METHODS AND COVPOSI TI ONS FOR DEFI NI NG GENE FUNCTI ON
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produci ng a collection of individually characterized
insertionally nutated manmmalian cell clones is
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[006] In certain embodiments, the mammalian cells
are infected with a retroviral gene trap construct at a
multiplicity of infection (M.0.I.) of less than 5. In
certain embodiments, the multiplicity of infection is
less than 1. 1In certain embodiments, the multiplicity of
infection is less than 0.5.

(007] In certain embodiments, the identifying
comprises an inverse polymerase chain reaction (IPCR) .
In certain embodiments, the inverse polymerase chain
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[010] Figure 1 shows a schematic representation of an
i nverse pol ynerase chain reaction (IPCR) . [011]
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VICTR 48. “LTR” is a retroviral long terminal repeat.

“SA” 1is a splice acceptop site. “NEO” is a neomycin
resistance gene. “pA” is a polyadenylation site.
“SV40tpA” is the SV40 triple polyadenylation sequence.
“PGK” is a PGK promoter. “BTK” and “SD” are the first
exon and the splice donor site of the mouse BTK gene.
The splice donor site is followed by a portion of the
first intron of the BTK gene. Restriction sites are
indicated. An asterisk (*) after the restriction site

name indicates that it is a unique site on the construct.



culture, transformation and transf ection. In various
enbodi nents, enzymatic reactions and purification

wo e@blos3ues may be perfornmed according to PCT/US2004/028818
manuf acturer's specifications or as comonly

[ din.th t d i bed h in.
Vart oud Crodi TeEe °F oer G et SRR LA BT GREGUTERS g opean
gemeralany 1RerifsoloTe é caegerdigeg d-ageppert Eenae1Teidledes, as

known in the art and as described in various genera
afd SrbsE eshedt Fx@mbdferferfces that are cited and

di scus thr o h S Lfi EO
t hat aﬁgqgéomnyggggée&s§?§$§d€$% ?ﬁgﬁgé%gaééegeﬁggégéy
Santyrioek leukaimi aMyiecws don@ drinmgnaA lrapesat O RYaNUalcking

(2 d., .Cold Spr.ing rbor Laboratory Press, Cold

ST 19 T Bor o T Lon i 588 SRR 1ok odert S0 1D NO:S)
enbodi nents, ar DEOLESS swbweledinbagribe RBNSIhOGhCRlcks at
rol e of genetically encoded biol ogi cal sequences

(LeeBkdien§omdemett [the eadanseprsadions, and also lacks a
pal | 2 cam i ugnces nPolynucleaqti de and
e et 06 PR Teast iR ThE S8R SrEthr i an

bi ol 0gy( 0il$ ]pr oVigiede $A-Ceshais endoskqretSe SBtVOUSR 48

ar rovided for culturing and processing of
ed%gﬁygﬂ %Oceﬁﬁs such that genetically engi neered
eukaryotic cell clones having defined genom c

i nsertions/nutati are- genetat éiﬁigﬁgtic cells
for use in the ne?%g%é,ﬁh §dse nts,

include but are not limted to insect cells (includfng
but notlOlitdi t ed Tlee DpRSRAN | keadirngdgasterherdls)are for

el.egans ,cekls., 1 o [ i ncl.udi. ng t .not limted
to mouse cell s?,l a?%tcoesl%%sf)%alﬁ”dgﬁlgrr%tr%r n%él S ?Oecﬁ;lo gﬁued
celsl § imprtiimat ¢heelsludeichc maditey kbuiscrdbeki.m ted @ ferences
nonkey, cel | s ,and hyman cells. In certain enbodi ments,

t & CE8) PL &Pd Sg@RBLCAIT P Re Rgin SEPEE Sy YndmSperrriaged by

| pegklicpnal HAHAL Gl |a@1yc%rut1?o%eefnb0di ments, nethods
are provided for culturing and processing of nouse ES
cel I s d@éfA 1t hain geives i 2wl ycanipmeetize ES cef | titd onasgular

haying def ined i c_l-nsertiaons/trutation re

a8 QG ;L -

gengrateg. F%l§?%ﬁnqLeP%§%% EHHGT Fggﬁ? Y Fﬁé%ﬁgtHGEGrWlse'

daes thadts lapellide tdent, aithee XN Sifv e camdeanlsl Mand/or"
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t Helgsens aﬁgg therwise. Furthermore, the use of the

~ term "including", as well as other forms, such as
"includes" and "included", is not limiting. In various
embodiments, standard techniques may be used for
recombinant DNA, oligonucleotide synthesis, tissue
culture, transformation and transfection. In various
embodiments, enzymatic reactions and purification
techniques may be performed according to manufacturer's
specifications or as commonly accomplished in the art or

as described herein. In various embodiments, techniques

and procedures may be generally performed according to



be suitable for the commercial scal e production of
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and human cells. 1In certain embodiments, the cells are
genetically engineered by nonspecific insertional
mutation. In certain embodiments, methods are provided
for culturing and processing of mouse ES cells such that
genetically engineered ES cell clones having defined
genomic insertions/mutations are generated.

[019] In certain embodiments, the method does not
include certain expensive and/or time-consuming
processing steps. In certain embodiments, the method may

be suitable for the commercial scale production of
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enbodi nents, the sel ectable marker is expressed only

if the gene -trap construct encodi ng the sel ectable
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and/or exons. In various embodiments, after integration
into an intron or exon, the celiular splicing machinery
splices construct-encoded sequences to one or more
endogenous seguences that are co-transcribed on the same
mRNA. In certain embodiments, a gene trap construct
contains a sequence encoding a selectable marker. 1In
certain embodiments, the sequence encoding the selectable
marker is preceded by a splice acceptor sequence. In
certain embodiments, the sequence encoding the selectable
marker is not preceded by a promoter. In certain
embodiments, the cellular splicing machinery splices
endogenous sequence from the trapped gene onto the 5' end
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engi neered alleles are known (see, e.g., inter alia,

U S. Patents Nos. 6,204, 061; 5,789, 215; and 6, 087, 555;
weawk/0sd31mhi ch is incorporated by reference hePei/msiond/028818
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practicing certain embodiments of the methods described
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described in PCT Publication Nos. WO 98/14614; WO
99/07389; WO 99/50426; and WO 00/31236; and U.S. Patents
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and 6,139,833 are used in the methods described herein.

[023] In certain instances, a construct may be

modified before being used for certain methods described

herein. Thus, in certain embodiments, one or more
7
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t O PrOgICE Aob §OP! at ent btk 51 SURSEGURELLY, 3§8H§ Ced. cells

I'n certain instances, given the inherent difficulties
cﬁrﬁwwkrﬂglmmthdswath Sea@eescellsm@hasuh@vapbeamions
er at t or near practic | evel s, of detection.
TR AL BY RhoRERE RESRL LR FACEPLEGBS (7 okRtiuf ba) -
axle agdopiefl &@bonobehte, "By 9Bot b oHghPEY " wPERCESSH NPeeder
yet _nore sensitivity is exchanged for higher

t FebbPhptiRe 1RYOFVPRI cEREAr hledbbae neddstiepahoespense of
gggg;ﬁ%yéﬁa/ér afcﬁgein&aéxggéﬂgugsgfﬁlg&aﬁéyagaéét€9 the

ne trap construct are erta
enbbdirent s, the gene has been insertionally nutated
' In cer

b0l MERE L. T GO M BB T SRalBiF SRR &F a0

U§h®@r@a£»@&E§§8mér@ﬂt§9n§i£QCYIREQ)C§é&@éﬁce o erably
enbodi nents, by using genomc DNA as thé tenplate fo

i PO®E5EOPER WRPLFErBaf ToR, 2 RNALechpbLe ehatkey. of a gene—
e@£é§hQEHétQuc£59£é£é£Qegftﬁ%“%hgﬁgé°5f Selectlng a

mutated cell clone that has not integrated the gene-trap
construct into the coding region of a gene. In certain
embodiments, integrating into the coding region of a gene
(i.e., integrating into introns or exons located
downstream from the initiation codon and upstream from
the stop codon) is a feature of a gene trap event that
alters or disrupts the function of the gene. Thus, in
certain embodiments, the presence of an IRES element
functionally situated upstream from a gene trap construct

encoded selectable marker is not desirable.



reverse transcription is not used. For exanpl e,

automation of ' RACE reactions may involve a solid
wWEb@s®3BRNA capture nmethod that utilizes 9 wel | PCT/US2004/028818

mcrotiter plates derivatized with an oligo dT noiety

(to "ca ée" pol YA RNA) . Such "custontf mcrotiter

pl at es E‘ﬁa%j be &pdr&ESLfdperi skAICEaPAGIMETHSA Ry, a

| M LRt Al $h 4 PSS ARG ESes I EViRE $ 6o £ rﬂﬂé&{jfﬂ%ﬂ?ﬁ SBy7 2l 5.+

refore

be expensive and perishabl e and the ndesi r abl e

f orort ahighthe t o gipePdbisg ayhe Avzoker ngl e léat el ¢ anarkers
emhodi t h ds. described herei n include,
%&J@%]’ofb%% egﬁg‘é{ﬁg?t ]Elrrglub% Ut andt Y5t at €sistance

process

caohd gosion Dight bsasguchig graekd ¥ appety epkas yosdene€el |
clones, including but not limted to gene -trapped ES
cdldrkgiohes. 11 nCoBF R 4R eSS 5, thhecomttioacdoesll lack
naly, i gk tiye: ' e re"  of

RO 1 are ¢ e Bkary ol 6 el ToABe et oE P Phs ra
"isplettian ¢ mackedi ng RNA enrichnment net hods such as,

for exa the use, of. ol.i - dT to. bind

pol yade@%g{ edh‘rﬁ;Rﬁ/%rt.aanl g%ﬁ‘&lcﬁsen‘g%}&i REREENCEnLL 2
procgssidogsl od dadtidesphes tise of FOVEF$€-orientation
transcriptase to prepare tenplates for sequencing
aftff i Gt FRAeFRY 53 hgl @l doriroiin b xenp ey udiBR)s cdrat

f |ﬁ{l{(ré§1§e i{ﬁggifﬂgﬁi}g@@& cgf a%%%%]s Cé :m&@g”é)%d lcgﬁll clone

certal n enbodi nents, 1nverse ) i'sTused f

higiet theoughputparat ¢$i shofpgeneral repped €8 | Sonstruct
ExerI%JI .a(ié/ (I}g is described, e.g., in Cchman et al.,

GEHELT T 190 T2 1R EX L Iyt od iy 2RILten ohipdEemd . In
Bidrtaid?: i ?dOanddd, (2P in Hbc®lrflgerfald My ﬁé{éﬁey
Sci. 54: 1403 -1411 (1998); Benkel et al. Genet. Anal.
13nunixye hekemiopeyirgs f (¥iga @@n alncivsmdshdblikelihood

Bi o} .. 49 - ; ces .et . Met hods

Mol SBeléllo c%%@%n&%??%%oi@acﬁf I}ee?te}}%%gb%s ciitErporated

t hereeipy,oweiachl ofendi ichap Scomeonper ahets e ref ef@NGerotein-
herei n for any, purpose. [031] A schematic
reeﬁ?cé%s‘?@rﬁ%ﬁ%%lﬁgff Cg‘?w HemAtty |IPorEsrtaifowns triegw ethe

1 peBNQHm & { n Qgﬁ% Iy S Solat

and di gest ed%%ags]%g%%%gﬁ%ngégn yrrec?&;( b§} Z?}#éeréeﬁﬁﬁar
digpelsitdiory maveh geeioy o DNSpside gatezbttar f (820 site that is

i'gﬂéyggfgéﬂ§”pég %ﬁéﬁ%d-ﬁgéégégﬁ(¥¥éﬁﬂg”2éﬁég¥gble marker

" in the gene-trap construct. Accordingly, in certain -
embodiments, gene trap constructs are engineered to lack
a SD site operatively positioned upstream from a SA site
that is operatively positioned upstream from a selectable
marker.

