; e3eRXFFGTLI O WBWIRX?j dWD 01/ 04288 PCT/ EPOO/ 06533 METHODS AND,
COMPOSI TI ONS FOR DI RECTED CLONI NG AND SUBCLONI NG US| NG HO\/D.OGQJ& FEB 200%
RECOMBI NATION |. I NTRODUCTION The present inventi or) is directed to

met hods and conpositions for DNA doping nail subcl 6ni ng using bacterial
r econbi nad¥0 ALMH288 ed honol ogous reconbination In a specifi Wdl ment
RecFl t or Redal/~i reconbinases or any functionally equiv (I stem
for initiating bacterial honol ogous reconbination such as erf from phase

P22 are .used. in particular, the invention relates to cloni jﬂmmﬁ ,mﬂmm"””m
di agnosti c net hods conpositions conpri sing polynucl eotides u
cl oni ng vect ors cells conprising such pol ynucl cotide. conpositi onsiss+and
lilts useful fo lated.cloning. 15 2. BACKGROUND CF
THE | NVENTI ON M@ﬁ?ﬁ%é@m&é ¢ﬁ fOR R GLONENGnt al to

o ST

mol ecul ar bi ol msmbmmu ; by an origin of

replication i sToperapty . ent - and
propagated in E. col a, or ot her SU|tany host 20 DNA subcloning refers to
tile process whereby a doubl e-stranded DNA fiagmeat is taken from a DNA

nol ecule chat has already been anplified, either tn vitro) for
PCR, o® In vivo by propagation in E roll or other suitable hos“ﬂﬂﬂmm"’mm M”"L
then linked to au operable origihINTRODUCTRONC. Cl oning and su oni ng |
E. roll is typically performed by ligating the ends of a DNA f r agnmit®

the cads of a |inerhépfese@Ghiint a rojl origin of Z5

replication and a sel éctable mrﬁerw% %MR ons for DNA. uded i n

the vect &omaadsubdomgmethehmé-ﬂmﬁﬂgo Q’%"ﬁ{%a%@ cont ai ni ng
uce

~the insegpt. ig ed and propagated when intro 10y o] |
h st” cel @fﬁ\ﬁé: ngﬁ% gccnmbmassr oriny fuhdtionally Weﬁ?

exanpl et fo tes the use of restriction

enzymlag s>:j"he cr?@%"%@‘*%@%ﬁ@?%#WPh%'aawfﬁnmmmP%m ty of

restri ctused hmmmdmnmﬂﬂ&t%d&ﬁfégeﬂ% of FI RVATI ON COPY
9 FEB 2004 V.. WD 01104288 PCT/ EPOO/ 06 In Hﬁg{;%? ion sites

nust - be WMH’W%W%W%QIMMMeNnMQWtMQL?&M fed DNA
fragment ul i ctio nzymes cut .fair uently,the
si ze of %01 feﬁeggéﬁﬁ&?ﬁm% s{]"aR MWHMWI ng use of

the polynerise chain reaction (PCR) for generating 5 DNA fragrrents presents

s second mmj or drawback to conventional subcloning. The cads of PCR
pr od s are inefficient in ligation reactions due to non-tinpl ated

nucl eoti des added to tmmmmrmm%g oducts by
use o

t hernostabil e pol ynerise. Furthernore the entails a high risk

of mutations. ThuDNAeldnY did sabQbmE flE JA%E RERSHe] « mMolecular
biology. DNA cloning refers to the process whereby an origin of rcphcahon 1s operably
linked to & double-stranded DNA fragment, and propagated in , coh, or other. sumble host |
20 DNA subcloning refers to the process whereby a double-stranded DNA ﬁ'agmcnt is taken,
from a DNA molecule that has already been amplified, either in vitro, for example by PCR,
or in vivo by propagation in E. coli or other suitable host, and is then linked to an operable

)

origin of replication. Cloning and subcloning in E. coli is typically performed by ligating

the ends of a DNA fragment to the ends of a lincarized vector containing an E. coli origin of
25 replication and a selectable marker. The sclectable marker is included in the vector to

ensure that the newly cloned product, the plasmid containing the i insert, is retained and

propagated when introduced into its E, coli host cell.

Conventional cloning methods have certain limitations. For example, since

conventional cloning requires the use of restriction enzymes, the choice of DNA fragments

30 islimited by the availability of restriction enzyme recognition sites in the DNA region of
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new note eve nethods for cloning fragnents of DNA, particul arIy'\BhL_;EBsawf_
10 fragments are |onger than those conveniently accessible by restri ction-.
enzyme or PCR net hodol ogues Honol ogous reconbination}is an alten3ative
appr oach fow&& %Qidgg and subcl oni ng DNA fragrrents Met hods for subcloaing -
PCR products 1n oli that exploit the host's honol ogous rrea@ibgh ,&% 4 on
systens have boon described (Aincr at al., 1993, 15 Nucleic Acids Res.
21:51 92-97; Bubeck et at;,1993) Nucl. Aci ds. Res. 21: 3601-3602). In such
met hods) PCR prinmers designed to contain term nal sequences honol ogous to
xg~xncxs |l ocated at the ends of a linearized. vector art used to anplify a
DNA fragmgnt of ipnterest, Th CR product and the |iaeani zed vector are
#mm cyt thechoupdaries

t hen i nt r JBIGESEH obbutwatiwithi, the E col |
host cell 4 I r# ! Q% .. 20 praod u into the
plasm d vec or ﬂ’i‘f\t%éuﬂgﬁe eseée ﬁ@%@fﬂﬂﬂp mﬁ@% £ 8izef o .
subcl oni n@fmﬁeamuAtmchﬁuﬁie@ﬂs&prl ied to subcloning | ong DNA
fragnents, ‘or to cl on| ng DNA fla naents of any sire. Another nethod

describes an In vivdhe tpolymenaso.ohain reactiont (ACR)for gohatiey ecul es

ggﬁof);gém;@@éﬁgap%orl glln of ﬁg'd ‘;&‘H&‘B?nd whi-ch Ea¥elgla'gg% regi Ogsl Iof 25'

Honol ogouPORSmoddets 1@t irefh tidh Nehitfons Aleto] | on and
propagati on of the newl y for rre plasmd (Degr f?é%lgieﬁa@&l&&if%%&
Subsequenthie3’ temini afamplified PICR/products by theriGstabide palpinkrase. Funtheinsis the ! ogous

r econbi natlor}(ﬂﬁé een .a t o subc on| ng | ar e DNA fragrrents from

adenovi r ulsef %M thave gashed for Vi r ol .

.-3Q 70: 48R@w %%gxgﬂ?igﬂﬁn USA -
9d, 14759- 14‘7’6 He) 1955’?“’@}“1’ %?bwﬁg"ﬂ‘éﬁé%dﬂ’ such

VO 0l / 30 28agmens ﬁemugeﬁﬁasthasmnvmwymusay muﬁﬁoaén%}%r@@w) Y. As
descri bed &’Qéq subel oni ng by honol ogous reconbination in ~ coli sbcBc host
calls reqﬁﬁ' ®¥east two preparatory subckoning steps to position |ong

honol ogy regi ons ei Sw%! bfistio b ] epl i ailon
Fuct hunore, DNA cloﬁfkﬁgw col i s%%%%hs%%a @r Q'Hgaﬂgcrlbed 5 ~
Recent | y $ubriohing DNA fragmeits.\Methodefdr sibelining FOR produbtein £ ek Thaf bgAGH T) O
Redal Red~ th?gogp@gm)olbas bear shpvvn to be useful for manipul ati ng DNA

S

nol ecul e “WWPQP@@M@M@WGIZC@!&B Myt ers

?E)I ?l %ﬁl?ﬁ?gc%%epen nt'ly rep%‘scé msNﬂCLPé{#'?}&aJZﬁg@d% teﬂl‘g;al Ibg )

al tered @meﬁmmtm%ﬁs@m poRigpon with a

| i near fra 2[5 E { ankoa gﬁ/ﬂshort I ons of sequence identical to
regi ons |SH“"1'1‘W§g %MﬁmmﬁmAméntaf into
the circyhRfesOfRPETE Qﬂ?ﬁl@ 9&@ 8 ences bet Ween
its flanking sequence's’m“% t he correspon ng s%ﬁ%@’%"?ﬁg"ﬁl rcul ar

- mol ecul e.Harsologaus récombiration withinrthenE ccolidbsticell sezaitd iniRertih sFIRSFcRed as an
agm s rt such is ajt to the t invention 3. SUM\/ARYG:TJE _
I ﬂl\/EN'SIiPOC]‘?'%“Tm \fo{)&'? |Vﬁﬁ°brmm Mdmmnm for

E?ﬁoftégué“ﬁ“o%énb. IGHRRCR ol Mty RS 48 bl TR BB RBR TG rocr ¢

and/ or Rdthginshts, mohbdmgmmgmansiotm gizene, subclonc) propagate) and
‘anplify a ponnucI lde 0 xtrue of pokynucl eotides of intact using a
vect or conposi ng s éﬁ@“ﬂ%ﬁﬁ?ﬂ@g@mmﬁ@mmmm ng als

desi gnat e%e t and orl in of replication In
one enbo?hment the .@g%ﬁﬁ‘;ﬁ%@é F‘F%‘E"é .

doubl %s%m&gﬂd%ﬁeﬁdmwwnﬁmf&ﬁﬁE%mbém%steﬂl ﬁSﬁiﬂG &FbaCt erial
cell that exgresses a functional reconbinase, said bacteria E

.cont ai ni FF° AR OCAUFLIB VivENR Whﬁmymnsnd@mmmmhfﬁnmm er m nus
10 e AR (3LAR 66 Gy i3, Yhudibbmbont iy & Kidhebese "
host cells to mediate homologous recombination has been applied to subcloning large DNA '
fragments from adenovirus and herpes virus genomic DNAs (Chartier ef al., 1996, J. Virol.
30 70:4805; Messerle, et al., 1997, Proc, Nadl. Acad. Sci. USA 94, 14759-14763; He, 1998,
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hormol ogy arm (ii) au orlgln of replication; and (iii), a second double
stranded .honol ogy arm such that the sequence of a ve(;)t or DNA strand of the
first ‘horml‘&gylﬁrm i s honol ogous to the sequence of a target DNA strand of
the first tSPmAH88and the soqueace of a vector DNA strand pfr/pigoesgsond
honol ogy armis honol ogous to the 5 since of the target DNA strand of the
second term nus, such that the target' DNA is inserted into the DNA between
t he honol ogy arns. In another enbodinent a nethod is provided for making a
reconbi nant DNA nol ecul e conprising: a) i nt roduci ng a doubl e stranded
vector int rac, mulm&sudusaldszsmmrr dn_g eﬁtﬂg t uoNA and
expressing a bacterial rxombinasc, 0 val or corrprl sihg”an orftgrn of -
replicati ommbmm indrotlbshpBC hos pellsmqmm 4t ddaktdwb prepanatdey subclonibg steps 3’
alongavetor a tirsy ho ar,m Qne st and of the origin
repli ca mﬁé tbgmg 8Y FREians it ‘5&903‘?%5 colf origin mcorrprl sing a
target DNA FagtBiipReDRAIGH i 87 S8l Vbe Strdifdhat &&ﬂ&@'er from3" to 5
it & B¢ R‘Le t ar get

al ong a target DNA' strand a first term.nus, sequence) and a

second t®rm nus, su hmommbmowmwm armors
sai d vecto e of, the f t term nus
on sai d t Al REMR . RS R e ot o 37 SEHHE GEmEimRBR Ay ar m on
sai d raet omoltvdlesin’E ool (Zhatiperal, 9993, Natufe Gt I0) 3056287 Mdyhes €3£ Q09| ami nas
on said tar get DNA strand;_ and_b) subjecting the cell to conditions that

allow intr dicids Res, 231 1355035 Thems prapers howthat,da . colinanyrivméter net hod | S

R e

o gonud9 ewedietsd bomologaus cxbinbinativnowvities linear DIV A fiapment lagkedivy Shotpregioss t ar Jet
DNA and ex I_n bact.eri al rcconbi ua I d vector conprising as
origin of 8@355&‘% % %GBB‘SHMF%‘&;/ lapsﬁﬂw thee

fol |l ow ng mdenmrw,go:ﬁ ctreul wqfogm ?QN?A*‘M t honol ogy
arm the origin of repli catlcon) ?n!gagmgeecon honol ogy arm geg#stsarget
conpri si ngseausnseschetweenits Sankingisequenged and/the caresponding sequenes intheigireular | n the
fol |l owi ng m%gl#eom 3'to S along a target DNA strand: a first termnus, a
target DNA xquence) and a second rocrmnus; said fsrst oligoaucl eotide

canmpri sMy a first o:iwhmmmmtmdewéﬁsasamsm ol I owi ng
a first nucleotlde sequence and, a second nucl eoti de

order, from ~ to
sequence, %‘ﬁﬁ ﬂmﬁ‘&m ~- 9 FEB 200 1 WD 0l /04288

PCT/ EPOO/ 06533 sequence bei ng horml ogous to the nucl eoti de sequence of the
first honol ogy armon said vector DNA strand, and said second nucl eoti de

sequence bei ng honol ogous to the nucleotide sequence of the first term nus
on said target DNA strand3 SUMMARYOOF THE PSVENTEONi de conprising a second
ol i gonucl eotide strand conprising) in the followng S order) from3' to 5

a t hi r @ucl eot i de Wﬂoﬁpﬁﬁdﬁmh@&nﬁﬁaﬁ@&imAm& third =
cI eoti derfﬁa nex be| hopol ogQus w the nucl eotide soqucnce of “the .,
cond ho 5@?? ahaort-?ammbmmq Thacl eot'i de ™

sequence hﬂbtaﬂatb&mb ferab %ﬁ’f gnd termnus. .
on said target DNA strandpﬁand subj ectr ng %&@ggd}? Pﬁcns t hat

al | ow i nt ruBoncyProapagais: K sgplify mpmmoﬁmbnudt&tdmoﬁnmeber |
‘enbodi rrent“sﬁgqq&g?,q i N reconbi nant nol ecul e
conpri si ng ) 1n ro@uﬂ%?ﬂoﬂﬁ%ﬁgt%@ 8’ einto a
cell) < deNAmmﬁﬁhWaﬁ%ﬂgﬂ%ﬁ@ucﬁogact erial reconbi nase,
said target DNA co SI n tar et DNA sequence and two doubl e-stranded

termini is the foll igMention previges aumethad for introdeding A st rand: a
_ first ter %GHﬁMdWD%B Q%E&Cc%mp%s&g Culturing a bacterial cell that-

expresses a finctional recombinase, said bacterial cell containing (s) the target DNA

comprising a first double-stranded terminus and a sccond double-stranded terminus, and ()
30 avector DNA comprising, in the following order along the vector DNA strand: (i) a first




15 second terninus; said vector conprising an origin of replicat |90h'EBnQ(]ﬂl,wo
honol ogy arns) in the foltowing order firora 5 to f..along a vector 'DNA:
strand: .a first honol ogy .arna, the origin of replicat}on and a second

- homol ogy uRyo$He4Iss Nat the sequence of the first boaiology armon said
vector DNA strand 1s honol ogous to the soqutaoe of the fir$cTiEPidiesiss oa
said target DNA strand, and the seguence of the second honol ogy eras on
said TO vector DNA strand i s honol ogous to the sequence of the second

term nus on said.target , DNA strand; and b) subjecting the cell to
conditions that allow intracellular horml ogous reconbi nation to occur. In

anot her enhbdblmandeawmtlbeﬁmﬁ(u waﬁﬂ@slf&ﬂm;@% atﬂﬁ Jqsg&‘,ﬁ&%nt DNA

nol ecul e conpr eal ng: i ntroduci ng a doubl e- targe nol ecul e
and a zS f iSkanded homelo sbmmmmmmfempmmdemm s cell, said

Car get - DNAMROREf e48 &'l Wil 0 B3 it of a s AN s b s iy

fol I owi ng mdmmwavm@NalmﬁWS&h% rlf’h rﬁolé *otﬁ rmnus,
a tar get ﬁl\‘?l;ﬁggﬁe a%a second term nus; sal fas ? i de .
conpri sith MU%MMIMMDNMB fol | owi ng

or der) to esvectof ?tmﬂd?uﬁﬂﬂ uence and a second nucl eoti de
sequence) sald first nucleotl ilﬁa&%o WO 01/ 04288

PCT/ EP00O/ 06533 sequdnmdmum@mmogamhwmd%mmﬁec&gw ce of the
first hormb a%ﬁﬂoa satd vector DNA strand, and said second at~cl eotide
sequrnce b ﬁ%m i Artrodueing s double-stranded vewtordnto mieell, siid s¢ll t ani au:

oa said tmﬁnww ﬁt‘w %,.gmeormg,ggc rising a second
,:e.Bi gonuwheot i dc strand corrprl sing) I1nt oW ng ﬁ"g to 5

third F‘P'EE‘W m@mmmmyumwmm%t hird
nucl eot i deggs t he, nucl eoti de eace of the
ma~ad haat ol ogtlvsgr m gn sal d vec@%rgyﬂ\ﬁgéﬁﬂal %MQPE!"PB@P? e originebt i de
sequence M@mmmhomdlmmpbﬁm@epm ta}éa}e f@acond terni nus
oa said target sttaod; .and sai d vector conpriSing an aal gin of
replicati %ﬁ%maﬁfmowmﬁmﬂmﬁd@munmm 40 to 3

al ong a vdirtaémie, té faéget D t he n ofreplication
and a l%cond honol ogy arm m%hge)iﬁ:gﬁgj ect| ng { v"’aﬂcb%'&mﬁ "t hat

all ow i °w@mmgvdgmmaumwummmmswmehauawmﬁé

anbodi nea r ng a reconbi nant DNA

mol xul e~ ct(?nag ris ng ?%%%ﬁ@'gg&i ﬁﬂ'@“‘é’t" %MWE@F@PM@
doubl e- st sui MOWAaﬂgﬂwEbﬁolb 8 16ithe SdquerRy @na?&,t

rcconbi aaa ;@mﬁ' 5 C rlgd as%c?rl ﬁf%}?&gﬂﬂfl cat1on anﬂ%o
honol ogy ai s ?ﬁ@ ﬁ%%cﬂpg’eﬁmﬁ alhwmceﬁhhr@nmlom or DNA

strand: ardcombinatiieloedy, arm the origin of replication and a second
honol o% arm said targd DNA conprising a target DNA seqtleace and two

term n*y-in the folhsmhgembdémmtrmetﬁdwmﬁdc@foe inkhA strand: a
: rst ter ence; d a z0O .secon term nus; such that
" t e nucl eokl ge seqt ?ﬁgﬁgg WM“@;MM DNA

strand |sdhmmmh‘bendcl&uﬂu®t6‘%b %aeﬂ%ﬁﬁﬁ.@%&wﬁﬁsﬁ?“ S,?tqg&eam aus oa
I de seq

said tar ggiq Dgﬁ stisad, and ttte nucleot BRSnd
honol ogy oM e§EI'§“\B@(H’6‘F"!!NF@GMMMsau!;Vdcmrodrmmm:gin(bﬁgtae,fsequence of the

‘$xond t er fhldaSioR BndStodo g@;ng\lﬁ subj ecting the cell to
condit | ngbt hat al |l ow |%‘t§$ace aralh%ﬁnﬁ&bg'g%%? 'ﬂﬁt foghs'te3'25 occur In
a spect? | dorgvastonBINA gfandi first heinivdegylahe, thostigie ,ﬁ% acsg&{ngl ns a

| nase o

nucl eot i e _encodi a site-specific cec peratively |inked
to.a prom):t1i %9'5@ g%mmﬁmwmﬂ%mmpnﬁmrﬁMGcond
recogni t i swandeditérmdisl] intthefolbdiap SRS | font3' se rs cogni tion
.site located outside the fi rs g%d sec%ﬁﬂ%?wgm% a second
site- spemu%em%mumqmamm@mmw indQedelie first gad
second %ﬁ?ﬁgaﬁﬁﬁﬁ iootid WO 01/ 04288 &

ohigonucleotide DNA strand comprising, in the following order, from 3'

30 105" a first nucleotide sequence and a second nucleotide sequence, said first nucleotide

-4.



PGT/ EPO0/ 06533 honol ogy anps; and during or after step b)) induder@ FEB 2004
expression of the site-specific reconbinase. In another spocific:anbodi neat
of this qethod the host cell further contains a nuclkotide sequencx
encoding a sift-specific eadonucl ease operatively linked to a 5 pronoter)

and the veY@PR4¥hrisa a nognition site for the site- SpECPéT&Pmsj}U(:l eaac

| ocatod inside the first and second honol ogy al ns; and during or after step
b), inducing expression oftlse site-specific etrdonucl esi se. In anot her
ecnbodi mt) the inventions provides a nethod for nmaking a reconbitraat DNA
nol ecul e conpa~i sing: a) introducing a double-straral ed vector, a .doublcl0
st:aaded target DNA nol ecule) and a first and second doubl e- smnded .

ol i gonucl mum emgilomqmonsmbc pupleotige sequenseof the finsthomolegwarmn easaidval or

conprisin i n |cat on,and two do bJosr aded, honol ogy ai ns,
isthefogF A?ina% 6§3§° g? “ﬁi% 52'6 a &st

honol ogy é’ﬁm{@xh ﬁgﬁ ﬁ&g‘ﬂ arm said
target %%#p#?%agé%%et sequence dBtyro Efle stranded termni,

in the I Soﬁgdduelabﬁn; compeising sesond oligenuticotidecstiand comprising, Bithesfollowitig a fi r st
term nus) a target sequence and seemgd termnus; said first

ol i gonut| e, M%’rﬁ)é' 3 thirdpucleotide seg Buclegtidesequenge,seidshirdg, i n

el oot | QRIAARAGE sfence BeREbpmol ity %L&&'eﬁh‘%ﬁ&@i%%ﬁ% 870 the
nucl eot i dgnéifisied vetDNA Strird s silg folrihacRbidOseqheicd b&ﬂ?%ﬁn W@strand)

and sai d second nucl eoti de scqueaoc bei ng honol ogous t4' the sequence of the

first t~ thegutldotiderseeuenonps the seaontt texuinus on saifbtarget BNA steandpamd b3i ng a second
|gonuclet| I in the,. fol)Jownhg order, from3 to S a
tb. rd nu g&%&?@f‘lﬁe&% thag o Atrarsnlas Boraelo f esanibinatign foaceyry

nucl eojg de sequencqntﬁw&%m oS U 'm’méff g%fgﬁb@&ﬁ the
second honol ogy arm on sai d vector Dﬁkﬁzgﬁ?ran and sal ourF nucl eoti de

sequence mﬁmohoﬁobmgmmg:e)hbedmngednnbwmthDNﬁhel&ﬂbdﬂﬁd erm nus
oa said ta get, and .b) subjecting the gell ,to conditions_that allow
i rn7racc|q° dFFﬂ’rﬁ“@@U% H‘B ﬁHI’F’ﬁWg Eﬁ‘r"“"? mbigasgwid trget ONAJi nent |

chE)Q: flg ahgﬁﬂe SJWC :s?(%&r%l nase opera rvely I|n ed&tﬁggﬂg ngpg'f“ 30
N!

and the \femhGttofSalohga teeger DNA strand: 4 firstterrinds, GérceOshdsd t e for
t he ?rb]t-'ﬁ spaific 1-, .9 FEB 2004 -- .J WD 01/ 0288 PCT/ EP00/ 06533
t econblh seeondfexmings; said yestorcomprising an pRginiof repligationrad twe homologyratmseimnd

homol ogy ,apn tc uitign site

| ocat ed ms@%"@ﬁ@?ﬂgﬁ{a% é’ﬁ%‘?ﬁ%%"fﬁm‘%%%ﬁéﬁ‘a g‘ﬁg at ber step
b)) i ndummoq@mbmmammmmm&msmmwebﬁﬁmc

enmbodi ne of this nethod, whet~a the host cell froths cortains s

nucl eot i “M@%W%QIQN&MWQ egous totha sransaes ofitbe firsty el y | i nked

to a pro (o] S nigion site r the
it e- gpeg}) d& %@?@ ocataégwesgﬁfgg?#‘ﬁ?ﬁgfl %I t"l I‘Wcﬁﬂﬂoogy
- r?s wﬁmrw;@m&ﬁﬁoﬁm ub1o the sé | T the(SebbIRBeRfin ﬁm g,g & spy
endonucl ease. 10 ~ In sgeC|f|c enbodi tneats the vector flut nprises a

sel ect abilNAvstrand; and bl e gell totvonditiony thafyallomrintraceilular bamibldgoas voct or
.corrprls ! ellhe? of the followng tw orders from5'to 3 along a
vector. e first honology arm the selectable marker, the

origin of replicat iipgnhe ciiB6diBRACR thelVATs ¢ P 19%?1}' biddnt ¢

hormol ogy arm the origin of repllcatlon e sfjgflga():rta eé%rarércgglr and the
second hdi¥Amplcade comprisingt o) muimmgfmdoublmcdmdednargeﬁmm&ecﬁlahhe amar ker
Loaf er tibiotic,resistance to the cell coatainiag the vector. In various

speci ¢ diseeond dou lerstranded sliupousleatiderinig asell :@@'@élmmarmszedm;

- recombi ngy Qg}% Cl.=4 |f| I nents, the
cell is a %Q%?erl cgﬁ".l“?a o@gﬂ? slglgem#{bﬁh ﬁ@P@gﬁ‘l °"‘as ~
col a cel land two térméi, i tiRfoflowing order, from 3'to §' alongatargctDNA strand: a first

terminus, a target DNA sequence, and 2 second terminus; said first oligonucleotide

comprising a first oligonucleotide DNA strand comprising, in the following order, from 3'

30 to 5': a first nucleotide sequence and a second nucleotide sequence, said first nucleotide



Z0 enbodi me~: the cel! eukaryotic cell that ra~nbinantly Wpresses QQ&EBJJUM
andl.or Redal ~i . ~ protein. la other spcci Se enbodi meab) tho nmethod further
conpri ses isolating a reconbi nant DNA nol ecul e that cpnprises the target

DNA i ns'ertg‘g%hlzqt“gsthe vector. . . In another enbodi nent, the inventien '

provi des a 85t randed DNA vectar useful for directed gb?&msgys

subel oning of a target DNA iaolecule of interest, said ?.5 vector
conprising as o~rigia of replication and two honology arns) in the
following order from5' to f along a vector DNA strand: a E~rst nonol ogy
arm the origin of replication and a second honol ogy acm such that the

nucl eot i d%qﬁpeg | "E@mﬁf ful strand

i s honol ogous to t Eemgng!ngg%{:tg&%nt e ftir fﬁc{ég??{%i%ﬁsﬂoélgtogysﬁ’gés@:ﬁget DNA

strand) sasctohBNArstrend; end saitbsecamiinaclestide sequére being homblopmisagthear m oa t he

first vector, 30, DNA strand J s honol ogoys to the nucleotide sequence of the

second teWWM@&“#“WP'??&EB UA,’,"‘!“’;\FE"GF‘?"B‘;ZSS '

PCT/ EPOO/ £ | vect or,
Qﬁﬁgﬁck@ﬁ&%m%éi olgBmiled Bt 1 ”fﬁ:}gﬂi f&gﬂuﬂ?

the origin of replication Ts a bacterial origin or r n-anot her .
speci fi2e omsndiontdte 5t dwbird niscJentide sequensp andoafoinsinnbcleutitle ssqnerice, saidahikd . | n
anot her spegi fi,c _enbodi nen the origin of .replicati functjons is a
manmal i an%ﬁh§°wmh??ﬁl’§s?ﬁﬁ%Fﬁ@%&“ﬁ@?&mw A

dout ~| e- s han6i shiddedtor DNOsrand hdibaid PlrttnucReti @ sequics Bangh @ ag of a

target DNA nolecule of interest, said vector conprising an origin of
repl i catiswnaﬂaomw&fsmmmmmwmgﬁmmme to 3'
0

200 3 sec S SeptCalo o RAHRIbR Bl iy Bl ot £ 172 "

~apd a secon
~hénol od9 wrihlongav&mrmﬂxmndchcﬁmmﬂologymdmbwﬁbﬁmﬂmﬁ&nfaﬂdihe sequence

of the first fcnninus on irst targrt DNA strand) and the nucleotide
sequence w't‘ﬂﬁ"’? %MW%ﬁﬁg%{l‘Pﬁ@*??@M%Fw“&rand i s
honol 0gouBadidlogoie redbribinmidnds osaeueace of the second term nus on the first
target DNA sdand. .la a specific enbodinment, the cell is a bacterial cell.

