See Fodor et al., 1991 and U.S. Patent No. 5,445,934. Alternatively,
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1996), or by using an inkjet type technology to deliver oligonucleotides to
a solid support (U S. Patent No. 5,965,352). By either nethod, a

particul awOoSBIB9HE26 s determ ned by a position of an ol i goneclrasvs/ds2havi ng
an SNP in the array. To detect a SNP using a hybridization assay, genonic
fragments of a test genone are anplified by PCR and | abel ed such that the
fragnent is aligerualediide. MEr@NRYsf carmhbet BeduigenBimgriddingeRligiorisleetides t he
formt i on of AuciBhPEhAPie JFleecuPlivie &1ie! 4R diood (sifaid b gl position
in the array o form mni sequenci ng reactions on I ps, genonic
fragments of 096}, &B’tbygmmmnamleehmﬁ |T¢qhed|003§|t<h§eP(§RCéiﬁGnllf®Qﬁtﬁd§S @8 to an

ol i gonucl eot 's%‘ﬁd Sgl}ﬁ{rpﬁj éaﬁ‘ateﬁ{l{lgﬁgégﬁélé%) 8%“{1@%%% PIQ@E&Q;, 8Qp! abel ed

nucl eoti des are d on onuc e array. A SNP
of the test ¢eneimemines byolaepmltﬁored easol@oeumjecﬂmlefhawqgram’éNPeM@@rm reaction

assayed by detec 1 e e SNP can
be dgt ectgd by angrlggqqtt%“gt% ngID g(%gylgri fegloh%%g% Adeﬁqﬁfr{?ﬁ%dnﬁ%%ﬁgrotf%

confi Irm mappié@gl Qé%dnY§@89 agephifiad cb]}/cP(DHgmdMabbied guoh Mnapgmjfrlalgrgenms hf or )
exanpl e a BAC ¢ , ected into, nuta ed.cell.s to there
recover a Wi I@?‘ﬁ%ﬁ SpHb %&yﬁé QGStF@ﬁ]OS??a\S R %?g?ﬁglé%lf?waf'ﬂ% ggnet ic )r/rap
position can ffedigHe NeforoMifBesHBfIGS ot afiidintifediposition Inabe arrag) ng rret hods

known in the art. _Alternativel an integrate ene and Si
framewor kk&an be Jé’élfrﬁpﬁnrr@f‘@ﬁéﬁ’ﬁ@'r&{@am gpgeﬂ@%o’%fpf%ﬂé‘

position, whigh cabmdar E&ggﬁéwaglngsnm anatr@/adeﬂzdd m@tahqq@on&ﬂ@oti@bySI k et
al ., 1999. 25 V." Assays of Function in Wole egeanl %{Sssone

enmbodi nent ofmtcﬁ@fiﬁyesé’ﬁmey e SRIY reashpt inchding fabelpd: ppelge #€br ary
conprises a pl g‘ﬂjn? ¥nlhe E&@?étéosongaﬁ@b@ot@%%p ﬁfsﬁsoﬁﬁiétéstageaoml ect ed

for further stu ovmng ermnation of an in vitro phenotype. To
evaluate an uerc@axhﬁ@i@agmegsfybmm@r%@r@@méqa@@mas&wouydﬁ%‘@ng €r oduce a
genetic r Ggé;f{}?!sém IBEatihgpl nations
t her eof . 3% nq?%' ?gﬁ‘ﬂﬁ %étgﬁ]aﬁbqugﬁggg%g orare?né cal ["'us F():ana e simlarly
used to genermeesohqb*smncs'tWMoqprant’C}BLc anal ysis. The term "genetic npsaic"

one_genotype. For (GG MepPLBofFRes, baRik oohls Gisifl i oapsgloBhe {har
PCT/ US03/ 136 2f6r exemgpla aBAC alonbagdredranstadtanyintomaute gérinededlisio tierehyt ageni zed

\(/:\ﬁ: LrS] t ﬁ(ray mut age eel‘ll’la2$ﬁid f%g prﬁ%ggt%gosed cells, into a host organismfrom

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

iang

clone genes residing at the locus using methods known inthe art. Alternatively,
an integrated gene and physical map framework can be used to reference one
or more genes at the mapping position, which can then be cloned using
standard methods. See Klysik et al., 1999.

25 V. Assays of Gene Function in Whole Organisms

In one embodiment of the presently claimed subject matter, a cellular
library comprises a plurality of ES cells, and a subset of ES cells are selected
for further study following determination of an in vitro phenotype. To evaluate
an organismal phenotype, a selected cell can be used to produce a genetic

30 mosaic, a chimera, a cloned non-human organism, or combinations thereof. A
plant cell that can be induced to form callus can be similarly used to generate
plants for phenotypic analysis.

The term “genetic mosaic” refers to an organism comprising genetically
relaied cells of more than one genotype. For example, a genetic mosaic
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were originally derived. The term"chinera" refers to an organi sm
conprising cells fromdifferent 5 sources. A genetic npsaic organi smcan
be producwo 00®933g6 t he regenerative nethods described her @ca/used/ s The
term"clone"” is used herein to describe a regenerated organism wherein
all the cells of the organisns are genetically identical

. ] n- human
ani mal s can BE0&NBAcRDPendengiec P)ﬁrf@r@P'?”:‘fé%Be%fcm%@fqﬁﬁgpﬂgbé%row.

Plants 10 angbggdbdy aﬁ@%%&?g&%dtbﬁu@,gn@aé host srghhism Pomaviiasticybed
herein bel ow. I n”“one enbodi nent” of the presently clained subject matter, a

chimeric aniweip ogginatiede@dek at ed by injection of ES cells into intact
bl ast ocysts or mﬂkén@%ﬂmgﬂ‘e@gt% ﬁpgﬁgﬁ)ﬁoﬁ{ﬁfsmgjc%ﬁgﬂoﬁqﬂf@%nt ative
or c n eedi n

protocol s, markers hinmerism a 3 trat'egi es can be found in,
for exanplse, solfePapagensinnmsak Jgansorean equodycesiising the reganegtivean al so

be generated I L ates as described by Nagy et alL, 1990.
Addi ti onal ne %’[ngé Q%%Cﬁggaﬁgheﬁ@glgl‘r’?,%gfor exanpl e, Bradley, 1987 and Nagy &

Rossant, 2000. | nThaedeimerclemddddiusedtheddin tddegarivseemtégenelaiedrotanisng.ect
matter, cells of a 20 cellular library,_includi . el(Ls. cursor
cells, and diYiPEAY BeddIa bt fHe of AR RS e Qp o1 GOEERE oS nufiefi

sonati ¢ nucl emimalsasbercidnadl byuckdar &bnsfed 99 descrisduvimrein betovalPlad@98;

Signer et, al., 1998). Aninml g have heen claoned from. divers ifferentiated
cel | typed iaﬁ%|f%&ﬂ§%e%eéﬁ%eaé‘ﬂf\9e°@ﬁ%8‘?}@ qﬁ?réﬁ?cr egrnirem(p&wu& ovi duct ,
granul osa, nuscl ejn bRrékABYERRerf 3F theStbsbntly @ldimeaBdbjectrhaitér, & €hinseric25
Representative nethods for soma sfer ¢ ound in, for

i ¢ nucl ea ra can
exanpl e, Kat @népalagan pgggenelgied i)yelpjegﬁqu °1§§9‘?eq'§HPfé’a'n%(°t g_?qs?ocirggg?r