[028] In certain instances, gene trapped ES cell
clones are identified and catalogued using products from
either 3'- or 5'-rapid amplification of cDNA ends (RACE) .
In certain instances, polyadenylated mRNA is isolated
from an ES cell sample (in certain instances, the number
of ES cells present in a “confluent” well from a 96 well

9



IS then subjected to a PCR reaction in the presence of
two prinmers, Aand B. Priners A and B anneal to gene
WO e@p/0833n5t r uct sequences such that the PCR r eRCT/US1004/028818
anplifies genom c sequence that is | ocated between the
annealing sites for priners A and B on the
I6aA FLAED0

i SR EeVAHS S ddianswiinate POR rfredastad set
i g s . hat .

L e B ARG G SR i s ion
germoprodig, o [tamkedty doristirauctulsegemddy tdeatuenced. In

anneal to.prinmers A and B . .One or both of priners A

A B2 T E Us 6 1D SHUSTEE THE Goriom @ tne® O
Aianaald veloh e orsdmiledidf enant WY idR S ChPenay
used, in addition to or in place of priners A and B,

t OPSERiEN G e RFETOR A Eedirendevial 8 Hm‘ aik?ﬂe‘iq‘qieu}-m\wchus,
TR St aeane, Mhav L enat

searc iI'fy the gene i e gene
- tadap teat gietr haddtnitegriatedd tihrduhgarie phdaappechgeltet
[032] In certai,n enbodi nents, an | PCR reaction
CORA ST e One OIS he [T EsY dfFoughput .

enbodi mentey, amn! PERtheaCENBAJEREREESeReBhohgasE t WO
pol ynerases. In certain enbodi nents, an |IPCR reaction-

cafsntsidy iag leamneg Mt guly radsdgisdnt isaraldiyn mutated

e [ ts,. .at | east pol yner ase esent in_.an

I 53%% ge::}iel S nraé}ps CZO %terﬁ[r:%staaéo%éo pol lydécpas gwn 195 X bus
erdadi erdrer s pahaeraseshdNadearan e tiSechd 1t RBER ated
reactions include, but are not limzted to, Pfu, Taq,

I:ﬁ%%?gﬂﬁﬂ,eQQ&EGQﬁﬁEHQﬁEr?ﬁﬁfuﬁ1m I &tiadith embodiments,
erthdiJEBTY $ha 01005, tihde M dria PEF M1ty RA MIBTASKA gene

are used in an I PCR reacti on. In certai n enbodi nents,
0.0kr conahruct perlncasft al rp dmhetiase tbr,e isethinmg ayenonic

| PCR reaction. | ertain enbodi ,.,.0.01.t0.0.1

unlﬁ%é apse?d}ﬁ nco‘?mpgi%coﬁ ase HrE ﬁsgé% WA 4R on s RNA
r eagdgtQived N(£6f I Al dheTdIadmEd:S, i 481 dtsi H e dafNmedind/or
according to the polynmerase manufacturer's definition.

[ 033]e95F e GF 8Holoth iehtOt prsafer s EHatemmead: to
IS0 L O U SISO AL Sp LA LI preae
arfi¥alcapture method that utilizes 96 well microtiter
plates derivatized with an oligo dT moiety (to “capture”
‘polyA RNA). Such “custom” microtiter plates may be
expensive and perishable. Additionally, in certain
instances, reverse transcriptase may also be expensive
and perishable and therefore undesirable for a high-
throughput assay. Accordingly, in certain embodiments,
the methods described herein include a process for the
high-throughput analysis of a collection or library, of
gene trapped eukaryotic cell clones, including but not
limited to gene-trapped ES cell clones. 1In certain
embodiments, the method does not include the selective
enrichment or “capture” of RNA from the eukaryotic cell
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to a gene -trap construct sequence adjacent to a

sel ected restriction enzyne cut site. In certain
weniwsasizent s, a second priner is selected to aPCEEB2000028818

an end of the gene -trap construct such that it is

predicted to anneal] adjacent to the genomic DNA into

vWﬁ%QP?%e(%e%ef-W?%@gégﬁ%tr%ﬁ@l?E&PQnte@ﬁ%&%%ﬂnqw3¥%rs

A SR G680 md th &&8 Al h epOdi RN SamSch thatyd W

will both anneal to 12the sane conti guous piece 0

f ot Moo il riestivind i pnl erdsmel afi g stRN). . Fulnt hesntox i
in_certain enbodi ments, two,priners are selected such
OO TR0 g HT eI rITHR T gect Sth TR Tt e of

| Nt et s @i It £Se Hd16 RIDARS St athes exdentlediencing
in opposite directjons around the circle . [034] In

cetH I ey dt HHE L YN PremarIerRowe| Qe deidnedmtthat

uher il annealseod e d ool Ao NS fRL: TS Wi thin
100 bases of a é% ecteé;restrl i on enzynme cut site.
I n certdl3Venbddi rentsinaepbonemenssseliactedes@Ch t(I@CR) is

A R N AT LN
Catdeign £RPoh IR S, desPF iy, IS, $e) eat eshisuah ddaty

when it anneals, the 3' end of the prinmer is within 20
béxveoich k&) ectel- 725t 128§ on Hnizyefe &lut, etthods Mol.

ceftain odi ner i\ner.is selecte ch that_,
\M?%ln&l 1 %’eggﬁﬁe %@%in)d’ oI?Llut He- p"’{rellc'n’eSlc%;%L \%ﬁ% ke
baseis. df4:a SE)eet£nl r €198 \Ct iBm ez yee LU Gade: . Ithal. 13:
cert.ai odi nents, _a prinmer is selected such that
mﬁe%?aﬂ”zﬁﬂﬁe% ), 7 t@f%frsﬂpgeﬁmefofal_théﬁﬁh%? Nal otk hat:
100 bases 1o a, Sl edLdtd St i ot M EFYRSUL SidL: 161,
One skilled in the art can select an appropriate

priTier (3&hgth ardl seftpisroee S ori tRCR tH€35]n 1 reassr taff which

enhodi S imer_is selected such that when it
agsea é?él{%deragcn% &Y tlheeéep THS 15N N 1Y BSeOs -
the end i1t heageraembtap eepsbkdatawhen b@tgﬁr@k@ﬂplary
into a cell genome. In certain embodinents, a priner

i SRl elct e FUTH T HE It 4 t GaTEElS, D el Idm endyegfe—

the-Rddmereds) Wd hid, 90 hasey giigfgéeceq{]%iogh the 488 ction

-trap construct when Integrated Ito a
enzyme, X. After digestion, the genomic DNA is ligated
to form intramolecular circles. The ligated genomic DNA
is then subjected"tb a PCR reaction in the pfesence>of
two primers, A and B. Primers A and B anneal to gene
trap construct sequences such that the PCR reaction
amplifies genomic sequence that is located between the
annealing sites for primers A and B on the intramolecular
circle. The result of the PCR reaction is a linear DNA
containing a genomic sequence that was adjacent to the
gene-trap construct in the cell’s genomic DNA, flanked by
construct sequences that anneal to primers A and B. One
or both of primers A and B can then be used to sequence

the genomic DNA. Alternatively, one or more different
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cell genonme. In certain enbodinents, a primer is

sel ected such that when it anneals, the end of the
w@eoos®s331s Wit hin 20 bases of the end of the geeEUSI0AMSSIS

13construct when integrated into a cell genone. In

cert.ai n enbodi nents i s sel ected such that

when 1" an‘ﬁ%%l%e ‘f%éede'frén%&g]ftjt% Wi Merth PIRERi ¢ 10

baseismfs thesends oft & hee gediees tiap 1@0_4; e in the

integrated into a cell genone. In certaln e di ment

a P efied A ectBek ssRFIeze herhe tgemorent sONA hears then
ot Alsddeprd TRiad J0Leh 130 AR DARFS L ARADS B0 wnicn

gene - trap construct when i n

cedde mmretr@]etakgé’i éths nitheyedted ain SEAE€Cle@d-t rapped
ap ropriate primer |ength and sequence for PCR. [036]

ertain enbodi ments, using inverse PCR (IPCR) to
anal yzer g4 genamie r$quense okt ARKLAg *ahezlppge a&lt%n

site of the gene trap construct provides sufficient
serminy gy %@cleét$f@tom¢1@q)]rmee rwulcr@staﬁss

st arti terl based net hods of

i ferﬁo$3?eggt e orf]%gf{] e FTEMA hg TR SS B’y ksafipl e

i rpcﬁ]@frﬁ@db@bOdlrﬂBé'éﬁtalresénﬁdtﬁﬂn&l@@r CaertIMRtﬂeactlon
clonal cells present in a confluent wel | of 96 wel

MR 35S p?%tJeeaa‘f% HIERP (RP GEMETARES a tTernmeﬂtea:fror
b%zmdofm&gc@nea@rl € éﬂé"}lﬁ?l&ﬂr&éﬁéaén"@ceog rgcenfr{na%n IPCR

. In certdin errb I ments per cen
th@acﬂtclrmi iceld Stl'mmmﬁablre @mlgnﬁdnf&m weld ofr 96us

vvel lb ottlter ate are q%fqte ertain

FHERTE S 1 REIVHASRS detterfiabiog HSed oifal IR | s
pr@aﬂildms au@@nidélerﬁuﬁ/\&iﬂe o961 MRl ed OB £ Tag,
pl ate are used. In certain enbodi nents, | ess than a0

percieét 6 hePwd ot s skt | At qorifd rent

[ 4 ter use In certai
\A%on!béﬁmﬁe&ﬁ@l eos?ﬁ 3% uprglrtgsteg% ]the & é’najtynéeeqafsse are
presehtin rera TROH Imn:tlmi.l afn &ﬁemm:ln nangctieits, 0.01

pI at qre used. ertain enbodi nents, less than 40
b GH e RADi i $DREEARSS e cead danan TRCR

WQ:léachloQ@ vetd b oot teaib R el e dJS(ﬁLdC‘ﬁd g0 Clergrﬁﬂqs per

enbodi ments, less than 50 percent of the onal
14pr ederit nol vnesoree (e wedd iof 296 WROR wHaTiitdrt.er In

mégf%aln embodiments, units are defined according to the
polymerase manufacturer’s definition.