The i nvention furt feanothesembodiment)d methesis provided fofi makingarecdnbinant) or
e oy bt 8, peb e o bt o
1(:)(r)i gl naf)gﬁfdgvz{%‘han d tl?m%m%%gﬁ’r ns) in theﬁ{iglaé ow ng, ar o(r)ffrom f
replicat imm&dndaamn&dolbeﬁmhgﬂ*oﬁﬁﬁ‘oﬁ%g&u’bh%dk%aﬂll@uﬁ@&' sequence of

the first hormlo[% a~ on_a ZO first “vect DNA stran ol ogous to the
sequence 3 WWEe PINA somprisisg 3 lamgebANA sequeace and twe tenbivd, is the foltbwing ordery e

nucl eot i GRons f h A 0 first vector DNA.
strand is ho?ﬁ) ggou atoEt hlzﬁﬁuc é‘b‘?.ﬂg{e&g‘l‘ﬁ%&%&%ﬁ‘ﬁmﬁﬁerm nus on
the_m"stwmdgmmm_ irf sl]gthmu ‘ c-nmrﬁwm?&%mﬁmmm“h oﬁ'bﬁ%l' Qhiddector X '
reconbl n r .speci.fic enmpodi of the kit, the honology arns have
-quuence%ﬁﬁ%’M@R&fé@ﬁ&w@Ef%ﬂBﬂ'ﬁ‘,"}ép’ﬁﬁm‘m : et cl oni ng

vect or. IDNABeindCindIRERicidofidée ﬁﬂése@tfndtﬂbgnﬂ : il Ve second
doubl e- stranded ol i gonucl eoti%ﬁ have nucl eot1 de sé’c?%%gg&gom r?g@"to a BAC,
PAC, | anifiiand ishemsplpgousto thesequancs of the sesond)tesrinis on sdid targetDNAestrainditabd di znent |

“a kit us . i .04 ar. subel paj ng .of a target . DNA nol ecul e
s br ov; 0 sl e oBFutn BB ik QAL b RTRE RoioggS B liARETS o1 r anded
DNA vra$t occursef ul for directed cloning and subcloning of a target DNA
mol ecule -9 -a . . . . ' '
In 2 specific embodiment of this method the host cell further contains a
nucleotide sequence encoding a site-specific recombinase operatively linked to a promoter,
and the vector further comprises a first and second recognition site for the site-spéciﬁc
recombinase, a first recognition site located outside the first and second homology arms,
30 and a second site-specific recombinase recognition site located inside the first and second
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9 FEB 2004 _ WD 01/ 04288 PCT/ EPO0/ 06533 of interest) said vector kbRl

an origin of replication and two honol ogy aralLS, in the follow ng order.

from5' t'a 3' along a vector DNA strand: a first homalbgy arn) the origi n of
repliéatlon and a sx~ond honology atm b) a first doubl e-stranded

ol i'gonucl e$¥Q W48 prising a first oligonucl eoti de DNA str 2ce/EPoUAieEissi t! O,
is the following order, from3 5 to 5 : a first sogae~oe arid a saond
seqr~ said fast nucl eoti de s~aoe bang . honol ogous to the aucl aoti de
s~es~oe of t'he fast honol ogy armon said vector DNA . strand) and said aid
nrcl eoti de xqueace bei ng honol ogous to the nucl eoti de scquexe . of a Srst

" Conpr 1 o1 KRR B B SRRt o CREQAAs GO prESIEGI DO o0t 1O

order) fi ~péombidage., 10 5': a third nucleotide a and a fourth nucleotide
sequeace, said thi rd nucl ewen bei Q o the,
nucl eot i de sequeace 9'(? ‘g??ds';an vg@? nlains-nd and

said fourth egébgm; ePifLUARARIEIRAS o fed99h | de soqucace
of a secona gm nus onésar ar get DNA strand; a d?a’e cell Wng a

baaoedal §r thnmospmerfuompamodmmmonmmfwﬂusitp-spﬁnﬁmell is an E
toll cell 15 anot her clLfi fthe kst ., . the cell

[ —onea coFMaBRFR? el BPas e 7% B feonRbomolpry 5k 254 A s S

I nvent i on g bf tie g{,y}pe&gemcl oni ng or subcl oning of .a

t ar get ule conprising in one or nofe containers: a) a

doubl e- stranded DNA Inaoather combediment; the inyentions provides a method for makieg ani ng of a

,}-%L?%%é%%ﬁfﬁ&%@%ﬁj?ﬁé“a“lf‘@rﬁ‘?@’m BB Oped b, o

ong a 19estdded hireCDNAMGlechle il & fisr@idaeiond Houblé-fttanded gligonadlestigplntsat i on
and a s~orrd hotnology arnmy b) a.first, double-stranded., , oliggnucleotide
co~rising awumsg W@E&PWE&FH@P"H‘ e8| | owi ng

or der , 1 0w dbubio-srdudbd fobholidrfiSlih R G rirbin ' BF ARG MiRhROL | de

sequenu, sal |rst ZS nucl eot ~u~X berng onol ogous to the nucleotide
sequence oDNAwrapd:rafirsthomology yrns,the erigis of replicationsndpi¢econdhomglogyatmss ai d

et or nfobienshONA e ppa i PR Froidinind g iRl i I '

ol i QOHU(lSeﬁnb%ngiw.rﬁﬁhB‘goa'mm&DMWOMWWWm ng) in
the followi ng order, fxom 3 toS ri',grd nugl eoti de, sequerice and a
fourth nucfegBenctand aseropd icrmigys doé’ﬁ'rﬂ mq&yﬂce being -

honol ogous %d;qg b@mg‘?ﬁ&?%d "to EB 2D04 ..
WO 01/ 0428§ﬁ&ﬂ@%§§8% hoﬁgi gi atrﬁénfogn id vect org‘ DNA srﬂrsgnd and said

fourth seqmdwb.dctnqumcMﬂcmkmmwmnm%&qmmEcond :

e DA voRtipbps e Bl S el ol AAdbn! Smfo Rl R PRA o

veci or) 20 hgtxinasdnd@udwom picleatidestqadnce beinghonislogbas withe sédnememecﬁm

“dgvi bl e- st randed | i gonucleatide gre purifie |p.other, specific |
- ~efrbodi rrentmﬂ?? nﬁg % WMWMeV\Ae

conpri ses &?{o)&.ﬁéhﬁde aﬁefomwm&%%s* B kR fic
e~nbodi nestt tar et Iecnl e CwIprises a genétic nutatlon or

pol ymrphrmﬂmmhfmmwdtmbmwﬂmlmqumbmdgr or di seax.
Tn other s ecr

bact e

o nbodi nbi aa | T oT
Redal - X0 2 BtouE Hahsnch ff B b Aenoubey iRl ve3nEBRA nods of
the i nvastmaw@mdwm&ﬁqm&w@mo@@mema&aﬁms@mdﬂ near

DNA may be designed to capture a specific DNA target to detect its presence
in a sanpl thempcond terainys WWMW&&cMan@%Mr e. In

one errbodr intﬁ%ﬁ %&ﬁg el ds far detection oftarget DNA
~known or suspecte %'hp cr S~ wr a disorder or disease what

genetical ly nutate. mammmmﬂmmﬂmehmmmmnmmact erial)
a method is

viral) parasite) or protozoan pecif c enb ,
provi dt d whARcleetide saanence §é“€1ﬁ°€\%€ﬁ?§m &M FPFARITe t hat

L conpris 35 hd}fihb @mtﬁ%w&ﬁm shddfid YeR6¢fi¥ion dife for the site-specific
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ZO anot her enbodinttrt, tlic method further caaapriscs detectinglad FEB 2004
reconbi nant DNA rnolecpla that cwaprises the target DNA inserted into the
vector. I n another enbodipent) the invention providesja nethod of detecting
t he ptt: sen§’ of an i nfectious agent wherein the target DNA is derived from
a_patient s B8 of havi ng the infectious discas~ and tb@Tﬁggwﬁﬁﬁps of
the first and second honol ogy arns ?.5 are honol ogous to the sequences
present in DNA of the infe~ous agent. In a speci5c enbodi nent) the target
DNA is derived fioma patient suspected of having the infectious disease,
and said second and fourth nucl eoti de sequences are honol ogous to

ambod mont PPt B oo iids e \RGEEbURNE WP BEE o sl MEIQBRERL, | )

or parasi tmdwau.mmmaﬁwsﬁemmmmmwm 06533
I n anot her enbodi nent, a method is provided for detecting the _presence of a.
genetic corh?ﬂ%)"‘ﬁvm or afist step b )-meefﬁFMErei n the

t ar get DNA%&, ed froma patient suspected of having a genetic
condi tion I'sa~se, -disorder, or polynsorphic trait) and the sequence of

the firss hodnol ogy hrmmwmmmwmmmmmom a
site known or .sus wg to be assqci at.ed w.Lh the enetlc poln |o4 di sax,
di sor der) 3 ?ﬂ% Lite OREREIN arm

i s honol 099*&1&& Wﬂﬁﬁeﬁ@iﬂﬁﬁﬁﬁir@c Wﬁ&cﬁlc suspect ed to
be assoaatéd with the genetic condition) |seaa~ee di sorder) or

pol ynor phi @GMFWIWW&WMMMWIWMMdWWWMEW
detesting t genetic di sease) 10 genetic

. ';sor der, M%?ﬁﬁ&f%% arget DNA i's derived froma
pati ent WUSDOCt od thbﬁﬁﬁehbbﬁmﬂ@ﬁelvﬁcﬁmﬂh&wﬂpnﬁ'%we&ﬁﬂ&?) geneti.c

di sor der, al ynor tralt and the sequence of the fast
doabl e- st rm @hh@ Mws@sm in edpesftheupst ream from

geﬁet |ecI dr:)\gelase genet | ?"’8&. sordaﬂ’)i or pol ynof?)ﬂ'ldtqu %thanaﬁ?g%egzeuce

of the 15 mmum«,mpmoﬂwhmmmmmmom)MMe

Che gonot | BRBBY B s S ot eb i i Pl BblE BRfer e o scni Moo iagr i

trait. 08 mpmipeaﬁemdiﬁ&ntme Mem@mdmmmmo%sease)
genetic disqrder, ,or norphic trait is or predi spose the patient to
cancer, asﬁi{@f’%ﬁ‘ﬁ%’ drug resistance) drug toxicity) or a neural)
neunprychiatrie) ”Et[@?ﬂolﬁsgcaﬁ ﬁ%ﬁ HP)@’HS

condition) diseax or disorder aﬂ%ﬂ? %o M% Fi gure

| A-C. Co rran@HB gecombingse otbetioReaSTi sad Resierfhi In atlieo specifivrembpdimpedtss thectibisi ng
el oot abl & R icly dmer Bl cmbuitheBB, X ro € o £l T ey b 1"
9 FEB. 20Démbodiments, the cell eukaryotic cell that recombinantly expresses RecE/T andfor Reda/fp - .
- ) protein. hothﬂspeaﬁcembo&mm&,tbemethodﬁnthcreompussxsohﬁnga )
recombinant DNA molecule that comprises the target DNA inserted into the vector.
. Inanother embodiment, the invention provides a double-stranded DNA -
vector useful for directed cloning or subcloning of a target DNA molecule of interest, said
25 vector comprising an origin of replication and two homology arms, in the following order
from 5'to 3' along & vector DNA strand: a first homology arm, the origin of replication and
a second homology amm; such that the nucleotide sequence of the first homology arm on a
first vector DNA strand is homologous to the sequence of the first terminus on a first target
DNA strand, and the nucleotide sequence of the second homology arm on the first vestor
30 DNA strand is homologous to the nucleotide sequence of the second terminus on the first



1" i ~.r, _. 1 W 01104288 PCT/ EP00/ 06533  $. Optiopal doubl e- sr&a:gdcﬂgB ZUU'I
ol i gonucl eotide adaptors.- Fach adaptor conprises a region of honol ogy "
(laheled A and H) to the honplogy arnms (A and B, rebpectlvel y): and a
xooad: regl on of honology (labeled C and D) to a term nus of the target
DNA -(r apeMVP:01p4288bel ed C and D). ~. . ~ . . 5 C The target wﬁ érhe
tanpnal nucl eoti de xquenca of the target DNA O nail D) can- e|/¥ ooy

honol ogous to nxl eoti de sof one of the honol ogy arnmy of the veeto-~r
(respectively |l abeled A and H), or to nucl-eotide sequences of the optional
adapt or ol i gonucl eotides (respectively labeled C and D). IO Fignre Z

Fxpai nental outline of Appznach 1. The vector for subcl oni ng by honol ogous

r ao~nbi Ve&toR ahe brigintfeepiivatiorrislai  host
W t hin ﬁ%ﬁﬁ?’@'{‘ﬁ‘gg’? %glﬁ RaFI F gfﬁ&edal 8}"epr gitnel g;lﬁare al r eady
pr esent . pakeGialériiih oftepliosiona Ihmh&dpbﬂﬁnmbodim:m,athmnmpaﬁmﬂlmnu

replication origin) and a seltetablc mar ker gene (Si whi C referably
a gene vmnamnpm&mlt doanethenspedifie embed Sgﬁ ‘%FB‘! F‘F‘&HQ&)‘"W

"hoonol ogy as g honol o;y arml.s, are shown as thick grey bl ocks at that
ends of t!R rml ecule arc sbaat regions of s~u~x ho~nol ogaus to

two rggions in th Y Frovided  kell Bompliking adloublelsanied DKAl oned.
cal | e§ target DNA m are sh as thick I'lnes flanked by flue hom)l ogy

ar ns. g\f\teefmggafasf?ﬂdn?e&nhmwbmbcbmngd aéﬂsetdgyhﬁonomm I
'rggﬁi.enmto n CorRpTSE o oRKiE of SRBPBIR S b BPbingy, s indhe e gggﬁi
_,Z o oacri ST Fipe p yRWEDRA Band: & BE B5EBIcRy abfd, B g B ‘é?é‘é’“t"ﬁg

rget [Necond m&e? &) Sichthstaheipucléotide sapuence afthlmﬁm homalogyasm onbait |

ratheli&I IS co.introduced with the |inear DNA vectgr tnoleeul e.. The- target

ﬁmtmgormmndeshmplogwmmmcsa tltpﬁisktwuﬁpammtmet he DNA

e o NS 3 RisRRce sefbrche BF it ke YRR R BRVEAVRRE 10 50,

thick g PN t&hﬂﬁ:kfs hoaiblegoRs to the niclcdtidé\seqiftade of ReGéédhiiAemnints 6t Hrst6533

Fi gure Di sgram-al atic rcptesentation of an exanple of Approach 3. The
cl oni ng teigesDNA srandgInaspecificembodiment,the celkisiacbasterigl eelbf repl i cati on and

f‘h?ieéﬁii" b1 ocks Thedareartm et ABE Rkirpbeind At die Sl & dBaoingnn o
targejs Qﬁcg&ﬁﬁﬂ%}mﬁaﬂe e6mpivintyinl one or Bitic¥Sritaingss: Q) a@olibletthanded DNA

sel ecta dctr .gene. Most sinply, the vector is consvucted first as s

| i near Moiu@ﬂmdmmgmmbdomgwfsmm%mlﬂm‘eﬁmm pidsecond
SSRT | t ed het t.h ted t th
r o | 5peHeRoF SORPRRBLEE SUgiRef ReRRend e BRI Rt e SRR een
the two Stofseglahgﬁvhaoﬂbm s&ae&ushmnoﬁm%tﬂﬂm of icpisdtidh and

nol ecul es here eparating the origin and sel ecta e mar>cer
gene. Ttaeeoﬂd:hdmﬁlog;edmzemlnhamhe nudentide sequence oHthefiret homalogysammuema wi t hi n

oh < dieet ecies TOVA sk bomalog o 1 157 RaSeRE bt L Lo £B8 TRCRE are.
tS|htaelogggt(9:l|Q |Mc%nbl nxﬁ%'l onaﬁm tﬁET%c‘g{Pﬁ%es gtgﬁﬁgggﬁﬁ%{nmmt he

Si t - SPEPN strafif iv Honiflogoug t the naclestilecequénce ofither seeondtermifibe o thedinst cel | s
| S carrying the vect or and the regul at ed S|te sp cific rccon‘%&nase gene

ar e. pr effargetiDNA stread; nd are
conprteat for tra be cl oned
is then W‘W‘E}'ﬂ g&feﬂ? h&%ﬁ@ﬁ@%%@“ﬁﬁ ogou t%e{:se |'nard|)on bet ween
the h ?\ﬁ&ud BF PACHRSedlokihg VBGof | Irfartatiedt embotinratof hekitei n i s
.iadWand sel ection for expression of the selectable marber gene is .~ ZO

i mposed the fipstand second goubilé-standed oliganualeptide havel nuclantide senyences homglegto

uar ecor abj ned vec r. carryi or, the i nt ended- honol ogous

r ecombi . BASH &%@Mﬁéﬂgg&%m si nce honol ogous

reconbi nati on res "%1'?‘%55'*9‘%@ ﬁg“{gt pgnol ogy
arns. After expres |on gﬁ%?@e isqpem I C reconbi nax 1 s I nduce ° and

x| cCli Ooabat DNFDOTRLIR IS mmeﬁﬁﬁmmWﬁmmmomoww-l s
contai ning the ZS product of hono glous reconbination will survive, since

this 39 ostrantled BNdovectnrgesfulfos disentecheloning and swiclapiagof piarge QNAimeleruln

Figure 5. Use of adaptor oligonuclcotides for cloning and subcl oni ng by

=)
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RecFaf or Rcda,! (3 honol ogous reconbi nati on. The diagramill ust rahca EEB ZUU‘I
vari-ation-of 30 Approach: 2 shown in Figure 3, about. Tvvo adapter = 7

ol i gonuci coti des each coafain two -14 9 FE. B 2004 7) ., - WD 01/04z88
PCT/ EPOO/ Oﬁggé @ggﬂijons of honol ogy, one to one of the honol ogy arns «of the
vector and U regi on of honology to one of the two t @piEr/sEszs he
target DNA region of interest. Cttularization of the vector and cloning of
the DNA region of i~t is acconplished by honol ogous reconbi nati on between
the vector and the adapters and between the adapters and the taiga S DNA.

In this enbodi ment the vector and the target DNA do not share soqueace

target  Duadtirest il RER SotpfihRg B B HpRONE ofd ool il B
E)NA dAg?pt mmemmymmawnmm a first homotegyramistheérigipefr oaches
an as out

ined in Fi uresland3 ab eb ethidium
bc~oni de steplication and s secend Bomplogy ay; k) ME%M% soI at od

from9 i “dSB@DQﬁQ | éﬁﬁl‘("ha@ ]ﬁﬁ),dmsﬁ@d foubWing'oRies £30G
experi ment ane b’ﬁiﬁ EE sire standards (BR Bet hesda Vi) . Lane 10)

LcoRl digents: mﬂmmammwmmlmmmu bed i s

?:B?BL:‘pthe Exa Ieln%%@a’s %~AH G‘?@&'@’%{Mphfythe

pl SA ori gmwsé&ﬁ%ﬂﬂ eotide Squédi beivg REHBIORELS 13 HEmutleotils s@fuedc®2 bps

ei ther si as Integrated anpicillin resistance gene is the yeast"

strain, Mifadsg taabsion atagetPNA:strand; Th a secomdonblerstanded wligenucieetideri xed zO

;.V“g“ cont sSokPRgee S KESrR Pl lindy Wand O R S b ARGl R (P12
ec

ti oo $0i tiiidruciebtide veGuente and & fotkrth mucleotide s m;:&ﬁhhgéhmﬂmdonf irmthe

correct products fraom 1Q chosen colonjes. Z5 Fi e 8A. ffect of, repeats
or 5 pho ogpYs {q,{be H‘E}S"‘@FW@‘%@ "Wétheﬁmgﬁyﬁml oni ag.
A. The se HomBlo3BENb Welnbabdtde Of tht

| i near vector are shown Ita| zed sequence |nd| cates the part of the
ol i gonucl mmmlmmsqmmmmmmﬂ acell contamingtshe | i near

VO 01/ 428w Bs FeeeBORe 12 SBERE shbdther sk B dcho e ot SaR p ol s o
i n bol d1svainotherspecifié exibodimiefit obie laytie cefl id o fodeh Belhéompténdfor uptale of hus make

up the termnal repeats. The |luaear vector constructs a-x have st quence
repeats of DNAy i ous | engths. The |inear vector contains thePl SA replication
origin plus the chl gﬁpgﬂb&g “@%WW‘ t useh® hoai al ogy
arns and the 5 indicated termnal repeats A schematic diagram of the
strategy slaningay stheloming ef a/target DNAomelecule comprising in one or more containers: a) a

double-stranded DNA vector useful for directed cloning and subcloning of a target DNA
o -20 molecule of interest, said vector comprising an origin of replication and two homology
: ) - arms, in the following order from §' to 3' along a vector DNA strand: a first homology arm, -
the origin of replication and a second homology arm; b) a first double-stranded. -
oligonucleotide comprising a first oligonucleotide DNA strand comprising, in the following
order, from 3' to §': a first nucleotide sequence and a second nucleotide sequence, said first
25 nucleotide sequence being homologous to the nucleotide sequzhcc of the first homology
arm on said vector DNA strand, and said second nucleotide sequence being homologous to
the nucleotide sequence of a ﬁm terminus on a target DNA strand; and ¢) a second double-
stranded oligonucleotide comprising a second oligonucleotide strand comprising, in the
following order, from 3' to §": a third nucleotide sequence and a fourth nucleotide sequence,
30 said third nucleotide sequence Bcing homologous to the nucleotide sequence of the second
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contai ning the various sequence repeats of panel A for efficincy it 9;REB 2004
subcloaing the EwWi lacZ-gene. C. Table showi ng the affect of repeat

| engt h and phosphoryl atiqa' on 10 efficiency of ET sqt;}:l oning. The results

of test's using the vectors containing the repeated sequences shown in panel
A ar-c shomﬂogﬂwg@re 9A- B. ET reoonbi nati oa subcl oni ng nsi &,@E@%ﬁBY(tct)

A. Diagram of the pR6KJHA DY al sy plasm d, which contains tﬁe 8 3gi n, 15
the pir-116 rcplicon, the tetracycline resistance gene from pBR322 (tet'y,
and the ar~bi nose repressor (araG-. B. Conparison of ET reconbi nation

subcl oni ag usi ng pBAD- aBY(tet) (Col El ori) ver sus pRbK/ BAD/a BY. 2g Figprc

é?gsﬁ dsggn% s@r@g@ a'?#‘%%“{ %gp%flr a‘% egy ésqqﬁ%g cefr acy 02AC A

resi st ancethg aueleotide 3équencedf asecindtamims on said &rgoﬁwwmaﬁd dhaspeciﬁiependent
7 o €71 kel e the DA Ve P Fuamomire Hbiaet ot e BB Cor 1 oct
5B e ol A veERh i SRS SRR RRUEHSG b 60 sl ot 010 11
t senoni & Diligommidotitle drefpunified. col i was prelincarized by Xhol di gestion. The
gene. kary 11 anked: by® RBRGTSEE SERRITeE A KIS AT e eiee o e
i)ifi)léllzggzP%q'ﬁ%OI 0653&%%%%% | ndeperﬁ&gght‘zggl o\r/l\f)es

Lanel 7 shmommﬂvmwdavémmmmqmmwmmlm Subcl os~g

5 A LRl o A e, T

. Fégure 18 Mmt%WWsW@WM&mMDEMRE@H
DESCRI PTTON THE | NVENTI ON The present invention is directed to nethods

and conpo®p “oni ng and subcl oni ng usi ag. bacteri al

reconbi naSe- nedi at e Hﬁﬁioﬁgﬂﬂﬁcgﬁm' e ASed E:FM has, di scover ed
t hat bacteri al recozglgnases may Dbe utl H}?H& I'n ‘glag Pfg{“ﬁéﬁ r to

achi eve hipigsmigisior ineardNA fragments may be designedith aapined ampecific DRA4rgetadl v, t he
bacteri al RecEr T. aadl or The Recf ,T pathway in
~ coTf has“%hm é?'ﬂ? W&???‘%%@?P ¥Msen partially
char act¥sr mﬂe(%hemwmmomomwmmmtﬁmmof jet DNaS. A 91
32053209; .G lien et al 1981,, J. 8acteriol. 145:521- 832) econbl nation

via the REDE¥HOLsuspreied to @ameste@mth MW gepetically mutated. ner d

Ir.ec-lgact 2r6| ol". 17%“%%&%?%%% WE protel %%“%I oh‘gwg arlgtgg ~,

exo, whi chtmmmmmmdmmm aonal ly
simlar to Reds P22 (Glle t al.,1917, J. ML Biol. |
13: 2741; Peebipa ab{lg:g% P By (“? Mﬁ VestoR Bart er)

|97| 20 Weﬁb&d&nﬁ&@ﬂﬁ&ﬁo@ obmgﬂsﬂs z%ﬂﬁha&ﬁﬂ@»\n%l&}ne Chem
25%: 10411 17 Josep and @qxdner 198 Bi ol . ew. 258:10418- 24;

i ni yappa theclor. 261: 7472-7478; | Cniec and”
JH?l :\/glm)nBl é|981| 6% 257%& al. "%égé’%‘ﬁ E‘kﬁ?fmngﬁmga .198%)A
96: 4279- 428manﬁhnmfmmhmhtbhmﬂNAwdmvedﬁomamnmtmpecud
of having the infectious disease, and the sequences of the first and second homology arms
25 are homologous to the sequences present in DNA of the infectious agent. Ina specific
embodiment, the target DNA is derived from a patient suspected of having the infectious
disease, and said second and fourth nucleotide sequences are homologous to sequences
present in DNA of the infectious agent. In other specific embo&imcnts,theinfecﬁom agent
is a virus, bacteria, protozoa, fungus, or parasite.
30
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Descri bed herein arc methods and conpositions relating to the use FTg FEB: 20y
bacterial reconbi nases fox di rect ed DNA cl oni ng and subcl oni ng. As used
herein, the term "DNA cl oning” refers to the processc}f i nserting DNA from
any source %@ @ - |7 9 FEB 2004 WO 01104288 PCI/ EPO0O/ 06533 :
aytononousl y 16 Pt ng vector so that it can be propagat egcyepoh/dfsshOSt
cell. The term "DNA subcl oai ag” refers to the proocss of shuttllng of DNA
S5agnents al :rady present in an autononmously r~eplirating vector into

anot her autononously npliating vector, or shuttling DNA 5agrnaus frroma

hi ghly enriched DNA nol ecul e, such as a pacified viral genorre or a S DNA

bag~m~nt previ ously angp Imﬁuﬁ)gg diidd g\@p@ gllkﬁ

vector. The team "di reédpiﬂgfﬂﬂ ar get eé‘l‘ q#ng and subcC g rg‘%gggto t he
use of honnlssgs}lcmnmdjmdmrdmmpdﬂa@thyhmh&bmﬂN@mdeﬁ\&at|des)
to select a direct -the otientati f thelns r.tion of
the target %%&%‘W@?;mwmﬁ @Lﬂ% et OF RODERAIPHIS s . | ¢
shoul d be nefaRtend!thé scqhénceonthe fiat hadiblogy fmﬁm%o t..wntion 10
apply to methods for both cl oni ng and subclonin %e ~constnuti on of B
t he corrp&l ﬁpmnmhommwpmﬂwmmmmmmmm det ai |