Zakhar t chenkqngt i as dek@@Bed b Bladkdydt al, 188490Refubrtati blocdl8 MRark¥idkayanma et
al., 1998; Wakayama & Yanagl machi, 1999; QOgura et al, 2000; Pol ejaeva et

9;
al ., 2000. 3domshiierisn.orng| Brieedinggalipdes otrmbe BWH Kholdh PR art and

can be founde, S 8508800 FohnsBn L0B0o. Patent Nos. 6,091, 004; 6, 031, 153;
5, 986, 082;@anda635,n792, U§l04. Mbsai ¢, chineric, and non-human cl oned

organi sms can be dtehimetic eamabraalgabegpRRraBIsyiusho EhedlAIgRISIaS A are not
readily deteciediply Byaghaybhbl, 146, VRAHONAME IS Lad 03 MdutREm, r8revel

i ncl udi ng, bu 0 to physi ol ogi ca neur ol ogl cal, and or gani smal
behavi oral phexactpygpBradiayy 1987 argbNegyn&esdata?Ode used to investigate

In another embodiment of the presently claimed subject matter, cells of a

20 cellular library, including stem cells, precursor cells, and differentiated cells, can
be used to clone an animal via somatic nuclear transfer (Wilmut et al., 1997,
Ashworth et al., 1998; Signer et al., 1998). Animals have been cloned from
diverse differentiated cell types, including cells derived from mammary gland,
cumulus, oviduct, granulosa, muscle, leukocyte, ear, skin, tail, and sertoli cells.

25 Representative methods for somatic nuclear transfer can be found in, for
example, Kato et al, 1998; Wells et al, 1999; Shiga et al, 1999;
Zakhartchenko et al., 1999; Hill et al., 2000; Kubota et al., 2000; Wakayama et

al., 1998; Wakayama & Yanagimachi, 1999; Ogura et al., 2000; Polejaeva et

al., 2000.

30 Methods for plant regeneration are also known in the art and can be
found, for example, in U.S. Patent Nos. 6,091,004; 6,031,153; 5,986,082; and
5,792,904.

Mosaic, chimeric, and non-human cloned organisms can be studied to
elucidate pathological phenotypes that are not readily detected at a cellular
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phenot ypes of nosaic, chineric, and non-human cl oned organi sns, including
in vivo as well as post-nortem anal yses. 5 Representative techni ques

i ncl ude ewoaesgd42©bservati on, magnetic resonance i nagi ngPCIVRISP3/13625

conput eri zed tonography (CT), m croscopy, and nethods, histological

met hods, enzymatic assays, biochem cal assays, assays to detect changes in
gene transcr ilguel UW'UOI"‘IfﬂaIhh‘&linﬁb“f’ﬂF%@cﬁhyﬁtq'%%r'?ﬁwlpﬁ'ﬁabﬁ” gansna genes

(e.g., chip beéﬂw@raﬁ) hebe?@gg.' tAﬁsﬂsu.&e{blé/'nﬁétﬁodpféanosé'@béd%sﬁ«)@%t@&edescrI bed

herei n above can usi'ng cel derived froma nosaic, chineric,
or non- hurman phleookydes ptyaasaienchigagtisr and WW@"@@@%?W@J ieRldding inanal ysi s

are descri beq//\%anamél'l gs ostlrﬁg%em Qgeg Kunert, 2002, and references cited
therein. Specifi1C s Bgl es sour ces for anal yzing nutant m ce can

be found isn Br onsﬁepré&wﬂativantéchmﬁuesaﬂmim@(ternaledbsﬂwa’@m meggneisl es The

ol ai ned Sub] dEoTAREE dmaoRg e ot ElerBg o nkap Ry Ro TR A teeopl G e Y
descri bed i n rh&hoss,diistblegioal rqellasds!,redzmammhsaps, biczhaochicat assayps, @ssdyst ed by 20
Cl'ai ed - ubj BACHErENGeT e SEnE srtn PRI AT YeBPutighd RS S or )
practices of rﬁdﬂﬁplecgiéﬂe@\/(@ly Ocﬂﬁp ahalylasphtn acﬁdmds\e lpr\,a&ephembtwid: assays and the
general | eveI of . skil of . sKi reciate that the

fol I owi ng OExéjr?ﬁP%%eda?%remﬁt@Y&éi?”tQ? pe&&'@?@#ﬁ\“&r‘i‘f '6HP§}V%ﬂﬁgfgﬁa¥‘ Tlfer ous

changes, nodidhikafid, &P hondthad! dieedt drgasisA> can be enpl oyed wi t hout
departing fromthe scope of the presently claiped subject matter. Exanple

1 Preparation of [Bsnestlappieashes Lrigthaiodieal 3@ﬁh’§‘ﬁt?§%ﬁﬁ§cr't?€(5{rinlp\958ﬁbl nant
Lnbr e Touse gpablan G5 2808, eSSBS s MerChl Rl sl o1 055

ES cells are isol om t he resultln gen mai ntai ned in an
undi fferenti aar@bres@tapesByacralytzwglrwgalﬂmlﬁe@ﬁné?eff@ in 3!@!"?0” PAYbrandcene

targeti ng15rmnE%Q§na@r&935ﬁé;}eho prepare ES cells conprising a pair of

allelic recombination cassettes and a distal chronmobsone marker. A targeting
-50 WD 03/093426 PCT/ US03/ 13625 vecﬁm_pEE'ur or lox7l] was prepared

I
o 150" P oot U el B dliho TR AMERE e HRRAGRUGASPRRAGRRe Hodkb et e/ BUS)

presently clalmed subject matter. Certain aspects of the following Examples

are described in terms of techniques and procedures found or contemplated by

20 the present co-inventors to work well in the practice of the presently claimed

subject matter. These Examples illustrate standard laboratory practices of the

co-inventors. In light of the present disclosure and 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

25 can be employed without departing from the scope of the presently claimed
subject matter.

Example 1
Preparation of ES Cells Comprising Marked Chromosomes
Non-recombinant inbred mouse strains C57BL/6J and 129S8/SvEv@ J-
30 GpiPHpr"™ are crossed. ES cells are isolated from the resulting F1 progeny

and maintained in an undifferentiated state by culturing them on a feeder cell
layer. ‘
Gene targeting methods were used to prepare ES cells comprising a pair
of allelic recombination cassettes and a distal chromosome marker. A targeting
- 50 -



p[ 1ox66, 3-geo] was prepared conprising a [1lox66/33-geo] reconbination
cassette flanked by genom c sequences at the 129S8/ SvEv@- Gpi / cHprt

n2DAM t 14M9093Me33ees. A targeting vector conprising a di stalPCThrsosrosesre

mar ker was prepared wusing an HPRTcDNA fl anked by genom c sequence at the
C57BU6J DAM t51 |ocus, The targeting vectors were sggoentl ally

el ect r opor at ¥ectonpbPES’ 71Tk was Sy epared|aonPaisinged d Pk ﬂﬂ]ﬁﬁ@'@ngy 1983.
Reconbl nant s URERICELE-REs B ingbldDARHlI20 (421 Bl ERHE VRS,
neonycin, an ypoxa am nopteri n- thym anpl e

Prepar at i on ptlo%&ﬂigeo]ona;&;mapan@dlcbmbmnga mwm]wm»wmca@eﬁg a mar ked

VEM ool tur e dedieiry 8o Paftmen at (e RERB R R ot DaMeg, Ocalt "

serum 1080 ugvuks Arfhrdeﬁhlé( eadtar donipribing ardistdl ghtonmosphiefarkandadlfrepared