[033] In certain embodiments, primers that anneal
to gene-trap construct sequences are selected for IPCR.
In certain embodiments, one primer is selected to anneal
to a gene-trap construct sequence adjacent to a selected
restriction enzyme cut site. In certain embodiments, a
second primer is selected to anneal to an end of the
gene-trap construct such that it is predicted to anneal
adjacent to the genomic DNA into which the gene-trap
construct has integrated. Primers are selected, in
certain embodiments, such that they will both anneal to
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are used. In certain enbodinents, |ess than O percent

of the clonal cells present in a confluent well of 96
wowdos/oad3es ot i ter plate are used. In certain  PCT/US2004/028818

enbodi nents, less than 70 percent of the clonal cells

present in a confluent well of 96 wel]l_ mcrotiter . |
pl e 2B SRUTLPROREr PEFRS eftboB e sloYERE FRARrEption

§:§§£g¢eg%i%£$Ff&ﬁnalFﬁfkﬁér EESeNtni Do fr SPAT LHBOY i ment s,

mcrotiter plate’ are used. In certain
entodi peitsrs| @ss shaacBedpsucenthat, t heltbonay tepasion of

1 f I f 96 [l m tit .
P ERe 5 efeled i ‘SBhe afhuRbolrrnts, CHIEHER! | Fupi Bitmers
of wpNE 198 &REEndéankhngppegi 08sd0fcgENONE CaBDMNd the
i nvol ves sequencing the tenplate and conparing its

seﬁhéﬁ%@-mﬁth.knomn genom c sequence data. [037] In
certain @ﬁ'ﬁ’fd' 'E‘?{‘.tcseréafclri %%{ﬂggﬁe%t'sde%t W Gt an %{elected

t he intégra ion site of the e -trdp construct,” a
| essth abloait Bbebasesanhegeapnthe DHA éndnoa tkgi ppimer is

flapkin integration site is sequenced. In certain
en%bgbhgniQS BESPeaSt abdh eﬂée%agﬁétBFCEéHBn?EzﬁN% cut

froma, reghodettanki BanbhenbAL 89T 8t hONn8E €si Selected such
sequenced. I n certain enbodinents, at |east about 45

basest ofhegendhi enDRALFF ofla Begeod Pfahkengrimer is within
i Ntgg Lon_site_] e p.cert aj [ ts,

S AETE b epblgteRu PR Lo SRR el TROLS. o
fl aaktagnt Beboatrgnati oa primersisegatscedd btchethatnwhen
enbodi nents, at_ | east ahout 70 bases of genom ¢ DNA

from aPRegien FR&nRI n§PEheti hRegPatTeA LFtB1FRin 20 bases

Segpencedi ebbeQeLEaLp i RNOHI BERYRe 8ht! 828L.aDOYt BPtain
bases of genomc DNA froma region flanking the

i neegpdinentsite Psimeguéacedlethedestahnteabodhaents,
at _| east abput 100 _base genom ¢ DNA from a.region
| MRERG Tner P nPoqrats h SheoSreRks oantehfihniRePraf of =

g th n eg?g i on Si
enbeleoestisredbat ckeast cabout ¢b0 bases ofngesedhenDNA
froma region flanking the integration site is _
sefURABEESHT A/ cer PALRCENbSdPReREESdasurBathakbshien20d

CosEReSLoperar o PR Lo BONAO:TLaTLes g 1gp, beces
at fremsté abbatt2B80rbasescofiogeppmyne cut site. One skilled
in the art can select an appropriate primer length and

sequénce for PCR. 7 -

[035] In certain embodiments, a primer is selected
such that when it anneals, the 3’ end of the primer is
within 100 bases of the end of the gene-trap construct
when integrated into a cell genome. 1In certain
embodiments, a primer is selected such that when it
anneals, the 3’ end of the primer is within 50 bases of
the end of the gene-trap construct when integrated into a
cell genome. In certain embodiments, a primer is
selected such that when it anneals, the 3’ end of the
primer is within 20 bases of the end of the gene-trap
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DNA froma region flanking the integration site is

sequenced. In certain enbodi nents, at |east about 350
whawem333is genomi ¢ DNA from a regi on flanki ng tPeT/US2004/028818

integration site is sequenced. In certain enbodi nents,

at | east about 450 bases of genom c DNA from a region

f | ok guethevhen ehrbegontedt entae %eﬂ%%hc@%@om%-ceE@aﬁﬁrtain

e ' at_ | bout e .
N R R
sidenésl sequenced. ehd38F the cerimen isnstaricas, 1RAGEses of

- based thods enrich for spliced exon seguence far
upSts e%\‘ﬁ(‘?%rt%e'g%%é}?a%rg%%al? a"ﬁ??lﬁ glrn’%egrﬁ%%)lnto a

fromihecgene, trap COPsiINCinbHSBRAON, SitBrihdr is
certain enbodi ments, using the nethods described
heselect¢drsuplt tleain vret at t donmed keantex o’ segdientethe

| i ched d in RA =b d
TOURORE TOBIET e aa ¢ ATh REB0: HERD < hT BT Rbarf edene-
segen caigs ofuge e haak age DN Ps v | €5l edatieed One

sequencing, sensitivity. Thus, in certain enbodi nents,
f el L t@f | 7 cllie R used t %ebﬁ”%ﬁu%% IR PRT bAtS gRRbRTE

DNA £ 9 | BOR sdbiehd epyespeel | s availabl e for other

uses and/or for “one or nore additional |PCR reactions.

In certB@Pobnbddi wemts,ina egiboglimendls, ofsiag98nmeldse PCR
pl ont ai ns_enough, cells for both IP nd, at | east
et R L hat s e L MR Sk S
adghté 1bPGR t€ast i BRS. géhe CEFERI BoRSPRAEFEPESVides
only 1/3 of the cells ina 9 well plate are used to
pradfEEcHerbnfenPNALYBEY | PERY Tlali Bee pBoetdene rteqnsres

f ; 6 ' ' :
ont 571 35 ET R A P ARG AArF e SPRRNNTERES
prodecel feiogi cn®NAr fooreé PCRankeay i egodé 4 ofot hexambpls, in

for at | east. one other use. |n certain enpbodinments,

oot 57T P RRREI TS | HE58 otk 12 phet eShr co B s plonal
preduce geaoshe DNAfesntPeBat! gavingr496 pE11hgi 6ebt Ster
for at | east one other use. |In certain enmbodi nents,

onP¥al¢ 1@refuse@ el genenabeos wenplptat oaredesedfyong one

DL PR °E0 B LB QERADS SO Ofotceai
embodiments, less than 5 percent of the clonal cells
present in a confluent well of 96 well microtiter plate
are used. In certain embodiments, less than 10 pércent
of the clonal cells present in a confluent well of 96
well microtiter plate are used. In certain embodiments,
less than 20 percent of the clonal cells present in a
confluent well of 96 well microtiter plate are used. 1In
certain embodiments, less than 30 percent of the clonal
cells present in a confluent well of 96 well microtiter
plate are used. In certain embodiments, less than 40
percent of the clonal cells present in a confluent well
of 96 well microtiter plate are used. 1In certain

embodiments, less than 50 percent of the clonal cells
14



[040] In certain enbodinents, using IPCRto anplify
genom c fl anki ng sequence provides a product that is

W@ osakdses f or sequencing. I n certain i nstancespPCHUS2004/028818
tenpl ate generated froma RACE reaction requires a

"clean -up" step that involves running the tenplate
RSt 7 S e Y oot it AT GOl AR g Late
t QSEQURNET NAin | deSQt astbod il d 2l e LM AT HePent

tenpl ate generated by | PCR does not require
clrforrdtogrlapial prelors tresfint atn iy ePBlguencivegll of 96

i Qn. [ ' |.PCR hod.
;ﬁfeocitv%' { cn_lchAfL]t]?_l %l;aﬁtéetr al s %IE{%%O“ tes eoﬁj-haajtrg ,neentlbooodlsments,

e uUse o nsity pla

i Nedsditngan bl pwcdritmd®edieo,cBibMeld]l 1 grsatd in a
ot her_high density plate formats. A s used herein,

" G s e bt dtfe TorMfdtls MG e i Rkate RA Hped.  In
Y& 8l SerfiaRlEs aread hahp @F-yelden! gff;iteﬂé‘ clonal

certai n enbodi ments, by using high density
f oreltss prenmert rigact iomiblameywallk oeddediellln wertaiiter

enbadi nent s, usi ng -high densit | ate formats enhance
anqﬁﬁﬁ éi‘%é%%%ﬁTnnéh;%§§¥é%nla Qéﬁ%ﬁﬂﬁﬁériqﬁfighﬁp 0
t eaughputo nd{orc hdedeasd nrddenanound fnfeagents1l
used $er sanpl e anal yzed. In various enbodi nents,

S

t st Sl diggratidreorlate Jeife usad-apped et o,

f ; a i | r At ' it .
oI &, S A el R ot g b i Dfhakipo
culaqireess aecreasiing OINFe lamminte Ofsaq@agentrsy raguiteatblate
17f or each reaction, and/or decr.easi ng the nunber of

IS C LR 1% Heh A HE Jrodbotialt Peniife qamience

genE Cc insertion site of the gene trap construct
within the cell clones . [042] In certain enmbodinents,
genoni cl BNA i sIsbearhednf eBhrgénentsy appefacéllitakenes

ar; I e 4 . wel |- f it rtai no.embodinents,
R il
| arqgert muant idt escaft garon G DWesse desjereshid MNA from a
certain enbo inentﬁ, one or nore of certain subsequent

r &t i Bhs, - FHE ,%MFQHﬁ%TM§B@t%?%%&@V&qonln
digastd 9N, edpb SRt b s PGR a4 1888100 ahes of genomic

sequencing, can be performed in a higher density ate

f difatfqam (p |\ reg 38y Sankiplatorimidmratiiqgh site is
sequenced. In certain embodiments, at least about 45
bases of genomic DNA from a région flanking the
integration site is sequenced. In certain embodiments,
at least about 50 bases of genomic DNA from a region
flanking the integration site is sequenced. In certain
embodiments, at least about 70 bases of genomic DNA from
a region flanking the integration site is sequenced. 1In
certain embodiments, at least about 85 bases of genomic
DNA from a region flanking the integration site is
sequenced. In certain embodiments, at least about 100
bases of genomic DNA from a region flanking the
integration site is sequenced. 1In certain embodiments,
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density format) . In certain ' enbodi nents, standard
plate formats will be enployed so that certain
WG t@smaa3ds aut omat ed/ robotic plate and flui d hapdi/uszmo4/028818
devices can be used-during processing (such devices
ted to, a Beckna ulter Bionek

;Lﬁf‘asc{g%%&?# Jfé(?‘lr]%ac S HT. IR G ed" Gt 7 fH R

vaﬁlaamlsflg hﬁ{@oiatecjz%ﬁaloﬂ Ns L0 tad s eRasli®Nt SEn certain
certain restriction enzymes, and/or certain

c IR QTHMYHES of 2§ elséea%tawen%%é%ai%w%egwm&m from
yi el%ﬁm n 'f% '%ﬁé ed{ ol &, dn.gefd aée]?uenced In

palr of construct -spec
prctemrarcamn]dnedhmdté,oraﬂ wWoeast mseutdi I3 @rigades of genomic
const:ffucts Thus, in_certain enbodinents, the saneg,

pdiA JF- bRt eton s%]e%‘ﬁlf”cg Pt et A RrR b usBHE € of S

prsiést-al@f[bécPCR Teacd Hop Of el d Sihatd 2 h ¢ erdl &t e §ioM 359
fir cells that have been gene-trapped wth a first

csteucat aﬁ‘@?Ql‘@lerD% Bren RCRe®kben | bhenfing the
C|r ed. t m sec nd cells_that have. bee
ALZ:LC% §ﬁ? algsec CPC SPNa 4§ clei‘ﬁ SRal %dlments,

gene - apped onst ruct
ertodigrstt ssbdite sB0ELpsds of GaishicICINA Spesh fd cregion
prinmers can be used to prinme an | PCR reaction of

cﬁrk‘%ﬂ@rﬁ‘%e@? %ﬁ%@@@%teﬂtq&%uw%mwet In certain
I estd $h O £NZY e OF 5 € Ohi At 4 on hggsé§séf LONoF genomic

enzynes and can al so be used to prinme an reactton
of DNA ritudrard zeel t @mpf baek ore at feel ustmgratmosrtdte is
restriction enzynme or conbination of restriction

en %ﬁ‘res T 44] In certain enbodiments, the genom c DNA

from gepesstrappes celdtsins idisgasted, \MRlAl@Eglibﬁsed methods
restriction enzype. In certain enbodl ments, the

geHUM @ CREY fFROR GRALCER appretPes | oy sum@@qrwm ho'

at St rict e s
R W R e P T
ge:rretsttmaptpemeeeﬂsomssﬁtegesthd aettebt dmasdimdies, using

di f f t th reaction. I n
TP R Hert D P S DA Dr e
'tdéWHgﬁké&ﬁ|§x¢§ §%§&éﬁé@%Vﬁfé‘E@sée§§ﬁléﬂéﬁ as com%ared

different restriction enzynes in the sanme reaction

cera FH9r enbodiifehtasehangenads ¢ DNA from gene
-trappeﬂ% &leIESCQQQgﬁkegmB%BEm%% ?a§%C&L%%dlated

differe restriction énz
sequencing of genomic flanking DNA prov1des enhanced

sequencing sensitivity. Thus, in certain embodlments,
fewer cells can be used to produce sufficient genomic DNA
for IPCR, which leaves cells available for other uses
and/or for one or more additional IPCR reactions. In
certain embodiments, a single well of a 96 well plate
contains enough cells for both IPCR and at least one
other use, which may include one or more additional IPCR
reactions. In certain embodiments, only 1/3 of the cells
in a 96 well plate are used to produce genomic DNA for
IPCR, leaving 2/3 of the cells for at least one other
16



reaction. In certain enbodi nents, the genomi c DNA from

gene -trapped cells is digested with at | east six
waledoSesBnt restriction enzynes in the sane reaktT/082004/028818