Pn?'[ El)gs ! n&%ﬁé‘ﬂﬁ#’&%‘ftﬁ?’é&escn be%ngedl aE Ed r.econbi, nw‘r;g&lsoni ng

honol ogous mmuaﬂdeldamﬁeﬁtmﬁnw&ﬂw W&aﬁw ons of the
invention, incladiag 15 DNA coasts designed to target) capture dad clone

targrt DNA B¢l QS‘F mﬂwda m@@mbdnammmd nol ecul es

encodi Ng bagmbioh ¥ p W&cﬁw rotons) cells
-cQnprising such corrp03| tl ons§ ag% e net or cémgir ucfl %ﬁuch nucl ei c
c

ids an disprdes, orpalymigrphic treit whierin iliedzrg¢t DNA isalerived froni £patieht

éiﬁ??ﬁé?iﬁ "SR R e B teiton ot dierngenety dGoonde o e s

descri bed mﬁqaﬂdm&?m«@h@&d@aﬂb%u&%ﬁ%&%ﬁ&&%%oa any DNA

of ingest by bacterial nconbi nasc-nedi ated honol ogous reco The

t hree appr CXBWESC uRSiReam §om 3 8itc dnowmor suspested torhemssociatep with thegeaetice | |

acpnessi ng r ot ei and a vector.
exanpl e of étaﬁe vecqi(h)‘rtfcletg‘i Ebgﬁégné%mé%%ngm %‘c?“gig‘csﬁﬂ‘ﬁ’?‘s@?ﬁt hr ee
essenti S Mdosblcmmmunudaoudepihmmmmm&m wnstregfli i a Of -
doubl e-str i,n aIIed ar s’ .-- 9 FED 200
WD Ol /04282‘“&%@'&5% "3@‘0‘5 %@n@a%uma#mmd to
al | ow t he \disirder, dr(polynfbaﬂﬁmt 18 alspécifittenibdifinieht, he'pEhctis bondftibh

honol ogy ari{% b%/ hoer otu reconbl natlon The sequence, position and

orientatio “Robmorphic Traitis or predisposesahe patientie eancéron of t he

Lg\r/gets ngg\uence horml W term ni %g?%%%&?ﬁh@ﬁ%%g

ar ms: cormem cardioyasoular; ot skirDioadition, disexsy ot dicordar get- DNA of i at ~s~ one
prm (iadicaited as Ain Figtme 1) coctespondiag to a DNA s~oqucace upstream

the target DNA ('ndieaied as Cin Figure I) and the second grin
{"indicated as Hin Figure 1) ending to a sequence |ocated dowttstrcamfrom
the taiga DNA ('ndicat~ as Din Figuro 1). The orintatioa of the two

4. DESCRIFTION OF THE FIGURES
25

Figure 1A-C. Components of the homologous recombination cloning and
subcloning methods.
A. The vector, compﬁ;ing an origin of replication (origin), a selectable
marker (Sm), and two homology arms (labeled A and B).
30
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10 ants relative to the desired inset nust be the sane as is tgﬁk g FEB 2004
orientation of the honol ogous sequecux relative to the target {see

Fi gwre 1), such that recawbi nati on behween the honDIogy arras: od the target
DNA reSuIt§¥hn the target DNA being inserted betvrxn, or 'inside' (see 1
figure 1), honDIogy areas. As used hueia) a p05|t|peTh$?wm%&ped as
bei ng "inside' the homol ogy arns if it is positioned between t

honol ogy arns) such 15 that. a first honol ogy armis-betwecn the origin of
replication and itself in one direction) and a second honology grin is
positioned between the origin of replication gad itself is the other

direction. an the ot geiophaiil dodble-RRAdcH ofgbnbdledtde wg§ @hg&gt&“ts' de" the

honmol'ogy arnms if) in one direction) neither honolo arm separates itself

fromthe ommﬁmagﬁofdmmohzyﬂm laydﬂe)toﬂwhomoipgyhmsr(atathatl on origin
dth | K 1 d O t.si d th
ﬁ(r)]rml ogysgﬁﬁgﬁégr CI ng t%?ét%?|(‘§€°gﬂﬁaaﬁ3@f ﬁég'?“é‘?“lééf%eqﬁence

preserves W@Mm and the sel ectabl € marker oa the
plasm d. t°' 3rt thc other head,. the target DNA is; by defittitioa, inserted

“inside'Sthe honol og? ThatsreerDuv by errmiing]inpeleotide sequesicss ofthe tacgehBNAI ng of

the-hon! oty ik se%%ﬁeéﬁ'ﬁ%%ﬁ e Fiocns . ¥ nf of e Rovgy € AR

adapt er ol oot @edpectively ldbeled AdhaIB) Sk touclaiite ded 85tha bftidnbl ddaptoAt €d i N
Figure 1B. The secujence of, each adapter ol igonucl eotide conprises the
lydabeled 2t

sequence oPlLganucigetides, D®he vector, and additionally, a

sequence honol ogous to a sequence that flanks the target gene of interest

tgec ure 1 G-. ~ Thus, -one adapter oligoaucl eotide contains honol ogy to
DﬁIA seq

8nce of one ﬂmmwowmmas 'Dhevbﬂoﬂogsubeloﬂinb, and a

auci eoti de nce upst m from the, target 19 2004 S WO
01/ 04288 1PEHmaleEcys sredmbin ‘"FB%‘”&% By W‘E’%P"Pn%cg iBoRd adapt er
ol i gonuct eﬁ&ﬂ%&h?@tbﬂﬂl@%ﬂ?oﬁk&% y??& ogy arm
(indi~ as in Figure 1); as well as a nucl eot| de sequ ncqg'l rmt

downst r ea %wetmeb Prmolesuly capyingiank Cﬂ!mphcfﬁpganemgndal a th| s way)

adapt er ol {fRaNk!ER r| c h 0 cl oni ng
vraor to 5 target a s%g%(?ﬁ% ‘%%ﬁgeqﬁgﬁﬁg wg‘ﬁ? h?‘%ﬁﬁf?oe of

t he a~dh§)twﬁbi0hgmuddm'hobol@aeani' |'Iguuma)gyﬁingwms;m ositions

T R e ST e T R

al ternati Wbﬁﬁﬁh&&u@&ﬂﬁh@ﬁiﬁﬁk@m% R&Ecﬂﬁﬁmnatl on.
acC

descri bedsb det ai | beI ow, €each of the 10 three appro as Its own

advant age °“ﬁt%l&h'?‘éh“°ﬁﬂﬂkadba‘h€hmlm asmaniAer sppl i cativn.

lgﬁfﬁaﬁhet‘ﬁ‘@%?”é?‘éﬂ’.n RellioE e BP0t IR ipoftl P kel el it o

ceII t ha Mmmmdmommmmmwmuwoﬁgmm my be
used to ¢ t e insert born one replicon to another,
'thCIit w&ggﬁﬁ“@&néb' RS- r estriction anal ysis and in 15 yino
mani pul ati ons. This approxh is.useful for applications in which the target

DNA aheady adsts in_as E c~nli repd4eoa and its further use requires the
subcl oni ag of a choglﬂn3-palﬁmﬂcmmonwﬂ@pmh6f BrcBpproadhdsie i sol at ed

froma cossy sapcl oni chosen
portions i%inEEL‘%ha acw vaxor |sho$5%;$[%é§%§&§%&£m‘“|‘é§?¢ tt‘i}g‘oflé'pr ess the
pr ot ei r*Saipsiescnttiy theli cofthost, mmﬁmmmmmemgm Figure 3) the
ZO cl oni nqﬂ\i%(‘:‘jfo and tﬁ% et DNA of |nterest are prepand and then added
t oget her é‘PX/W“%: mem

i nterest QR vect or.

. The latter tmgﬁatggggg%l%%%%%ﬁM?@ﬁ%‘@ﬁ@@i‘%@%ﬁn ﬁ“%ﬂ% tar get
DNA i s dedNé& gegion-is swbsloped. xAsinFigue & tehomplogyimins am) shben iethikpre, ~
derived flb%l cancer cell. ZS 5.1.1 APPROACH 1: | NTRODUCTI ON OF VECTCR

| NTO HOST * CONTAI NI NG TARCGET DNA I n one enbodi nent, as depicted in
Figure3d, the target DNA sequence is akeady present within a host cell that
expresses a bacterial reconbinase. For exanple, the 30 targrt DNA racy
reside oa as independently replicating DNA nol ecul e, such as, but not -20

9 FEB Z004 .13-




WO 01/04288 PCTI EPO0/ 06533 linmited to, a plasmd) a phage, bacteq+ﬁL EB: 2004
arti-ficial chronmosone (BAC) or the E. coli cummosone_in an ~ coli sﬁ

cell. Methods for constructing host cells that expresp a bacteri al
reconbihasgwiuch as ReeEff or Reda! (1 reconbinax arc described in detail in
Section 5 ‘I'he vector DNA, cronptising as origi pcHkpdofigissCS3tion
nerd two bornology arns |ocated on either side of the origin and the

madcer) is intndueed into the host cell. preferably, the vector is a linear
nol ecul e and the honol ogy arns are |ocated at the rive ends of the linear
nol ecul e) al though they nmay be internal. After entry into the toll,

honol ogous r xoi abi ngti on, between the honol ogy anps of the vector. DNA and

the 10 target sequekiguge4.c isgrammati smasmnafapmlewm@s%% Thte

Chen ot at Sleii i Sbelotfng, Fepboriibads B bdiF i ofhcPlicabionahd BSHERREE or esont.
on the vegatier gétie (rj(sa)g&med Wb SHdért Edifology ] mrﬁaﬁwg%& pleeks.cpl i cating

and being sel ecte in the host cell, "many aof the cal at grow on
sel ect i vemmwwmmcmmmmmm@snmmmmw DNA. .

15 In o enbod rneat ds, ,of the |inear vector DNA fsagnent may be
bl ocke f’f‘@ﬂaﬂéjg“ @EWE%@?H@H&%%W%WMUCM

by j oi ni %men Y. S t han
honol ogoﬂgm?;escgo | na??ogﬁa?# G @gﬁéﬁg €00 ?%Plégﬁ%n Ihg&gcﬁ ﬂodl fred

nucl eot i dS'SRszEiog:ted tetwenn v liomulogyearmsorientd aes dirdth yepest witleRspet i e | Nt o
the S-end nu%I §.;l'tl of the hom)l ogy arm Modified nucl eoti des ZO may be

|ncorporaﬁ'§ﬂ |sitgrspasificrecom betwren thertwe Taercsnlsssutha const ruct

o s e A g,

DNA' af t0:rseleytableasdrker ghis, T ircalarisédeciP Bithhsoh&Nin®s ark %S.Exe@hhﬂes and
Cri

| i near DNA fragrrents are well known in the art, and arc des ed In detail
i s Sect i omhich RecE/T ps»tgna iDeRPRRdAT cal be@gpiessERODUEE GM SRilVBEIOR AND

3 the ViR %&R S s R ST e BB, o

into a cehéssmalmumwrbeuﬁsﬁ%épe@iﬁc%&&aﬂ ﬂb&&%@;m ar get
DNA may be derived from any source. For exarrp?e) the - dog]lﬁ_:gB 2004 r

WO 011 04 genrmunti} te mwgamdw&ta@rﬂﬁohr The £ bolpeellsi cal

gzlrr}ol/;% %@m‘yﬁg‘h n%ll i?ﬁ%s’“ % %I e bllo'Odé éﬂgsma 9anen, Srlsgzje

culture gyl er or
ot her anat ai aI Met hods for preg:ratlon of DNA from such sources arse well

known tomﬂwnq;mmuzthmgimte clon¢dsis thendntrgduCed intona héxtctlhcARer i S
Mol ecul ag B’g gﬁy ser,i of Iabor tor technl ue nmg~aual.s, . 1987 1994 Cur~m
PMPIERYS P

Pr ot ocol 8’19 the site-spesifihie t aur get

DNA are  pécohbirlisel e!xﬂsﬂdb&&i J}H&iw
bacteri al reconblggtse protrins, lit?era y transforna R’ ge%"(':sol I by
el @0r ippossd.i Befofésitespexific reabm:mt}tm. bcils|w1lltcbma{xnerﬂst:t)fxnréébdﬂbxﬂaii't;'ecill}JA or a

HC|rcaI ar plastttig \lA n a ea enbodi mart, the vector is a linear
DNA ol esﬁmn ﬁ\? ‘%ﬁmﬁaﬁ‘g{m’tﬁﬂ!&@éw mbination pradyek whish srries onlyr

excess I gh@SSKE, sifte rgiuﬂg y copies of
t he target DNA Teg |tgﬁﬁg$6§| nterest | nto einc‘iﬁqf‘t‘{“&gf(‘)ésﬁ%??&f‘ﬁereby

maxi ni si bgmxhyheindlogj’ ames; uférreaptessisrosfidse site-spetific rédosbdiaBAL induceicet i ve
medi a toeés;%f?ct &2 ci rcuyl ar| zed products. la-a preferred enbodi nent the 15

vector ¢ expressiom afithe sclestable marker/ip iraposed calls contajning dhejr ows i n the

presepge are.c bl e h under such

Dl oot optuuft e hainpioh s ety S i BEER sFodiet o long Ao

_fragnent sublstate fier skaptificreéombiiftidn0ds of the linear vector DNA fiagment may
be bl-ocl ccd with nodified nucl eotides, as described belowin Section S. Z. |

. Methods for such 20 nodific~G oa of oli gonucl eofiides are well Inmowa in
the art, as descrijed w is ,Section. Thj s approach IS
particul arl'y usef eri 8??@5"9%?‘3‘?9?1’ d&bf"&m g-andpubcloning by
RecE/T or Reda/f} homologous recombination. The diagram illustrates a variation of
30 Approach 2, shown in Figure 3, above. Two adapter oligonucicotides each contain two
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source external to ~ coh, such as yeast or eukatyotic cells. In opeg FE% 2004
enbodi ment, this method may be used for diagnostic purposes to detect 't
prcs~cc of a particular DNA in ZS say bi ol ogi cal spx} men. Fot exanple, the
met hod' nay be used to defect the presence of a specific estrogen trceptor

or BRCA 1VOP®I4288 n a bi opsy sanple extracted frroma bre cancer

patient. In another enbodi nent, the nmethod nay be uxd to iﬁf Pf’ qsébl ons of
DNA as an alternative to anplification by polynetase chain reaction (PCR)
techni ques. 30 Anplification by honol ogous reconbi nati on, cloning and
propagation in E. coli offers C 9 FEB 200 WO 011 04288 PCT/ EPO0/ 06533

several advanta v ni ques. .Firs error pan be a
subst ant i a?ﬂaPa%3@§‘°%PnﬁC§ﬁyegﬁgbﬁ ?E] Y-S Phibeiv 614)9 ﬁR a5¢ropd region of
priners t eigholddy $COMR R iHR Wb Wl Ag&g ﬁlterwr@ﬁﬁfafﬁaﬁo §f Nunber
of errors is tdr?g fer::t)iit reaction gfrtgﬁuc I ncrc gg acponen the

tack roun wmmgqummmmfmmsmmymwhmml ~0 a DNA

< oni ng. naeeopbabe el e vt she Goni2 and oo 2 RApPER R B~ col 1

and is shmmmwmmanwmu bbuntan%emﬁqm f ewer -
restrlctlons on the sire.. of theDNArelonthat may be arrpllfle using -
the pracatThed °WW@&M‘%F‘W$&5¢MM¢M@&MWW | dl obases

(75012, i b g e o A IR eyl o

appr oxi rmatatso e ased ifmhe tethddsof Appamelses lAthIB%ﬁllih}.dﬁiFi@hwl @&dacgsove i nrol ves
t he tedi ous pntecses of creating a large, randomlibrary fol [ owed by
-3rti ng through and ordering individual clones. Using this.nethod, honol ogy

" alms cam be design FHgited. WachHidiEm GRoISikiE ki%@djaéafbs ﬁﬁ%m{n{ﬁ ggof a
geaone |nto Iar e, non raduadanst'im contl guous ¢ ongé JQA%C% gs'.

Third,. | WidEs wmaammwomammobmﬁmmmam product s

(r:lleggi tng ?e ni ques A%@Wrmﬁﬁhgg@%%b%ﬁ% o Or]f her

regi on of diibﬁohbﬂlhcmnihgvmoramdpbﬁﬂemﬁsﬁséﬂﬁeﬂxﬂﬂéﬁlin% hom)l ogy

arnms and transformed with the vector DNA into a ~: colt host. The

honol ogou Bnbi nation is this enbodinent ally be carried out in ZO
vitro) tgefore .addition of the DNA to the cells. For exanple, isolated RecE
and R ecT, or cell ~ extracts containing Reclrlf may be added to the

m xdue of DNAs. V%rm&fﬂ;c@mﬁaDﬂAmomﬁem&oWy&qu&nﬁcDNﬁect|on of

DNA nol ecut cs. may | i edb nansf o tion
mxtume in a suita {H%Emﬁl é@ﬂiﬁ ??% %&5‘5 ifg&%%gl%nes as
descn’ bodlmmom@yanﬂs:asappmweﬁm hwmaaﬁd%ﬁm&m INTO HOST
CELLS CA YTALNLG VECTCOR %E):Es\;ﬁr errbodl nent, target DNA is introduced
into a cePPeRHPEH %%Méﬁ Mi\!nsbwmmmm any
SOUr Ce 20 avithl bl yeddéndriic DNA &4.6GRS khd g_,éﬁqgg é"?‘%@ circul ar
i

: form As descri bed above, ‘once the target 2004 WO
-~ 01104288 Redp/frpossdSom pBADPy. Clones were identified by selection for ampicillin

resistance.

B. An cthidium bromide stained gel to confirm the cormrect products from 10
chosen colonies. ' .
25

Figure 8A-C. Effect of repeats or 5’ phosphates present on the ends of the
 linear vector on ET subcloning.

A. The sequences of the oligonucleotides used for PCR amplification of the
lincar vector are shown. Italicized sequence indicates the part of the oligonucleotide which
30 is required for PCR amplification of the linear vector; the other nucleotides coﬁsti_t\uc the
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i nside the cell) honol ogous reconbi nation between the honol ogy area8 BFR- 2004
the-target DNA raults.in, the insertion of the target DNA betw-a the

honbl ogy arns. Howwer, in this case, coontervselectipa is needed to a-~l ect
sgai nst unr econbi ned vect or since both the desired product and the .

uar econbi N¥@ 018042881 expresses the sdc~ctabl e marker gene. @HP@ME@?J

‘enbodi ments arc described in derail herein to axonplish thls

oouow sde~c one, egbogi for exanple, a nethod that u4dilius a
si t e- speci f?‘%’g‘?é’ét)%%"ﬁi‘t‘t gﬁ"g(ﬂﬁngéi‘& §F‘b‘5¥°¢$g'§w!dmpmbmht§mkmﬁbu

approach i s dgdiscariveélor, fndthGs ke p i nent . ao i nduu' bI e
nucl ease i s |nduced that cl eaves? tdk"g unrr%gér%s :ﬁ’ﬁ %K Yestor cqnstrygts grx

enbodi ment s FH&W@W&WW%@WV&WQ%E&E Qgrﬁﬁgg{ﬁ are
el i m nated) o4 n% p{t:g vecé 1S first constructed as é as fhe
0

i ntroduced | FiHstance gene e, S@kpébqohgm!mmhlwm i n

Fi guc~e % lnﬂieateemtmmq-qs&ﬁj ns (|) an origin of r~eplicatioa (nay origin):
(ii) s selectable matker (Snm); ('rii) the two hoaaol ogy anmts; and w) a
county sel ectabl e napkeﬂscmcét&mmfmmwmswwwmemwnﬁ

t ecogni ti ang as L recaognition sift .

| ocat ed out solﬁde t tgut't%r?o ”éy {%&Jgﬁ%’:ﬁgr}g ‘ﬂﬂ' &%@meh:@ | ocat ed’

i nsi de t he %9fdedZggye.arns) or a reeogriitioa site for as endonrcl ease, which
can be~used to reI ax agla%rqé flu starting plasmd vector. As used herein, a
site is located "insfu owige e sect af repeat length end phogpherylatiomes! bet ween t he
- two honollogffickne of BT sube fefudt o ef we n the origin of
t~eplication and itself {ogﬁgngh{jl rectwé%ﬁsowa m is

, p3$| t i oned SERMERREE showmdn pancl 4iare shéw0 repl i cation and itself | n the other
-direction. On the other hand, a position is defined as being "outside' the
honol ogy arns if) in one direction, neither hom)l ogy arm sepstalLa itself.

fromthe origin of rmmmmmé&m&uwscl ;fE #(?J, reprcsearm on
of the meani ng of &Sf) Y St@ ﬁ%tSI de' the ogy a origin
of replication and QE‘P&@ W@m@m@wmmwmm

honol ogyS athepir- HE [pticon, the frhdy chiRGbsisPiicey % {nsertion of
the targtt segu ggx prrsrnreS the origin c(])”f. ?%ng h?@’%?t’é’ﬁ"c abl e

mar ker on The count er -sel ect abl e mar ker, endonucl ease site or

one of two sito-spegf et s es i S erabl | ocat ed
“inside' the honol ogy%?qn o;ﬁe%gbél gurg{n%j 'b‘f‘%d’% éf) the origin
of repl i cat (GofEberd) vedses pREEMBAD/aByrar i ner . Any rret hod known in the art that
allows for counter-sel ectian against the 30 non-reconbi ned vector can be
used. ggprz exanpl e, in one enbodi ment) counter-selection -2Z4 ~t-t~ ZUW04
WO 011 02288 PCT/ EPOBigaeb A -BaSubelodas S ENok bl e

site- spemﬂéﬁ nconbi nase (SSR). Sltﬁggspe0|§?§&?%¥o fﬁ‘ggés%%\?mh%nes t hat
nxogni ze t Far get sites) celled sitcspecific reoonbinase target sites

(SSRTs), and act atal hassiged W str d exchange and .
eC|S|onreact|on(I|atIet et aI gy e 3& “3‘!38‘? 21: 1S7 78;

ucy) 19®!Wsmetw;aﬁmbm|r¢pr¢ssﬁ 521-T; Stark et aL 1992, Treads

Genet., 8:432-9). ccj fic rxanbinaxs are knovvn in the
art, iucludias, but n}qullﬁﬁsnﬁse'ah 1??&5‘ wwfp@tﬂsm:dwf

(Nuns- IiibyfemﬁldxgmeNAWMi ,f}.gqn?%@g WSt ai.

+1997) Eur J @l ochenr.. 248: 90 912 Utatsu et cr
Bacteri ol ® 7‘“@@‘2@? 3By BNAcsequopcigsivsl kbeRNA tadder, 2 ci rcul ar

pl asm d, S|te specific rxonbination i 0 between the two SSRTs results is the
formation of two circular plasmds. Only the product cant:iaing the origin
of replication is rfigenedlAdd EX subvboninglusing Eentinic PNACs $RAGE fofthk €CONbI nat t oa
bttwcca ta@geqi ctly repcatod SSRTs is a circular plasmd raults in

~deletion of " the sequence | ocated between the twa SSRTs on the side that

does nd® include t Acatioa IS A DANA vector is coasrsuctcd
coatai mag two SSRfseGG&pF%@H&?’ﬁ&%@@ﬁ%?@m@ﬂm%ﬂwﬂ.nsi de the
hono! ogyTterlinejr veadr consiksed df Be Cols] Q,%,%Eﬁ,@éﬁ&% et ween t he

sel ecta er (S11 and thgbor ?g?ﬁ‘g?&’?gp ation e@& I hati on. bet ween
~SSRTs B{ﬁ‘f‘ ologyiarms Whish direct ricombination tqthe dici/lneZ lﬁcﬁi‘pieseﬁtlogithe of

repli catg epibhomoidate. S€l ect abl e marktr (see Figure 5). Thus, the SSR wi ||
act on non-reconbi ned DNA 20 vectors, which contain two SSRTs resulting is
the lons of such plasaiids fremghe host cell. . ~ Host cells arc then
transfornmed with vector DNA by staQda<d nethods. In this enbodi nent the
host cell rmust contain: |I) R-ecF,JT aad! or Redacl ~3 gene3 and 2) a gene
encodi ng as SSR Pnfaably) the expiression of RecFIT aad/or Redal p genes is
|ndu0|ble but constltutlve expre55|on |s also p055|ble The gene encodlng

o o M. o N I - — p— VA Y Y o NN g



,. L WO 01/04288 PCT/ EPO0/ 06533 contai ning vector DNA arc sel ect_@dgprBam:,
mai nt ai ned by plating and growing in selective nedia. _ Conpetent oeUs are
thin prepared fi~omthe host cells containing the vector. Cells are
traasfornred with the target DNA, which can be prep=ntd from any source)

ag. 5 totwo@mangsc DNA prepaid fromnay cell. The cells 3 cul tured
‘briefly) to all ow honol ogous reconbi nati on to oaur. Honol 0/06533

secotnbi nation resylts in deletion of the sequence betvreea the honol ogy

arms cont ai ni ng oneB-SRestictioncabalykie of 06 iidépeaden? ol t og~ace.
The expr QEhWC% %@ﬁq@ éhen i nduced. The Sggesw F@gtﬂg‘gﬁhﬁe dinctty
SSRTs in the nn-ra~moi f 4?1’-) separating tb~e selectable marker from 10

the plastaid ol fuy I i,c~stigp. Plasnids containing insect targets
have onl.% %ﬁ%mﬁ‘r Sﬁh?lﬂminﬁf’g neosaycin genaco frgm mouseEScell e

nai SR 9 roughout this step) but does need to be inposed soon after
i nduction of Mﬁmqubdodnpw the site-specific reconb' snation

takes place. Bl Bestribtion aiajysis ofkisidaiyih Rbistal€cofaiies’ €SUl tS in selecting for
pl asm ds containing insert target genes. 15 In an altcrneai ve enbodi nent,
an eadonucl ease am be used to |liaearize the vector bctvveca the honol ogy

aeons in viv j r ALUst befo uring, qr,.after honol ogous

rtconbinatio?ﬁ‘ﬁ#ﬁggrF%E@PE&°5PP€F§EVEEF39’ﬁ&%@P@Fraonbination yvill sel ect

for correct reconbination products, since a linear plasmd will not survive

is the cell unless it becones circularized. After the reconbi nation, the

continued activity of the endonucl ease wdl help 20 select for plasmds

cont ai ni eg i nsects pﬁ ause during honol ogous reconbi nation the SSR dtletts
ScBE, CRIFaT

the eadonucl ease r AILED DES ONQF THE INVENTION DNA in its place.
Smx the ettdonuel ease wll cleave only aori-reconbi ned vectors, |eaving

pl ascni ds with i riBerpresint iaveion SEEHRRELS miehbACind ok iqauad activity of
t he endgnucl ease ter reconbi lr}ati on) se?iecglt S agé‘{oﬁgpﬁﬁ%tﬁ%@g’ﬁ)i ned
pr oduct*CRiR&,§nq shbeloging yaingbactenal rccombimse: mediated hoinblogousrexdiibindtfne

recognimthe tdrhatHE o.that no other sites will be ptesnt in the
host cal | %F&Exanpf%@&g#ﬁéﬂ%ﬁt%ﬂﬁcgwm&” be wtiligedina particulae art

i ncl ud'mag)'netbotachiat'chigﬁemcy%gﬁmcléiﬁ?%%d%ga){%East H4 or an

i ntton-eacodod eEpoauclease su as Tecognition site for the
endoaucl ease sho

refemgbly the beeterial revombinakeoused s ReEOf fifYorRedeP. The t hat
enzy maReSEA i endqnuc| ease ;results is |i~iearization of the
vectoeret wden %8 §£¥%%ﬁ§%98§“ ¢ PFR@O 5 componentshave bemmnucl ease

gent npatialtyechasstsedizel (Hall 26 ' 4288 PCI/ / 06533

Constr yﬁ?s §3ﬁd Intthoggaﬂ! or Iif?\%ﬁ%?b@’pﬁ%ﬁf@&%%& @%’Q‘%{'gsgghssed

bel ow, ' ﬂ?frﬁ"-S.laa.ls-.‘-Hwtmbtlﬂéz&bﬁﬂ)dmmnﬂ[bnmcm&mxa”p' e) the

Crcr | ' Qﬁ’ﬂﬂfﬁgd ifnstead of an endonucl ease, to lincari~e the

unr ecoirrbl ngd secé or | wé‘(t§883W4¢?§@'&€né@DNMQumﬁwmi ds

Res. 25havadeddpublishvd (Hall & 8651931 DBARGHY1 7537 £AMAPRXRAMELY o0l y one SSRT
gy S

site I pcated inside the honol ogy arns. An €Xce AR E: | de

- cént aiﬁmynaﬂxswlmo%nuo,saﬁehssstcwedokbmwihetnew%zan } xed with the
target ﬁccn—trags nned_into the host with the'target DNA