3- mer capt oet hanol r r on 1 00-mm ri ~dish ul tured
<[3.t 37C ||r[1) a Hﬁ'l‘?ﬂc'ﬁnfléﬁ f%'?@s%{%?@ggﬂe@%méaﬁu‘?wep & Egtglslﬁ”ng&ﬂﬁ ing,
cells are di $x@gi arwéitd /@ethi@%cﬁorB&wbeﬁ\@%@du&ﬁiaﬂy efetropored HRSES cr-;uet ai ni ng
0.25%trypsin and 0

et hyl ene _di am ne 20 tetr acetlc acg&é&

Fol lowi ng a gsﬁﬁ*rmﬂl)éaﬁr?@ﬁ%ﬁqdow §PVP%H19§§m?eﬁ°8 nants Wereslecied B cel s are
resuspended igho il GniT BebRdI déRtairfg! M?mePéiﬁb%edPﬁyc@@' bfdi Bypdkeh®irng-ned using
a henocytorreter Cul ture media and supplenents are available from

I nvi trogédf C@ﬂpﬂoptéﬁm-lt@@admewﬁn .ornia, United States of Anerica. Plating
efficiency is determ ned by determ i,ag,did1e percentage of viable 25 cells
in mature cul tures. Brlefly ceIIs re prated at a density of about 2 X 103
cells per 100-mm petri £ peterzygousy GelllanLiP@sy f or about 6 days.
The cells are th e al

violet. Viable %I%ﬁ fs(:bﬁa%r goc gﬁé?'}%rkf’d‘%g?% I Cl \éyawa%sgpee%ge%%gd as a
per cent age ofdeserizad dt eBxaroplel 4. t haellsarage vgrabine irf dMEMMMU@uIQOléT\ Cul ture

dit di f
ot vel y 15 on RIS vih, 18% RESSRARICIAR b S5l 1088 bR E oY
5 X 105 cell Sem@mlé'%aﬁnﬂoqsﬂectoThﬂFpahdi $Op.Mq3 pfeeeaptmﬂhmtoeo[)éllelardgrdw and then

treated with 0.3 . about hours. ENU
sol utions ar é’“ﬁroé’ﬁngﬁb‘éﬁtﬁﬁ"SH%@g‘g w'WgectN@ﬁ’ 9 %BP@H*W%@GFP'?%?Q% gal i

serum  -51 OR{ BP346 sﬁgdltﬁg%/ dehb e disBiRUSinSHaHL S BabBedSartsed to

pronote dissol ution. ENU stoc lutions are sterilized by passing through
a 0.2 m cel | BahgiwraddBaby dontaining i hdedi lyraiy ad §:02% ethylene diamine

20 tetraacetic acid (EDTA). Following a 3-minute incubation at room temperature,

dissociated cells are resuspended in culture medium, and the number of cells is
determined using a hemocytometer. Culture media and supplements are
available from Invitrogen Corp., Carisbad, California, United States of America.
Plating efficiency is determined by determining the percentage of viable
25 celis in mature cultures. Briefly, cells are plated at a density of about 2 X 10°
cells per 100-mm petri dish, and the cells are cultured for about 6 days. The
cells are then fixed in methanol and stained with 0.01% crystal violet. Viable
cells are counted. Plating efficiency is expressed as a percentage of inoculated
cells that are viable following culture. Culture conditions are modified as

30 necessary to optimize plating efficiency.
Actively growing ES cells are trypsinized and plated at a density of about
5 X 10° cells per T25 flask. The cells are pre-incubated for 1 day and then
treated with 0.3 mg/mi to 0.5 mg/ml ENU for about 5 hours. ENU stock

solutions are prepared by dissolving ENU in medium without fetal calf serum.
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to use. Surviving ES cells are subcultured at 3:1 onto 60-mm petri dishes
in the 5 presence of primary nouse enbryonic fibroblasts (PMEFs). ES cells
are cul twoedoma2¢PVEFs for about 2 days, and then subcul t ecedsas/13824 ont o
60-mm petri dishes without PVEFs. ES cells so-prepared are then cultured
for about 5 days, trypsinized, and plated at a densi t%/ of about 4 X 105
cel I s per 10W¥igarpupshaking candediser & progmateifisslalipn. FENY stogk selHinsste PVEFs f or

about 6 days»ste%%ée@?gg%ﬁ};#gq%gﬁgtdéu@;c%.umggé ubBER it PhrAbGthelyprke! | s Of @

96-wel | pl at é. es I ndivi dual nut ageni ze cells
conprise a hesesazygous cellular Ilibrary. The library is cultured for a

time sufficient tq expand.the library for th r i,on. ica
libraries. The re f"f"é‘gnQ’ §r°§ﬁ? ug S&E%Mté'f?%?tr#;fg'@ ﬁéhﬁg%ﬁ B'Sﬁés k’ﬁg aration
?];Ex a hlonngg/g@u@f\?élalmrméﬂyhhemse élﬁbEanlolefiM)ébla‘st;r(R}méFs)l } tyESoce_ﬂsraeeni ng
anple 5), and for gene mappin a . Replica librarjies are
cryogpeserveﬁuﬁ%rea@cgmggﬁf(?rp@ BRER PRV gﬁd %?é)r%\bgu@"rg‘ﬁgf g‘dé)ngcf é@é’ﬂ‘m ar
Libraries 20 g highéd wlthdutFNiEss. 308! célRYd-graparid dtb &ier] dUtuesd fesalsae
preserved by storage in a cryopreservation nediu ab5 or, bel ?& -70C.
Cr yopr eser vati GysneRsinizeh oA plated dighdensity OBPb%PtB‘%é neclispgr 190-mm

cryopr eserva?\%{% TR s RIr8 TcBitited MV reCabsehbs of PSR a¥ali § @afdlkitpr ot ei n
protect the cells fromthe stress of the freeze- thaw process. For

ser um corPai nihieh tirae celty arg indjyidusily platgchipmells ofapporellpiataetipigstling, epar ed

as conplete ' GRINGh coffpriR holle &M=l ni ng 10%
DVBO (di net hﬁ?g%#%m éé?‘faorﬁﬁgé%q%% F?g&oeﬂjéica onle%leat ﬁ%tgf&lj%gw th gO% fresh
medi um wi t h 1iogaérgl ycerol or 10 % DMSO. For serum free nedium typical
cryopreservation . o) i 509 - bt free

medi um wi th 50% f ﬁgéﬂﬂj@& ﬁsmaﬁtru géyr?ggﬁﬂ%o s@éﬁ?éﬁﬁ?%&ﬂ%ﬁ%&%ﬂaﬁ%@ﬂ%r fresh
serum free megdéparatambhiepiica ibrabes. DVEOreplida libtaries| dre @lictnataly geeditor DVSO. A

| i t ypi call ' t,. . m i
i xed wi (iR SRAERes oL BRTHECT, cRHRY Pk, (Re PR df sAERoTRBES Ty S
can be frozenscadeningExarmiphes 5y end fdrngedt radpping EExXEnidé 6k eReglicallibafriebr eezi ng

medi um to about 10 X 106 eI(Ijs/rr%) qc;]‘ ree%i §g medi um -52 WO 03/093426
PCT/ US03/ 136252 C@'éﬁpr%geé‘éﬁﬁ% P PEMNESm t enperature to a storage

tenperature at a rate of about -1 Cmpempgute. The cooling rate is

ntroll for |
controlled, for exanple, by Storage of Cellular Libraries

20 Cellular libraries and replica cellular libraries are preserved by storage in
a cryopreservation medium at or below -70°C. Cryopreservation media
generally consists of a base medium, a cryopreservative, and a protein source.