[045] In certain enbodiments, the gene -trap construct

that is nte rated i o f he .genom ¢ |s not cut

B g S S P TR Fenfle Fiald in -
gerg WdBp raed GHad ts pf@&ﬁﬁéu§%h¢m&@ B for IPCR,
genoni c is cut at one site in the digestion

rekaviorg IM cef tehe enbbdi ental lersiyeree telper use. In
C eg to-t C:

e A W

e@mnhénﬁﬁs,uiée @@n@r@d@meO®®m®mﬂmtDNmaforSIPCR leaving

|nt rated into,the enont DNA is cut. at three sites
fﬁeo%hgé%t?%ttl? efa%tl%tl RS et A RIDOFF Frent £ ¢HeLain

Eﬁ%ﬁbé&fﬁbﬂ%@Stéﬂf§ they &8 trdegrpied; ﬁn£09éh@ell plate
genomc DNA is cut” at four or nore sites in
du@@%tm%mdr@acmr@@HCQQQQm@ml¢nD%%rf@xnI%ﬁ®odlﬁ®w1@g 9/10 of
ontc:EPA om ge e ells. 1s subjected to
eas moié%paga ea?éagﬁgoﬁgﬁe%m%?eln no two
reactuop@4@pntamnc@haai@n%nﬁ@mhm@@tsonu@ﬁn@esttmckbOQmpllfy
enzynes, In_ certain enbodi nents, genontc DNA from gene

-t?%ﬁﬁmkpc%l?%kt%gs%%ﬂ%%@%% PHO%E ¢2a3tPYPeet skpakat @
ﬁﬁitgﬁﬁe POET 858,801 4. fefﬁt&89@a£9”£ﬁ%€a£9§s§@53

onbi nation of restrictidon enzynmes. In certain

enbaup heit syegenabted DNAnf e oRigenccatt appedegeitssis

sup cted tp at least, four separate reactjon erein
ok rau? Shed Bt RiTRERREN Bl b F ohemf iRt
reﬁﬁf@@@hoa §DZ¥”@§clﬁQﬂ8i &nr@ﬁat@gﬁapn@os@n@ﬁhspr@or to
mul tiple cIonlng site I's incorporated into the

P

gefRrIUER@p g ons u@@nt¥ﬁSEertﬁlﬁeéh%bﬂlﬁ%hQle%ﬁtS, a

p 0 I t nstruct
B e B r b BT B e
pachrcmhhograghylprton eozynetwhtingud sbeuevoshyuetaction.

|n the n n at .| east one. .l oc t|on tside of th
ves Do P e e P et 1R MrRsts Bl Low
009§ér@§é §§qM§@§@rI§eﬂ§tay %D&Qeaféﬁﬁagfge§ﬁt9ﬁdiﬁg, but
n certain

al | ow ntng os for
en@@H|£@Mt§e tﬁ@:o@S velieslpiesi epdepihpabshial) density
plate formats. As used herein, “high density plate

formats” include plates having more wells per plate area
than a 96-well plate. 1In certain embodiments, by using
high density plate formats, lower reaction volumes are
needed. In certain embodiments, using high density plate
formats enhances automated performance, e.g., by
increasing the rate of throughput and/or by decreasing
the amount of reagents used per sample analyzed. In
various embodiments, transfer of a portion of the gene-
trapped cells to, for example, a 384 well format during
splitting provides efficiencies by lowering the volume of
the cultures, decreasing the amount of reagents required
17



cut the gene -trap construct at |ocations close to one

another. In certain enbodi nents, the sane pair of
Ww@eousisise: -specif c prinmers can be used to prPoEUSRCR28818

reactions of circularized tenplates from genom c DNA

that has been digested mnth di fferent enzynes [ 048

| Eaeraain eaddiabntandide Rereasing dvhdt r of plates

[ S one o r r r.est t
Py e e O
WI:IrhséﬂflﬁL@{ i ektye enfl d1ed tgetrye acsmrorohsesicti ctitonin the cell
enzyne that also cuts the gene -trap construct at one
orc ¥ sites. In certain enbodinents, three or nore

restrictdpom enzyneskaave em%d%@at@orrgahbﬁlle SNRCK Y
20ends. A s used herein, a stick end refers to an

omm@ffmmlm orrppRE| ot dféICPfeﬁ?fﬂ @feer in a 96 well
O ERRgE o PNA ML, S EsALElLon ey odey o 06 well

nay be et over hang overhang

| nfsefidai cfaxerm@dnmt@hera lal\Dg@UCdlLe@mtﬂElmaﬁfla@@ndnﬁlc DNA
|l eft after cleavage. In certain enbodi nents, a three
NRTR AT TV er hERCFECER t SBPPRIMAP e a0RS TH BRFE aPF

enbodi Ment S, 86 &OME+ ny&é@eiwg OVEEDEROnG S h&f tndf t Blnited

cleavage. Tn certain enbodi nents, an ovefhang having
nnt@,thamttnutlmmcd3@¢$Uesn;sli@atlgmtePckléawhgélcatlon,

I f t t th
o g R e P R R S S

(SsEaté&. Bormdbe(dey. Fngl 39d Bl apsa2903r catiaépg, high
Beverly, MA) . Exenplary groups of restriction enzymes
t hdensshyefeBhwht i bl 80 sEeEkyiRne@oPAEReES, bEtaRfaldoplate

llP&£SQt%pof?9§étl, ed8§$|§%$ﬁdc§§£g1n g@Qéﬁcfaﬂ

and i1, and ApalLl and ;
hb@mtoﬁﬁpéﬂ/réhet;capﬁaﬁblandspbhidhhahdlxbgldeahdes can be
Avrl | ; Acc b5, Bsi W i Bs CJ Acl f
H WePE, SRpine Pﬁﬂﬂeﬁﬁ%Pg gef: %ﬁ%ce%sbw udQy %&tE?Ot

“Aylm1€§§|to§ng ﬁéék&anAﬁéhltéﬁehloﬁﬁﬁ|FXﬁnQ Bfakard mini
Pvul , Pad, and Asi Sl; Eael, Eagl, and Not ; Xho

PsbR@Ckan@tSarlan@h@P@RFPﬁegrlﬁelﬁéeﬁrvaééﬁntéeﬁh?F?Of
addltlon gen‘tjﬁlrsc tal %%H?m?erﬁ‘csgr o5 g{hd/r%strlctlon

addltloﬁal roups of restriction enzynme
cogpatmbke shd¢ky eadsaihncombtaebienbodfneatsriction

enzymes provide enhanced yields of IPCR-amplified

' template. In certain embodiments, the same pair of
construct-specific primers can be used for two or more
different constructs. Thus, in certain embodiments, the
same pair of construct-specific primers can be used to
prime an IPCR reaction of circularized template from
first cells that have been gene-~trapped with a first
construct and to prime an IPCR reaction of circularized
template from second cells that have been gene-trapped
with a second construct. In certain embodiments, the
same pair of construct-specific primers can be used to
prime an IPCR reaction of circularized template created
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fewer than all nenbers of a group are used in a

reaction. [049] In certain enbodinents, a gene -trap
w@omsisize: | ncl udes one or nore sites for a reBCT/USI0OMSS1S

enzyne that | eaves blunt ends (i.e., a restriction

enzyne that, does not | eave overhangs) . I.n certain
oo P ol GRS WP combflidt e,
one itiefiin eachds aind east Mo did fd@tto prime an IPCR

restriction enzymes that |eave blunt ends. In certain
emsRdi e OF onlr rlawzedi feepkalte arexted ciso a second

e . I | unt e us ' react| o
T R SR o e L L R AR R Wz ymes
i nclude[0Hlt afe retthim tadotiamehspl,, thHendenohteRUNA from
Hpal , Mscl, el, Nu, Pvull, Seal, Sol, Sml, .
site - ErRPRgIce L a5 W%%W%Wé}m%ﬁ? Mefit st TGt ton

SidHH B LOPY 0 cd hes GeNS S A SPNS! ML dSndCOT YL atasly
intothe genone of a cell. In this nmanner, in certain

ergsodi TierapPsherel thel md g vret aused dy Jemer tiwn of
thiigfenre -tra StcrOﬂ:SérouctenexerEetss a_ daom nant neﬁqa:ti.ve
eftectS  The oboerved Phendt e’ chh be addsei ared With I
t hes gelie tandppethetd €] eshSiqad@idy, DNA €5k ajdhe-trapped
enbodi nents, the observed phenotype can be associate

Wi thel e bttt 1%t el st e Bt § P aused
bY d 157 d4 A Un A ife JONE £rd AafONSLLUC o S PFESEN L )

t he honbzygous state (e.g., a sex chronosone has been
mengietiegrdl or the eeidmimsONeefrdmrgdrer-meapged ateldls is

to,.produce a. cell noz us for_the gene trapped
TGS i S R ool T p et e LI it ymes
of i rgedtes -ddrppesh &€l dn 1 onescdiavd 119 disdd e BEN e he

-trap construct incorporated into their genones, the

mAIPEEi VA of rORfERAS O IRRYA iC91is Fedlieestech with at
cert.ai ' iy .0f 0. i L US:; ' '
o SR R e SRR o IS e

958 axaiisn t hain cont o im eersbodlinegene thapyevenic BNA efrom

sel ection for cel t hat have at | east one gene -trap
ARG TCINRhr o 2 eth | HGE T HH ' Ganctsl 4ot CBr a

STEOtk IS  r D9CkRgelo R apARLS oS Gle [ SlfOVIE ALy O50C
trap constructs are tested Tor their ability to confer
expressiP bf dncesstadst coheddagnssl echablbensatikep t o