Pr ef er%‘%ﬂgp ogiar o Redf ank erfref phage P22 (Gillences ab) 19731 1. MulBioDYA3 QUL ecul e.
Wher e nkitele, 1967, 1. BiolOhéd &Gyl §5;has S O residing on a short
=0l i goaucl eoti de, the 2??%'2%3& ;%g%’r d&fﬂﬁ‘&ﬁ%ﬁ?h:i@m%@he vect or at

its S3RE-208B12518:Josephand Keddiaer, 1983, Biol. d:nexﬁ@gshea'tﬁrﬁorﬂs%u t he |
site- x&%ﬁlg gcgrggi(ﬂgt@iegn and eadonucl ease approaches descri bed above can
be corbl At 19%3¢ Hiol Cheme 258:104 1824 Mowiyiappaand Radtling, 19860 R B0l Chegnt ai n bot h
as ~S%61-73 . i tyeol Nsid he h |l ogy arns: |In one ZS

erbo rert 27498 KHRS Ufd B R6mBh 98k hiok Ciem. 25KIDAIG 800 Hnstesmtde

co- r egehtanciP83aildviol Bivl cx@3t 297-274- gl W ad t sl e, proguter. Constructs
- aad 52 ds for sugh co?ggﬁlwatzgi,ngszgﬂ%i%?%gﬁgicppg@sﬁ\%q' g‘?“ géﬁt eins in

di scg‘é 3 37%2%@;1@&@@53;&@%). I n anot her enbodi ment, a conbination of

t hese uses of sir[%e‘éﬁgggi fic reconbination for couater-selection can be

enpl oyed. In this® FReLAre methods and compositiods relBRhGEREe use 6f enpl oyed, for

exunpbictérifd récoin il ector .coptai.ns two sites for the first
SSR, SSRI, one locate pl n3|§eﬁﬂﬁe‘:\{m®‘ OFRe- A usedhereim thetenm | ocat ed

out si HNAlotiagbiefgy tuthe plochlormaRthp OMA bl hnd bofiEPLked] | 01 and the

sel ectable marker. In addition, the Vector coatalas a &i1e for the second
SSR, SSR2) located inside the honol ogy arns. Aaother site far SSR2 is

| ocat ed on short doubl e-stranded ol¥7gonucl eoti des and arc 25 added al ong

with target DNA during cell transformati-on) at as anmount in excess to the
target DNA. In a specific enbodi nent, for exanple, one SSR/ SSRT pair for




linearization step is CrrJloxP and the second one for the del etion g &EB 3004
Fl pI-FRT. I n anot her enbodi nent, a direct counter-stiection against the cell
may be used. In this casg the pI astnid origin of rep}yication directs.

si ngh e- copﬁl (or very |ow copy) 30 maintainance in cell. Origins ok
replicati oWORV¥MBs cl ass include the iteron-class of ori GidiSero g)/z 9 FEB
2004 wo ovoa2ss PCT/ EPOOI 06533 such as tha phage Pl origin, an pﬁjasm ds
based on the ~ coh chronosonal origin) oriC. For suitable origins of
replication, see Hel i nski, D.R, Toukdarian, A E., Novick, R P. Chapter 122,
pp 2295 2324 is "laehaichia cola and Sal nonella) Cellular and Ml ecul ar

Bi ol ogy" 2'auedbhé ﬁﬂﬁ%l ' d.ﬂ?ﬁéﬁr , Lngt on,

1 996) | SBN 15 5%58?@%4 5. vleérélortthﬂgtgase e%é%@ﬁé%sﬁ eﬁég%g nct cd

wi t hout anymom'hdmwlhemmso&mkngtdfm@eﬁngmmmmemahmen t he

honol o ar, nter-selectabl e marker are la-o the art,
f or exgr/rpl 5{1&'{1@“8@5?% B EeRyr ipta ?M@%@%‘%@B Wﬂ@ used
(sec also, DNeA fragm, ﬁﬂn']@ﬁ hélvale, {nlnﬂ g of-
sui t abl e countg sd%%sabl e g"sher?ﬁ;ﬁfid?rlg{ahods) The 1n encfdwhlog%{,%ggtg

r e~i nbi a& M@nmtanmuﬁﬂlmngmﬂ‘ht\at

cel I s canyj = SUry under '
counter-se ectlon pré“siﬁg* %ﬁas %ﬁ%‘g ‘Pé@‘{‘ﬁg m”e?grﬂﬁ“ﬁed vect or’

w ~| be | obid;dh vatiows embodibdcAiS;| alathidligbanicleotides 1R8] &dEa it DNACEMINEreBY 15
HOMOL OGOUS ,RECOVB| NATI.ON . .Conposi ti aos for cloni ng by honmpl ogous

r econbi nat FSPRERLOROL the insertion \arest PN A yshechoicr ppkthe peeptationpthecach of

t he cl oni NBo) bodﬁ, sHotuld ‘éﬁn sre
i unr red to cogm st dﬁ srtbﬁgloﬂg&ly ip?ﬁai) a vector carﬁrcg ETHig\?\'/béc's'}hort

gi onsl @M&rmmmmmmnm havi ng sequence honol ogy to a
I 0 target sequct ux ond ff and/or dal eJ ar ns ar ot her
ba~tterial re~anbi uﬁ%&% dﬂf"’mﬂd@f °FF@corrbmat i on
bet wer a tfﬁsmmmﬂmamahpaﬁmh sac&ohg 1SR A e Bt reddtbibddon! | NI T NG

pedi ated by a bacteri al reconbrndse) results in

regions of the ta ene,
the target /P98 B@F’gfg"if né?f%ﬁf@?’eenaefm%éam bybomologousgy ar ns.

.Ihﬁefiffqﬁtf%fﬁ“@ﬁm’mw%%%&éﬁfﬁ*@@f%%% 1888, 21 oni ng

vect or yDUéeaMﬁmdebmmdwwgecbﬁwmuaﬁm n of

replicatio m rke and t hort regi,ons of 30 desi gned
to capture a ?W%ﬂﬁhﬁf‘?ﬁm%!‘? b%ﬂ‘?%?ﬁﬂ es are

- 28 ~-anf/oF REalD Préteindfocild dcpeibig Bich esagmmg BRI FordePeNdi ng on
t he approach or  net od 0 be used. The preferred forms and net hods for
their cond®P anfl olls. FSentign $-34 below, sdesrribesthe piscof bagtedipdt aj |

hes~ei n. M@Wﬁgg&ﬁﬁmrﬁ“mnégg&g ga as origin of

replication, which i's.needod for reéeplication an p ation of the

pI asmi 0 sisnfidisgase ponditionspagavon i.n ~ eoli, any ~ colt oripn of

_ gpl I cation may be usexl) eecanples of wveh are well-Inown is the art
MIller) 1992, A Short Course in Bacterial Genet i cs Col d Spring

Har bor LalSot at METIRODS FORA] SUBE ¢ ggbtisng eccangl es

of readily avammw origins o : ‘pliarioa are -deri ved
origins of replication (Bolivar tt al.) 1977, CGeese 2~5-113; see Sambr ook
et al .., 1989)  SUPT b viticH o AScried 6 ARbRLAS il offen? i 1aBiecdACYCO 84
25 cloning of any DNA of interest by bacterial recombinase-mediated homologous

recombination. The three approaches described herein have as common components a cell

expressing bacterial recombinase recombination proteins, and a vector. An example of the

vector is shown in Figure 1A. The vector comprises three essential elements: an origin of

replication and two short regions of double-stranded DNA, herein called ‘homology arms',
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(Chang and Cohea) h978) J Bactaiol.134:1141-56; see also Irfill a);'igqaiﬂEBp.ZUU’!
10. 4- 10.1 1), asd pSC10l origin available for |ow copy plasnuds expression
are’all weU lmowa is the:art. For acanple, in one Ej‘oodi metn" the origin of
np| icadda froma hi gh- copy 15 piasmd is used, such as~a plasm d containing
a Col El - dwniotmahssi gi a of replication) exatopla of which vvel | known in
"the art (see 5anbrook et al, 1989, supra; see also |vU I ejg i@@ﬁ’“ﬁ? Short
Covrse in Hactcrial G Cold Sptiag Harbor Laboratiory Press, NY) sad
references thacin). Gae exanple is au origin frompUC 1l 9 and its
derivatives (Yanisch-Perroa et alL, 1985) Gene 33:103-1 19). pUC vectors

exi st at levels of, 300-500 ZO Cﬁgl es ceU r}d av conveni, eni Gl oni ng

sites for inserti ot %Slﬁc f)?e ~) -

1B e R BIAGE OWW?O%%W% ‘*"%“%%h%?ss@? Bford) or

the T7 orseqidks, pasitiopcand oriemation®f the homblogy armstars impogtaiit ommkeapﬁsemhyrrecase
expreSS|on syste t udi ef et a 1990 t hodg Ea 185: 60 8 can be
used. zS ofifentag M ¢ agys ?é’?"%%‘ "3159{@% °’B%l Y)%

repli cal i QfudnbONbnidl %Wﬁﬂyemw& 96 pl asni d
are wel | %gl(l)vm in the art) such as pBR322) which has derived origin

of repli ceequeoee to PNAfanking thaiatget-ONA pfb&qmt.egbmandx@edeaﬁ&mﬁsueéhe

;ZJA?:\S(C%S sg‘?ﬁ’g@ﬁ% gmﬁgﬁsﬁeﬂaﬁ%ﬁg{?p or%‘llgrlléf)&i‘I gﬁfil on and

exi st at gm&:;&omq&wninm omsboﬁahgmakﬁii&xcelocated
Bacteriol.134:1141-56; sec al so ler -29 FEB 2004 WO 01/ 0d288

PCT/ EPO0/496?4!»‘313331119'!92l %“!8# QNMmWMB‘ﬁ“M JSMS“%"&I@@‘WN known in

- the arj ‘mfctgrfgbk

apprOX| ma "ﬁ% cop| es per ccluf ot é?g‘ﬂ%&%éfgkfp asm ectors have
conveni emmmmemﬂtmmhhhmmlhmhmmlmanMmebﬂmMR and puUC
pl ?Smt ds), si q%g%%ggaée ggﬂ)ﬁ?ﬂé @I‘FI n@ﬁ i.cplic on and un| Ique t5
sel ectiv [ f‘giﬁt B?ﬂéﬂ'sﬂF rep i cation
i ncl ude |'ﬁﬁi3€'8(s&fl-‘i mpwmd: Wsﬂﬂuﬁhaﬁfdﬁ.d sifie is@¢fnadlae t he
Y.orist seriCr "hsa~a et al, 987 Gene 53: 28 282} When eves | ess

acpr cssi dsngdingide’ thehomology ames ifjit is positioredibepveen the tya homelogy samss g¢hs r om t he-

liggt(ir Es‘hﬁetrtﬁgl la t Iﬁ%‘km o%a%ﬁ%rnrro%q{n Merican .Semlgty

for Hfic mbconﬂbgyolomnlmmsnmne{bmﬁmrmxgin af veplicatidriknd dnself i thestherg)

N. , 1988, . 29 f Tl ~f qpJ | end d.

Bl enum Pt s ol 5 s fony oo o8 P DRSS B omoiey 2584 By b
used. 15 Jbﬁ&%@fﬁﬁﬁh&h%ﬁéﬁfﬁiﬁse?ﬁhﬁiﬁe&ﬂd&%%ﬁéﬁ\dﬁmm Thie cel |,

t he vector pically contains a selectable market, Any sel ect abl e. marka
| amwn i s by NGAHPQ“- the Feplieation eriginmpd eqtable arkergre orthe Ye§tos, ecoor, any

g b e g
. pemiernS oﬂgm’qutgh):atm ectablesmarkenuncthe plakmids othed

thg kgag rsi t ~ fro g S I‘Iedl‘le? ci Shen 88
Sori ano, %9’ @M’g@gﬁ@ﬁé% ""%F the hom F‘ﬁﬁ?‘“&’on Aési st me to

ot her amgegiel pleRfliAke medfdg 6t ‘Mbide’add d&%‘ide*bf'&&ﬁ&n&l@ ardr osoeept onyci n)

::gentanycin, neonycin, paronycin sad streptonycin), e [ 3-1ac: amase gene
fromisl) t hat cohmdmvsmmmowmm|mgmdm linmted

Lo amysChi b kddof dAEILS@dE ddaBror oligonucteotides. Such adapter oligonucieotides are
illustrated in Figure 1B. The sequence of each adaptor oligonucleotide comprises the

sequence of one of the homology arms of the vector, and additionally, a sequence
homologous to a sequence that flanks the target gene of interest (see Figure 1C). "Dms, one
adaptor oligonucleotide contains homology to DNA sequence of one homology arm

30 (indicated as A’ in Figure 1), and a nucleotide sequence upstream from the target DNA
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25 nethieiuin, penicillin N, penicillin Oand penicillin ~ Oher &~ @ FEB 2004
sel ectabl e gores sequnees including, but not limted to gene sequences .
cacodi ng pol ypepti des whiich confer resistantx (Heggg}Js et al. 1998, Ceese
207: 241-249). O her ant ibiotics that can be utiliz arc gapes ttrat confer
resi st anceW@@1/dzpheni eol s, such as chl oranpheni col, for CE’EFHBI c! t he codi ng
"sequence for chl oranpheni coI transacetyl ase (CAT) can be 3E| kmanns
et al. 30 1991 ) Gene 102:93-98). As will be appreciated by one sk| I'led is
the art, other non -30 ~~ 9 FEB 200 WO 01/04288 PCT/ EPO0/ 06533

antibiotic rrethods to select for maintenanx of the plasmd may also lie

used, such for e le.a yariety f auxot r ophi ¢ nnachas see Sanbr ook
et oL) 198(2ll Cﬁ&sﬂ)c ¢.gecond gda Pt%f’km“efo s A

rrqw red cg %ﬁm igufd “qlq{g,g ~aded
rcf etrtd%% re| n gSy acres g onei)gﬁwﬁj men ias shoves is

F| gure 1, mmmmwﬁmmewwWAmmammmnmmus to the
sequence of th fla e target .DNA of ~a= at abeled A and

B'), one aMM DNA“M‘%%B Wé&&‘!?é‘ﬁi‘@ f‘?‘ﬁﬂ%"Phe t ar get
DNA cad g h %@gﬁ W % ownstream from
the tncgttﬁﬁA used her ol a? two doubl e” stra nol ecul es are

" honol ogouditonﬁdeptldw(ﬁg-‘rﬁzmé) ébnmmmummmwmpm
I nt errupt n nor e Jase r_dif I.C nd, arc capabl e of
fuartioni n%eg%“’gﬁ ?‘t”ﬁt‘%“‘r"&?‘%‘%ﬁ%‘b e‘b% ﬁ%ﬁq n a preferred
enbodi ment, the honThogsthedsdeseribed telow tlidedhive altermBliw l00 base
pairs or nme of coatlaro\B idartity to a doubl csrtaade regi on fl aol dag

rget DnadisFed gle: h‘m‘ﬁ baskin;dgtail helowi gachof thee or rmre’

ot
nen idef§ iRk M mﬁ#p W |f§ﬁ:aﬁg n% e~cierrt
substrates for "hono ogous recosnbl asuon. a prc?uer ecn gﬁh at) for

opti mum rmh@mtmmm%lnmmwdmdmdbﬁpmhm ely SO

of “coat i neFet pHein Hsieh 2. Btk el a oirdocad 0 B ot dutpmretia i Lo on

of conti ntﬁuamdeaﬁniau@rms?&mp | tRiyebe(Bedtocofveniénlly Bmﬁue&h inSét 10 b~ ~)~'

| ower e~ci enci es of r~onb|nat|on can be expocbed using such shorter regions
of oonti mfa%ne.m withgut the Wbﬂ@mgmmmonmﬂmmh of

conti nuwg W .
Structural Bi oI ogy 104 97- here slB no upper% q&%%ﬁ ngth of

hom)l ?g%MMMMMEW?ﬂMMMmeWl ” uﬂemtzctqmﬁgmfhhhoiehankl ng

arge ence Cl eoLl S ankKl ng, .a ta SO are

referrrd t Sample #%ﬂw ?ﬂ%’eé‘l”é 5@5‘%&@‘3?&{1% %b’et DNA
will have Wbmmém?&mmuﬁcﬁn&z&%mw

orientation of the two arns relative to the desirai insert szt be the 30

same as i <0 PPEesyibe pricin pasadesibythracne iy asgernd anprgachs depicted inFigwe othe he

: 't 2 ?ﬁ;tﬁl’\lgéo I nat [ on‘bgewagen t E%%%W @ﬁﬁ#&%@ﬁlﬂggg;gné) ,

s
- 5rm ni ofeel. Wtqrmngdy Bishiowrsin Figuee 4, mwmwwmwmmd bet vvecn
the two haopol.0 reas., The sequ the t hormlo are, chosen
accor di ng ﬁé‘“@nﬁe F,EPRIRE i‘ﬂ S-g%ﬁ HQ”'WS%/‘"F %HP caiiont ®e choi ce
of an honaitidthetaripei BNAhs?daMdﬁm DA e than
sorroe.within ttte tugd DNA and shoul d not be prese dsevvhece I's the host

cel | duri SgiveA&omamnesseds reconbi nation t~caction. la this case, the
i nt endegg honol ogous reconbi nati on pnduct camstill be obtainod, hov-~r-~ever
saaoagst s background of alternative honol ogous ra~bi nations events. la one
'~ 10 enbodi nesll tARPREACHTL:ANTRODECTION ORYEQTOR ANTO HOSTWUEEBROCS
fl anlaag the polyl iQONTAINING TARGENDNAIsed cloning vd-icle such as a BAC,
- PAC, YAC tyeast artificial
In one embodiment, as depicted in Figure 2, the target DNA sequence is
already present within a host cell that expresses a bacterial recombinase. For example, the

30 target DNA may reside on an independently replicating DNA molecule, such as, but not
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d~ronosoa: e), phage cloning vators such as the ~L orl GI series pha‘écgnEEJB, 2004
cosm d pBR322) pGEM pGEX, pET. bacul ovirus vectors) viral vectors such as
adehoviral vectors and adeno-associ ated veal vectors) Thus, a single vector
can be used to subcl one nay insert' 1S that has beén cl oned I's thex

vectors. Weodbpessgontaining such honol ogy arms acre pazENi% arlr useful for
subcl oning inserts derived 5o0m positive clones froaa a Such as

a BAC, PAC) YAC, oosmd or lanmbda library. In various enbodi rrents) as

descri bad herei nbel ow) the honol ogy arns are positioned at the ends of a

| i near DNA nol xule) or within a linear DNA m ol ecute or ZO circulu DNA

pl asm d vector. Honology arns are oriented is the sane orintation relative

hey ar o IGHEE I Bap35:d. A obe, ARt ELARAE AT BhisRibDER BACY orstie B ([ 01 [
ai ms aftggm :f}@&%’%@@ﬁh@ﬂcélﬁ'&ﬁ&oﬂ&%i%n%m g Host dellsthapgxpressa- ere

‘position e cads of the linear DNA the inserted DNA | S sequence is
cap2t ar d badietial reembindsesatinasRedBE E of Redalfrecombisnsetare dessnibeditp detail incul ar and
rcplicabl.c plasmd 5.Z.1.4 ~D'~L1GONI | CLEOTI DE HQ MOLOGY ARMS In m

al t er nat S¢e08:5 r?o%dl meat) the-nucl eotide sequence of the honology arnms 30 is

Each of two ~ao . THever PROK,ERpinil 3y AR i Soeleh P AR PIRRRY, (D0

ol i gonuc ey lockied rélther sideofithe laﬂ@tlﬁﬁﬂt&&f;& introdusegiinto the hostcelot i de.
sequences present on one of th onDIo ai s, and a second, r glon of

horol ogy Prefersbly,she\weetordsp linear molacal emology @ems are logated arget DNA.

Puﬁdg{)'z)?r o@p&gnu%%&k‘ S are de Imr% %g%%@zdmwm%& of the

- oli g'onuctfuz Wﬁ%&%&@gmbﬂmmﬂbmm The two
termni tar Ee DNA arc | abeled "C* and and t he correspondi ng

honol d@omﬁmmmmdmadﬂﬂmmmmmm%bel ed C
and D. In this enbodi reconbin | r JT .or. Redal ~i
bet ween FofWtant f"PHP“ 91‘5?9*1‘:‘”“? hgt‘irl Slt‘ﬁ%rﬂﬁ/ Y erie 19 5isEt
oli gonucgot%%mi Bty Inser&m&@mvz&é eslrfwbn@fcuhhﬁrwmecww esults in

the targ tod or 'captured' betwea the honol ogy arns of

t he vect capabls ofreplicatiogandbeing Sleasd foriin thedwereetl sany of se ¢alls ghat grow on
oi rcul ar vyect e construgted, us sta rdJs5 mosz.~ ~ ~ ~~ s~~ok ct
al. 1989“\f E“Hﬁlﬁﬂﬂl’m&"%ﬂ“&"“&ﬁ llﬁf‘% ‘Hgﬁﬁ%&ﬁﬁgw@ hetic or

recomggnant DNAt ]Q%g, qﬁaﬁ
fraggnt I s made byrbggllsz |cat|on In this net hod) ol gom#cotldes are
synt hG i bldcked w:th:hudiﬁed hﬁcldmida&, mgpedacmhsemnﬂ:u ofeints produced bygnihing efhd PCR

priner soqueaccs at th 3' ends. These ol nucl eotldes a .e then usod as

primers &némb wm'exwmwm%%oé% bingtion,

| ncl udi ngy @%&ﬁg@@&&ﬁﬁé%gb?ﬁ %bﬁatérﬁﬁé‘ié'&xdehn
asm

anot her . e 0 |rrent e constructe conpri ss two
a Bproprl maybymmpomeﬂintthS'GMmclwuddaﬁhehgmhgyra@ nMddlﬁcqahuMdom and

' .el ;e! %ﬁ/babl e genetic wrker by siﬂngard Eeco@)ﬂl nant technl ”‘g?gglkdet_
] A, L e s

Spri ng
"- modification of the aligonucieotide or linear vector DNA after synthesis. Methods for such
modification of oligonucleotides and lincar DNA. fragments are well known in the art, and
are described in detail in Section 5.2.2, below. '

25
5.12 APPROACH 2: CO-INTRODUCTION OF YECTOR AND TARGET
DNA INTQ THE HOST CELL
In another embodiment, as depicted in Figure 3, the vector DNA and the
target DNA are mixed in vitro and co-introduced into a cell containing the RecE/T or
30 Reda/p recombinases. The target DNA may be derived from any source. For example, the
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Ausubcl et al., Current Protocols in Mlecular Biology, Geene Rulgl ||:fB| Q.q
~Associ ates and Wiey Intcrscicnce, New York). The plasmd is the

| i nea<i zal ) for exanple)_ by restriction eadonucl ease} di gesti on. I n anot her
enbodi- rrent‘%{ for exanple, the fohow ng nethod may be used to 30 00e vector
DNA -used i¥O948#288n 5. | .3, above. ~ Twa ol i gonucl coti dcgg /EQ.P 9 FEB
‘zaa4 WO 01/04288 PCT/ EPO0/ 06533 synt hesi zed, one of whi ch I nc es from
S to 3 end, arestriction site unique to the vector, a left honology arm
iad a PCR prinmer The other oligom-cleotide includes, from 5 tn 3 end, the
sntiu restriction site unique to the vector an SSRT, a right horml ogy arm

31 8o BeBONA b (Gl AV P RED 1 LT R RRRES, 0

as Cre) Flwmmmmmqmﬂmwsomwhbﬁmﬁ g must be
di ed so that \fl\’glss .S are ient at ed ss directed repays 1S the vector,
Two PCR prh’ﬂ"‘zf"@“ﬁ ’u@g‘- ‘g‘? -8 foadawater; ot atbersnaterial.auai d

glrleglt Q%ﬂ 2%%?The pr oduct og%%reaépwlf?%%rﬁk@r% °nn ?Eg the

restric :an WM&MbecﬂheBn&lobﬁﬁeﬁﬁfﬁﬁﬁﬁm@fm&hﬁé' enﬂs of the
t { t T
ciroular. SandEd ?Méﬁkéevmf%n%aa@%ﬁ%ﬁ&mﬁ&a&ﬁi '58& 0a to

yield I'arge anmount sThefvettbandd target W Wa gar fragncat
IS ooastrrﬁir@gmeay t aki ng pl asmd wrth smmi&rmr er, ap orrgrn and two
cloning s N}an ﬁeﬂmlimg r arminto each
cl oni ng Sﬁﬁfoﬁﬁé&nh%k&ﬁlf%&ﬁ tﬁo h.g%Dused %eut the, %qﬂs‘md DNA to
,p‘boduce | i near fisgneat 9&% s aY beyig, REd i s

e>~r &8 hmBNMram@mmmwlmﬁ&m,MﬂaoP is33itleds Comal rmg

eulcaryot en C~.and ter elenents I n order to i nclude eukaryotic
expr GUi onbgﬁc‘ﬁg’??‘é E"EB mm cxress i, prexcess, telativeibcl oned

i nto the toabé wietor DN Tlﬁ: Maq&w hﬁﬂ;g al nu eot i de
sequences, of mteresﬁ' ftc’)r protein é‘gpre si-on, m%%@ Mnance
of the i n8tytheerllaspgesib memmwofncmbmmw Céllzagar

sequeacaSerowh v :rﬁ?ﬂ as i n Dal gar eqguences, ion

fatter rzgcrggnﬁsr%%gas%es %‘%ﬁ?@'ﬁ?&"‘@gﬁ g’n B??“'ﬁ&&n‘s’“ﬂ'@ﬂﬁ theat i on

si gnal ¥ mm@mmwxmmmnrmwm t’%‘% tor. For 25
su

reconbi n loni n el l s other thap bacteri aI as pleat)
i nsect, %@é&w ‘f@%! f growtla pmde such selectionawill mm&nnay be
necessar \circaliiied AScdiliitedTomss MW of replication, transcription
pr ocessi ng, and transl atron sr gnal s. Sudch el erehts may |ncI ude) but are not
limted ~ eukaryot econgcmypdiment; the endsiof theilinear veetor DN fagnickbsagbé Pt i on -

L iRt e A b°?3,rhé§ewémfﬁdi28?4

Rodal 0 om&ﬁmonnfalmomlwnksmmﬂmmsnﬂéﬁﬂuﬁ%&m&ﬂ%ﬂﬁ%&ﬁoﬁr om an
apr essi R P lasmd in the cell, the chosen vector raust be conpatible with
e bacterr al rcconbi nase cacpression plasm d descri bed is Section 5.23,

bel ow. Gac of ski | This dpprdagh R'parteRiliy uiefd Wtlede the b&gﬁ
cxtaspatibility 5 , roqur recaents ntor expressr n [ pP ?ﬁ% in a
singl e o8 e to £. (FP li; sughyasgreast onewkaryotincells. rinnneanbociméxﬁ.mia procaryotic

:cel | || th t. I [ 1
Sont ai o) Sotdidey (R RS Boodli it dd it ol pariGuat b Aay 1t o, ned
by ut i25i anysbiglogiealtspecimern rRur exiniide, SiHicthsd Birbouse® Mthﬂ Sr&édc?bf‘é of

e er er o

replication..and inde nden sel-ection systens (se 1 992,
supr a Sam%@rig@ﬁ’% b RCA 1 allele in a biopsy sample extracted from a breast

cancer patient.