The cryopreservative and protein protect the cells from the siress of the freeze-
thaw process. For serum-containing medium, a typical cryopreservation

25 medium is prepared as complete medium containing 10% glycerol; complete
medium containing 10% DMSO (dimethylsulfoxide), or 50% cell-conditioned
medium with 50% fresh medium with 10% glycerol or 10 % DMSO. For serum-
free medium, typical cryopreservation formulations include 50% cell-conditioned
serum free medium with 50% fresh serum-free medium containing 7.5% DMSO;

30 orfresh serum-free medium containing 7.5% DMSO and 10% cell culture grade
DMSO. A cell suspension typically comprises about 10° to about 107 cells per
ml is mixed with cryopreservation medium. Gellular libraries comprising ES
cells can be frozen at a cellular density of about 5 X 10° cells/ml of freezing

medium to about 10 X 10° cells/ml of freezing medium.
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placing vials containing cells in an insulated water-filled reservoir
having about 1 liter liquid capacity, and placing such cube in a -70C
mechani cawvofiseesaes . 5 Alternatively, the rate of cell coolPCcagSosisentroll ed
at about -1 C per minute by subnersing vials in a volunme of liquid
refrigerant such as an aliphatic al cohol t he vol une of uid refrigerant
bei ng more than fCelleean beﬁ@@e@H@Wfé@@ItemﬁPWeé(?ast%@ge@mpgiﬁtéret% be

frozen, and pl Agl A% fie SUMIPHAfe CHld tfin b chiBlled IoRBANARY. [T eezer

at a tenperat ure ow about evices 10 for freezing cells
are al so avaldlaain’ngavnalb@bnmmmgpbéls in areinBllarest walbnfilae reeereoir n@A0@AROEAR (Pl aner

Products Ltd., . Geat Britain nd the 0 Y ion

Car bi de Cor pdr HE5 UHiId pARRT! ;”%B'ﬁﬁlggtslu ‘f_ib%;p %—gb? n%eecg Eﬁ'? élef,%\enel(azgrca) I'n
one e”bOdISWEFAIterrie[tWé@nﬂfeeﬂateSofadeﬂ coblirigeid oahtrolredmlabtvuabdﬁtper woitety about
-80C, and in another enbodi nent at. or,bel ow ahout, - 130C. ain the
best possi bl eeugwl(}%y{%mtan\@l%qz Pfs"qufcﬁrzf\‘;\igr?éargfsuf)ﬂé‘s(?quhgh%lfqC&g)L
perforned as gl 6lshie Asiqlassitiféant SaniEmarethah fméeroﬁmesrthememmme sfont ai ni ng
frozen cells is renoved from storage, it soul d di.r ctI into a

37C water beH @y dat g f%"rﬁ’-ﬁkﬂeﬁngrﬂl"f‘q'ng {th¢ 8 H?ﬁf?‘gc{ EHPUERY d'n f cells

are particul apluniiRRirbs e at é’teﬁ{dé%ﬁ\%?ﬁldwhbdl%m@@dﬁﬁhé\%laadi@mf&nt rifuged
to renove 20 cryopreservative prior to further growh. Exa

Pr epar at i16n dpr depgng GRYs e @lsa available; lS‘Pra9>§/ar%P|€the B@nﬁé%me']: repeer
reconbi nase V&S5 GRRY( ﬁ%n@fﬁ#ﬁ‘&d&é h ¥y, a%reﬁeﬁﬁtrair@%cpme] 8Fed Biblogical001.

Briefly, a reconbrnant” nucleic acid encoding a 25 Hi s6-NLS-Cre-MIS
pol ypepti de vﬁsewriﬂelweﬁaﬂblde@m@@(atlona‘ﬁ@nhlmé Cervmelicyiadpited S &- cr e- MTS

PODIPERLt oe MReRiD! i 56 BipBueRl it GREATOPaR orbBlol AR LABCOY Lhe

suppl i er of agen orni a Uni ted
States of Amepigpat 86°Geédldl1naarno’thdﬁEembybdmﬁen‘tandohelgwrmbut-hza?(ﬁants or a

replica thereof, is 30 prepared as described The ceIIuIar
library i'® cul tur&@® Qmalﬁé‘?%l?ﬁs"f)?%&%‘dr"w ‘@E'ﬂﬁ %Qﬁ%@%&ﬁ‘e

Hi s6-NLS- Cre- M}%&&he@%ﬁw& dusiblel Onée Vil @r othéd}ééérymr eomamrr@d in
serumfree medi um for about hours. The cel |l ul ar %gl;ar éﬂ% at:?ﬁ% cul tured

i n medi um corftezen aays ipremavedfiom sieads, Hsapuld beplegs

PCT/ US03/ 1362p16f @5 Begérﬁwpétﬁkeﬁ Lﬁﬁiph rfshésm,sla@u} ity ioBaTRE ales
mai nt ai ned, and the cells aré again cultured in nmediumcontaining 10 .tM

6- TG The respdrticuferly sensifivg to sopprasseetivemifia eRigsre ERRITTUZEY 4P APRE  An
identifial) e ROSLELORativh bt b hRHRF Yrowth.

Example 4
Preparation of a Homozygous Cellular Library

A cell-permeable Cre recombinase was prepared essentially as

described by Jo et al., 2001. Briefly, a recombinant nucleic acid encoding a

25  Hisg-NLS-Cre-MTS polypeptide was expressed in E. coli, and the recombinant

Hise-NLS-Cre-MTS polypeptide was purified by affinity chromatography, as

directed by the supplier of the affinity matrix (Qiagen, Valencia, California,
United States of America).

A cellular library of random genetic variants, or a replica thereof, is

30 prepared as described in Example 2. The cellular library is cultured in serum-

free medium containing about 10 uM Hiss-NLS-Cre-MTS for about 2 hours.

The cellular library is washed in serum-free medium for about 3 hours. The

cellular library is then cultured in medium containing 10 uM 6-TG. Individual
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(e.g., plate nunber and well nunber) of each random genetic variant and a
5 honpbzygous genetic variant derived therefromis preserved. The cellul ar
| i brary oWohomesaggous genetic variants is cultured for a PCEREISOFUH6RS ci ent
for the preparation of replica libraries. Replica |ibraries are prepared,

whi ch can then be enployed in a variety of phenotypic screens (e.qg.,
Exampl e 5). @&%ﬁﬁ%@-wlﬁéﬂéﬂ%&%F’}?dwwé?m 'Fa@aué@e?q’,@@&thﬁcﬁf%ﬁfgl e 3. 10

Exanpl e 5 Phennt xameé%erﬁgﬁu& E&%Q@Frpphé Wr@?@j.ng‘ﬂesrééﬁﬁiﬁgtl%réx? ect
cell's conprisi®ng nutatrons that confer a phenotype of interest.
het er ozygous coeldrisbahoinobygoug gepelispeariagtsasAn idesidftableepsitipnin Hedlbsary, i s

screened to identify dom nant i g A ] library,
prepared as dgsgcrql%%d’qrﬁb%@ﬁp\?’ef @?ﬁqigéﬁ&fzregélﬁéwglg@ée{%tﬁ%wé@%gsi ve
mut at i ons 5 Exmmpzggbus gendticivaridseroerivieg hemefrokn limpresgyeds cel lul ar |ibrary,

repared as described | anple 4. is 20 scgree M| j ot at i ons

(F:)oml‘o erring a phenﬁﬁﬁ@llgﬁﬁﬁ)mqgP@%?WO%YQOH%98?%&3%38#%%%%#0@t' I'ls

le Bf erri ?g t f@ffﬂ:{f@ﬂf&rﬂ@eﬁ%@bﬁraﬁgﬁﬁt r:eFiicﬁdir?g@ftHH diﬁga@cd morariemic?mmed,nl lt hef

i brar e.g., plate nunber and we nu r). e corresponding cells from

t he he%/er ozgg’ﬂmgh@%ﬂ‘mﬁf‘é’ie qn?FB‘?)?td})“&r"@”?@(é’ﬁf’?‘?ﬁ‘%@'ﬁﬁﬁegﬁ? g%g'eEX%BPle mappi ng.