E%mnstruct that is integrated into the genomic DNA is not
‘cut in the digestion reaction. In certain embodiments, h
the gene trap construct that is integrated into the
genomic DNA is cut at one site in the digestion reaction.
In certain embodiments, the gene trap construct that is
integrated into the genomic DNA is cut at two sites in
the digestion reaction. In certain embodiments, the gene
trap construct that is integrated into the genomic DNA is
cut at three sites in the digestion reaction. In certain
embodiments, the gene trap construct that is integrated
into the genomic DNA is cut at four or more sites in the
digestion reaction.
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cells and a viral titer is determned. In certain

enbodi nents, the viral titer is used to estimate the
woovses3ded stably transduced ES cells that w | PCDES2004/028818

produced by a given preparation of packaged virus. In

22certai n enbodi nents, ,the fegder cell population in

the cull@td i sTBI SETFALBCEBRCBYMERESyi PHROMEE5RYA| from

Cefdal el entis tdhesuBiddild Gid aof dddeatjPeparate
(mo.i.) I's less than about” 100. In certain
emseditiemss, wheranro. o tiwp |resctivns awnitaiso.the same

cerLaln STodl LS. L8 M0 .l d €551 ha.abgut 25,

enbodi men e moi. 1s les
1Q@mdod et N gl aTeNzs , £ idie gBrs-trddd@sseilmn s
about 5 . In certain enbodinents, the mo.i. is |less

t FaPlEsdind o ath kAt ainmis 19remas. wherein
| 655 dhan -t?,gsa%o b GERtal N S Se 1 dhe& e

mo.i. 1s less n about 0.3. In certaln enbodi nents,

t heeghmi.dtidrs dresgnédhan Bboartaiy dnbabimieitts, genomic DNA
enbodi nents,, the 0.i..1s, 1ess than out_ 0.1. In

COREEt Bt TR AT rih o] SR Y a Teasyy four

. Qppd QB ferd@idhapthogdseiof M adusi fgh dtetdrayiddtscain the
har boring genetic constructs using retroviral producer
cefameg G grat Iqiovit | Fe3tHel Grton SEEYRES, | Cone et a -

. (1984 C. ... Acad [ 81: 353, ..
and AT EY AP CersERR St tsy g i3T855 Eontng
- 2902 (MCEeriaiimenhoshaent sintrettrioyvigate promucesnstruct.
cell lines, that nﬁ%ﬁ been activej¥ cultured for, | ess

t heth SRR RTINS are RAEE T8 Fr dofttler Tt Ty $rieyme

hapbor i A gene ¢&@pr FBStIYChSe 4N k&Fd Aidbations. In
enbodi ments, when retroviral producer cell lines that

haver teien egeodiangnienl taredr Forubaf erediant abbun ehzwes will
(PP CoRe- L0 PLOCUEE A TN IS L2 POLL OG0 Mocation

trap construc at'ed celT ¢l ones

( rmges hye | oif ecthié aMC i t hIh hedrt £l oamisodIménom whhthicient
f1 anki ng genom ¢ sequence i s acquired decreases. In
CETIRE TEF S t GPRBET UF et FRUTRRFE geh " P 278t 2 Hik®s

r ?&ﬁcﬁ@é@fm‘{“ 1h £0fogenpus; HEIEPVET BloSCAYENEBSR Pr epgNt
withi n the nouse genone. Thus,” in certain instances,
r econtba hiat ¢opodimeenss cabwacenmdee erestriction enzymes may

cut the gene-trap construct at locations close to one
another. In certain embodiments, the same pair of
construct-specific primers can be used to prime IPCR
reactions of circularized templates from genomic DNA that
has been digested with different enzymes.

[048] In certain embodiments, the gene-trap
construct includes one or more sites for a first
restriction enzyme that leaves a “sticky” end that is
compatible with the sticky end left by a second
restriction enzyme that also cuts the gene-trap construct
at one or more sites. In certain embodiments, three or

more restriction enzymes leave the same compatible sticky
20



23during extended culture and passage. In certain

enbodi nents, such reconbi nati on events occur when
wa@igis®33he nuri ne packaging cell |ine GP+E. | nPCEUSENN4028818

enbodi nents, such reconbi nati on events occur to an

extent that int rﬁeres wth efficien eper atj on of

SETRE | | B R AT Bt nk ST DU T SEei oGRS overhang

redf oyt redayecé s snud 063 ide Tert aharerbodi AP S, of DNa
engi neered retroviral stocks are obtained from

r A+ Vi @ af e priobiek?P cRI T E1E hat ThRvevdeanaehay dhdeel fher a
acdi v e £ss,d han, abo S| h .
cé%té?ﬁggﬁﬁg%i%%%%s% tﬁ%éretr%ViE% %%%%%g%ré%%+$%ments’ a
usteb havel deeiderad v eihareg in beft veficed tereatage |l essn

than about four, nonths. In certain enbodi nents, the,
T 1Al SRRt Tei F STREEY RAVESDoshE naT REAFHedL F nlert
acd # e Call dai£qd O 18SSetHRn AR g 1hESEs MOt ASy I N
certain enbodi nents, the retroviral producer cells

useer Ierlel et e ait @i hedl ¢ it azfioe cldavaeeforlihessrtain
th n ' odi nt t he
retr 5§¥%§nE¥Pd%€ 59§r %angé%fﬁnggbedtﬁgn'E?%fned in

oVi pr'oducer ce eeh Tain
actuvkectldey el § crefessftdancbbovigd. 5 nomtdispleH of

certain enbodi nents, the retroviral producer cells
USSR Fave PP e ht BF Pl TRl et $VavRes t ket fbpavess

t hatin ot 1 Onge 1O hendid £ELtRAGENDOdiNENL Sy thE. o 4.,

retroviral producer cells used have been maintained in
acthey eNew | EngafidrBleksbs ha®h0 aiboata Pdg dasvet hy ce¥a pi n
qugdi nts, the retroviral $roducer cel |l s_used. have

beh Wit Tt ai Fled T h At VBT e FoFYTes st R hant abbat

licslaystibTe cet i@k eibodinenise, the: rets ovof al imited to,
producer cells used have been maintained in active

chTUt b AT essBehbn ABBUBS O Ha§2ORT N ¥ketaisnd Apol;
nHodt ment 57 thes reLEOYI Agh, Progyc cfe'rhéofsegsﬁa‘@iégtlacaz,

e
been mai ntained in active culture Tor 1ess than
5 glaysPclh; cepehi NNeabodkipeht sand hevr®I r dvee@®@bI, BsiWI, and

CHE 1671 eseithan atBht BLbabE: I H vabdi YT Agel,

enpest 1emd gt | hend ebsoni F a1 @r pduser, cahd spaised; haver

been mai ntained in active culture for |ess than about

2 W5, MPRll FREMBERLt i BEul hataal r cand\Asb$1 privaeterbagl,

celhq nase Peeph &Rl nsghped 10qa6iive A WL {Peq in the art
can identify additional members of the exemplary groups v
and/or additional groups of restriction enzymes that
leave compatible sticky ends. In certain embodiments,
fewer than all members of a group are used in a reaction.

[049] In certain embodiments, a gene-trap construct

includes one or more sites for a restriction enzyme that
leaves blunt ends (i.e., a restriction enzyme that does
not leave overhangs). In certain embodiments, a gene-
trap construct includes at least one site for each of at

least two different restriction enzymes that leave blunt

ends. In certain embodiments, one or more different
21



measured fromthe tinme a retroviral producer cell is
isolated or fromthe tinme the retroviral producer cel

wo go05/0338e8l and cultured froma frozen stock. [PB&HpPS1004/028818
certain enbodi ments, retroviral stocks for gene

trappi ng are harvested aft t he ret i ral d .
cdid t'%?%tﬂgqrbvﬁfl%%ﬂ%ﬂ%fr%ﬁi%éver PR s T g0 a

af teel O AWM NGt G THL Ovd d a1 P OSWICEE 7 @Rt d ScHax leave blunt
confl uence, the nediumis changed, and the retrovira

stoeds | Indkudestliet d@remaebolinited whoutsHB HEWMSTIA n
cert ai I nent.s, r iral 0 ' st
L S R A T
changed, ddid cefd®i n enbodi nents, the retroviral stock

is harvested after about 12 to about 24 hqurs after
the medi99Ris dRaf§EdalPoSBPOAHMeE tai A RbEdemERPY, of the

reld i{ﬂ%péw&?%&?gdc@eié Si ABYr6r SLAB! Yn 0 tHANSLENMd Yor a

transtfecte genetical ly engineered retrovira
germike. |Inceriaimenodi fentertaimangileedinents where the
transfected retroviral groducer %ells contaén a

Mt ChPT yCRAGTALRY el U7 T af OYePbnk T AT Fs-atP | gRitruct

padgitd et Ya P SSEMnEphSoael vy . c {856, I'theesth @ fived phenotype
enbodi ments, the methods allow for the efficient
geFiet b oms BPChaedl | vEER o of IYep et rapppheri kel ¢ -

cl §{}ﬁf1§9¥%,ngim@&9m &ﬂaw&ﬂ&%st hehgeagg@rv%@ phenotype

certfain enbodinents, a collection of nutated ce

cl e sbé sa o3 ovi aleeld f wobh whihe hgem¢ at rapged nahteleagien the

about 5, 000 diffgrent %ene , have_been characteri zed PXuct
r

| JERET F PR ORRS T P Yot S TR ONsO b Tiendnie phaP cons

segylenseséhankh nghé hgohdi pgoat i OPasét e 0f. | he gene
trap construct. In certain enbodinents, a collection
of clnvperae seme elhé s chepesnisabsdr avdded thencohl chas been

mu ' ' o] . 000._dj r h
LRELRES My fblgesh ABOUtod 0003 UL Er €000 85085 "04E ene
coféret t oappédnulated) cel Inctenesinsepbodidedtf obv enrich
which mutations in at | east _abo L 1g,000 di fferent

gehe’ havRehedh %ﬁ%?aEJE%PP%%d?ef CLPRef nhelkbdi Aeft sone

a §Qﬁé9€££?Uc8ﬁsEP&é£eﬁn&@kboﬁéﬁégsiﬁﬁoDfﬁyiﬁegeﬁéﬁ8§, the
which nutations in at |east about 15,000 different
genest havéechegnoEhanbeceipredn. pniceriai neduced. In

certain embodiments, a m.o.i. of 0.3 (virus:cell) is

predicted (with about 95% certainty) to yield about 95%
cells that contain a single gene trap event, after
selection for cells that have at least one gene-trap
construct incorporated into their genomes. In certain
embodiments, packaged preparations of retroviral gene
trap constructs are tested for their ability to confer
expression of a construct-encoded selectable marker to ES
cells and a viral titer is determined. In certain
embodiments, the viral titer is used to estimate the
number of stably transduced ES cells that will be
produced by a given preparation of packaged virus. 1In
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enmbodi nents, a collection of nutated cell clones is

provi ded fromwhich nutations in at |east about 20,000
waledosesBnt genes have been characterized. |n CRCT/EBI004/028818

enmbodi nents, a collection of nutated cell clones is

provi ded fromwhich nutatiqgns in at .| east about 25,0
dFEfFERERt e@’@ﬁ@&ﬂ’?&&érb&%ﬁ 3&&#&& &EZe&OF a%érropail e
e%ﬁ@_@%&%mﬁ, 24 seplihgeldcen of, wuatadueel | clones is

e

provi fromwhich nutations in at |east about 30, 000
di f f er d51ldenedn haget e nckhod toeret $ zedhe Imutetphiaity of

enbadi nents,, t he .cql l.ect,i_qQn nut.at e 4 clan I
w&P%F&&%@ & 1°c1'dnes lf%@?]%%‘?ﬁle cﬂuldtovc"“vl%r?g e%&n%lséé%a%n
akeppHavicded ,f ahd hl.ustir.atisve cpiy poses aarhy: &vd arte

not to be construed as |limting the present invention

i Fe&R iR Enbe GmemkavPlES 8- P.- 1Pr ddudtSSen tRrceCHth 25

Cegﬁeg gg&%d gﬁ@o%nle%ds%%]h&qpuqni G SHMLEH 5 X 10.

rive rommurine strain Al29 -Sv/Ev) were
mIhatoed tay ni refréctd iorentist, h thiee mr.et.roviirsall egen g harappiong 5.
caonstruct VI CTR48, .at .1 . _of appr.oxi;mately 0.3
2 GO TG b TR HANGE addisi s 1 Fadbrui G bogut 1
( 199%)e Natil &mb3R2mdbr, khe M.schemald Gess than about
representation of VICTR48 is shown in Figure 2 . The

s &g e nc d rofc o THERRY 190 SR S n tHgdt-&s 26 A4S G gSSEGhay

. . r oXj YA t nes
sth éﬁ% igrﬁ'\lt[ég'gr gﬁeﬁ!et aplggv%%%ern?gsdf hc?heg%'gdn'gt T Elc% "Wss
wetherpragdivct el 2.0 clontce nt sal rs iengdced dimtregy attihen meveent.. is

After selecting for ES clones that stably incorpqgrated .
t He TR iy 18 S i ST Bt red Hept - -
were seeded, gntodyy adisat ed feeder cells (SNL cells,
whi ch stably express LIF) and cultured to confluence.