In another mbodinrent, the method mey be used to amplify regions of DNA
as an alternative to amplification by polymerase chain reaction (PCR) techniques.
30 Amplification by homologous xécombination, cloning and propagation in £, coli offers
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xO supra). 5.2.Z ~~ ~COVRI NASES The invention described herein is _&eﬁchiEBeQUU
igly with reference to.the use of RteFJT and/or Reds. Hontva~, as w'll be

cIe.ar to*the skilled arti'san, the invention is 15 eqLuaIIy applicable to the

use of other bacterial rxonbinases that hare the abili ty to nediate

honol ogousWaH@488nat i on using a pair of honol ogous doubl anded DNA

"nmol ecul es as substrata. As used hec~ein, a bao-ri at reconﬁ’(ﬁ'g‘?&“@gﬁ

reconbi nase that is exprcsxd endogenously is bacteaa, whether of phage or

bacterial origin) and is capable of nediating honol ogous reconbination. In

vari ous enbodi ments, the bacterial recvnbiaase is RecFl1' w ~ Z0 andl or

533?1/;: e:li( syst eW|W| ng ﬁ%h@ﬁ‘gg&%ﬁm’ﬁaﬁﬁc‘g s Isgs erf

protein fi d@ﬂ&lqkffagmaandiw Combinatidi$iof palbsaf p R%ﬂék&&l%%@?a{ of
bacterial reconbin nﬁmbe substjtuted b otgher functio ctgrrponents

for use i n"RHE Y Mmmqhee\gan errqre intthe figal rmetibnprodiicn, refers

first, to mcﬁﬁc@l lﬂ%f W The K col i RccE and
RecT nucl eot'i de and am no aci sequences arc BBYES  GenBauk
Accessi onh Riodused dusa BNA SnpRS OpREE ohexdnad, aiplificatioR E’&gT) Ge~Bank

AcceSS| on 927, and S SS- PRAT Accession No. P3 228) Reda" and
" Red~3" &“‘4’@% eﬁ'ﬂe&"ﬁmp@pﬁ@ﬂmmma olt 0 3'

exonucl casa:ddsﬂ:us/tttl&sﬁlmw i case .qf Rec and Redp
has a DNA 30 -35 9 FEB 200 V\D 01 042%8"@&%8%3%%&%‘ “&ctuvu ty
similar tPHIRPNG Arregion-that mpycheamplified usingithe present meihod s Eﬁanafpn\qé

.,,.k“%”;s; o Ms“‘?‘%“&ﬁ“?#%%ﬁf@aﬁ% bion PR mtmae T

dl or ¥ede e pesert anestiod issuithble fdrionighith qg,gg ,g‘;ma“ %:;; and
Redarl ~l, %WW ot herwi se 5 exp ICI y or 9c nt ex 1n a
specific € WHBWWW

syaei gi st icfeatiig #RatgeCfahddnd m,aé(f I n eri al

r xot nbi aases that can be use SO .%g%gﬁﬁ"b??@t%ﬁﬂ%m@"@ﬂfmw

conponent SWMQMMWbMﬂmﬁWWHW&,UU i zed

in the Regﬂu; @pg gﬁq‘%dg‘ orrbl %3 génstems of the invention can al so

conprise ala RV S8 Sé eél%’é HEOPYgpousrionss, (calladccanties’afhigd,of RecE,

RecT, I’éd&?‘ﬂlmu(\u)pmdudedbgam i) tBe PER Pitid ﬁﬂﬁﬁeﬂﬁ@b@&gﬁ ngl

vari ards, L'I | east. Hf"émit ent -t hat_ they exhi bi onol ogous 1 ﬁ%l mat i oa

activity. P«S‘fﬁ‘é"%’? Pa ogous peembiaptionisioningdechniqueriobaintesite mred fd  USi Ng .
st andthe dxtresubsiohing Bep. Pt depioh BE B %&%ﬁhﬁﬁ?&b@%@%%l s I%azyrml ogy,

i987 vol une 1i4 Academc Pi cas ook™ ct r doning ~
A Laboratmmﬁ?hmwmﬂmmmwmwvﬁﬂwmmﬂmeoﬂ&gs) Nrw Yorl ~

and- Ausubel et al. t0co i n | ecu].i ~r Bial ogy) Cnoene

Publ i shing Associ at es an‘g%%gfg‘ﬁ"ﬁ’?&?é éﬁfg Wou’enn

evol ut%nwamhemmwmmammecakﬁ% a@ﬁﬂﬁ Cha
uc

19:;534-54 | n_general nuclelc aci d encodlng S
..shoul d bhﬁc@ﬁmﬂm @%m@m t Whencthel ng sequencx of

RecE) RcadconRixihtion obdurssh Vi tH@ S”' n ent Ltions
(usi ng, e. standard So'utahern ott| ngﬂh&% ?oﬂ'le &Ms, with the

final- formeing the sm@mmmm&amahmehcalmlsekcﬁ@fozpdsaﬁg; Current
+» Pr ot ocol %ldn&mwwm ogy) Vol. I, Cntn Publishing Assoclates, lac.,
and John Whey & sons ne New Yor k) at p. 2.10.3), or highly striage~
hybri #Szati on conditions

5.1.3 APPROACH 3: INTRODUCTION OF TARGET DNA INTO H
0O
CELLS CONTAINING VECTOR DNA o

In another embodiment, target DNA is introduced into a cell which already
contains ‘vector DNA. Target DNA may be from any source, as described in 5.1.2 above,

30 and may be cither lincar or circular in form, As described above, once the target DNA is
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(using, e.g., standard Southern blotting hybridization conditions i & lFEBﬂéZUU#
final wash is 25 O |xSSQ). 1%6DS at 68C ; Ausubel et ol., supra). RecE - ‘
RecT, Redac) and Reds) as: used herein al so i ncl udes’ ocE) RecT, Redo) and
Red~i honol ogs derived fiomthe phagrs hosted by, or’the cells o~ ,
pzoc~i yot i WOJN4288 of the fanily Enterobacteriaceae. Menbepgrafpobhgsf am |y
'Fnt er obacteri aceae include, but arc not limted to species of Escherichia)
Sal monel la, Citrobacter, Klebsiellae, and . 30 Proteus. Such RecE, RecT,
Rods, or Red~3 hompol og is) generally, encoded by a gene -35 r 9 FEB 204
WO 01/0428S PCT/ EPO0/ 06533 present in a phage genone V\/nose product

ggr fqleg;pgtﬁﬁ'ﬂég‘ﬁ%fmiﬁﬁ@ | nat i on- ng%m:‘:?d stg | n the I I fe g?‘ﬁ e CZECh

routinely Wtsmmmw&w DN bétovbenGhei numep, gipeti ¢ snd
zt conbi nant DNA t echni gues (see eg., Sanbtook et at 'supr a, and Ausubd
et al.) supParountarssiestionds '(‘“SNN"W M&rmm&@enomc or

be b ot ety epdike i el Blor kBl B Rl et Uil rom

eonnaer & ammﬁmmdemibddﬁdmbhmtoi&bamﬂﬁnmemﬂhmoﬁbm nmay then
be screened by nuclelc acid h I di ~g t|on to a,labeled ~ coli. recE or
recT probefmbediment, ‘I—b‘gﬁ'g% terspecific regambination and @sisiony. S, A

7Z:3961) geghtieR &&He‘iﬁed%"ﬂi?ﬁ%{pfﬁ& EEHEF speC|f|c
exanpl e, a RecE or RecT ho 0g. can '?%ﬁtﬁxlt n y I'den Wé"gal nonel | a
typlri nrumﬁlemmmmmﬁmmmedw dnt bethiembodimeml, col i K

11; the my o} i ro n_seguences . bot h RecE (CenBank Accession
NQ. M2490 aﬁﬁ*fe‘}@e@w‘éﬁmk&m@n% MecT ( GenBank

“Adcessitn No. L2392Thd vedtot & fovcOSsuatiel &Qﬂaﬁﬁm&ﬁ&?&&)&éﬁéﬁ ov=n,
(see al so Hachmann, 1990, M CI’ObI ol. Rev. 54:130-197; Rudd, 1992, IIer)
1997, supr‘ﬂ’“‘dbm propagateds W&@Mﬁy‘bﬁmmmﬁbmmsfnd or ~,

b 1 2ot et erigi: ) YR B ke 148 ke O by i Shd 6

hybri di zaalcemmwlemﬂmahcbﬂ htnueﬁm:it:daa |m&ammumorewrpl e, siricc

the two g Le tad ta.be hl ous tandard noderately
stri ngent gﬁ%@? ?‘WMQ%W%%WF& fours ’fdné g‘? wpp# dent ) such
condi t ilsnmmmwmwmo&i@aﬁss ePEtedbgiiiih siblforGan Pe
pretreat ed 6 hours at 55 in_a solution containi ng 6X SSC, SX

Denhart's W‘B%BBS“S sclesp agnipstthe starting plasmidivecton. Asawed DNA. 25
Hybri di zaj,ﬁgms RRated G Lqude nd 0 X 106

cpm ~P- | abel ed gnfég%e 'S t#ﬁdﬂ% teugycan Ee | c@%l@% di zation
m xt i u~e hemology arms/swah thata fisHpmelogy anndsbensednahie origin of replicafion sidut es at

60Cin a 1X SCandOlfV DS. . Filters are then blotted
dry aird ﬁ&%@%?‘b‘%’?é“k?%‘m O%gaﬁ?&méﬁemp& ons of

noder ag@ mbﬁmwwm@mmawecuaedoammlwmq itioh & ABfiAdlas \VVAShi ng Of
~filters |E 30, done t 37Cfor 1 hour In a solution contal ning 2X SSC) 0. 1%

-SDS.  Subs a bomplogy arms if, in enerdirectiogupither hamology arm separates
nselt‘ﬁ'omtheorigmofrephmon. (See Figure 1 for a pictorial representation of the

meaning of ‘inside’ versus ‘outside’ the homology arms.) The. origin of replication and the
selectable marker must be located outside the homology arms, as described in Section S.1
25 above, such that insertion of the target sequence preserves the origin of replication and the
selectable marker on the plasmid. The counter-selectable marker, endonuclease site or one
of two site-specific recombinase target sites is preferably located ‘inside’ the homology
arms (see Figure 5), on the other side of the origin of replication and the selectable marker.
Any method known in the art that aliows for counter-selection against the
30 non-recombined vector can be used. For example, in onc embodiment, counter-selection
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wo oi /oazss PCT/ EPO0/ 06533 purification and characterization of cl 6n§s_|'t5 LU0k
conkai ning the ~ typhinruriur~ cau be performed by procedt>res well |cnowa

is the att (see Ausubel et al) sr~ra). Such sequenc_?s can be used to
coasf:uct the ~ typhi ~ntri ~an ReeE, fl's of the invention. Alternatively,

t he -S t ypWwiad ¢1i0a288m gene can be isolated fromsS. typhinurium 5 MRNA

‘can be isolated fromcells which s the ReeB or RecT prat ef Gt W”@W L" brxcy
may be ptoduad by rew-e t~rtuascaption of nRNA, and xby neti~ods known in
the nit) such as those dcscribod above or x~,aing a geaom c fbcaty (see
Ausubr| et c~) supra). Alternatively, recE of r~eeT eDNA can be identified

by 1' CR'[ RA d $npl t f DNA dad A bel
c%/ af ) supragb?u%mg’y%g%; M’ﬁf‘%r‘ggl F@é&#"%&;h%gﬁg) SE'GGPFOvagESor ;(S:EIJ' ©

sequence: reconitinasey s erzyine®that oo he S nd Of the E
coli rtcE.or recT mtNA and a reverse pri mér eo%ﬁf%ﬁc end
The PCR p r‘B‘lﬁc’!‘%@ﬁRE& sasl-Act Mhbsbm aqmedme aDNAsthal

ekchahge andlexemftnl t
contrvct nt cDNA sequr n~ can. al sa be used to
i svlato S typ r{’ﬁ%{%éﬁ@bpg fgb?e@ﬂsg qéﬁ'&&)l%ﬁng QND-bOds wel |

15 | c~wh m:masmmasmmetmlmnd;m ) _g supra)
Nucl eic acid | oaul @ Hoodi ng the RaFJI' rxonbi na I oa nzy
i nvent i on TERAFRD W"’Béﬂ Afthiacluding butnhg imited: d(b:@ﬁRordl ng to

(So0 cg. . "Sompinb (NEiey DFRLN, YR NAER “@rﬂsﬁ%ﬂﬁ?ﬁ o ey ncer

bel ow, t hd9%hEnt. ﬂﬁmd:eonms'oowmmma&sr 1387,9f Badt&ricl AGY438 £S5 .gjds t hat
e

_,.Exﬁiiii'sgﬁ"%w&%ﬁﬂ”@m@' seed SE Tk e o i aﬁdmgems‘”hemmmt pesirsoatication of he
vent .xonmmmammmwmgumwmegg@éb@%ﬁ ned 25

extrachrom)sorral ly ¢ g.) on a plasmd cosmd or a
Al tenvat i Wﬁs%&w@m igation is meintsined ithecell. [Thus,sitegpeaified | nm t he

chr onos onReond¥, or e~ carrpl e) phage
t ransducti on ol?at%o?ansposr 1 O, ’Zﬁﬁ?ﬁéﬁw@%‘t ¥ plesmid reslts wdolstion an be
engi neerletbS/DUﬁammcb loeatért between thexwd SSRTE &S 1M side 1l Blbs lude Q4 COPY OF

single co ﬂthr n _egach cell. A variety of different regulatory Sequences
can be als %5"“30 far driving expression of t he reconbi nation
prot ei 1. Each of AONASRRSF#s Softudi ntmm% 0t 404288

i psdieegt + 5 yviel d

PCT/ EPOO/ 06533 - expnssi odstrai n constructi o
cal | s exHFERE wmam@m lmmhs,mdamoﬂpéﬁdﬁa&&midﬂtﬂé‘uh&vel s. It

is to be sa@basheld Bt s oat.at |ons f the reconbination

pnt ei n codi ng secuences ar ¢ agaqsﬁﬁgﬁ 9“%\9 ﬁ isationsuch a

conf i gur etwerm S8RTS pasitioned inrthis mWréleMn@épaﬁhbﬁbme °§€§ &@&1 £SPRESST ON
coast | tutl

The bact b t prt d th

unﬁucf:i?“%’?‘%ﬁﬁ‘?ﬁﬁ”’fwﬁéﬁnﬁn 4§ Ssemﬁ%mi;nmmmnﬁ bref x~ed
nbod vect ibéonbdin t

o e?elrabl Y, orf,aglglt straﬁ%ﬁﬁmﬁrﬁﬁﬂ%?ﬁ&ﬁﬂ%%ﬁb&g ?‘ﬂ'gofec ~E

: -'-apld recT' genes | Jdesteslls mthm&rmummwoem b stadtI TR Ofn E COl |
strains s eitolindd? o BOR Bl ThiSfcoRlin T RbErT Sudfid Kl B e and 2) 2 gene

encoding an SSR. Preferably, the expression of RecE/T and/or Redo/ genes is inducible,
but constitutive expression is also possible. The gene encoding a site-specific recombinase

25 (SSR) that recognizes the SSRTs must be inducible. Inducible and constitutive promoters
arc well known in the art; methods for their use in construction and cxpression of
recombinant genes are described in Section 5.2, 3, below. If the RecE/T and/or Redalli
genes require induction for expression, the vector containing cells arc grown under

conditions to induce expression immediately before competent cells are prepared. Host cells
30 :
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. i
are known, for exacaple, !~ call sbcA sprains (Zhang et al., 1998, sera)'-tB 250

Al ternati veI y RecFn' nmay, be r xonbi aaculy txprrssed from aoa di ronosomal

DNA, preferably oa a pl asfri d vector, eg., pHADETY (aaag et al., 1998,

supra) or pGETrec (Nacayanan et al. ) IS 1999) Cene en. 6: 44247, SkaQ luly
| tada/ (1 WP B&4288dogenous to strains that have ia~tod, 1 ﬁ%@g@ 53"
‘acpt GSSed from plasm ds, for exanpl e pHADa~Y (Muyrers et ai supra).

| tecFlI T andl or Reda/ ~ acpressi bn constructs can be constricted according to
s~dard reconbi nant DNA techni ques (see e.g.) Methods is Enrynol ogy, 198T)

vol ume 154, Academ c Press; Sanbnok a alL 1989, Ml ecul ar C oni ng - A

Lo 2 il vec P DR uF Sl o G et Sy G S o

Associ at emediad Whey | acersci eace, New York) each of which is i ncor por at ed
hetrin by reance |n its wtl rnty). Ia one csnbodi neat, R-ecFJT andl or
Redal (3 is exprdsedCompetentselis dre Mﬂgﬂﬁomhehshedlsd:osmﬂinme&cﬁtasm d

cont ai ni ) I i ca - ~ exanpl es of which arc
wel ! kno%&n@%?ﬁ@@é%%aﬁ@t ch cap m&gm@a!éomcg .
M 11 er 51309t génoniie ‘%ﬁ@dﬁ@nﬁﬁg | Har bor -
Laboratory&I)Dress) NY, and referencCes t e%E%M%HSS‘SQE Its

derivat i qmmmﬁmmmm mm&xmmwmmw&nbnmﬁeect to
regulato onttols \A@fh a owex ssion (either reqgulated 30 ~ ~nti~) at
a range '&q;féf'g'ﬁf“ %P W&%S@MWWM@M -39

tCIlogs)eFEE sklglgll=cl in tlI'llg:Qar !I'h W@% generg‘?&%}mwﬁg é'gng}/vn He

pr essi msggm th&)un-tmbmbtmd Rectdr) RpARGNEOHE séléctible malkéERbhON. as
. SCI’I Beglé Vv Such eﬁ'ﬁﬂtﬁﬁl og,can. be achieved is a constitutive as well
as in‘a g@l’gﬁg B%@FMQHIMDQISSRKQ a wde

rangt of aﬁammtb eRioR! i.nd
regul atory seguences sfln onéﬂ?n%odl ment, E’?ﬁr oxaan‘ﬁ&(x‘tﬁfe %%ﬁe and

its grat mmmmoﬁmésm,da,wmmemw, hi pl t
ltvel s of ~ r SSI n_ of ?&)511; when sequences encodi ng such pol ypepti des
arc tran%?f”r Eh?ca BV industion efthe SAR esults in selectingforand RxT nay
be ~ froplagﬂjs% &les @l tan~atively, the r~ccE and recT genes
may be acprested on a poI ycCl st?onl c raRNA froma singly pronoter. Such

het er 8 ogous prommmmMmmmmﬁ%Wt@m%we eon is.
eont rot | [0 gl bl gg)pr onot e[’s duci bl e expression yielding a w de
fange of el”% betieen 1he tiome) I‘ﬁéﬁ"'b?&m MOmgdmpr@agrhomolqum bl e
regul at ofegombiiid 6 Chinearizaticifofthe o?@ﬂ:%;nlﬁ acl gene and
its gratuitous irlduca 1P TG cam be uti 0 y| W@&f&%ﬂ“m hi gh

| evel s owcewbme@@nmdmmcahpmpmmnamtawndme%mhnm&l%&%wes arc

transcri t UP regu at e nces. A variety of otha i1 nducible
pr onot er‘g‘gcsl#% gﬁ@ @g EQ/ E&%@%‘I&Mq wﬁmewﬂlhﬂp can al so
bg ut2@ i%forwlgaﬁuﬁﬁﬁméﬁmg | ~{. C a | so be
vgri ed by . Z0 using pcnnoters of drat snﬁg%-&}oﬁ&’ o&%@ﬁ%ﬂ;ﬁ% éfgﬁﬁfon

syst ens %@am Immnnwmmmmg&DNAlm;gbggetwﬂg ar aC

pr onot er \ap w,gﬁdlgg arab*> sc (AraC), the Tir f system

Gei ssendOr P or f 2Py ﬁcmﬁﬂﬂﬁmlﬂm“&&ﬂﬁ@a@%) tire

pt,  prormiget ﬁmﬁb@ﬂ&cﬂb& mQE !@g%ﬁu‘g Ie Ia repressor
Crs, (Plrro?etqa 19?5; Nature 254 ZS %g etr O 989, Gene

78: 85- 9 Splectsiagainstop, remmbanedamldu Rmﬁmwmt@rmaﬁﬁﬁ%wm al., 1976,
Pr os. SNﬁcgy Aced S | USA 73: 2351-55: Want et al 198G Cene 46: I03 112)
ac

the | SR ST bE e . $oat o othey siteswil be peesent inthedost@ell . USA
70: 15594 Ekaf ﬁ"%}@‘ 2 o)
Gen. 1: Zgaébg) FE\%%%;M prom%e%%ﬁSié(%lmgﬁgnﬁA@g%%‘%e)) recd

"(Horn eﬂhahmbﬂﬁw.ycmﬂadmmxﬂénw&éd%doﬁlcﬁgsctsﬂ?d Z‘gc pronoter,
whi ch IS Indu,cl bl e t%y trypt ophan (Amann et al., 1983 cne -

cognition site for the eridonuclease should be cloned between the two homology arms, so
that enzymatic digestion by the endonuclease results in linearization of the vector between

30 the homology arms. The expression of the endonuclease gene must be inducible,
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9 FEB 2004 WD Ol / 0428% PCT/ EPO0/ 06533 25 : 167-28)) for exanple) atc JaFiEB 2004
comaonl y used strong pronoters, resulting is an accunul ated | evel of about

1 qb 10'i 6" of total cellular protein fer a protean vwhose |evel is

control I’'ed by each pronpter. If a stronger pronotes’is desired, the tae
‘pronot er igoappnexi mately tenfold stronger then | acWvs) %&m%olldg 3esult S
hi gh baseline I evels of 5 boa, and siuould be used only en ovakxpr essi on
is required. If a weaker pro~nota is required, atlas basxaial pronoters are
well Inmown is the art) for exauiplc, maltose) gal actosc, or other desirable
pronotrr (sequences of such pntnoters tre avail able from Geabank (Barks et
a~ 1991, Nucl. Acids Res.19:272~ 2230). Cells usethl for the methods

dcsca' be&onstructs and methods forisdneible protéimexpyession Rrecdiscnsseddickow, itoSection
roootabiggﬁfs. Preferably) the host cell is a gramnegative bacteri al

cell. Mre"pnfaabty, the host cell is as eatao-bacterial cell. Menbers of

the fam |y Enterobpg &gﬁggd;hﬁ.gg' Aigles | '!@'IE;% EQH | es of
F,scherlchtcr, Salnwnella) Citro actu,ﬁ)’tg’re stggé?ghg,(tan E‘b eus: )St

gr ef er ab;xspd:hae«d)efamam uclease) té-timdarizd thb usrecomh % uinagwctormbive(m?/l{m!m 15be
eriv r / .Qr gan, udi t not. limted to, yeast, .
noec u)egjof‘ ‘ﬂm c'ﬂwq%,c ﬁ%ﬁ%%%r a[g this case, thy M"wwu{&

nbi ' ] o i vied. E. coh,
o *Roday 8 pnd SSRTAE Rkaliaifsidc P himdibdl ks ARTREAR SR ofimitiEttde oL -, Cof
RecFl T oconBdsing  copy of the #khe SSRT $/cligoautiehtiae ﬁ%&@%ﬁ%@ﬁ@@ﬁm hitf ~€ae or

an Errtirobacter| aceae phage, wherein such systens can nodi ate

r econbi- e irepsfasmed data thadpsbwith tre targef N4 o Preforabipghe oligontielebtidecis arshesi ng
TS0 e ARt sBnBef P Riclcctlel SEER pukiof i mommniiniog melculs ange SSRTout | s

any olteresidiaglontayabertioligbiticted i ke sHe ispetife n&ﬂﬁh&e%ﬂ'l@&s e vdctdrit

possi ble. For exanple, ‘a varitty -. _~ of hoes.-vector as may be
utili zedtstSSRLQYiullins eealy189Bisupradpdi ng sequence. ?here ZS include but arc

not limted to marnal taa gel,l systens infected wth virus (e.~) vaccinia
virus, adenovi ns) PE?‘;’F’?"?F?&PF’%@*’?“@?Q?%&%W tnation gpd qadomyclease o g. )
bacal ovispyfohchedidescoftied 8Bdvaitin be'cointifedy 14 B L vegstors, or
bact eri f:b?r ansf or ned vga?% bac%%hascﬁ%@%ﬁ%%%¥&%gi d DNA.
The exprmssicitocontsiarboth an SSRT end &y endonucieasesite iiside the hemaloge avnel In one

o iAo FeipeaEiAe SR 18Pihscithe S5 350 e cndomHrate FoWE cnepmitedipadse. uscd. .
P S e 2%
I o s ook CLMEEB PO ERTE BlAT

the RecFlr' and/or are expresscd, ding a
f unct i oneducibleexpressionmfiprateinsin disussed in-Sedtion 5.83¢bélow. | n yet anot her

enbodi nent, a of RecFl T or  Rgdal ~i copprising a domai n of the RecFJT and/or
Radal p prtcins ar @M@@ﬁ@kﬂw@g&m 956 wsesf sise-spesific descri bed for
t he i nse&don®thatibn RV \ r 1By need ro const Luct
egpressi on vectglrls cgg%%?g?gdﬁghﬁ&n%ﬁ@%ave csoér@f'oscﬁf’%g‘fomrogpri ate
han '

x20p SSB/SSR Escare kaployed,| forexainple CreA i FIFFRT! TheRe@beéontimtwiisites -
seque_ncg%. TE&sg E"[/éhOds may include tn tro recombi nant DNA and synthetic
t echni qierdhe.Rest SER, SR 1. qae lospted inside thabomalogyrasmsasid the sesapd loestedessi on of

nucl ei ¢ ' cpdi cEFLT o5. Redal rof ei n or peptide

of | aganeﬁte&ir(rlgy be’ roelaéfgﬁe}'d% ‘g’ég@ﬂg°ﬁﬁ8{“’éﬁ"€n§8€b&§§ [ é’“’é’g“{) ®st the

ReeF! f  addifit] dhe-vecpirebatahs @/site fi? tcbecdnd SSRYSSRE Aokatedinkige ihcr%otxﬁoi@f or med
a

with the reconbi aaat DNA nol ecul e. For exanpl e, expression- .RECEIT or

Rﬁda/ pm&ei&pqi%; sibe fardiBR2is logued)yztnj shoyt dmgblcmandndl’oﬁlgo?clelgﬁ?wﬁd Ri;gornsi n
t t . Qnpt it t . ~
xpr 281 t8det slomg et DK itne Vot Senstypmasion o g5 o a greesy bt or

[ 1ot : : . t
5% on Gl DN ko oAkl e S SO b P O

contained in “the 3™ Tong t repe rus (Yamanot o,
et a~) lig@fization step’id Cé&/ToxP%ini the! socond BRe Soriydeletionst FRVFRT.ONOt er (\Wagacr
et al.,1981. roc. Natl. Aced. Sci. U S. A 78:1441-1445)) the regulartory
sequences of the eAngthesembedimant, 3dimst caunterselectianagainstithegell niay bee

296: 39- ‘A}&& Irpih@éasg &rﬁ&ﬂi&’ Qn'gi\ﬁ% %e%ﬁ&ﬁon directs single-copy (or very low copy)

30 maintenance in E. coli. Origins of replication of this class include the itcron-class of origins
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20 conprising the nopaliac sythetase pronoter region (Hcna~a Estrféla fEBt 2004
al. .1984) Nature 303 @91.2I 3) or the cauliflower nosaic virus 35S RNA :
prohoter (Gardsux, et al.71981, Nucl. Acids Res. 9:287.1), and the pronoter
of the ph ‘t‘,o?i/nt heti c enzyrre n' bul ose bi phosphate caf boxyl ase (Httzrxa .
>at<ella e /0428834) Nat ura 310: 115=120); pronoter el erreri,gé.mt east or
‘other fungi such as flee Gal 4 pronoter) the ADC (al cohol d’éﬁ%%‘ genase)
pronoter) PGK (phosphogtYcao f1 kinase) pronoter. tae phosphatase pronoter,
sad the foUow ag ani mal haascriptional control regions) which exhibit

tissue speC|50| and have been udli~od is tcaosgenlc anlnals el ssta~e
Lgene cont r¥Fb asthe phagepi erzln,mdq:ﬁsmmbi%dlaﬂﬂﬁr&??&ll % Swift et
1986) Co prl ng 88