25 Each of thg sRipfes fstafied b§opreseiveli wseRstrbatEdiExanpgai ni ng meso-tetra

(N-net hyl -4-pyridyl) porphiné tetra tosylate (T4) and N-nethyl

mesoporphH¥rin | X (NMV) (avail able fEﬁﬁiﬁ%ﬁphyri n Products, Logan, U ah,

United States of Anerica). Condbpddipid 86leEHingd Por phyrin concentration
rica

and the duration of culture are enpi y determned so as to optimze
mtotic recombi natihenotypisescaeeninitnisaised o peledimslln sRMnersiag Muirtians tha
cel lular viabj]ify. i X 8rhzy§8Uid SEIRIAIBradek are@ g¥edi um and
t hen cul tur e?qn&\ért%g%@é eeﬁéfgﬁ%‘ S?OQR/IH% 'IZ&E Resi st ant égglsrlhggar e
i ndi vi dual | y qesatileet! iim B&nwe 12, i¢ sceesnedotot denblyydemnisgat enutatiqigpping
popul ation. The ' [ ' ' § NOscré&bi nation
br ek poi n® ddTHEIEPURCe R har, Wael 2 dertloo I Bl AR, e b
03/ 093426 PCHol%sdify 3m25sivé owiidtiops. t he breakpoint to a 1 cMinterval, and
i n another enbodinent a 0.1 cM inte ce an interval has been
defined, candidate genes within the E@i—%ﬁg

In Vitro Gene Mapping

A homozygous cellular library, prepared as described in Example 4, is

20 screened to identify mutations conferring a phenotype of interest, as described

in Example 5. Cells conferring the phenotype are identified according to a

position in the library (e.g., plate number and well number). The corresponding

cells from the heterozygous celiular library are identified and selected for
mapping.

25 Each of the selected cells is cultured in medium containing meso-tetra

(N-methyl-4-pyridyl) porphine tetra tosylate (T4) and N-methyl mesoporphyrin

IX (NMM) (available from Porphyrin Products, Logan, Utah, United States of

America). Conditions including porphyrin concentration and the duration of

culture are empirically determined so as to optimize mitotic recombination, the

30 number of recombinants recovered, and cellular viability. Cells of the expanded

culture are washed in medium and then cultured in the presence of 10 uM 6-

TG. Resistant cells are individually plated in 96-well plates, to thereby prepare

a mapping population. The mapping population is used for mapping using

recombination breakpoint delineation. In one embodiment, the mapping can
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are tested for conplenentation. For exanple, a BAC clone conprising a 5
candi date gene is introduced into a cell displaying a phenotype of

i nt er est ,wandopxazcue of the phenotype is scored. Alternat PCETUSOII362H

addi tion, candidate genes are sequenced to identify genetic nodifications.
Ref erences The publi catl ons and other materials |isted bel ow and/or set
forth in the logaizedhe %59@”’&’8%1?Mhﬁ'tﬁﬁ’?l&aﬁﬁ@‘m@%’ﬁ%ﬁﬂﬂm?mt% ﬁP’Esently
claimed subj epterpRtter, and in particular cases, to provide additional
details respecting the practice, are incorporated herein by reference.
Material s used her@nee améliedal hascesrdefingt, candidaie genes wilkinfie regighg | i st ed
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4. The honozygous cellular library of claim1, wherein the randomy

nmut ageni zed and honbzygosed popul ation of isolated cells conprises cells
sel ect ed Wop®aio9daes gr oup consi sting of stemcells, precurs@cTasbd/si62and
differentiated cells. 15 5. The honobzygous cellular library of claim4,
wherein the stemcells conprise enbr{;ﬁog'!& stemcells. 6. The honbzygous
cellular library of claiml, wherein ndom y nmutageni zed and
honmozygosed pgput Btddime@is:i sol ated cell's conprises animal cells. 20 7. The
honmozygous cellular library of claim®6, wherein the animal cells corrprl se

human cells. 8. THe hoﬁDz%B%gé’HPI Gelilay | H)t?réFyy eAmrisingn 2, RALCBYR t he

random y ”Utrﬂaf%l@bﬁﬁgd%ne' haﬁl@w&%ﬁ%pmﬂaﬂa ot iselatedf cdlis ol at ed cell's
conprises plant “cel d for reparl ng a hom)zyi% f9cel | ul ar

library cénprising: (aﬁe@pmwmcw Q?”H'élf Horapyef siimcle wWhereip egpihe
conprising a RELVaﬂHbMS/ RlutadeP ettt & H@ﬁ]‘%ﬂl &%Hlﬁopu(éﬁbn'&dféé!af&i cells

site- speC|f|c mtotic reconbination in th e plurality of isolated parent
cel I's; 30 (c)campriagsiong or more homeizyggusaienele maddigafirisent cel |'s, whereby a

popul at o of daught or 1fibbadfolaaiaE A ilin $%ﬁ€r&fnﬁﬂe%k!8m;ﬁf cell's

conpri sing a honoZygou reb honozygous

cel lul ar 1i brautagesizpd egrar &dmozyighsedhgopviationdofofsoated @ﬁ@s cafpriees & he

het er ozygpus cel l.ul ar 6 WD 03/093426 PCT/ US03/ 13625 conprises a
random y ﬁﬂt a%eé}ﬁt'%@' !%%CF ‘?/L%t'o isolated cells. 11. The nethod of claim
9, wherein each cel.l o0fTha hoardggdus ceittultaljraiyzd diajmo pLwiBereorihefandemiat ed

et hod of ¢l aMASSEN g AEr TR PP ae Beile <Ofpy po 12 T

nodi fi cati onssgedtBai Beémgerebicupmedhdistingt bbrsermr callsc guedursar celishozhd sel ect ed
fromthe gr oup consi st i ngs chem cal nutagenesis, ultraviolet radiation,
X-ray radi at i @Herealiies ‘to inhibitors of DNA repair, and conbinations

thereof. {f 13. The metihadtorfozGhcisBclulaniasioiclainesd Mhsréihitie/stah celiol at ed

par ent _ .
comprise embryonic stem cells.

6. The homozygous cellular library of claim 1, wherein the randomly
mutagenized and homozygosed population of isolated cells comprises animal
cells.

20 7. The homozygous cellular library of claim 6, wherein the animal
cells comprise human cells.

8. The homozygous cellular library of claim 1, wherein the randomly
mutagenized and homozygosed population of isolated cells comprises plant
cells.