The confldaiht Gertsinemetbsabseglertpguspnpt retrevigus

inta.three 96 1 .p i :
el Vel et A0y ALV 101 IR
cragigen iced 4 yaps daeswredianchd hectt hi rebgp) at &yi s Cone et al.
processed _as follows. 6.2. Analysis of Gene Tr ed ES

Cel 184058 o Re el medfal antfti ié&tcelts it mih and

188 11er et al. (1986) Mol. Cell. Biol., 6: 2895-2902. 1In
certain embodiments, retroviral producer cell lines that
have been actively cultured for less than about three
months are used to produce retrovirus harboring gene trap
constructs.‘ In certain embodiments, when retroviral
producer cell lines that have been actively cultured for
more than about three months are used to produce
retrovirus harboring gene trap constructs, the yield of
mutated cell clones (made by infection with that
retrovirus) from which flanking genomic sequence is
acquired decreases. In certain instances, retroviral
gene trap constructs recombine with endogenous retroviral
sequences present within the mouse genome. Thus, in
certain instances, recombination events can accumulate
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m PBS. Add 50 mlysis solution (50 mTris pH 7.5, 50
EDTA pH 8.0, 100 nM Nad, 1% SDS, and 2 ng/n

wee@seB3ese K ) to each well, seal the plate, BOmMUS2004/028818
i ncubate the pl ate at 65 C overnight. Add 150 m 95%
et anol to eac and |l et stand at roomtenperature

UL fE-en Ci%félfs%paé}maaﬁﬁa%d & 11150
emﬁélﬁel}?&pl sM'f&!&nﬂl&éﬁJ}?r@}eﬂ@ hhand allaWusing

wells to dry 'f or approxi mately 2 hours at room
tetrhﬁemaxmree ootk 00N gvi ceiR (llJm&nﬁPﬁrE s ph 8:60rta11rmv|

EDT@ c{ ch vveI and t..st.and at omte er ure
e} %1eq qatlon eve eftent
overm g 0 gen y re rate ‘genom N ans

mMtieft dactegenosd o DA éﬂflﬂﬁ@h@fg@é@aﬂ%@&ﬂ\ﬁjéne trapped
pl ates for endonucl ease di gestl on. 060 Prepare siXx
diGfe'st i OrPTREWItHrRA dak h-Forde e 1 feight vectors.

restrictjson en e 07
Conblnagﬁ%ﬂs a%r%érg%éthﬁgFaﬁéggﬁs %Fﬁéneﬁreﬁhrﬁtrov1ral

Baart}dldk&glaﬂe camlaEmRIﬂmrelretEanmmJgemQ@mem xcells that
125 units/ . mof_ restriction en in the X
f By s PR et s Iy 6
V\natkibu?ﬁ BSA: dattieach th gestiHim NMnbodidte s Mehgestd @viral
mx to each well of the dlg?stlon pl ate. Seal the

diRfAUAT skl wiRd itRUDAER Herm 2 BT Foradt Higur s
tomﬂviﬁffg gfgr 1%%%1&%&5&?\9&' %Hi% ' NOrn certain

restriction enzynmes t cannot be heat |nact|vate
arenbartineaitey, ovier rutegthrtovﬂ'ltﬁel cngﬁiucrejm q&thlsesuwce Hdwen been

i ncubat ed 65 C for 20 061] Add m

| PTG (3. P UNTe o7 hrHY nitE CHRRer A% i G three
eagdht1eaCt | O0) cOf t Ifn DV bd daSe- 4 N ﬁ%‘%@@ﬁé‘&ﬁfaﬁ producer
recommended X reaction buffer) to each well of each

di¢relsts orp gl drave deegn tm@lrptraﬂre%d a3 gicibat @t there afor

oroitc e e R TG oo i PE e g tne
f aretisev iasala ;B@dm@asmlcaélels[@@é’d }Sﬁmjmmgnaﬁmmm@d in
IS generated addi n round PCR m x to each

WA e 1 PERe R Dl AT b L ayh - (1Pl
CO&@P&EI@éxﬁ’&bdﬂn@@@é‘ r@@@%é’@ﬁoJ@ﬁa%@@&&’é’Prﬁéﬁﬂé Nused

manuf acturer' s recomended X PCR buffer, 1.5
20 vV leeggh mMNMPCained in active culture for less than

about one month. In certain embodiments, the retrov1ral
producer cells used have been maintained in active
culture for less than about 21 days. In certain
embodiments, the retroviral producer cells used have been
maintained in active culture for less than about 14 days.
In certain embodiments, the retroviral producer cells
used have been maintained in active culture for less than
about 10 days. In certain embodiments, the retroviral
producer cells used have been maintained in active
culture for less than about 5 days. In certain
embodiments, the retroviral producer cells used have been
maintained in active culture for less than about 3 days.
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1 MBetaine, and 0.1 pnol/ meach round 1 primer.
Round 1 prinmers are: forward: 5'
W0 SASTESMACTAGAGCCTGGACC 3' (SEQ ID N @ ), revEeBES2084/028818
AGTTCGCTTCTCGCTTCTGITCG 3' (SEQ I D NO 2). [063] Pl ates
are seal ed and cycled on t he ound 1
A S SR BRI BNSIoTHENBRAST s "OEnAE G B P LOBESPOETS Fe Lo
aﬁgeerﬁav@nﬁgéheﬁaihtﬁgn@dfQh 3chike Thetpkat €s5raness than
then subjected to 15 cycles of '9 C for 30 seconds
f ebbowed bypys.ni Abeedeagitdaritngimphéhatnaarphgoviral
rature i t at 7 a :
L RECAHGEAI g t DRSPSl Bord reatsed by 6 8°C par o2 1o
2&%@9&@@@%&0@%@ tihe pl atesocareaflhemosiubjeectted 1t ds

20 cycles of 9 C for 30 seconds f I | owed bé %gealln%
aflspletedrre daRBaltify “iive EoFireld Broruces gell is

mRut, %.a@%dchﬁ%ﬁr%@?f%@ﬁ?@'ﬂﬂ%ﬂédﬂ%ﬂdéw ncreased by 1
second per cycle. [064] Approxinmately 2 mof the

productoﬁﬂdn1th@ coupdin eUpedtmenton Ffetrewhsderpedcks for

to an pl at e and se a, raqund P t
r 8§ raffjﬁllg & % SEﬁéRa?né{f]ﬁ gt ad g%fmgjl%agh prducer
Weld1.1 sThe e euagin2 tBCRdﬂfXLmedeal NS r0.d@Frtudint $fmbvdiments,
(final concentration in each reactlon) Ta

i@éRtlﬂJffer

p@lf)}'—@ér SOWIA AT FATHBHT e QRIS
Fertl0 [EM %Fé?jl‘ﬂ}!{rp, #}Mr%eécﬁ' N&yd and ch]trQﬁHr[al
n1eac round 2 imer. Round 2 primers are: forward

) st/&@@cT'[i@G@ﬁlb%‘E@@@T/ﬁﬁ@mkﬁjut( SEQJ Rlgut ¥48 rlfeka%e. In

CETATICATARR 00 S (2010100, S v

as; descridad abave fyutRamthdurs RfHEE thSh@Wsium is
exenmplary | PCR products for five gene -trapped ES cel

clamexgassi ng it IRexiad it ehqEMGH onAffe L i SBisEed stock is

UG T RO, LSRR 0 S A e

f inediadnonies chdr0f6]. Approxi mately 1 ml of the round 2

PCR proﬂﬂﬁ% In certain embodiments, retroviral producer
cells may be stably or transiently transfected with a
genetically engineered retroviral genome. In certain
embodiments, transiently transfected retroviral producer
cells contain a genetically engineered viral genome that
is at least partially present episomally.

[056] In certain embodiments, the methods allow for
the efficient generation of a collection of gene-trapped
cell clones having mutations throughout the genome. In
certain embodiments, a collection of mutated cell clones
is provided from which mutations in at least about 5,000
different genes have been characterized by identifying
one or more regions of genomic DNA sequence flanking the
integration site of the gene trap construct. In certain
embodiments, a collection of mutated cell clones is
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is transferred to a new 96-well plate and 9 n

sequencing mx (1/8 of a standard Applied Bi osystens
w@e@sbyBsi1d/ersion 1.1 reaction) is added to eachCTeb1004/028818

The tenplate is sequenced using 1 nM of the round 2

reverse prinmer (SEQ ID NO 4). For sequencing, the
plPAaE dak s ettt Gt ™ FER1S cineLoflap st fafous 7,000

ggﬁ_ e{ﬁ%@igﬂgﬁ %én§§QQﬂQ§,CEHHEé%QéEJéH.izfﬁfgﬁéiiﬁﬁj

conpl et ed sequencing reactions are
preindrodionesl tect raopholrlegitsi arsiony nprisgrrdedddo- @l geEhaddex

DS T RS o B Sipout 10,000
AneresthanBiOSfd iR @8ve  DMHIT erale catirdddiged mtc 2000 n

rpmfor 5 mnutes. The eluted reactions are dried and

t e s Pended 3N B Gh it @f MHe bash pglensilomds is

t . . i S .70 I

R SRR M AR T & W e 000
Thie. fifesndrtt rgp sy Uence Daare adepost tead a0 FASTA deartraatn
intqg a, local database gvail able for BLAST searching.

| FrRRH ,SrseaqLFeOﬁﬁee A f T%L}Feafcq%r?e%llarcel%%rﬂe%
by BAJIEd O b St eL GeNseNSHS ’wegieng®dthato, 000
can be used to map each nutation to the nouse genone .

6.98.f Rezant gaste Al s ikeasiGhp Byt ey Ba  aid aRCRin
O eml a0y, resuide showd hate STl vl 10 & sl D0l e,

enzymne pair Tyie Sequence (aver age

| engihi dgeatim tWiainctabouta 2bth daise Paireyst mEhoaut2 8000
percent of the ES cell clones that are screened using

t WSS RS 99 T B B RfTArS 3 RS R SE 285 herl e rasfesin

Praguce saquence as ol s :o Nelt A oduces sef &dn
20 percent of the ES cell clones screened; Hi ndll
prootutiats & efuenodich 281tmricemm iof athel EStteldowt aies000

e e o S o e A o o S

clefasd fnnt) cthe eshiense: i ¢n abt ahnesttdd ddel exesmd arare
results is approxi mately 85 percent (sone ES cel
cIBHe 95 defucee Sedtem® for nore than one enzyne

and/ or efwyyre %ﬁgbkeﬁﬁbgﬂhg'examples are provided for

illustrative purposes only and are not to be construed as

limiting the present invention in any way.