1.,1984 9. 64b: Ontz ef al., S
aQJaut Bu)ol%'é‘ﬂégﬁg’ {33t rplication, seeiHelinglgy D Mpdﬁmmﬁ.amamézww) Y hsulin

t 1221 t [ 1 Hanah - 42
O OOty Saapesl it e 0324 e Ep%%@@%fwgﬁ@ﬁeﬁéﬁot( oy
i mmaogl obéq?lﬁ%én Gd@kﬂelleEd:h\SMSPm o%ggg‘l%‘a},, gells
{

(Greschegl 47- 658; 'Adanes et al ure .
318: 533- 535558&1%8%%3&#%%@’%%%‘ %b wn@p-mmyssamwu) nouse
manmary tumtmselmwumﬂmhﬂeim ;”"h’g'g?%[ Fﬁ ﬁ CSt! ct>l a fe. br east )

| ynphoi d aad ,nast cel ( eggf st al. €al bumi n

gene contro"?d?% ?‘Mde,lthamsﬂ,(cm ﬁmsk%W Genes

and Devi | . génes RGP be'used nﬂﬁ%}?&% gﬁl\/@f' e&elmen?_aégrél rtghan which is

active is Luléve'; (Krtun auf ct ‘a 8 §°ﬂ3153m¢ﬁ$48

. Harrm:ar et couptrr-selectablegenes 3id o@hdts). tie iterded SOt rsroi

g| on W'ﬁhlgloﬁ\@ﬁﬁél thl:ﬁ ég h) K’e sey a a~ B&?% ene@gténd Bevel .
161 171) eta-glo %ia ge '?"r‘f?ﬁsil &'Fe’e% cmrm imtegded ve in myel oi d

earls(l\/b pro@E il saivive ndet 2oudi-salttion ﬁvhﬁ} al |986) Cel |

46: 89- 94: aot ene eonbnol reglion 8 s

ol i godendr pc%ﬁé%?’ﬁb"ﬂ&lﬁ"n (Readl u; ad ct a~, 1987, OeII

48: T03-71 2); nyosin light chain 2 gene control region which is active is
skel et al ?Fid gﬁSaal 19%$5, Nature 314: 283 286)) and goaadotropie rel easing
hor none g NSF%CLBNNuMDWGLOMG%&hYDOt hal anus

(11~ asmgn et aHOMOLOGOUSRECOMBINAKIONT2- 1378). I n a specific enbodi nent,

a voctar is used that conprises a pronoter operably I snhked to a bacteri a'

rxonbl nase (c.g.) F@mﬁomﬂﬁncﬂim G6rhtegdiy gmﬁg n non ori gi ns
repli CW al.ly, or'?g or noregscgﬁu et ng‘flét&Vggf"l""cers (e.& an
antl bioti C m stance 63%&}’2 Tﬁ@' Qﬁﬁe@emxm&odswwuo with the
vector pl &rbelos, dmmbhbﬁehuﬁe aﬁ% ull in the art
NQaI T ane HE% ereanyipg

woul d rea I%er awar t he corrpatlblllty for
mai nt ai ni Ny l'?gfﬂ“é°® W?‘H@hgmn@aemmhavﬁ@tsb@ﬂﬁuf@howgg gation of

t WO Or 200tafget Sqtidntes R,@T) cells are we aLOwmn to those of

skill in the act f’or exsat pl e W ﬁ"‘ﬁiﬁ"' erial eplicons can

rgutl nel yregembiaase;and third.the tanget INGA Seqjusicd] Resbibibatiba t&gh&gctors conpri si ng
[

-appropri afdhdo le origins of replication an ndependent sel ection
systens (sec tﬁwm ﬁ P@”{‘}a %mnmppﬂﬂﬂ%awa) 30 -
43 ~ g@e,mmmyawamm fQ’ 6 FLO-ST. G- ?he host
cel | used .he clo &g%pods of - the pt coregt NG bRipe iredsd oLt o
*propagati O t Me@h?%hoﬂ“hhmm&amﬁhe reeB and
recT aZitllconstruetdcdre desdribed #ldeaid gducts, or any exl| is whichheterol ogous
esi o~n of these genes is s poulble. Exsmaples of possiible cell types that
can be used include, but are not limted so, prokaryotic eulauyotic cells
such as b~ct aiggly, hurran) i nsect, or nmanmaslian
cells. In a prefer 5 JECTOR | is a bacterial cell. In the
- nost prefend cnbodl‘lmhmholo dlo el xampl cs of
specific ~ cel,l a:ra mt h%.,![ .ame ar el‘%‘?@éﬁ‘ﬁﬁté%c’ eef8b4. The
genot ype “BFPP Wﬁgg‘&ﬁg ascls:wq(andftwbsﬁh ns FDNx. F-. TC 8679
conpr idededigied A 23) r-I ara-14, leu B
6) DE (gpc pr oA) g EY‘ {§x%§§“ gFU’Fii""{“AS? °’§;‘&8K§u(l€o§n LAM: hi s- b0)’

relAl) rps ir3l (strR) xyI A5) mtl-1, argE3 (Dc) and thi-I. JC 9604
conprises the sanme nutations and furjher the nutation rccA S6. la as
alternative enbodinent, a eukaryoti¢®Xl| may be used a a host ceD for 15

t he cl oning and subcl oni ng net hods descri bed' ha~ein. Any cell that

expt, ases or aan be caginarcd to a badaial rcconbinse) or functional
equi val ents thereof can be used. Cell lines derived fmm hunan) nouse,
nonkey, or any other organi smmay be used. For exanple, non limting
exanples of vdI i nes useful for the nttlrcns of the |nvent|on |nclude CHO)

N 71—~ NN A A AT~ 7 NN PN N~ \ o YAU S o — A




Z5 adenovirus, ete.); insect cell systems infected with virus (eg.L',g FEB 2004
bacul ovirus); m croorgani sns such as yeast containing yeast vectors, or
bacteria transforned with bacteriophage, DNA, plasni)Jd DNA, or eosni d DNA.
Met'hods “for protein expréssion are al so discussed its . Section 5.2.2)
about. 3Uwo 0904288 2004 _ WO 01/04288 S. Z. 4 TARCL~T DNA P00/ 06533 The
‘target DNA is chosen according to expai neatal design) a~ 065

doubl e-stranded DNA as short as one hue pair or over oar hundred kil obases
in length. In a specific enbodinent, the target is,up to 100, 12S, 200) or
300 kb is length. In another 5 speC|f|c enbodi ment, the target DNAi" 25 to

100 I dl ob e seat vcaos; O her speci fi c_anbodi nents

of target ﬂ%ﬁﬁé‘-ﬁ‘@"‘?@#%@'ﬁ ?P'?‘WL iaheascd. Theprefersd fgmsaad t ar get DNA

may t~esi dfetisds for their tORRBAIR Abel dépiced M dl&l.-.’ﬁ%:;h h_as) but not

limttd to) a plasmd, BAC or the E ?iofl gg‘%@orre %féﬂé

al so reside on any aouroe of DNAlncIudlng but not limted to, DNAflwm

any prokaryotic) |).#) otic all, or fromviral,
B

phage or synthetic MC aci d sequences may be

obt ai ne8l fromthe fmlmm&%W % ne, avian,
equi ne) canine, insect (e Dr&sophi l e), |nTerte rate f gqﬁ el egnrs),

Plant) et mmm@bf mdmmmmmﬂowdmyeswmmw the art

(5L, o0 PR S e Sl Rl Lﬁﬁ’}fmisﬁz,y oo

d over (osmncommmmumawsaﬁag ess, Ltd.)
Q(f ord, U. Vol 53 METHODS | ~"OR USE OF T E INVE ON 53.1
!%F&"bmn WWMP&E(WUWMWWf n the tat for

_"T'd | i venongpicaibifere Lkt st cell is
sui tabl e f&(‘)’r use V\thﬁat he dr%et ods SCr |%§% b%(r)ve lgz%lqef’@?ﬁgdggare known
in the al seeémbmbrwem&mm).@ls:hmgmsmtmm«wﬁﬂam;w cal s,

DA w SR "fgéééz’&“ﬁﬁclwf‘a? i G SR LBt o

et hods | melpSCe0bergiamailibiforfowldopy plasinide ﬁ%qu%n%owﬁ{:ﬂﬁé%%ﬁ on
wi th cal cium phosp at reC| pi tat | on of viral packaging. In a
pref eed enbodi mant l¢, dyencem wmmmmmmamuw 1 f or

Reda! (s PRI gﬁ,s@: el cct roporati oa by

st andar d “net h% (awﬁ%&%@&&&g@ "%ﬁgﬁﬁﬂ%ﬁ' ecuI ar

Bi ol ogy, mmmwmm@mm(maaﬁmbmdzmmpwmw Yor k) .

E;Ie}‘ gre?l%@gli%‘l%g 0 staagdat aﬁﬁ‘ggg‘r‘&t .on of electro- corrpv\le)t ent

0l / 04288 WW&@) Wﬁcdd&&&ﬂﬁ&dxﬁ?ﬁbﬂ%&&ﬂw the .

transfor "Ie}gl‘g‘é’o near or circular vector, 0.3 ~cg or nore of vector is

pref er ablr@'t wn%e}ﬂi‘m 33483 lmiqﬂpﬁe"eﬁh@ mmnﬁéﬂﬂ-ﬂm of a DI VA
prepa~z¢pr¢o WWM&M&&E&E{%%% H%%r@s e erabl y used. For

ttaasfornmati on acperi nents ar e pre?era
e~chop dvighexpressios; A vectdss, suchas Agtdb (Hitynhrer alt, 1884; & DN A& ClonjigC f er abI p di | at ed

\'r2085'e$§r’§ PR R, A PRl Agpchl B UG B 4076 TR gmen Ot or

phenot ypite: Thet/SP6 phsjie pRifdterdin élmogﬁ{nﬁ?mng xper| ment s
«utiliring site-specific r~canbination ea aséaﬁghsa C avage of the
vector) aemsdStudier ﬂésﬂ%r ¢theds Enzyannlel 85:60689) omn teausiad. nat i ons of an

25 When a lower level of expression is desired, an origin of replication from a
medium or a low-copy may be used. Medium-copy plasmids are well known in the art,
such as pBR322, which has a ColE! derived origin of replication and 20-100 copies per cell
(Bolivar et al., 1977, Gene 2:95-113; see Sambrook ef al., 1989, supra), or pACYC184, onc
of the pACYC100 series of plasmids, which have a p15A origin of replication and exist at

30 10-12 copics per cell (Chang and Cohen, 1978, J. Bacteriol, 134:1 141-56; scc also Miller,
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10 SSR and as eodostucl ease or two SSRs) is induced either beforel~ 9 FEB 2004
preparation of el ectnctonpetent cells, during the recovery period after :
el ecoroporation, or during culture to identify therr>9ectable mar ker

Opti-mal |y tht phenotypic change is resistance to armaatrbiotie and the

cel I's an c‘ﬁpf’ug‘@@ oa plates that contain the correspondi ngca&#tng‘kg%;

"this case) the antibiotic 15 resistant colonies that appear a eszrl ght
culture will predomnantly contain the desired subcloning product. In

anot her earbodi mau, DNA is delivet~d into the host cxll by transdr~cri~ of
DNA t hat has been packaged into a phage particle. P1 or ~ tcansduction and

pacl t ~t ng [1992,¢¢ nt acka |ng attracts a~
avai l abl e conngr?lgmglg wﬁw)ap%@%%?ﬁlﬁ%aﬁu exampley OL| GONUCLE

ES - The olpS
ol i gonucl e d@ E used in ﬁ'gnj ul act lon W t ﬁg rrg?hods ‘g‘t’f’t“ﬁX i nvent i on
PR YRFORYerS

tine often Mﬂomamaﬁhahc&%ﬁﬂﬁc@ﬂﬁé&ﬂs in
| engt h. | na$pRRfd pUE | |d.e|s 10_nucl eoti des, 15
nucl éot i des)ﬂgg nuﬁ(ﬁ egmﬁg mglgth%%é%g? Bm epandyaique n | engt h)
or up to Mmm“momm (Othoesy tsizitable ) lishmd‘ﬂ I ﬁ'g‘“g%m he
| n” | engt

ol i gonucl c ~doad 90 | eot - ~rt
LUt V0 M%ﬁt@%@%&éﬁm@f B it s (G et aly 9 T5Gickedl U
Y g

any met hodS%283286)s the art (e.g.) standard phosphoranidite chenistry on an
Applitd Biosystens 39?J394 DNA synthcsiar). Furihei, rageats for synt hesi s
may be obt ai ned fromb&hﬂmdﬁemmnysdmmpmebﬁtmaﬂ hﬁﬂbﬁmﬁ

ol i gonacl osthdigtd fom 5*)&@“ her eaf conj unction wt the nxt hods .
.ef this |nvent|on may be Syn '% ¢ W&%Wﬂo Niedhard RE..2ds . e.g.) by

i;."Bl gsg]a~h) a%fm%et cﬁm p%angﬁonﬁ % | llabl ¢ from

ol i gont ci iﬂhkerxsﬂ{-tt%&mfzﬁmspmezolalof( 1988,
Nncl . Aci e Baére qg)dm],g"r@ L@ﬁ(ﬁ% J.eot i des, can be
prepazed by, use o %ﬁtroll ore gla 3]'%!8"‘2‘8’8‘&33‘9

cd, 1988, [OFigms-ofysp be3sed. U. S. A, 85, 7448 9451 ), ate An

ol i gonucl eot i de nay corrprl se at | east one nodified base. Pnm~~ ~ such

nodi fication dots not iatarfere wt h horml ogous reconbi nation. For acanple,
such md&ifications S22 THE SBEECTABEE MAYKER M ted to 5-fluorourecil,
5-bromouracil, 15 % chl.oaouracil). 5 I odouracl 1. hypoxan<hi ne, xaat hine,

4-acetyl cyt osi ne) 5.OFRAintan the plasmid mﬁt‘}lﬂklhﬂumtypxcauyoonmmsa
S~boxyrrctbaégmmmhnh QW& ne l.am nonet hy| ur aril,
di hydrtruraC| | . beta- D gal act osyl queosi ue%?fgg%"’gra

Nf r2~1j.30pem {aﬂéihw Mlﬂsis&)celemtalihﬁbioﬂesﬁ'aﬂvemz calr

~, 2-di net y guam ne met hyl’cyt osi ae,
5- net hil c od3| ae, ?I% éde;nﬂ“n% %ﬂﬁ@fw %MMMt hyl uraci |,
5- met hé mblwugﬁoﬁzmmm F’"‘S"ﬁgﬁ!

: th th “?1““8‘ Ri@e
dopent 32 aﬁ@ﬁ%@%@ﬂ%%&%ﬁ.@%%%fi;slam«gmmms. ne)

2-t hi ocytmtﬁo@ fn@ﬁhi E k O el l 4-t hi ouracil)
5ntt hyluracil) uraci I - 5- 0OXyacet | c acl b&n&M Myaat ilc acid
(v), S- mmmmmmmmwmmmm theplaeanine ish we@ci |, and

'fghgsg}]g‘["e aCk| Oﬁﬁne epﬂrg! : g@ Ltc El% ge maﬁ co r| se at Ieast onﬁt renrjt(‘jle]; Iee\(/jvlth
honol olﬁntmﬂhﬂﬂwmnwpemﬁuﬁfomdpmcﬂlmw Otherselectablegenessequenm
mcludmg,bmmthmtedwgmcscqummmmdmgpolypepudswmchconfumcm
resistance (Hegedus er al. 1998, Gene 207:241-249). Other antlbloumt]mmbem.thmd
are genes that confer resistance to amphenicols, such as chloramphenicol, for cxamplc, the
mdmgsequencefmchlommphemcolmautyhse(CADmnbetmhmd(Eﬂanmetd
30 1991, Gene 102:93-98). As will be appreciated by one skilled in the art, other non-
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nodi fic~tioa may include, but is not li~itcd to, a phosphorathi oal(eg 5EB 200"
phosphorodi t hi oatc) a phosphoram dot hi oate, a phosphoram date, a

pho,éphozd| anni date) a net hyl phosphonate an 30 al kyJ phosphotriester) and a
formacetal or anal og thereof.. -47 9 FEB 200 _V WD 01/04288 5.3.3 D~1A
~AVPLI FI CATWON1/0@£881 EPOO/ 06533 The pol ymaasc chain reacti or}%@%
optional Iy used in coitnucctioa with the iavartioa to anpli §?red
soqu~eacx fnmCn a source (eg , a tissue sanple, a genomc or cDNA |ibrary).

A i gonucl eotide prinmes rcpnseadag ~knowa seqt seaces cam be used as S p:inas
in PCR PCRis typically carried out by use of a thmmal cycler (e.g., from

Pal acr F. Lmﬁeummﬂ&tasﬂmﬁ?&ﬁhﬂ% nd of ?aq
pal ymer ax) nucleic_acid tcaiplate to %e arrpl gg%&n‘ggﬁﬁ"& O‘a but is

not |i ni tem&ﬁﬁme ty ef\gcetrophis auankers (SriSadibrook eral/, 1988, Gigere; Adsubd P 4R
a~upI|f|ca,g@.g)nethod is wll brows in the art (sea, r.& U S: Patent Nor)
4,683, 202 683, 195 sad 4, 889, 818; GyDeasteia at af, 1988, 10 Pros. Nat'1.
Aced. Sri.” U.S. A 85) 7652-9656; Cchman et ah, 1988, tnxtics 120) 62I-6Z3;
Loh et ag, | 989) SC|5§££§ 21 ?2-220 5.4 ~~THODS FO-~t ~| AGNCS TI C

APPLI C. ~7 TI O\~ 15 ~ may be used to detect, pc~na-r)

. di asnose) or nonitg n | ons seases and
di sorders gssoci at ed ;qth t he®g~nte of a f%ﬁ%%mﬁd ) or
noni t or th qumtwhmnmommsb Inaae eabodinia] ad ﬂm&%tmr@uéﬁ l,

bcl ovr, d .50 ect pngnox, di a~tose, ~or honitor
vari ous |nf ectlons aﬁﬁﬁ"é@?‘&z‘? m!%@a M&nm@hmm a viral
~0 infecti MMQBNNWW(IWM' .,m%ﬁ,z Jrarasite,
0L ot hey Iﬁgga at haéen desa| bed in Sadoa 5.4 %&F % et hods
‘cd~a al so ’ﬁ@ﬁﬂ‘ﬁ.‘ﬁ"’d@ﬁ? B4 and thegerond ;mtbungmﬁonfgomahous

mfechonsmaa % or asso wth the pres~ce
of variant_DNA) such as a gon-~ etlc Bt‘%ﬁ‘qg‘g‘%m&%&%‘gk

pol ynor ph.@%\\mwsm hmdomms xftb}'lshdleag:umﬁ:bh 'oPjdefity, ¥pfio ;crl bed in
ZS detati Im&g&b@@d e has I;%I ON CF FCRE DNA The net hods of the
i nvention descri cresaa 5‘" M@m@ﬁgn DNA) such as

a viral orsubgtretesfor hbmakigous sécombinaton! 118 B pfIdeS &&ﬁﬁt@?ﬁﬂﬁgﬁp in a 30
~ti~ ~fe atlent may or nnay~no

_ ath
synpt ons g’f’%'ﬂggngwg?eggg d@& W@Mﬂﬁ&%’duubkectlon by the
pat hogen atrandédregion Aanikifg W ssqoci.at.ed the
presence ?ffy themgtlt hogen. I'n !\?gckﬁﬁﬁ odi ne R%ﬁ’% E!g@mbe:gqﬁ
‘?]arr_pl e ca B?E%%’ﬁmmﬁmwmﬁﬁyﬂmﬁuﬁpeﬁt edI of
avi ng sUghbstatel H;gg ai aving sequa~ce honol ogy
to a foreign targat %’NAé19 ' &h&m gﬁod"% or qpiisnum np| e DNA can
then be i FRepwbination eifﬁmmcnmoﬁowmﬂm&tapﬂehha {el}od0 mACIBGRRS ﬁ”@ngﬁ%?nﬁrl al
e

rrcronpNgsSge ﬁgg' t he ye?ftor DNA) Dy any of t S dGSCn~d in

Section 5.1, a Mm&dmmuﬂmmml eoti da

-can be deﬂwwwam m or sequence
I 'gn %%ﬁl nt ed as

aAd a secgﬁs% ?ience honol ogous to the for
descri bed pwere %qunmwwmgdmtwﬁmucl eot i des

c8a be U%Wld&ﬁl&%&méﬁmeteﬁgo&m tl\;\élmgthofoonhnuousdumty

may be as short as 6 bp (Keim and Lark. 1990, J. Structural Biology 104: 97-106). Thereis
25 no upper limit to length of homology arms or the length of their continuous identity to the
flanking target DNA sequence.
Nucleotide sequences flanking a target DNA also are x;efermd to herein as the
"termini” of the target DNA. Thus, a target DNA will have two-termini, a first terminus and
sccondtammus The orientation of the two arms relative to the desired insert must be the
30 same as is the orientation of the homologous sequence relative to the target DNA (see
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the sanple DNA and the vector DNA, as E toll host cell that acpresses FEB ZUU
RecF ~T or Rcdarl~i, or gcan be transfocted directly into cells that. already
conpri x~ve~ct or DNA and sarrpl e DNA. Cells are then %own is selective

medi-a, as desalted is Sectlon S.1 about) and cells ‘that resist scloetioa:
can "be anWQH244288r t he presence of an insert of the appr epi, Wéb e. 15

" ?he tasget DNA can be isolated fnma patient or subject's biologlca

sanple,, such as, but oat limted to, whole blood, plasnm) serum skin,
saliva, mne) Iyrrph fluid) cells obtained from biopsy aspin~ tissue cul tura
cells) media, or non-biological sanples such as food, water, or other

material . MeigundD, doahat PécSREibatioh Bétwedn did ¥ Suc XS .arc known
to those of sIt|II is the art (see e.g. ,Jokgﬂ] mﬁ?&% g n*/ﬁlecular
Bi ol ogy ZO S’E‘P%Q @cwammmmquwcm rent

Pr ot ocol s. ép ahsJohn Wey and Sons, lac.). la one enbodi maxrt) for
exanpl e, mhere I'T I's desirod to detect or diagnoac a viral infection or

di scs9e, the honol ogﬂam@pm g%,s%g us to DNA
sequences‘,1 of known vjral DNA. The rethods can be useﬁ%?‘gg’f awd isol ate

viral ZS ign. \The gnly limitations enthe choice oDkithomelogycein iy that @t t r nedi at e

(r)I pfil (IZ:)QI:[AI SreShlaﬁlfl%e | ttsmw uf i %Wg% mes or usi ng

horol ogy armessatplsswbers %W%mch DNA

virusts in Ilmte .1Q, he atitis 30typeBV|rus :
par vovi rusts k %Wm obisiped; howevens, -49  J

FEB Z004 v aifonfistaGadgrothd éffaltRitive Romol uch a pilloma virus, -
. pol yoma *\gsnu s). and SV40) adenow ruse g Eer pes Vi ne"'g cﬁ'&t‘ her pes si ngl ex
3pe | fthe homplogly lams arQveol sequeneesdlafkinig iepolydikesi  US,

ZQﬁbESiXYTé;?’ ‘Sﬂ%ﬁﬁ’ﬂm . c;‘i’?%“.*‘ﬁ?er meﬁéé%ﬁiﬁ&%%qﬁ%%nh&a?ﬁé?et

icate chn suthas
fopl i cat 6 baman)grhage cBiiing vewars the ABMBLAor AG Tosebibsy a?%wgﬁg} J ch

A, vi s EBRO PR UORMA pERR, SIS bkl aeiars, wiahestors v aspdacsimtmegtars £ S (e

I (HV-n This)€3singdly Wtor n-T-ettl
| ynphot @gp L LUS . (HTLY- n; and %uman EA‘?%&J)J‘PW T, as type
Il (HTL P’)" P%M"ﬁe rfectorscontaiting such lbatology amnslaresol at e 10 t he

AA | nt o rog, ot 6 i s .s‘%f’S‘? a8l ok oy spmia bR o copy of

the RNA usTishas2BACSRAE, bdadibetirpvg t o met hods wel | I.mown is the
art. Such cDNA copi tar DNA ro detect the presence of
RNA vi nrses such asﬁ?‘ﬁ acn}g%f! dﬁ@a@ﬁb \FPF’S&’vthFBMP@QEWMSandaI

virus) pi mﬂnﬂm&hmpﬂw:ﬁﬂwﬁle,&ﬂmﬂﬂiﬂ% % viruses,

r hi novi A t ogavi rases such as rubella V|rus rman

measl es?ﬁanglg{e%h’fnb‘f *vi ne, arbovi ruses and hepatitis type A virus.
I'y anot her preferremmmomﬁﬁg ose _or detect
bacterial infections) the honpl ogy arns can corrprl scelﬂgﬁmd'gg%ﬁrences

honol ogou™ 8 L&!ﬁm et quejeotide, srapenpe; do otherworids, theyeregricatedise don e

Genom 0 DN G A ARl IS S bred R Rt ebmbionn wepiees. (0,

:St r ept ococ¥bese the égenbuu&mpbﬁMu&hmm%arﬁﬁh&% aﬁqkr hoea
ostri

Nei ssergsa | t]di Cor bact er |l um di pht heri ae
bot ul i nr~nr, o@ﬁ’#‘ﬁ%ﬁ?w 0§53, therabyncreating atirculdnendphi | us
I nfl uenae)eﬂﬂc&bepl&inha, pneunoni oe, Ki ebS| ella ozaencte, Klebslella

rhinoscl eronotls, Staphylococcus aureus, 2S Yibrio cholerwe, Escherichia
rol e) Pseudornonas aer ugi nosa) Carnpyl. obact er (Vibrio) fetus, Canpyl obacter
j ej une, Aeroronas : dsietla I ar der,

' AP cul osi s,

shi gel | e dysenteri annnaw ﬂlénueﬂdnﬂﬂ%qh@mﬁ%f‘ﬁﬁh@inlﬁ?'a@snel 'a

| yphi | I I dwn,
YPhI M4p! Ko mbid ggus Btclet; sequences present on adaptor oligonucleotides. Each of two
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. . .. I'tb LUU%
Treponema pertenue, Treponenea carateneunt, Borrelia vincentii, Borrel

-burgdorferi, 30 Ixptospira |cterohenDrrhag|ae | t ~yeobaet eri um

t uber cul;osi s, Toxoplasrna gondii, -50 .- 9 FEB 20 WO 01/ 04288
PCT/EP00/06533 Prreunocysti s car|||) Franci sel |l a tul arensi s) Brucella
~abortus, BVROYP4288 suis, Brucella nelltensis) M/~coptasnm ﬁ@ﬁg ettsia
prowar eki, Ri ckensia tsutsuganushi) Chl crnry~di a spp.) and r?rn ader

pyl ori . I'n anot her ei abodi ntat) such honol ogy arm DNA sequences may bé 5
honol ogous to cDNA or genom c DNA of a pathogenic Ilutgi including) but not
limted to) Coccidioidts bmiHs, IspergillusJuneigat~rs Caadi da ol bi cans)

Bl ost orry pt oe neoJor nearer, and Hi stopl asnma

capsul at ?a %@%@éﬁ@?w&@%%m @ﬂB quence memous to nuclketide ed t o

di agnosesquc@b&pﬁkmagbmmmm %lp% ho 'B%P as anru\‘/é;g D:\IA)
npl e

s~uences honol ogous to 10 DNA scq

such horrbmglygmnomfahamaeaﬁm qqmé,imt omi e DNA
of any _kg onan ecially i. nterestl ng ar ogenl c%oe ~s such
as F.rrt |‘&‘F6 y mvhsrm»ﬁhmw "A"3ind "B agnd 0 Ni S)

Tricfig ne, ganbi e[ rse, Trypanoson®’ r hodesi er ue)
2 ~ypanos§ma cr UI ] ’ Fheil s%@?&iﬁa’aﬂ?‘éﬁpﬁ ﬁsmmhbcbdﬂemdﬁnam a 15

brazi| i eBSiThe tWo ecitili O target DW ﬁﬁxf?u ca ) Pl asmodi um -
Jal apar un) and Pl asnmodi um nal ar i a yet ano haﬂgp bodi matt,

where it qnsow;mmmmmmmtongmmwmﬁmueieaqt:"&a%' tige

honol O0WhiR o rise.DNA en honol ogous to DNA sequcaeG of
known par aS| %mﬂ Qﬁﬁﬂ@hﬁﬁsﬂy Reddfibetwernthe vectony 20 be
hqnol ogdiagnoldgy f 0 ar a Jte i ncl udi ng, such as
H§I nnio;\tths i nm‘%l&l;ldl ng) croE) % &the:?% Wé’ﬁ ey, apd the flankang r o)

~t car s termin tamet)gciiemﬂtsriﬂlie & DNA iRing %ﬁg@g !?é ﬁ%

Schi st okmﬁ%&u@ Schi st osoanggmanronl Schi st os% ae qhﬁ] and
hookwor Yeded | SQ ~A~ONS AND POL~ORPH SMy IN CELLULAR D The
met hods of the invention eau also be used to isolate and detect genetic
disorders is a patient's sanpl e, and to progaose di agnose) ar nonitor

vari ous conditi on§2.18 CONST] 9k ated with the presence of
variant DNA, such as a genetic 01J04288 PCT/ EPO0/ 06533

mut ation or asmmeqmgw SNP“ as vvdl asto detect a
geneflgc di sp05| tion for vel opi ng %@23@%

embodi seethogs knowndin sheirt(seeSatmbropkier B89 BapRz; 2iubel eP&F%bﬁéi Ham
example, synthctxc or recombinant DNA technology may be used. In one embodiment, the
linear fragment is made by PCR amplification. In this method, oligonucleotides are
synthesized to include the homology arm sequences at their 5° ends, and PCR primer
sequences at their 3' ends. These oligonucleotides are then used as primers in a PCR
amplification reaction to amplify a DNA regxon including an origin of replication and a
selectable genetic marker. In another .embodiment, 2 plasmid may be constructed to .
comprise two appropriately oriented homology arms flanking an origin of replication and a
selectable geaetic marker by standard recombinant DNA techniques (see e.g., Methods in
Enzymology. 1987, Volume 154, Academic Press; Sambrook ef al., 1989, Molecular
Cloning - A Laboratory Manual, 2nd Edition, Cold Spring Harbor Press, New York; and
Ausubel ef al., Current Protocols in Molecular Biology, Greene Publishing Associates and

Wiley Interscience, New York). The plasmxd is then linearized, for example by restriction
endonuclease digestion.