25 9. A method for preparing a homozygous cellular library comprising:

(a)  providing a heterozygous cellular library comprising a plurality of

isolated parent cells;

(b)  inducing site-specific mitotic recombination in the plurality of

isolated parent cells;
30 (c) culturing the plurality of isolated parent cells, whereby a
population of daughter cells is produced; and

(d)  selecting daughter cells comprising a homozygous genetic

modification, whereby a homozygous cellular library is prepared.

10. The method of claim 9, wherein the heterozygous cellular library
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cells conprises cells selected fromthe group consisting of stemcells,
precursor cells, and differentiated cells. 14. The nethod of claim 13,
wherei n twe ostgdrec€el | s conprise enbryonic stemcells. 15PCH/USHIBSoeet hod of
claim9, wherein the plurality of isolated parent cells conprise aninal
cells. 16. The nethod of claim15 . wherein the_ animnal | I's conprise human
cel I's. 17. THEMRISASE rBRrden i’?HfQQé%%‘fB?Wq?tWé‘ %I'W%&?P%ﬁ%f isoIm;t ed parent
20 cell's conprise Al antrhgemkiod18t cEie BEiWheteinfeadhaicell bf ahendomlyeach of
the plurality of isolated parent cells conprjses a marked chronpsone pair,

wher ei n t he nRHiagaNizes PeRRIalinfot isqlated GalsGoaRyisgs Pne of Morg RSIBUANEUS g a

second honol O%éﬂé%c nfdYifRaRsEe, Wherein the first chronbsonme conprises a
first reconbihation 25 cassette, and wherein the second honol ogous

chromosom® conpri si&s aThggeaihed af Flaim 8, WeesibihgRANeo BALSRFIPLZYIYS The

met hod of cl aldielE maiifafbhy bhfpfidd SbndiRGREBIAH0hE BrocBaldca metity [ Ses a
centroneric position, and the second allelic reconbination” cassette

conpri ses a csakctedrdrane thesgrolpncorsisting. ofTakermiseh switagensasis HIitt@violgher ei n
the marked ch P ro gkt h [fsqllp@r's foN &t GO at i on
cassette corrp'{ags[,g:ﬂ%g’ng( Paﬁ)r sr?d'égé%ct%% e rrfgr E@??l )@fa E'bsigéoaé allelic

r econbi nat i oncaralsinatidns ticenepf.i sing a second -77 WD 03/093426 PCT/ US03/ 13625

sel ect abl g, mar ker;, or [ ' f.0 ; hod of

cl ai m 20, erein 3he ﬁﬁ%gﬁetﬁg{@%t@%m]gj?rr“g]ref;e"?)[%éﬁllgﬂrét"ﬁ)eog%ét%%a]gae@{ct abl e
mar ker each cesipichspris@s el saledimuiifruamtheryegat doneisteg efstarb cellsppriekersor or  (b)
a recessive po itiﬁr\g .ﬁel egt agl e marker. 22. The method of claim 20, wherein
the first recoisi#dt FHREOIECGEUS conprises a first selectable marker, and

wherein the secondiqal | ghecmetieiobbicthi 08, wassht ttiee cxtempr callss campesond
sel ectable marker. 10 23. The method of claim 22, wherein the first and
second sel ect @BpPgonic stem cells.

15 15.  The method of claim 9, wherein the plurality of isolated parent
cells comprise animal cells.

16. The method of claim 15, wherein the animal cells comprise human
cells.

17. The method of claim 9, wherein the plurality of isolated parent

20 cells comprise plant cells.

18. The method of claim 9, wherein each of the plurality of isolated
parent cells comprises a marked chromosome pair, wherein the marked
chromosome pair comprises a first chromosome and a second homologous
chromosome, wherein the first chromosome comprises a first recombination

25 cassette, and wherein the second homologous chromosome comprises a
second allelic recombination cassette.

19. The method of claim 18, wherein the first recombination cassette
comprises a centromeric position, and the second allelic recombination
cassette comprises a centromeric position.

30 20. The method of claim 18, wherein the marked chromosome pair
further comprises:

(@) a first recombination cassette comprising a first selectable

marker;

(b) a second allelic recombination cassette comprising a second
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mar kers each conprise: (a) a dom nant negative selectable marker; or (b) a
recessive positive selectable nmarker. 24. The nethod of claim 18, wherein

t he firstwoasoediescati on cassette 15 and the second reconipCratSIDBoeRSSEtt e
each conprise a lox site. 25. The nethod of claim 18, wherein the first
reconbi nation cassette and the second reconbi nati on cassette each conprise
a FRT site. 26. The nef®BtiaBe B#EPMOL8, wherein the first reconbination

cassette and the @)ecogq,ofr@,mbh@a(d @mdqa)ssette each conprises an att site.
20 27. The nethod of claim 18, wherein the firs rece?m% r]atl og cassette
T

and the second rednbi hEe mﬁﬁh%%f@'fr\ez%%efeé'&mﬁﬂrﬁtes ganAterand: ap) e
first reconbpatioy &Y@&éble%rk&ﬁ'&oﬁﬁ%@%@s@f claim 27, wherein the first
0X

reconbi nati on cassette onprises a site, and vvherel n the second
recombi natd on cas$@t t ea deBiR@HPeUaBEe selecigbia marked; °p9. The net hod of cl ai m

27, wherein the f'étBSt bS gégglv@g)trgsﬁﬂe%@%%@oieema%im” ses an attB site, and

V\/nerel n the secon reco |nat| casset conprises an attP site. 30. The
net hod of cl ai m 922wheiTbe metihed ofratRimi20gwheteln thp dest fecombitration caaektieat i on

conprises contacting the ce h e; RS OBbidMas &ilelic3l.- The
met hod of cl ai sG> gw% %rsqng%gcét\é%lfet éﬁ%{g%%l ﬁdge\&g%%ﬁ]ol ngsg&i&s sel g::t ed from
t he group cor‘mcsmbimgtlm‘ﬁ casdatte coapoigks aasegndosdiedtable gearisease, and an Int

reconbi nase. hod . of %ﬁq %‘\gg SRERL{ bR

reconbi na%k - 78 qu—b goqb ‘Jﬂg)b%) %ﬁ mc%ﬁ%{ﬁcgéécgncegfebper nmeabl e
reconbi nase. r%&rkeﬂ'&@adfﬁédmlsef claim 32, wherein the cell-perneable
reconbi nase conpr,ises a, cell-per rec ase. 34. The nethod of
claim9, wherein t@k c@lq%”?'f‘%} r\‘e@gf‘ﬁ\?g%‘grﬂ@? QPgPI nduci ng the daughter
cells to differentppteq r@éessﬁ/ehmﬁﬁmgﬂl&tabﬁaé inuhaar I i brary produced by the
met hod of claim9. " 36._ A heteroz ous C§||u|%f ar ot:l;g?w%&g%a
randoml y mut ageniZfed 5@6@]‘%@‘?%1* gfirsg re %Hé?'@? AR t he

i sol ated gl gng ﬁ%%ﬁbﬁ@?ec%nfﬂiﬁéﬂ%ﬁ c@bé&fm&oﬁme@msm domi nant
positive selectable 10 marker

25 The method of claim 18, wherein the first recombination cassette
and the second recombination cassetie each comprise a FRT site.

26. The method of claim 18, wherein the first recombination cassette
and the second recombination cassette each comprises an att site.

20 " 27.  The method of claim 18, wherein the first recombination cassette
and the second recombination cassette can recombine to produce a stable first
recombination event.

28. The method of claim 27, wherein the first recombination cassette
comprises a lox66 site, and wherein the second recombination cassette

25 comprises a lox71 site.