6.0. EXAMPLES

6.1. Production of Certain Gene Trapped ES Cells

[058] Embryonic stem cells (Lex-1 cells derived
from murine strain A129-Sv/Ev) were mutated by infection
with the retroviral gene trapping construct VICTR48 at a
m.o.i. of approximately 0.3 according to the method
described in Zambrowicz et al. (1998) Nature, 392: 608-

11. A schematic representation of VICTR48 ig shown in

Figure 2. The sequence of VICTR48 is shown in Figures
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306. 4. Renopval of LTR Cryptic Splice Donor [070] The
Mol oney murine | eukem a virus long term nal repeat
wQ@ obRp333ey be nodified by deleting at | east a POT/USING/028818
of the enhancer region (Figure 4, SEQID NO ). The
Mol oney nurine | eukem a virus LTR may be further

b€ 8B IdeMN&:i rd -a APPRaxdmatislye SPoms afinthiof tthe ES
L [ iyt i | ' : t

r Saorne B SR AR Y ey (oo A S

t kenenhrade weared frore ddrogstd ¢ os plont@ idorors imgyl e umdteicoation

in the re se orientation of normal retrovir

{ PERGEr| pRIGRE 35 1Ge i Sboa] UM By el "e@ t he

C R YIRbIr® o @MRIES & 1re0 IdRiitatican SRl L & AN e 1dd8 on, the
fidelity of obtaining gene trap events within genes is
esgafceed [(BFAls WeE praessind ionkentirgmdistest feedse cells

i ted i-n_sc ific . e [ S scribed
nd B o e et S S TR L e Rt ¥
ceohdilmeaspect Fhef cerflaientemeddisnerire afubdeeiuently split
i pventi_on, .and _functj onal ly i val ent net hods .and
cﬂﬁ%&ﬁénﬂglt& g%@t@h; _ M?é_%&ﬁ%éeér e GdRenEdewed to

| RdeRd it oV *IrFUS R i e8ld OFS it He ATl 190 tA RS re
shown and described herein will be apparent to those
skitlyloggniiealiley armesfama ad dhegditvig dedertieptiisoprocessed
S%phfgﬂygwéxuions are intended to fall within the

scospe of the appended clains. Al cited publications,
patents, and patent applications are herein

i ncorporated by reference in their entirety for any

purpose. 31WHAT @m&m&%&%

produciing sy CorLaehLoneQiail Adhvidnal!l ¥oeharagieri #edn 100

insertional’ly nutated mammal 1 an cel | c?ones

CQIPPRSI.NgAR) Fnfactived smawmaltian qelol swwrtthsapH 7.5, 50

retroviral gene tra(ﬁlaconstru,ct at a multiplicity of

i e TEn B5F 8 -dbs k4Pam NeOl/sdifedhg sham smlcel |

ClEQeR ARl o)l NPTROALIANG M RUALED B Ol ncupate

formof said retroviral gené trap construct;” an cj)

| dent ifyiRg 4 6590 v dragan ofaden®u @1DNAS othanol to
each well and let stand at room temperature for 2 hours.

Aspirate supernatant and wash with 150 pl 70% ethanol.

Aspirate 70% ethanol wash and allow wells to dry for

approximately 2 hours at room temperature. Add 200 pl TE
(10 mM Tris pH 8.0, 1 mM EDTA) to each well and let stand
at room temperature overnight to gently rehydrate genomic
DNA. Transfer 10 pl of each genomic DNA to each of six
new 96-well plates for endonuclease digestion.

[060] Prepare six digestion mixes, one each for the
six different restriction enzymes or restriction enzyme
combinations, which are BamHI, EcoRI, HindIII, NcoI,
BamHI/BglII, and EcoRI/Mfel. Each digestion mix contains

0.125 units/pl of restriction enzyme in the 1X reaction

27



adjacent to the integrated proviral formof said
retroviral gene trap construct, wherein the

WO d@ssfdyi ng does not involve a reverse transcPCpUSRe4/028818
vreaction 2 . The process according to Claim1 wherein

multiplicity of infection is |ess than 3. The
p 8%§§§ 5%%8&“6; yetdobléj di If‘a\m’:;raéﬁthlrﬁl' Wﬁ'l'.‘ﬁ]ﬂt il% BSfy For

£ ainf 8 e%r&lﬁa kaég ﬁ@%ﬂz% 21 &geg%l%omsto eggh well

accord rein- sai entifyrng rs

seﬁum@ g gats tieasto 15t chaseeaQf tgenertige sENbragjlace and
to the |nte rat ed prqylral formof said retrovira

_lct3? 5.C HF r doegs 56c§W&qﬁ}9ﬂ§ -d ai m

D\Ma,%rs%llcna ﬁé%lat%tdsorbo@ftaqtnm%agées%%%qo@f 's that
manmmal i an cell clones is selecte b. The process

aceonditnipet dedtaiimagt inedresl mrche nenldaged oveaiatht. The

| east 10,000 .di.fferent | |
o et o P AR 6, 00 A PERPEE R A A 20

c&ﬂ@@tb@at each have an integrated proviral form of
said retroviral gene trap construct in a different
gene. 71061The AHdces8 abcbighnbon ontk aiZm7L,undter/@iln (£inal

t he |dent|f i ng co rlses an |n r e ol rase chain
r ERECRON @ é %P aé%b 'ﬁ%ﬁf&%9%§Qnﬁﬂ

Mﬁ@h@f@mﬁ:ﬂ%elrﬂ\éerr%o@f@de)ﬂ&foﬁi@( Rl iIRAGIf ) to each
conpri ses at |east. one pol ynerase sel ected fron1Pfu

THGL 1 Sifs cagénidigegd.i phwdiadie,. ase@att frhegplages and

coIIe t|on in W] II char terlzed i.nsert.ionall

2 rler B G v A e v MR e hoddsall of
Ofea@hallmgbtlollo pr@idy Q(‘sescfhe%c%@rd@'dn&ot @eQhdl M2 new 96-
wherein the inverse polynerase chain reaction does not

coPgrli $dadlRudiosn Yssl prerradER IBawigEeHansen, Guenn Al
ejandr3 6%? QgﬁﬁgREQMQ Eémpf%%gnlgrgeggkgtegaby adding 40

pl round 1 PCR mix to each well. The round 1 PCR mix

contains 0.05units/ul (final concentration in each
reaction) Tag DNA polymerase in manufacturer’s

recommended 1X PCR buffer, 1.5 mM MgCl,;, 200 nM each dNTP,

1 M Betaine, and 0.1 pmol/ul each round 1 primer. Round
1l primers are: A
forward: 5’ TGAGTCAAAACTAGAGCCTGGACC 3’ (SEQ ID
NO:1),
reverse: 5’ AGTTCGCTTCTCGCTTCTGTTCG 3’ (SEQ ID NO:2).
[063] Plates are sealed and cycled on MJ
thermocyclers. Round 1 PCR is as follows. The DNA is
denatured at 95°C for 2 min and pre-annealed at 80°C for
3 min. The plates are then subjected to 15 cycles of
94°C for 30 seconds followed by 3 minutes annealing. The
annealing temperature in the first cycle is at 70°C, and

then the annealing temperature is reduced by 0.5°C per
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<120> Met hods and Conpositions for Defining Gene

Functi on <130> 07705 .0021-00304 <150> 60/507, 437
W ii380903- 09- 30 <160> 7 <170> Patentl n ver si PCT/BSB04/028818
s wW<210> 1 <211> 24 <212> DNA <213> Artifici al <220>

<223> Synt het etica ne
SSHREREL T RaE a38s nOTeaBAI AR 326 P P<ROBICE Lol to 20
DN%%&%%a%Q @%a@ag%%t@Og%%%o%ﬁs<%%930%eﬁz%%>a%%eé%l%@

<213> Artificial <220> <223> SynthetiC sequence or
géaéti.callhyg engienddnad téagudnee thieatf ideés cyotle is 3

natur I 1y occur . <40 2 tiggcttc tcgettctat teg
CBi0uRs L, 88 5ol e ARRSITEY RopR el ar¥essseahy 1
<223»n8ypkhetiyc18equence or genetical ly engineered

sequence that does not naturally occur <400> 3
aaat t gdaét laat cgdracexgiegely 2pd>of &helpreguclFxom the

roun%1§>Pé%t&%E%%%%n is transferred to a new plate and

used as a round 2 PCR template. For round 2, 23 pl of

round 2 PCR mix is added to each well. The round 2 PCR
mix contains 0.05 units/pl (final concentration in each
reaction) Tag DNA polymerase in manufacturer’s

recommended 1X PCR buffer, 1.5 mM MgCl,, 200 nM each

dNTP, 1 M Betaine, and 0.1 pmol/ul each round 2 primer.
Round 2 primers are:
forward: 5/ AAATTGGACTAATCGATACCGTCG 3’ (SEQ ID
NO:3),
reverse: 5’ GAGTGATTGACTACCCGTCAGCG 3’ (SEQ ID NO:4)
[065] The plates are sealed and then cycled on MJ
thermocyclers as described above for Round 1. Figure 3
shows exemplary IPCR products for five gene-trapped ES
cell clones using the six restriction enzymes discussed
. above. In that experiment, the combination of BamH I and
Bgl IT resulted in PCR product for four of the five

clones.
[066] Approximately 1 pl of the round 2 PCR product

is transferred to a new 96-well plate and 9 pl sequencing
mix (1/8 of a standard Applied Biosystems Big Dye Version
1.1 reaction) is added to each well. The template is
sequenced using 1 uM of the round 2 reverse primer (SEQ
ID NO:4). For sequencing, the plates are subject to 25
PCR cycles of 94°C for 45 seconds, 52°C for 15 seconds,

and 60°C for 2 minutes.
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<220> <223> synthetic sequence or genetically

engi neered sequence that does not naturally occur
wa4@8m33815agt gatt ga ctacccgtca gcg 23 1/ 5<210>pPEr/83004/028818

590 <212> DNA <213> Artificial <220> <223> Synthetic

sequence Qqr. genetj cal | ngi neer ed sequence that does
hot natiiEll y oo Qe SRR S St BEEe TG Th CERSTaG S 2re

1 193¢ RR/0 G Aiddc it Aadle ARCIHALL d 363300 R ed 96-well
ggaaaaatac ataactgaga atagagaagt tcagatcaag gtcaggaaca

g@epiaacay pl20 et gdHtdtigey n5e dhedddmy eeratddt-gtegd plates
t aagcagtt.c ctgcgec caa -180Q..gaa at gg
AR s S o oo adae gt t ot gec

2 HeheaGUQEIRIAGE IGerRR) Atk igA G et Agat@egdia: 2000 rpm
cagccctcag cagtttctag 300 agaaccatca gatgtttcca
et

ggEFgce R UGTac ctidsa A g &1 ¢r3ew and then
a%%g%?(‘e@ﬁietcp agf teqOt f&lG9Ct tgfe g_ftets(iﬂ%(f%c;nt GlOGRGE

cgag aat 420 aaaagagccc acaacccctc actcggcgcg

cdagitdest co gat tAgEC tRyal sgne Geldiy dii M 80 tlacsegt (e lied

t ccaat agac cctct.t.gc tcc ttgtggtct cgctgttcct

5 Otsélg%ae étcvﬁs W@zﬁtg&b@ ccgt cagegg

gggt Ct titomB 1590 <24Q> 6 dkkn gl ¥ ke PV <23 sited in

Artificial <22Q> <223> Synthetic sequence or
géretlifc lagragndiieerred Xeduetidehans ads akde for BLAST

natunald ph pecur, %%%i%ﬁ,g%aeq%ﬁﬁ% @G HAIG he clones are

tttggcaagc tagcacaacc cct'cacttgg cgcgccagtc 6

c teddgptetcy & ve tRJGHTE goe adgggitra e ey rigjiteataeoeain saga ceshieirice
120 .
OGP e Bt Dagtii (gh "R Gt O CrRO- e G o e