) 2

In another embodiment, for example, the following method may be used to
construct the vector DNA used in Section 5.1.3, above. Two oligonucleotides are
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DNA isolated froma sanple firma phaving or suspected of having sﬁc% EEB 200%
genetlc S disease or disorder. In a preferred aabodinert) a vector -

conpri si'ng honol ogy armg_baring soquence honol ogous §o0 a particul ar gene of

i nt~aat or c raglan of interest can be dasi gned and™prepared) and) - .

. i n4roducodVPALBA28% | ~ cal | host ocl| that acpressa.a bac: PCHEPISH I nase
such as R~ecFIf and/or R-edaldj 3. The sanple DNA can than be I ntroduced into
the host cell: In as altemativo enbodi nent, adaptor oligonucl eotides can be

designed 10 conprising a fast sequence honol ogous bo a vector seqgtunct and
a saxrad sequence honol ogous to the DNA of the t ar get gene of iate~t,
oriestted WMpmfwhmhdwwck-ﬂomﬁ%B' &ﬁﬂ\é @ﬁ 0 ef eaod

er

enbodi nent h adapt o onucl eoti des Caa. be use
co- transfeé!’ﬁi{% gﬁmwdt&dflﬂM@QOMhdeeuncMrwfﬁ pat
expi csses. E@E&s&"nﬁ%&{ t>m tor DNA Al tcmativdy, .
any of the other 1S Odson%gﬁﬁ ogo gﬁ%&h E!°m|4§na&§:n bed in
det ai'l i n PERpriper. ﬂ!mhzymubehmdaﬂ&hj@ s%?he,gt ive

t csi

medi a, as sgg Fgg s Section 5.1 ahove) and cells t Pection .
can be anagtigxe by Awy MWQ‘&E’!’G%W)MWmEMmm ze. DNA can

then be anedombisheésO Thé syathesis Fﬁﬁ; vari at on of i nterest by

tastrietlgﬁnal ysi s or sequenC| ?’fec ni E‘e%%e W@art (see,

e.g.) Cur s Mmlthﬁvﬁtdid Te¥ FCR pihersare nﬁﬁ?
IE'%ﬂg)"and

t achni que @ﬁe r.ren.t Prot ocol s) 1994-1997 |
Sons, lac: as&&]%g ﬁ;fgfp P@gifnthSRTadapt or

ol i gonucl M&meﬁe&lml { on_or
reco% na a*bﬂ'f“‘onl y occur

p Iyrmr hi i nter est I a this errbodl men

3 t he sbaﬂé égm F@OMMQWWNZ&M&wefuI for

d| agnost i 611@0%6&1&&&3&@ | e partt cul ar nmutation

or DNA pol ynor phism _Si ncgﬁeﬁ%%ﬁb@%ﬁy% &gb Praduet intheat i on

will be rtansfmmed intoF infocE. coli for minplificafibeptol yi€1g Girg %@&t?l ned from any DNA

sanpl e) such as gc?g %W) or mtochondrl a? n one enbodi nent;

for exanple;, the m& fragment is iconstrugted byrtaking plasmid ore.  1a

anot her ewitioshlecmblejmdike, s an®PNo clb € B 2004 .;
VIO 03404288 PCT/ EPOO/ 065 g a m xed %8%5?% ’P%’n'%‘&%“{;m“é"‘ﬁ f‘&?&%n of

genoni BIH L9 lﬁnmomenmmtmmkeawc&%ﬁkmmaml e)

subj ectsmﬁl order. Such_t.argot can tie
: Dy sa%‘ﬁé“ﬁn@ﬁ%a log acg; This preitod it myfennd

obtai ned from a bi ol ogi ca p bl ood)

pl asma, s@t@mmmfqupm@akm&wﬁmﬁg L%;ﬁﬁe fi~oca
non-pI 0l ogl C

bi opsy aspj S cul t.ure cells, media, or sanpl es
such as foog vvater 1 onemmmmmma f m such

sores ar@thwtdqummtmmhpmlo t? &E,e art (sae, e.& .Current
Proto s in Ml o%ar 8i okogy. series o @X oratory techni que manual s)
1987-1994 Cutr eat mﬁwm&wwmmgdsﬁu&&Mwa
n-1im fprotéin éﬂ!ﬁ'm ﬁgrde t hat an be tested using this 10
'Egt hod i ncI ude mut at’i ons! gﬁ S as f’é\@ﬁ r%ﬂ@gl&dl seases
as Brag MMMMWWmW stic
aneni at hempﬁft}ﬁﬁa lﬂigarXo

fibrosis e, slqkle cel |
at herosci aiOSI s?%‘@?&@ T TTFRERINOR sites,dCazek consansis sequences, ander s) sad
s0besity. mwﬂhm;hmcﬁﬂa@mggw&ygfmﬂ%qc ati ve and non

as

degen l%at i ve neur o] ogi cal _di seases s€¥se, Parkinson's

di sea thet tharchagtenial ca)is Huck nm&cglléé@ , Wlson's
di scasGmgﬂhﬁmn @&1% a8 Fri eg‘{r)&lﬁ%ﬁé ba{lsalwa sad ot hglre at axi a:)
prion di seases | az~ e 8UCh as aprcies-spetific dol uysi an
at r ophy, Mﬂwmmmhmm ;mq;,gghgoggq%ﬂgr#@é efiepr essi on,

~ schi rrphrﬁab%"b%nd n%%?utgié Herreditary di seases Bel ¥ reabol i c
" di seases su B3 °‘ﬁmglsyn£mphmm gtham&d;&imﬁpﬁ

Car di oV cfactod rédogritiof! sifeS &S uﬁgbg’%g'hero an are al so included, non-limting

exaaagLes of which incl s nyocardi al i nfacrtion sad hi gh
bl ood*'pressure. The invention can further be used for detection and

di agnosi s of Lyne disease, tuberculosis) and sexually transmtted di seases.
I n anot her enbodi nent) the honol ogous reconbi nati on cl oni ng nmet hods of 25
the invention can be used for deter.yqni ng the genetic basis of a di sease or
di sorder. For exanple, target DNA can be isolated froma sanple of a
patient or patients afflicted wth a disorder whose genetic basis is not
known. In one cabodi neat) the cloning nmethods could be used to isolate a
region of a chronosone !nmown or suspoctod to be inplicated is such a-
dlsease ~or dlsorder) fronta group of patlents knomn or suspected of haV|ng

~NrN =l o P T o o, D o



Pf: TI EPO0/ 06533 nutations or pol ynorphisnns) using techniques wel 1~ 1B EEB 2004
the-art for mapping variations in DNA) such as restriction firagneat |ength
polym)rph| sm or otlut SNP ddation techniques (see, g.9g.) N kiforov et al.)
U. S. Patt No. 5,679,324 i ssued O& 21) 1997; Ml ntoush et ol) PGT

publi cat i o §i494243159066 dated De~ber 30) 1998; Coclet at al.; 5 PCT’

" publication WD 93] 12607 dated May 11, 1993; Wang et al. | 19BGT/ERN/06533

280: 1077 108Z;, Tyagi a ol, 1998, Nature Blot~l. |6:49- 53 (3~ a alL) 1998)
Gmw~e Ra. 8: 349- S36; Pasti nan a al, 1996) Cip. (Z~em 42:1391-1397; C~en et
al., 1997, Proc. Natl. Aced. Sci. 94:107i6-10961; Sherbcr a al., 1997, |ium
Mol . C3ca. 637347; Liu et a~) 1997, Genonte R e~. 7:389-398; Livak et al)

1995, Nat <u~e 9: 34 adyboliment WHerbth RECEMan@/ok Ui bacBiigcPem
222:389- 395 Non-limting rxarrpl es of targCt c’izlje?aﬁders ofbacﬁluﬂl cal i ataest

i ncl ude TGFPYERPIRASEds producad recombinantly feom an kxpression pRERId A Thedelofhe cﬁ&i&ﬁ

t oxi mtyvecﬂ.&m%gﬁ&ms ut nqt limted ta, human sarconas and

car ci nonas mmmmmpmmmmdmna)

ost eogerseeuaﬁs 230 Belowh QF Skl 3R %ﬁ”s endot helijosar conma

I yrrphangl osarcoma, | yrrquhlgngl oendot hel | o@Mb% t lfi@l | oma,;

Ewi ngJs Mmmlmﬁmmgmmm b%o
?ﬁsq us Belt

pancreatlc br ea}st cancer , ovarl an cancer prost at e C neer

ca[)ci noﬁm M@WM&o@h%%ﬁﬂPm)
sebaceo n ~~Y. adenocar ¢i nomas
cystade:ﬁglgrag’ %’gpna &ﬁ%@’%ﬁ‘ﬂﬁﬁs mcﬁf‘f)ﬁ%‘hf?&@ﬂﬂl beseletediforand r enal

.,v.%‘lolryg(rjl1 bjnomal Wlms turmr) chi'\,\i./‘lsl(b:‘ﬂ#Q an%%1 g{gﬂé&?ﬁ?ﬁﬁﬂrﬁnorﬁng
C

carci
Ar ci nofied mSmnB et se wm&mmpendddaszmmbﬁsvkwehgg
carciy Oﬁg”qﬁllona a~yt one) nedul | abl sstoma, crani opharyagi ong, epeadynnna
pi neal o cmangi obl ast oma, acoustic aenroma, ol igodcudngliong,
mani ngi oma, 25 nel anoma, ne~a-~obl ast ens) zeti nobl astonma; | eukem as e.g.
acute |ynphocytic | eukenta, and acute nyel ocytie | eukem a (aryeloblastlc)
pronyclocyt|%¥2nyapﬁrt,,_, RECOMBINASES and cryt hrol eukem a); chronic

| eukenmi a (chroni c%@/c ti,C ul ocytic) | eukem a and chronic
| ynphocytic | euke "@ﬁ dﬁ&#'gﬁ‘iﬁﬂéﬁ dessyibed maily svithereferiPtdthe use di sease
and nommmmﬂéwmt t 1. om

cro IobuI i nem a, and heavy 3f'1 ?h'gl n ﬁ’g@‘é’e‘w %ﬁ&l@m"m“

rec i squailyorpplicable tothewsdufither bactérislrbermblaates thathhaiSthe 10 004 .°
}g 04288 P / EPO0/,06533 di_agnosi ng and detecting genetic diffennca
and di agRBMEe iatien usipg & pair pEhomeloea é@l&smdedﬂmhm@cdm&aﬂot_

I|mte(§u5mnsﬁh§3dq; Mogren I|tu 5 rgjltl e.scl erosis)

system c | upus eryt henmat 0s

pol yny QB@MMMMW@WMW °W°§?I Seas e)
pr|r_rar¥mnl|a cirrhosis, 5 pernicious anem a aut0| t
ie?il opatfire9 E‘Bﬁ“‘g’"ﬂﬁ'@ea varipps embedimegts, theobastearinl Nwabmm

-Cf a\g9s' gb,gggd;@p t Oi e neufropenja, idi opat hi c

t hr onbggyt openi a purpura, r %#%‘Pﬁgﬁ F'HE%“‘G%"P grienally equivalmigus

vul gar mfnmmmhmxegauslmmmmwr&eé g%&eﬁ.gm gl,iggtb;gpe”ph' goi d,
si't

di scoi eratlve colitis, and dense dep * Honol ogous
f:reconb?ﬁ'ﬁ%pdﬁdﬂ ?mefﬁmmmﬁnmcmbéﬁibsﬂﬂi jyagnosi ng)

and depg ti al terations,, variations, sad SNPs t
associ gte d%”'&ﬁgw S IR the preseqtipventionac| ude such DNA rrut ations)
aI terat | ons) varvw%dnmcjm%d ad g c_sequences,
DNA mut at i ons) al terations, var %’ﬁ%%fé’%ﬁ%?%ﬂlé é's%% *t"@ W%h
d| f?érsm orResT. bThok agd:d{qoﬁmdkebmn%cnbﬂd@ﬁd? c@{'t i-on,
569 I'n I'Sol ation,

t he f ot ention ~have particular utilit
" d~tioa€ %%ﬁ&&@%&fﬁ?ﬁ\ o8 mélandr W@SSJ‘PRIQ]FTADC&WWI 3150338
al t er aR¢¢IN GenB i at ed) however, that the
met hodssnegesg&%ﬂﬁ’é@gﬁ%ﬁwyﬂ§wﬁﬂﬁb§gﬁﬁsﬂ§nN!’ef j di agt nosi ng)
pr ogaofedy’ and-TRedfiiréfer tonke phiag W%E&?Fdfw ) farm
ani mal s h@% udi ng catt] e) hor ses she oatﬁ&’sﬁ%%psné househol d
pets | HaMiRiease actikily similardo the; S'Weubmuleast € Re6E/vid Redp has a DNA

30
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agriculturally inportant plants and garden plants. 5.5 1 s Zhe invénBiEEB 200!
further provides kits drat facilitate the nse of the honol ogous 25
reconbi nation cloning and'subcloalng i uct hods descriped herein. la. one
embodinent, a kit is provided conprising, motLe or~nore containerss A a
double-strﬂﬁdnduﬂmm vector useful for directed cloning and subcl oai ng of a
‘target DNA nol ecule of interest, said vectoi conprising a 6338
replication and two hornolvgy atrns) in tht follow ng ordct fi~om5 tv 3
al ong a vector DNA strand: a f rst honology arm the origin of replication
and a 30 second honmol ogy arm such that the nucl eoti de sequence of the
first honology armon a -55 - 9 FEB 200" ,. ,~._ WO A/0~288 .
Pt : T/ EPOGHB afctivity similapto thivAf Ret PN the sequen of the
o Q@and&ﬁﬁém ST el

first term nu i.rst target DNA stran nce of
the secor® HB?%'%PQE I‘i PW(WM&W l%ﬁzﬁ 32 the
on tha fast target ? '

Sad E?t;dieffqﬂiﬂfn%ﬁ%% Eiee skiedacism. el efssacaeResB/T andor Ko o

endogenohesein shall als@ nase. | n aaotba~
enbodi yrent, _a_1dt use u@fig*r, |re&§smaﬂ§l%$“@u pRlessindigated otherwisget 'DNA
mol ec e explicfhyordyy dry eoptext.clanat specific @ gk a_ doubl c

subcl oni

Strandedg%e%qﬁ‘nﬁr useftéué for diratcd cl on| ng an a target
DNA nol e SYRtpisticeflest on thesificiencymfiredonbinationr i gi n of replication
and two hoatol ogy: g ol Low order fromb5' to 3 along a
vect or DNA strand: g¥|r§+:aﬁ{b%g@'t k"f"ﬁ&g’dﬂ’ﬁ lnde Watslofrﬁmnd a
second hesmipongsts af the reconibindsas. Fotxamp %‘:ﬁes?H rst 6oaw ogy
Lt on a%@ V~W strand is horml ogous to ‘%?88 ﬁg *'“the fast,
‘tdni aus reombinationisystents ofithe invention crralid comE@eURIIAG oGl { NE
seconm w%ggg‘i&% to?gqc strand i s honol ogous to the
nucl eot | de sequence oéi Redn, orRedf, aslongas gach DNA
strand; alielic biriants dre fincelonsdverif16 de %uﬂﬂf,e. gwa ggggm' g a first

ollgoaucle0|daDNAstrand corrprlsmg IS the FROIQgaMM 3' to

S: a fifyo Vit lendntsemmuﬁﬁ&lys,aumw ygpsOqueoae .

bei ng hegRh nib E"Qﬁﬁ’c 0.t|de soquence of the 6uat honol ogy®arm on

sai d vect or 3%%’2 Mm&maqlogy.cwwewmme

honol 0gd54, Acadéic Press; S&nbid8 ast t nus op,a target DNA
k%?gpge c’orrprl sﬂis{o dgr[gh" Sﬁ!ﬂ!‘bot idc -

st ra{]g 29% second oI i gonuel eot |
sttrtnd MwlﬁmNgvMoﬂe;randfl{@ﬁba et b, émntMH
nu gf eoti de

gggtggée el ngﬁongy %dﬁ?a é@%gﬁmﬁucleotlde sequewwnce ScitNe»vsd , Yok, cbrhonol ogy
pitein f l, b
ol ogous o e e Sors et Y Soace e Aos, eég&a BigiFrtngt, SerA-S40d 1 ar got

?&Fsgr;;o%%;;:g;:d;ﬁ% |ns In a s%??kﬁﬂgpﬁ‘gﬁf&ﬁﬁ& 1elnt5 i; gn’~

. ‘ﬁl’*‘ al &sgqqenpeommﬁ,mma,ww uli@é&e '
~cont 20 nabderftelyTsirisg tor useful for directed
cl oni ng and subcl oni ng tﬂ%uogaﬁ%&gé §et‘&%aﬁ{%%&%glwym08al d vector

corrprl avithythe final washlin 02xSSC/BEI% SD®at @C us¥ 1¢{ V{gg hgg -EB 200
ngQ%%iﬂPﬁj PQ0/ 06533 honol ogy ar s, ar der
£ i ~om SC'}Q% iofegy, Vol &ﬁmca?ﬁblnmngmbm RcTand Dehepr i i N

of replWiey &N¥dnaHc 2 a such that_ the nucleotide setp~nce
of the flfiét horol %gﬁrtn ongnﬁ@%ﬁm tybridization ronditiaps us

(using, e.g., standard Southem blotting hybridization conditions with the final wash in
25 0.1xSSC/0.1%SDS at 68°C ; Ausubel er al., supra).

RecE, RecT, Reda, and Redp, as used herein also includes RecE, RecT,”
Redea, and Redf homologs derived from the phages hosted by, or the celis of, procaryotic
cells of the family Enterobacteriaceae. Members of the family Enterobacteriaceae include,
but are not limited to species of Escherichia, Salmonella, Citrobacter, Klebsiellae, and .
30 Proteus. Such RecE, RecT, Reda, or Redf homolog is, generally, encoded by a gene
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to the sequence of the first terminus oa a first target DNA strandzgaﬁgBtﬁyk
m~cteotide 5 scquenve of .the second honol ogy arat on the first vector DNA
strand i's honol ogous to the nucleotide xquence of t2§ second teani nus an

the first target DNA strand; b) a first daubl estranded ol i gonucl eoti de

_conpri si nvaofosngg ol i gonucl eoti de DNA strand conpri sing, @@H‘B&Z %a%l | owi ng
order, from3" to S : a first nucleotide sequence and a sg Wdeot i de

sequence, said first nucleotide sequtnce being honol ogous to the nucleotide
sequence of the first 10 honol ogy armon said vector DNA strand) and said
second nucl eoti de sequence bei ng honol ogous to the nucl eoti de sequence of a
fast term nus oa a target DNA strand; and c) a second ol i goaucl eoti da

conpri si presentin e phagoperpare whosel piedutt paticl 4 okt MinketintiEn £l LOW ng
order) from3 to 5 : a third m?gl eot’l de géei%r#crgéégﬁgdn%tﬁpo'ﬁwﬂ' Woti de

sequeax) thenbage liferqycin sucdoasi Reslosand RedP dn theilife cyclerof Raibds Kage.! he nucl eoti de
sequence of the se%@ﬁn}]&h nol o armon said vector [ Strand and said
fourth sequence ri 0 %@8&‘:%%‘0?‘%9% idepfificdand ohtained asing sandard ond on
sai d t ar protaribiic péneticGnd} il |« di meqts, the target DNA of
t he~ki t F? bact egéixgl , VI lrrfahlo?ﬁﬂcm)ar agpf‘é%@?‘%%%ﬁ%sﬂﬂmg i» SUADRIA, :

In
ot her %MAWWMLW},WWDN&M M’@QW@%@ tic
nut ati on I m)rplgii known, or, suspect edbteo be 20 assocl at 0% a
di sor dt rd%AgﬁgéXs : Emmg‘bcfﬁrimpbwgmnﬁc libraryahaybeprodeedi de’
adapter Fe] ants have, sequence honp| ogy to HAC) PAQC)
| anbda, §| asn q or@&?%‘a@%%ﬁ&w&@m@rmw rJT ANb
REDa/ ~ ) i ClTHY gehémicor i, this. section
,;-dﬁssx_i be a .number of ex e‘rg‘lr ment s V\-@mh de%ﬁ?ﬁﬁ?%ﬂ@! 13 oni ng
"~ and subiﬁygﬁa'@"%hﬁghbﬁ&%ﬁw-mredmmﬂ&nmmgﬁgggflgtygn'ep,bavent i on.
D ff t I ng_nethods arc shown. O particular note)
one ???an)@g EAsl%{f)'w@/si: ﬂ‘ﬁé&“‘s‘ﬁéﬁﬂ Iang PBﬂ*‘Yfgcq?ﬂes &R peiiselated and sequendedn any
2 30 anpy oxi mt ol Eo b Eple, SR ARAT iibhdlon Guizutabyihy ieasiitgih 04265
PCT] EPOSAlSHa ophinyariuaDThamer B/iad et T\gacB areDREIRENapittRizkd mgm US
St andar ¢, PCR reacti on candi ti ons re used to anplify |inear I"agnctat s.
The 1979’%‘@%’&@? Bﬂﬁﬁmﬂﬁéﬁmwﬂwmmmsws) t om
5 pACYCSWISBFRATA dckissh 0l | L0 t bi', a~n r :
reconbi nant to co-exist yg@eﬂ%%#t%ﬁ@ﬁ& °$ﬁati9§§??yncb Col E1
conpd®i SWISSPROT Ascessiari No. pmsmmf@mmngo (ﬁtifgéﬂiéi“%
resistaﬂ%vﬁ. o M i-gi p.was_anplified from pACYCI84. e
ol i gonucle #nﬁgé #; f#ewguﬁmwmmzéﬂiﬁ)ammhﬂx nmds) 10 and
18- 30 nyphmirivntemie tesmidorIel; | 0 YC pl asm ds, and at
the S cggs a 50gto 68 nucl oﬁgg gtr%&%ae&ﬁg mﬁﬂ'ﬁﬂﬁ%&&u?‘#’o t he
f1 anks e be screened dythybiidizntion wvith dncE, cbR Bt BN fBOkdINaR) he PCR
reacti k@gﬁg%&gg}}e@ar tt90d was 62C. PCR pcaducts s purified by
Usi ng 3‘9 B 2% thage describedybaye.aFor examipleisin the tiv fened he
t enpRmtfe BRipcka ipgad ' ' P roducts with Don I'. 15 Afkr
di gestion, 'PCR 3??56‘?%‘9@ t "«‘ﬁ‘?@%ﬁ%%ﬁ%ﬁ%ﬁ%%ﬁgmm Badod is dH=O
at 0.5 donditiohs arerpreferretli on of conpettnt allt El ectroporation conpetent -

cells were prepared by standard nmethods. Briefly, ZO0 overnight cultures
swere diluted 100 ¥jonesmbodiment, mmmmmww&afoaowags lFjpdrg CS. ~ colt
an

oo 3 HSARORA S R Sl s s o S0 )
R e
' ¢ solution and 5-20 X 10¢ cpm *?P-labeled probe
isused. Filters can be incubated in hybridization mixture for 18-20 hours at 55 °C, and then
washed twice for 30 minutes at 60°C in a solution containing 1X SSC and 0.1% SDS.
Filters are then blotted dry and exposed to X-ray film for autoradiography. Other conditions
of moderate stringency which may be used are well-known in the art. Washing of filters is

30 done at 37°C for 1 hour in a solution containing 2X SSC, 0.1% SDS. Subsequent isolation,
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at -5 Cfor 10 min. After 3 tinmes vrashingin ice-cold 10! gl yce'[‘OB_ EBB 2004
recentrifugation, IS the.cull pellet was suspended is a volune of "ice-cold
10! gl ycerol oqual to vohune of oclls. The conpetent)cells were dividod

into 50 pl‘@lﬂ&g%s in eppendorf tubes, swap roun i'm liquid nitrogem and-

.stor~od at acperinments wth the plasm ds pBAD-ETY Yoo '
I nvol vod~ transfornati on ofthese plasaaids into >. eo4 hosts Byogg\’%ndard

nmesas) foll owed by growh 30 overnight to saturation in LB nedium plus 0. 2!
gl ucose, SO ~~m anpicillin, the cultures -58 T C 9 FEB 200 ~. ,~ WO
QL/ 04288 PgTL PQO0/ 06533 were then diluted 100 fold into LB plus 50 Itg~m

anpi ciliin PR3 d chascterization bf donteontai ' .vaS then addtd to 0.1!0
o;mSaal COWW l|hﬁ ceihlEs C g?mﬁé%%(#@mg-"%. Uerdr e
chilling oa 1ce orq%gl e F@E&Wﬂdﬁs&aﬁlwﬂuﬁﬁu%&” 1 pl
(ea~i ni ng mem.ﬁmikmp& ar cantransformation, or

approxi mately 03 pg vector DNA or mare 0 ORel | s harboring the target)

oa approxi mately 0. \ltematively, the S, tphimueion paidtian for cells -

har bori 8g mm@%%%mﬂﬁh Q&tr%git cgle-fsg. girggl(;egép?g""-"’m m xture

was | O ~fcrrcd 1nto an 1ce-c | expregs the, RecRior ReoT iweAf o: aned

using a BiCHONAlbrarymaybe producee by jevers .2 ith fal se Controller set

at 200 ohgg.,: nedi um (1 m) E\Y/as adgeé n# %genr&é'%mrﬂgMByThe cells

wer e i aasbar B KROWa the art, such a3 these describedaboheir J%ﬁmﬁmﬁ on plates
er ge

cont ai ni (et ARl &l Oblrra)® iSRRI N9t 0 the sel ectable in the
vector. 15 6.2 Tablc 1%M2| ze. Jrﬁ(gﬁ(%’éf INA can boidentificd by PCRU t ar get

DNA r egi omh%mw@e@mg@mm ] pifen ur ces of RecFJT or
~Redal/ ~uoemse§%i£ﬂ: Tge.fi Eg‘tmcol um) ent i%ﬁ%%@gé.wa)-cf as to the
~ sour ce Of4!)aROC n'sor om they iy Wmmmnﬁfwwgosts 1C8679
or 1C9604baving the sumneScqiekié s thdd A Da~ ss indi cated. The

' %&‘#?sé ﬁiffé‘%ﬁﬁ“ [RENA a0 @ freverseli cat es t he

second c%_g}gﬁn{ indmthe ~ col

target g T Comp. 1) totits Skends MMW%WM in the ~
coli chr cobsdensd, Maussd! cgoggﬁ% L Dot call strain ) whi ch
expressi o t%]l; ReCFl'Tlalt? cons |%§F§&&I wydion, SucheDNAegednest cagi Ng t he
strat egy upesttoiiselate § upphimuriunt detisihid ¢ i e_desi gned and
e e S el il

5' - TTCC TCIGI A Bl P85 ARG Al TRACHPEHATAG

CTCGAGTTAATAAGATGANQIWW: Sexthinaiy acuzymnd evofte .
20( . . jeame s - D 01/ 042 G8Fgination of the |
5' - CAGCAAT Gl AR AR v syRthesized AAL COBRACE Kot hAA i
STaing 't0'Tecombinant and
-3 (SEQ I D NO Z
CTCGAGT iyttt hii St i T thbSe of skill S art(SNge.g)., Sambrook, supra and
Ausubel er al., supra.). | '
zo » ”ne )
Asdlscmsedbelomtbeabmwtoeomltbeexpressionofthcsaqmes
- ) such that expression canbetcgnlmble(e.g. inducible) and Mﬂll,tawidenngeof"
w:prcsaonlevelscanbeachievedisbcncﬁdaltothepafommccofﬂmmethodsoﬂhc
invention. : ' |

" The nucleic acid molecules can, for example, be maintained
2 i .
] atlnchr_oxmsomauy. e.g., on & plasmid, cosmid or g bacteriophage. Alternatively, the
nucleic-acid molecules can be integrated into the chromosome,

- e.g., E. coli chromosome,
utilizing, for example, phage transduction o transposition. Th
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to' anplify the pl SA origin of replication and Tn903 kanamycin ré‘sigsthEBt 2004
gne-pt~at is pACYC| ~'!. The results of this acpaioneat are su~annuri~ed -
is.the fiast nw of Table 1. 5 TABLE | ETF..coliTugetTotal'/. correctlO

a~prw onboat =saescol oni es~ (of |~FudogeaousJC86?9r~ecErr in E. oofi

. duormosone MO aBeEsEndogenousJC8s79l acZ is E. coli ehronpsoegd

~~$~us1C9604 .lacZ is E.coli chronosome -290I 00~F~pBAC]Cg{'H§@ﬁ?)éé§i rircis
hi gh copy pl asm d>3, 0001 ~pBAD- aBYHB 101l aeZ is E.coli

chronosone37094pBAD- aHYHS9961 rrtr~on3 of mMAF4 is BACL60%$3io0 In the second
expeJrinment, the lacZ gene resident is the E toll chronosount was subcl oncd

inthe E tapmhmm&bnbﬁ%ﬂ?megy ou{“%‘%hﬁﬁf” s constitutive.