29. The method of claim 27, wherein the first recombination cassette
comprises an atiB site, and wherein the second recombination cassette
comprises an attP site.

30. The method of claim 9, wherein the inducing site-specific

30 recombination comprises contacting the cells with a site-specific recombinase.

31. The method of claim 30, wherein the site-specific recombinase is
selected from the group consisting of a Cre recombinase, a FLP recombinase,
and an Int recombinase.

32.  The method of claim 30, wherein the site-specific recombinase
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37. The heterozygous cellular library of claim36, wherein each cell of

the random y nutageni zed popul ati on of isolated cells conprises one or nore
het er ozygw03gexed i ¢ nodi ficati ons. 38. The heterozygous e@eriushzr3eks brary
of claim 36, wherein the one or 15 nore heterozygous genetic nodifications
conprise genetic nodifications produced by a nethod selected fromthe

group consi st FHEPEES e REIMCaARG SEURRYERE- " ul travi ol et radi ation, X-ray

radi ation, exposurgy, t o Tinahhdthbé@bEcifin PNAhereithb tell-parthazblerecahbingss t her eof .
39. The heterozygous cellular |ibrary of claim36, wherein the 20 randomy

mut ageni zed pepuRrREsHCAlFPeraGRAleddedBFIRPIRR Ry i ses a genetically rel ated

popul ation. 40. The hetgEaZ¥868HSf eRirh 9l ﬂ/herleiirbﬂ@rdtlll@finglflﬂiﬁér%ﬁmf)vm ein the
randonl y nut ageni zed popul ation of isolated cells conprises cells selected

fromthe gooubdueingihs dauphiar oslleia dilerestiatgr ecur sor cell's, and _
differentiated celds. 2ondlozyHaGsba r%@é%%%dﬁ@éthﬂé M4é2tl%&6fhlaﬁﬁ gcl ai m 36,
s

wherein the stem cei | s conprise enbryonic stemcells. 42. The heterozygous
cellular library d36.cl & nmhe®roaypevsei eeliules  lipgaivio®PMPHEINGgehi FEEIORBHul at i on

of isolated Cﬁuﬁ%g%&%%déo%@?aﬁi@ﬁimw&% Ici?:*lis3 dﬂ%é iﬁ@ach%%é’ﬁcﬁ’é}@@ cefd | ul ar

i brary of cl he "ani nal s conprise human cells. 44.
The het er ozygecemprisssl aiarkdd drampsahie comprisidg a daneinantrpaskitye selesteiig y

nmut ageni z 61 popul ation of isolated cells conprises plant cells. 45. A

met hod fo pr@% 9"mg a heterozygous cellular library conprising: (a)
providing a pluraladty ofhetlstdratpgbusetlisar linkey of claiea?s) witeraiheaghiastlaf ity -79

WO 03/ 093426 PCT/ US03( 13625 .of isolated.cells ¢ ri ]

posi tive sel eHPdBPgo'H@(rfRﬁétraQe“'éﬁ%P‘(%&P&ﬁé!?r?@e‘?rﬁ%&é’ﬁ’?@%ﬁg°ﬂ %@ B’?E% ality of
i sol ated cel | peteVdigf6hy génetidehedifieatigasis cellular library is prepared. 5 46.
The net hod of clai m45, _wherein each Ef theﬁ&l gflr%l i bg of ils{%at ed cells
conprises one or né-e HEteIBSPGYIRVSFEMUes orary & FlAlR BPoRerel e PAR Ot hod of
cl ai m 46, {ghepRid HAEoPRGOR! gBRSIR HRURIEAINBOUSMPaSH geheticombdifictibhons
conprise genetic nodifications produced by a nethod selected fromlthe

group consi st Pi§Used dies Bwthad salgeiedsiram they OERHPoCRRSISHNG QHiCREMER! X- r ay
radiation, expResHdnetR, Liftaliblet Riofitioh, XK ra@aRN, expisddre to inhibitors of DNA

repair, and combinations thereof.
39. The heterozygous cellular library of claim 36, wherein the
20 randomly mutagenized population of isolated cells comprises a genetically
related population.

40. The heterozygous cellular library of claim 36, wherein the
randomly mutagenized population of isolated cells comprises cells selected
from the group consisting of stem cells, precursor cells, and differentiated cells.

25 41.  The heterozygous cellular library of claim 36, wherein the stem
cells comprise embryonic stem cells.

42. The heterozygous cellular library of claim 36, wherein the
randomly mutagenized population of isolated cells comprises animal cells.

43.  The heterozygous cellular library of claim 42, wherein the animal

30 cells comprise human cells.

44. The heterozygous cellular library of claim 36, wherein the
randomly mutagenized population of isolated cells comprises plant cells.

45. A method for preparing a heterozygous cellular library comprising:

(@  providing a plurality of isolated cells, wherein each of the plurality
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conmbi nations thereof. 48. The nmethod of claim45, wherein the plurality of
isolated cells are selected fromthe group consisting of stemcells,
precur sorwoaBlgis2@nd differentiated cells. 15 49. The netrkodses/13skai m 48,
wherein the stemcells conprise enbryonic stemcells. 50. The nethod of

claim48, further co r Si ucing.the stem I late.

The nmethod of claim Zg {;??‘EL@HEB%B 'Ssqsr?dfmm%ﬁa' ?%%eq%ﬁgé%%r%gg{r& 20 ceI I s
to differentiate. 52. 'gha met hod of claim48, wherein the plurality of

i solated cells |se nimal cells 3. . Th 2, Wherein
the animal cells c,(nﬁ‘pr i3 %Wtag;eé‘l'q'@t ?@"gﬂﬁyﬁ %g?‘ﬁ%ﬁ: yvlngreiy M 48,

wherein the plurality (p,fetérgg}g@hgge]ﬁ@érl|,§rar9@m@p§|@a plant cells. 55. A
het er ozygous cel | ul ar I|brarx produced t he net ho

kit for pHenotypi rf- andhgeneinad phrag %Nﬁﬁr@f‘ﬁ@m thh(eﬂurél'tbi@?]'é?'@%figous
cellular |10ra c?%ﬂg%ﬂéb%ﬂg oRroREHBlOEy g SUK GEIRIAL #Rstifihat | on of i sol ated

parent cells; honozygous cel P/ul ar I|brary conprising a randomy
mut ageni zed and ho4702yd'¢1§éﬁetb© of eleimfb,ovhareip|tae eae QaTHR BIerG¥OPUS wherei n

each cell of r
PCT/ US03/ 1362@'&]‘%@?%@5{%@{@3 Sﬁéépeﬁé’[f& 'ﬁ%%{lgcﬁggg\%%%o%}s@?gmogd a parent

cell of the hmlecn’tedyfgwmstheegrqmpamﬂsﬁﬂngr91‘ CBQ’mlC’tIIhénlll@ﬁgeQﬁSl&;I fraviglet wher ei n
each pare ceI l%ﬁhr )bellaﬁ(agapfghgéosquli ibi 6r§r8f IQR”Eé e Sar@y Uni que

i dentifi e eac aug cel pro uce nmozygosi ng t he
parent cel I cmrpbmam]sﬂhemm unique identifier. 58. A phenotyp| ng net hod

Fandort y mut ageni Sbd PR EHPOa oft s r et HigHwaitict g efeE ke, B
i sol ated cel | sele@Bpriro@sitie PsUpe dondistingp odretermongts, spraguraor tollsjoamichant
PosTtive sel &gt hated cofis.
15 49. The method of claim 48, wherein the stem cells comprise
embryonic stem cells.