194 mek0> 7 <211> 5174

6.3. Results of Analysis using BglII/BamHI and IPCR

[069] Exemplary results show that employing a
single enzyme pailr (BglII/BémHI) yields sequence (average
length greater than about 250 base pairs) in about 60
percent of the ES cell clones that are screened using
this method. In the exemplary results, other enzymes

"‘produée sequence as follows: Ncol produces Sequence in 20
percent of the ES cell clones screened; HindIII produces
sequence in 23 percent of the ES cell clones screened;
and EcoRI produces sequence in 14 percent of the ES cell
clones screened. The net yield of ES cell clones for
which sequence is obtained in the exemplary results is
approximately 85 percent (some ES cell clones produce
sequence for more than one enzyme and/or enzyme

combination).
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<212> DNA <213> Artificial <220> <223> Synthetic

sequence or genetically engi neered sequence that does
waodosnadsus al | y occur <400> 7 tgaaagaccc ccgct gechys2004/028818

gt agt caat ¢ act cagagga gaccctccca aggaacagcg 60

agaccacaag tcggat gcaa ct

cccgggegad 120 A s

929999t hgh 1 999pt S tiid 1ordd § GRYCL 4D SE0AGEREAR long
gcgcgcgaac "agaagcgaga agcgaactga ttggttagtt caaat aag%c
a

246r2f badagggeedt (LfRAgFRYChet gggdacsc biyggeaatang
tgatggttct ctagaaact 0 t gagggct g .gac

ggﬁﬁg c it £ ﬁ&togg%h%cgﬁgl&%g%% Jg &ggaggg%%‘%% 4, SEQ ID
gRbt agcacanhgaivaiioelegt mitrdgec catixehlicagdtrgst LdRamatygbec
ttggccct ga 420 gccggggcag gaactgctta ccacagat at
cEvgtheggaodddisc d¥g SetGtiadatc CASB Gt SPULGRc donor

Cg{ 1980 Gt 988G HECT qlat J1QE AL (Al G aldlkt 6CRLYGEH §F3 the
540 aaat ggcgtt dcttaagcta gcttgccaaa cctacaggtg
gegghehteca retgdenc ddtitgug®0 5t t tSEIyJagdiCotédaat daagertain

tcttf(__tattt tatctatggc tcgtacicta ta ctctc%gi%GO onor ma

cttGGGREAS 1t egf@?’%i‘c alayddc <t g&ccg G5t SCESFg Y
CtrlhaaGaaa i A HY geactraadl osgdainaeagion @ e@aeellc retroviral
gacagatctt aagccagttt tcgtaccctt 780 gact

cogtrt
C ATregRCd® iAot addatCHIFediy Re Haar c%afgéﬂ&%@&g@(gg&he

8 1t gat C9CCaRG g R
40 AASSACARE 14 DR O OCRL0 AN ricevicy of

9oaedgdgy ceatd dguat eateyerct gyda iac amoegacs Bhanced.

at cggct gt ctgatgecge cgtgttccgg. ctgtcagcge, aggggcgcee .
ggttctt'fbptl]lozﬁhgte ﬁaﬁgigl%‘é%ggf‘@&g@stg@gc{:ﬁagg I¥rited in
022G RC 290 131D AGACANT O AT Ailnkth )  B0HRYG A ein, which
cgacgggcgt tccttgcgca gctgtgectcg acgttgtcac tgaagcggga
146G dgggaciaontige tag tlglglglsgt‘g@égncgt%@ i gyt @spects of
tcctgtcatc tcac cct 0g, a t :

e G SRR BENGE FootBeat a o a g 1Ry tonally

0 ALIGE Lo € ald 1 PRdE aa 0t aAgqaeen teAtaage aticth iag cgeg cangpe of
tactcggatg 1320 gaagcc%gtc ttgtcgatca ggatgatctg ,
gdefadgatR Et Yhg g gt e e JRHGHES THEY- ftHitg 10
czdacggicgiqﬂ@ 99 CACACAl Gh GHE AAGH Wl AHOH & Ui e GO LACC G

1440 ggcgatgcct gcttgecgaa tatcatggtg gaaaatggcc .
gcphd gy e tidet g ask 1500 tigt ggre gjet tigeae geltgycforegoing

ggat cgct at, caggagcat,ag cgt tac cc t 5

S Rc T Do cob b o e L g T el Tan s el

t a}10gciGgcthd 6280 5€ cant tieg Capgagded cgla i ct AAXPccited
cttcttgacg agttcttctg aggggatcaa 1680 ttctctagag i
CtRYYgRRE L ARt t gRREREC Yo AR AL At R 1AL 17T g eerein

;Zé&}g’%cg{%%l%@é&tb 9pLELl %&etﬂ{ 9L LA QOS] 880y any

C catcaaaaca 1800 aaacgaaaca aaacadacta
goaaaadSgg ct gtccccag tgcaagtgca ggtgccagaa 1860
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catttctcta tcgaggccgg ccctgcgact ctagaggatc tgcgactcta
gaggatcata 1920 atcagccata ccacatttgt agaggtttta

W@ RdaogosI3tmna aaaacctccc acacctcccc 1980 ct gaacCPQHUS2004/028818
aacat aaaat gaatgcaatt gttgttgtta acttgtttgt tgcagcttat
2%&& gz:gq%tgﬁﬁ zgtggagcaa tagcat caca aatttcacaa
at 2100 cattctagtt gtggtttgtc
caaactcatc aatgtatctt atcatgtctg gatctgcgac 2160

tctagaggat cataatcagc cataccacat ttgtagaggt tttacttgct
tt aaaadacc 2220reereAcCEREIPEeecinmhar ¢ gbreicem of

aaat gaat t te 8 t C
e A R R et e Ay LT
2 340l 41 téd Ll acl goad tadm@gid i@yt t t gt ccaaact

catcaa2§ta.tcttatcat 2400, tctggat ct g, cgactct aga |,
ggat catHat 1yt a a%%%%éirgt%%l]a%g"(ﬁ}fa%tr%ﬁ%“ral gene

t gotdd aants BAGEE cecas ACLE HSLOCtt Jade ol YRR LAl agRat Jas
atgcaattgt 2520 tgttgttaac ttgtttattg cagcttataa

t ggtamcwiaa t aaagcaata gcat cacaaa 2580 tttcacaaat
aaagcatttt ct gc ctagttgt. ggtitgtcc act cat caa
2640 t gkf )at SE:% J{ %\%9%1501 gr?%r@%%ial %E: cc((::’eclg% gcf Jé\o I%ge(:sg asg% a%g%
aggosggsets t 11 @ame Chat 2708t ¢ & gaed + Legl gEggnt dfagaid
ccagctttcg gaagttccta ttcggaagtt cctattctct 2760

a g%ib‘f‘éjt%a geaee t BY 2P get At gty sARYacct gc aggaattcta
ccg99t 3g999; 2820i § gehtditEsCR fb&tgfggéaﬁﬁ
tgcgctttgg cagc%cggc gggcécttgg 2880 cgct atacaa c DNA
gtagicotetly gecthgchrbegnt t et agadvicat ciotmgo fcgmidaccy
2940 gctccoftct ttggtggccc cttcgcgcca ccttetact N
U B b ARG T & 3000° Gt oo guee Ehe aghst chpentifying
ISR YGagY BeEd D6 adars gepagl agen SEHL St £861 rS860ion.
agt ctcgt gc agat ggacag caccgct gag caat ggaagc gggt aggcct
ttggggcagc 3120 ggccaatagc agctttgctc cttcgetttc

tgggct caga ggel gggéégsgggé&&%%g 3180 9009E999Crein said
t caggggcgg gctcaggggc ggggcgggcyg” cccgaaggic ctccggagge
320l tiogytat t gt ofcanfett tan abagigeacighact cecgegce
tgttctcctc ttcctcatct 3300 ccgggcecttt cgacctgcag
gcggccgcga attcactagt gattgcagcg tacggatccg 3360
ccgccgcgat gped CEg9tAs §0h E688@ N g Ct b CRDANRT 2 CRAGEELEAEaid
cttccaagtc 3420 ctggcatctc acgacgtctg gggagctacc

t geattHabicthyaabt agegt §oyt 13 ghe3A80h gt Yaggt ag
agcctgggca gaggccataa ttacttcttg tggaactctc aaaggtcgga
3540 caggaagcat ggctggttcc atatatctac tgcctcgaat '

cgat gaatt c ghiget cggotas8688ccereyuggad cCoaagt 8 ceha@rein said

ttcggaagit, cctattctct agaaagtata ggaacttctc 3660 )
gak%%@%%%@l%%tb%a%éc?e%gﬁﬁﬁg@?cﬁtag%?%ﬁaééab@@%@t%%g@%nomlc
Ctﬁmtﬁfgc&@%ggaﬁgaiﬁg@?%@&@ +69i PACIAYHROEF said
ttcaaggggg agagacgggg cggatggagg 3780 aagaggaggc

ggagee Y aga gt grachaar gggestyackt- cagggagggg ggt caaaagce
3840 caaggcttcc caggtcacga tgtaggggac ctggtctggg

tgt ccat gcg ggccaggtga 3900 aaagaccttg atcttaacct

gggt gatgag grrécggbtasaaggtgedhgctegcnatnas 3Phfrein a
tccgacgtta aaggttggcc attct gca&a gcagaaggta acccaacgtc
t ceptieghtono2d atctarehatlt vt at Hhgrenht Begeatian cell

936ALELL L £5Ca0i gaceLa aggt caaact 4080

6. The process according to Claim 5, wherein the
collection of at least 10,000 different mammalian cell
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t aagggagt g gtaacagtct ggcccatatt ttcagacaaa tacagaaaca

cagtcagaca 4140 gagacaacac agaacgat gc tgcagcagac
W@agaossgtg gcgcggcettc ggtcccaaac 4200 cgaaagCREEUS2004/028818

aattcagacg gaggcgggaa ctgttttagg ttctcgtctc ctaccagaac

aaacgat03%§%§§%§%%3%§p%%%%:ggggggf2§§E§%%%%g§§%§?allan cell

Z%gnmcg&}tagému?ﬂ@} mtﬂmwtﬁﬂﬁgﬂﬁéﬂMm of said
cc gaac cgtca gttccaccac gggtccgeca
%{%égidg@ b At agctEP P Ayt Cglcfgﬁ%i@é‘g(gene.

ataaaatcag t cat agacac tagacaat cg gacagacaca 4500
gataagttgc tggccagctt acctcccggt ggtgggtcgg tggtccctgg

gcagggot-ct 4860 mowoRs T o gatigaydoe ccleaaat gaadtgerein the

e oa B Ao A D oS g ot

468 dggat acemR )ggt acccggy cgactcagtc aatcggagga
ct ggcgcgec gagt gagggg 4740 ttgtgggetc ttttattgag

ct cggggagc agaagcgcgc gaacagaagc gagaagcgaa 4800

ctgattggtt agid caaala, tgatdf teett
accctggaaa 4860 catctgatgg ttc é%gé;ag&ggég e The

g Gnygatsey © At vetegoa o hedltre trgtatadti of0 2bntpggioaat gﬁg least one
aact.gctta ac atc ctgtttggcc cat att cagc
é%%%?rﬁt]‘t%%cat cetlgegftt[eé: %gfé‘tgl% Sicaggdtiirg Fwo,
CtHcGass atatmat gttt 5040 tggcccatat tcagctgttc
catctgttcc tgaccttgat ctgaacttct ctattctcag 5100

ttatgtattt ttccatgcct tgcaaaatgg cgttacttaa gctagcttge
caaacct@ca $160Q, 098 q49agt ¢ir LLea A4 lﬁlyS characterized

insertionally mutated mammalian cell clones produced by

the process of Claim 1.

10. The process according to claim 7, wherein the
inverse polymerase chain reaction does not comprise

Phusion polymerase.
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