50. The method of claim 48, further comprising inducing the stem

cells to differentiate.

51.  The method of claim 48, further comprising inducing the precursor

20 cells to differentiate.

52. The method of claim 48, wherein the plurality of isolated cells

comprise animal cells.

53.  The method of claim 52, wherein the animal cells comprise human

cells.
25 54. The method of claim 48, wherein the plurality of isolated cells
comprises plant cells.

55. A heterozygous cellular library produced by the method of claim

45, |

56. A kit for phenotyping and gene mapping comprising:

30 (@) a heterozygous cellular library comprising a randomly
mutagenized population of isolated parent cells; and '

(b) a homozygous cellular library comprising a randomly
mutagenized and homozygosed population of isolated daughter
cells, wherein each cell of the homozygous cellular library
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(b) assaying the cellular library for a phenotype of interest; and (c)

sel ecting one or nore of the isolated cells that displays the phenotype of
i nt er est .wb%3/0933e6 phenot ypi ng nmet hod of cl ai m 58, wherei nPChasphewset ype of
15 , interest conprises a phenotype selected fromthe group consisting of a

vi sible phenotype, a viabilit not ype t
differentiation phenoP?’BQ”S% %8&'9?6 pé?‘iLfcngjth@?@é)zé}&Bgﬂg aél&g%?t?bl lity
pﬂenot ype, a rﬁSId st aneell Ohﬁ@@lbtep@zyganslcelmhbearyons t her eof . 60.

phenot ypi ng net ho co rovidin s cel ular
library conprising nﬁ— HP Cla‘%@éd‘é’ﬁ? @Saghagfﬁahﬁ%ﬁ%a&ﬁ%’ﬁw 15 on of

i solated cel |cﬁ|ul@b)lb@$¢aamﬁgsésfwumqbé iWentifier, Bh@mhetan eacipienghtyipesliof
interest; and (c) selecting one or nore of the isolated cells t@at di spl ays

t he phen@t y prodfcadhydianezygogng e PRRNSREAITDITGRA PR ALALT identiies, 60,

wherein the phenotggpe of hé at (,@sfhemgmab @8ing: phenot ype sel ect ed fromthe
group consisting of a \%\ISI tg] eﬁ, henot ype tnToa v?abl lity phenoty

mol ecul ar phenot yda) apdiMvidieg @rlwtea@zy@ﬁus SRk AR psRry @”H%‘?lngﬁemgi)'@fyal
phenotype, a suscepti bil i erﬁ%b%ﬂ;gé%ﬁ’%ro{@of iEQaictl IS WRBRAPBAGE of 8]

conbi nati ons thereof. In vitro mapping of a genetic
| ocus that nodul ates aisqiieticelgpeorprisas 8imarked £hrenesame FHMRASINGA at ed

cell comp S|ng one or c nodifications, whereby a
popul ati o r econbi néjW *ﬁbgﬁ%y&g&ablegﬁdﬁﬁ%d -81 WO 03/ 093426

PCT/ US03/ 13625 ( kp) mappsagng the og&mianﬁzraryffor aghenotype of erestnanche
ocus that modul atBs  REesEng e re SEnR juesash Bier ORI OO ©
62, wherein the cul turiphgnbtypé bﬁhtem@s‘rprl ses 5 contacti ng the culture with
o O Sl PR SRR BB B B pERRURAJRE P, o4
hel i case imhi jidrest-cofifprisdda pﬁEiﬁthy}ﬁb @éleabdfrmwrﬁﬁe gnigr einsisting ohee Visibies e
' nhibitor Corrprénso%/spe aov%bmteycp Qnecjtyl/pceasaemlongcu ar ghenotype, a differentiation
phenotype, a cell behavioral phenotype, a susceptibility phenotype, a
resistance phenotype, and combinations thereof.
60. A phenotyping method comprising:
20 (a)  providing a homozygous cellular library comprising a randomty
mutagenized and homozygosed population of isolated cells;
(b) assaying the cellular library for a phenotype of interest; and
(c) selecting one or more of the isolated cells that displays the
phenotype of interest.

25 61.  The phenotyping method of claim 60, wherein the phenotype of
interest comprises a phenotype selected from the group consisting of a visible
phenotype, a viability phenotype, a molecular phenotype, a differentiation
phenotype, a cell behavioral phenotype, a susceptibility phenotype, a
resistance phenotype, and combinations thereof.

30 62. A method for in vitromapping of a genetic locus that modulates a
phenotype comprising:

(@  culturing an isolated cell comprising one or more heterozygous
genetic modifications, whereby a population of recombinant cells
is produced; and
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66. The nethod of claim65, wherein the RecQ helicase inhibitor conprises
a porphyrin or derivative thereof. 67. The nethod of claim 66, wherein the
por phyri rwomajppisses neso- tetra (N-nethyl-4-pyridyl) porpRCRAISOE1I625
tosylate (T4) or N-nethyl 15 nesoporphyrin I X (NW. 68. The met hod of

claim 62, wherein the mappi ng, conprises . anal yzi ng genetic pol ynorphi sns
segregating in théb)popmaé‘gin(gnthﬁfg H@%anmtv‘gt@é? I""étg'%@'? RORHALRBOH or i n

vitro phenotyping and gRipenbifEPR Bt $aMBishly MWpherdRydedivhBRNY Yohdig a
cellular library; (b) selecting a cell conprising a genetic nodification
that confers a phenot {AsEs #7at medelades the@ienelype ig idggtiiedeel | that is

het er ozygous for e g | I g4 ' iRy i Lo Qf
reconbi nant cel | stegé's p?gghﬂcégﬁc{p&a}r?ﬁ '@?2( g})ﬂeﬁ%ppl nﬁm%ﬁﬁ'zg g@ﬁghﬁaim%e%

i ndi vi duas wiontacting He qudipgid vith aminbibitor o Edwfapaiitio therehy, prometegbijotis geneti ¢
| ocus t hat nq%yér%l ?ﬁ(%,be phenotype is identified. 70. The method of claim
69, wherein the cellular library conprises a heterozygous cellul ar
library. 30 71. TI6é. mefThedneihod lohickaie963, wieereinnthiehiehibidd ol BNA repairr y

conprises a DAMEUIAYRICH iHhiBlod ' Prary. -82
65. The method of claim 64, wherein the helicase inhibitor comprises
10 a RecQ helicase inhibitor.

66. The method of claim 65, wherein the RecQ helicase inhibitor
comprises a porphyrin or derivative thereof.

67. The method of claim 66, wherein the porphyrin comprises meso-
tetra (N-methyl-4-pyridyl) porphine tetra tosylate (T4) or N-methyl

15  mesoporphyrin IX (NMM).

68. The method of claim 62, wherein the mapping comprises
analyzing genetic polymorphisms segregating in the population of recombinant
cells.

69. A method for in vitro phenotyping and gene mapping comprising:

20 (a)  phenotyping a cellular library;

(b)  selecting a cell comprising a genetic modification that confers a

phenotype of interest;

(c)  culturing a cell that is heterozygous for the genetic modification,

whereby a population of recombinant cells is produced; and

25 (d)  mapping the genomes of individuals within the population of
recombinant cells, whereby a genetic locus that modulates the
phenotype is identified.

70.  The method of claim 89, wherein the cellular library comprises a
heterozygous cellular library.

30 71.  The method of claim 89, wherein the cellular library comprises a
homozygous cellular library.
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