TIti s~was e | i shed using tho st &ABgEOlrhe vect or

was_made biF | tﬁpwwl&deswbcm C{dﬁ%ﬁmﬂ

ACGGGAATTCTGATTA j ’ repddjtiomlivadeptagrnis 80 - 60 - -
9 FEB.20 Lthatmmdduﬁgﬁa&od?ﬁa'u &h&ﬁéﬁ@n
S - TCA AAACCTTATTTATCAGOCGEAAAA G A T GATGGTAGS

GATCCT' AATAAGATGATCTTCTTGAGATCQS (SEQ ID NO:4) to anplify the pl SA
origin of replicati g2 2"SROTEIN B¥ Y ER resi stance gene present in
gACYC177. . Results are Stauaart x e second row of Table 1.

experinreat, gene ngj fﬁ% .|ln t he. ~ coti cbro~osgtne ~ the ~a w~ |~z was

subcl oned in the ~ coll m mm;smmnlm RecFI f is

consti t ut |mMyh|M¢M,qu&W&l&| W inod iri Figure
0

2. The veenor }ﬁ. nmade, ¥ PCR usj ng ol i gonucl eot’ es 1 1 owi ng
.-a-ssquanﬁ RRAONAL BSOS

5' - TCA ec", A “%&;‘?‘A Lian f
GA ~AATAA%MM@@ &mwubmmf% 0
are summet 0. o i E TU s 1558, st Alamasivgie: | ot e

geat am ci Re@'ﬁmayberdambmﬁmﬁehww ﬁ’ts‘héé% (Gobco) wss
subcl oned d.he E. col%@ﬁ_ n JC5519 using the strateqgy H°B&t1iaad in
~guce 3 E‘?“?‘Ss"&%’n €&+ P %%Eﬁ JPBQM)WWWICFH aftsr

this pI aslﬂ” Géard TheR 6:442:447. diRitdds 18l ar ahi apsE i nduction
bef o~c~e prepargtion of conpetent ce%&a%wmiﬁv PCR usi ng

ol i gonucl: mpmwmﬁgﬂwmmlepwymmad

S- TGCACT T1694, b fay REEN G R ’?,‘;‘!., AACAATTOGTT CAA

GGATCC | TAATAAGATCATCITC TS ”F%‘E?P#Mrﬁewmzm

5' TGCATMIWMMW&KE % 1987, volume

CAf | AATT AGAAA cegﬁégxgm SEQI § 30 BT - ~=~ 9
2nd Edition, ColdSpnngHarboer,Nchod:,andAusubele:aI Current Protocols in

) Molecular Biology, Greene Publishing Associates and Wiley Interscience, New York, each
of which is incorporated herein by reference in its entirety). |
In onc embodiment, RecE/T and/or Reda/P is expressed in E. coli from a
hngh-copy plasmid such as & plasmid containing a ColE1-derived origin of replication,
examples of which are well known in the art (see Sambrook et al., 1989, supra; see also
Miller, 1992, A Short Course in Bacterial Genetics, Cold Spring Harbor Laboratory Press,

NY, and references therein), such as PUCI9 and its derivatives (Yamsch-Peuon etal, 1985
Gene 33:103-119).

With respect to regulatory controls which allow expression (¢ither regulated
or constitutive) at a range of different expression levels, a variety of such regulatory
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to anplify the pl SA origin of replication and Tn903 kaaanycin resi%t&r‘EEB 2004
gene present in pACYC 77) the PCR product was m xed with Baatlil digested
pFast BACl for cotraatforphtion and plating onto gam?m a plus I cananycin

. containi ngﬁgl ates. la the bfth exaenple, the lacZ gene rtsident is the E-
.col i chrontQ8M4Mks S subcloned in the ~ cbli strain HB 1Q% 5@0@&5{’#
strategy outlinod in Figure 2. Fxpx~on of RcdocJ~ was provi

pl esm d pBADa~Y after this plasm d had boea ttanso~d into HBI G, followed

by at abi nose i nduction before pr~arati oa of coaapeteat cells. The vect or

was made by PCR using oligonucleatides of the follow ng soquencx: |0

s"- TCAAC?%;@%TG h GTAACAACCCGT CGGATTCT CCGT GGGAACAA
éce%zAT @%@R&g@( salintie @t mﬁﬁﬁ%ﬁg‘é@t@mﬁxd‘: range of
GATCCI TAA%AAGAM%WW I@l}‘femoms dmbe@bclm pl SA

origin oﬂucbptpreﬁm@nbédcﬂﬁQQ&KWWaﬁ%algﬂp%ﬁgﬂgtpﬂ tﬁ{cﬁ)&%ow of

pACYCL177 sults of this experinment are sunmarise

Tabl e 1. e sixth experinment, a 25k6 region of as approxymately 150 kb
BAC clgne carrrng W4 ene was subcloned in the E. coli strain
HS996 usi ng.the s~ mgeﬂfcxymmmedbﬂned\b?y

provi dedutblizihg g ~thi s sm d_had been

transf or rred into | 3899b)@lpmﬁ°§%'a& @émbﬂb@ar ation
of corrpe Mﬁsgﬁmmmdwmmchﬂ uilizel oti des of
oL b %éfdﬁﬂu&blb,%gﬂ&ﬁ of

5 - ToTACUHEARIOBR %m:: ibed via the
,-~JCACCTQabOP GATCTTCTTGAGATCGITTTGG 3" (SEQ ID NO 11) ' and

BY- TGEGTGTCAA CACACGCAATACAGGT AGGGACT TGCACC

CCTAclitACCGAATT~C m%c 30 -62
' '?E gﬁ\ég 04288 PCTI EP0O/ 65§:nito anp |@3m§§9 %‘E"B‘F‘F@fn of

repI | cat s epressed on spolycistromic MRMNA froi s {C177. The PCR
product Uﬁ}xﬁﬁh‘ﬂe{&oﬂ &gggmg rifi e% éﬁ %\IA for oqotraosfGrmation.

Results of thi's acpal men? #ﬁﬁm or eqnstimtiveyProfershipthe | .

Al so; slespression isicontralled byan iy h{q&?; %g@l St aj ned ar ose, gel
depictin DI% di'gest ed 5 wi t hulg?g | sol at glg gﬂlﬂﬁ \%‘Fonl es

(I anes - SYRIEYSioR onh hoxbtained Eﬂhﬂﬂ@n bﬂnduciblﬁ'egllﬁﬁ of the.
st at iggg b@im%th sat i . In_the sevent h expal rr§J a region of
genom c cont ai gm M%mmlﬁdmmembest strain
MGD 3531!&%?1&&%@&!:]&%@91&@&0? O%%%d * ure 7. As depi ct ed

Eat i on,

I s panel DNA fingnmeat _containi

fl anked“ﬂ‘@gmﬁ Ggythaiaw}’tmgtﬂﬁo &cﬂcb? R bps

f1 nxi ng nt e anagi | I I | a resistance gen e yeast

I L T S S mwmmmseu on’ of

Rodal ~i utitized pLevelsdf dxphesst m# Q&@D@vY TET) foll quwed ar ab| aox
éél on beb5ore prt ar adon of conpeten Fgm"%}B?Bd’h’Qq’f

sm;xhs.t he 15 ~ anpicil > n resi stance gene has
bees repl aced by tctracyclin, resi stance gene. The clvaiag voctror was
made by PCR usi ng svﬁﬂ!eﬁmwmmmmwmmwmm

f,wwﬁm%mmww s< {Aeal), the TET system.
CTTGTA AGTTATCTACACGAQ . %&1%%%@@%@, the p, promoter

TAACJ;?%IQL}W%@E[JI 4 25 to ao~pl |%\l't9?15erf)ﬁn§ngﬁl gi n of
replication pra %C@ig%gerkgag%ﬁ %E@%@'WWS@:‘@W Ncol
. di gest ¢BeidBh e3&B; [578) mﬂm%&@ﬁ%&g%sﬁﬁm Sfor';’?‘;j;@ Gres JC5519.

cont ai ﬁlﬁ:@ Redacl ~| rxpressat from U n
cont ai amd(pﬁgﬂ rbroth at
37C. Oﬁj}gg _gsﬂ | dﬁﬁ’a‘F'BI ed by xlectioa for anpi cﬁélcl n reS| St aﬁ’c(‘ZSAEl ght een
col oni 42 *R2T &7h P s etal., 1982, J. Mol. Appl. Gen. 1:289-299), the T7 gene-

10 promoter, phoA (alkaline phosphatase), recA (Horii et al. 1980), and the tac promoter, a
30 tp-lac fusion promoter, which is indticible by tryptophan (Amann er al., 1983, Gene
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30 - 63 _ 9 FEB 2001 WD 01/04288 PCT/ EP00/ 06533 anal ysis. An oth cFEBJn?UU#
brom de stained gel of the ten which were correct are shown in Figure 7B."
The. exanpl e descri bed heréin ~I nst~es the—success of)the RaFJT and Rcdal ~i
honol ogous reconbi nati on cloning nethods using a wide vatitty of circular

t.argets 5wo omapgs hi gh copy phtsmd, to a | ow copy |arge LMBAC) to
the ~ coli chroauosont. 7. EFFECT OF VECTOR REPEATS AND 1 ATi ON ON

C1~OL~1NG EFFI Cl ENCY 10 The Exanple p~tod is this section describes the
optim zation of conditions for high-e~cierrcy of cloning and subcl oni a~
using RecFlf or Rodal ~i -nedi at ed honol ogous tabmbi narioa ("ET cloning' . la

particulary ur el ation of scqueace ~peats is the
vect or |nprov§zj§§)ggs} E‘*g‘i‘eﬁﬁ’%‘g’ “lw”gﬁg°‘!ﬁm°wml@ﬂlaenve of 5
phosphat esmtnuldtcdl&&ﬁ@faﬁém‘lh@ld%ﬂfﬁ&l #&ﬂf’[ ~effeCt oa the
| S c$ci ~cy of ET cloning. First, the e ect of on c on| n cy was

awni aed i seHe@ %PXWP@%JfImMﬂmMmdMWOHE | i nem vect or

he. cbi or ol aRe é@t@%&éﬁ@%t&%&%cm nedayei ien’requi ted

for PCR Sanfspiréssion,tand should bielused onlycwtien be@bxphestivh B/réduired g,eﬂ,g#,g |
flan>ced b the zo I arne to the =cali |ack gene and ter 5 repeat ed
~umeos of %%SME‘&F@G"‘ M'a)ﬂw%mlﬂarmihoseh extrenes of
t he |inear WI‘WOMM d C8679 .
(endogenon5| @rm ~CCi ent ; CI ark 39%;&&%&?@% %?B or JC5519
(Wlletts 96%’“@« beith?Pl.NwBMMIEMZBD) 239) expressing pBADReda! " ~

(hang et af) 1998) Elaﬁ l, 2 The nunber of 25 col onies
‘obtained va LB pl at€s ("\f\ﬁﬂg{%@’ %@mm% &PMNET subcl oni ng

ing tHe &narmammwmbm Prefefably, th lkhg%{i\,\% l.i near
vector I n the table in Figure 8. hesc re anal'yzed by
restricti cfﬁ‘ﬁ'd%’n %EH“G&M@WMMMM di vi di ng

t he nunbermaww&siat& h ni es

obt ai ned. Thus, the presence o %ﬁw{l ’%Q%ﬁﬂgpr%@g%m %9 . FEB 2004
~]2 f WO 01/ Stz afmcrer ] mm&ouuglrmmm&ibjymeﬂondealk}aﬂﬁe?#lapwml ng

ef frcicncye col oni es con n re-Jigate i near vector.
Tha ei ~' ect g'lf‘ phospﬁ%hﬁé&%ﬁo ﬂ‘ﬁf‘l‘%@&“‘ gﬁé"-b’?ﬁﬁ flys are

shown i¥§ mormmﬁmuepdmddﬂﬁﬁmlwwwgwggnm ted usi.ng
T4 DNA ki gase ang 5, ATngpb wn s, Fi gure %%mast col 3%2%5% e~ CCt oa

ET subcl o E. coli, or Reda/
teeombmase derived from phage 1, oraﬁmctwmlly equivalent RecE/T or Reda/p

recombinase system derived from Enterobacteriaceae or an Enterobacteriaceae phage,
wherein such systems can mediate recombination between regions of sequence homology.
20 Cells expressing RecE/T and/or Redo/B proteins may be made
'_ ) electrocompetent in advance and stored at -70°C.
Alternatively, the methods of the invention may be carried out in any other
cell type in which msion of RecE/T and/or Reda/p is possible. For example, a variety
. of host-yector systems may be utilized to express the protein-coding sequence. These
25 include but are not limited to meammalian cell systems infected with virus (e.g., vaccinia
virus, adenovirus, etc.); insect cell systems infected with virus (e.g., baculovirus);
microorganisms such as yeast containing yeast vectors, or bacteria transformed withi
bacteriophage, DNA, plasmid DNA, or cosmid DNA. The expression clements of vectors
vary in their strengths and specificities. Depending on the host-vector system utilized, any
30 one of a number of suitable transcription and translation clements may be used. In specific
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vV IED [UJ
Thi s Exanpl e denonstrates that the presence of rrpeated sequeaccs at the .. v

cads of the linear vector, or b<tvveen the honol ogy arm and the essenti al

el ements of the vector):d.e. the origin of repllcar\r)on and the xl ectable
marker, t~esults in t~econbination 10 which dramatically reduces ET* cl-ont ng
and - subcl IO QY088 ci eaci es. Thus, in a preferred enbodi rrepﬁ. Zo zi}gquence
of the honol ogy cl oni ng vector, dots not contain any direc 8 ted
sequence of five (5) or nore bases outside the scqucnxs that encode the
origin of replication arid. the xlectable marker. 15 8. ADDTI| ONAL EXAMPLES
OF R-CEl ' AND REDaf~3 CLONI 1~TG AND SUBGT. OWNf, L' The Exanpl es prcseated in

this sccti embsdiments, B FeeET ind/ heﬁ@) i nents whi ch denonstrate successf ul
cl oning and subcl oni ng approacﬁes ? E’fﬂ'ﬁ“%%ﬁfameﬁmmam ed

horol ogousWMwmmowrmam P Sfibddiidly YC" €1 nabove:
"an ET cow ﬁ%ggq rs to aay E. coli ceII capa e 0 éxpressr ng
RecEl R~ec of . comprising,a dormain ofthe ReckITiand/or Rejo/ ?ﬁmﬂ{g way's)
such as eidr@exprdssed, @ strain whi ch endogenously expresses |techl RecT or
Redacl Rgd(i or Z5 Ci) a strain in which RecEl RecT or Redoc/Rod~3-arc

express@d from as MM&&WWMM;@QB e descri bes
t he constbhkociw%% anl d- based expression vectorﬁggissg%ﬂ 1C9604
and 1C867 mwmwmmmmr ot her

vari at i onsomisiing sfifiptoptiate Wm ste y et .al 2000,
CGene 246: 321- 330 Yu et al rocméﬁ""ﬂ'ﬁ’%@ m 5983;

and 30 DafSequendss. Htmmh@smmmudeﬂnmr&ambmm m&.&g% - 65
.- 9 ~ FE / EPOQ/ 06 3Inthef|rst category .
f>r ai nzﬂh;/‘ge&been ux%ﬁ?ﬁ“ﬂ% Q’P"H% Expressiontof onclein dcitl sepémee
t dogefoesdoging aReel/T orRadd/f W(ﬁ?é%@g Llcn at a~, . 1981, J.
Bact eri ol o‘g‘x 1@%&3@?@%? | n a :r(riéddp 845'? Mupra)
backgroun mmmw t that
t hey can b@smddﬁ,@lu{e% ﬁl gﬂgﬁ@ ﬁq{ed t& 5rst i ntcndur?g‘i&gl asaai d
‘to make t%ralﬁ* ET-IF oni ng co n‘% ereofiaRecE&f orRecfi and
RecT are Protetn may §e caotpolled by RUEH&QIRhn procedure)
whi ch ea6gy &g&nt‘?g ris ndai (rdn’tdhbl i t rarroléecgﬁl ar reconﬁ‘rﬁg?ﬂ '
espocial Iy In W’E‘é‘c’ﬁ@* Mmmgmlmbmaﬁﬁohese JcC

st rai ni5 Hinitedto,{the)S40 3B p E@“ﬁ%&%ﬁﬂgﬁ'ﬁgﬁgﬂﬁg ﬁlgs gation hosts.
TheyIOﬁﬁg |nafullyact|ver ' c 8 %?ﬂm‘?rchby .
S‘f‘dﬁ?’?‘;ﬁﬁrm the:3'ddngiterinfmal of RERdRLhAR:
ﬁgrzgﬂrgw AL L 5 oy chor ce of whet elrat geuse ghost
3015 20159 B i

strain w tégleaggleg’dogﬁnods 0 P!pmterahfeﬁd-T or
Reda/ ~i roct Natl. ikeadi Sei. QXSANTS8: g r ﬁ%ﬁﬁ&p LI &, whi ch
-CIJIH it %?‘B’f cruci al

strategy il Saf en ar at | on of good corrp
15 i npor tn?;mcea'(13 ""Isji‘ pplantiekpresivii vedtoROt ent i al

': g%grﬁoﬁ%ﬁhﬁéﬁggﬁds to %ﬂ*ﬁm ?f(q?ﬁ&?é Eégef t -cl)-ya The
oweramasaip promoter (Gardner, et al,, 1981,

Nucl. Acids Res. 9:2871), and the promoter of the photosymheuc enzyme ribulose -
biphosphate carboxylase (Herrera-Estrella etal., 1984, Nature 310:115-120); promoter
elements from yeast or other fungi suchasthe Gal 4 promoter, the ADC (alcohol

25 dchydrogenase) promoter, PGK (phosphoglyceroy] kinase) promoter, alkaline phosphatase -
promoter, and the following animal transcriptional control regions, which exhibit tissue
specificity and have been utilized in transgemc animals: elastase I gene control region -
which is active in pancreatic acinar cells (Swm et al., 1984, Cell 38:639-646; Ornitz et al.,
1986, Cold Spring Harbor Symp. Quant, Biol. 50:399-409; MacDonald, 1987, Hepatology

30 7:425-515); insulin gene control region which is active in pancreatic beta cells (Hanahan,
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el ectraporation. Enpirically, the optional harvesting point of the(‘t@l FER 2001
ocxtus at an CODD of around 0.3S) especially when | arge DNA substrates are
targeted. If the cells bave reached Z0O an ODD of grgater thaw 0.5) they
shoul d not be used. The optimal induction tinme is ai ~ou~nd 1 hour.

_El ectr oporwO ono42ee2ds to be used, since ao other nethod of i ntroduction
has been found to work. Making good el cctroconpetent cel I%%P@@gﬁial to
obt ai ni ng ET reconbi nants. Dung the preparation of elccoroconpeteat cells,
all steps should be perforroed~ori ice and in prccool ed buckets and rotors.
El cctroconpeteat cells arc 25 concentrated to a high extent: fi~oma, 250 m
cul ture whiless, Nande31$934- = 8. 35 we routinely prepare no nore than
10 aliquots of 50 ~,1‘{q3¥ ?3@@@%&%#@%1%%5@"%@nsformtion
tfftci ency hmpheidesla(Geasschedl eratt, h9gahoat 386470658; ASERs P Mt éggc/'i)}gceﬁl ql y varies

around 109.¢d. A detailed protocol of how to prepar conpet ent
cells and %gﬁ%’gﬁﬁ fﬁ%‘végchOb@HeBibbﬁ:lmlm),mlﬂﬂﬂzniﬂyom http

ST V~i~, T WesidP VingCohtRil- : rnal | nfol stewart/index.htm. -66 .-
9 FEB 20#0 - ) - ‘\goygﬁ%?é’gsm%&qfﬁ%ﬁﬁg%‘%w, dendmetei®- aBY(tct))
shown i Fﬂgﬁ‘F &t @)\ Celb4fdfsr498), elturhin WiRn .hast. st ei n HS996
(Invi:!tog }nkhg bi%’zt t 0 r" out Trecgonlbl*ipénig?lon.%gﬂﬁ en:d S
based on ?e D i‘[@ﬂf t%@ﬁmlaf@rﬁ » 2lpha-feloratpin pelncrinto) regiod 77 : ‘

4121- 4130)whiéleil in ' l . oy ble 5
) o oe? (rufkufef 81,9980 4ot O BT 10T Rt dmneret ot 1 ve ovt 7

pBAD prprm%%ésgagd Redg_ gor' Rec' 'S ;

. é tﬁ‘.m-mdurpsmg &gﬁh 11¢ H . :
Eeiggg; elenham@érgk%h' oMy 'ﬁncy (i'(fr} Tai;r;dr?gaof gacﬁu%?p%éf‘ﬁ%:gﬁt%%?egoon
._;sgedi on plates). Finall yg' ] s'gg e?r 613 P?'?‘qubmmb;gbn_ t he RedY
protei Mo 'W‘“Q*'“*mﬂe‘m@ﬂwwﬂuin&g&xé@ﬁ&%ﬁy@@mch s

necessary i~0hi, bi he activity of the enz e & pst
comonl y ig&u&@‘ﬁ&? I ﬁ@cmmmmmohwmnwmwgy 1'73:

5808- 5821 oligodeddrétirie ¢ | \{,?g,ggi“ﬂﬁp o | et e Lnhibits ET-cloning)

pr obabl y ge%oguse |ts*%3gtr§°c ease ac .%ﬁy%ﬁ@@’%ﬂéﬂ:mmhm before it
gets a ch&%&%swmmsiaemmﬁw(ﬁm; (S@D398$, Wakise F142343L | © System

whi ch . cxpgesQih ET-cl oni ng pro5ciency upon. tnasfornmation of
the recipi eﬁnt hgé?&g(g’wé?% hammair, gege L preion; whiels isittivednthecssi on of . ReccE

, TS oﬂsmmmmwmj-me,s&mumﬁgﬁ_l#g?‘ bot h conponents of the
recBl T and redal p %sta to he co-expresse n order for reconbination

to' occur, the reco @/ vector|is wsed thait compirises aprarRbrer<0x | nduction:
time and d;hﬁbbqinhdtbiméﬁng st apl nent. Taken together with
the facts that recA hosts w ms-“ﬁdmf’iﬁ%@d‘)‘?&ﬁﬂw qdee hosts
will el sé”&m&%@fmb@@bq,Moﬁmemmsamm&ﬂ&gfé he expression

of 20 ReQniBiotidVesistioe hat the risk of unwanted I ntranol€tular
reonb'itisatilgn I S-grc y reduCGod. A further useful characteristic of

pBAD- 0 (tet) is t it cholenvectsr mstbeboniy idl y .when they are
nzt x| ec%o}l%r fj I ng,.cul turing. Thi sﬂﬁe%?%%gwgﬁ%éﬁégf%ﬁ%ﬂstitutive
‘expressi on 0 F%éd%g" nQ“?T%éFE'QI‘S #8 wpuldseasiily be gware ofithe comatibilftact or s, for
exanpl e réypirghantse@sarPlor Ramtidihg . ication . of pREKBAD-al ly requires
the R6K origin and the Pirr_-_ll i %‘?gjﬁgg{‘w%ﬁﬁ?s@°g‘f&)MM)@Gene 138)
1~ Thel’méPBAMBygmmmmmin@rdaﬁ@oﬁuaghvy@m%wg&t&l d firm
#pl P5t i OSH@%%ﬁg%%ePﬁ{IBerta% %’3&12& Ceael 18:145-~ €. pir-116 _
"~ replicon gene FXATPle Folls Spntaipipgmyltip raplicpas cap piitinelyibe scléctedfoc i@y | 2, and

t he t @8r meiptained by o veASR cORPi FJOERP] 22..Pir-116 i s a copy-up
mut ant which, all ows an 30 R6X gﬁ 5 E-c n é??ﬁﬁéﬁm prisation i n an -
coli slaf¥ Wﬁ%%@ﬁmmhmﬂeﬂwﬁbm;%ﬁ%&W&,l oi roazss
PCT/ EPOO#pRH33 cell. The pir-116 gent was PCR anplified fromthe E. coli

- strain B1~V3647 and ctoncd behind the IacZ pronoter.
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To generate pR6K/ BADI otBY, the R6K origin) pir-116 and ttt' were .= 9 FEB 2004
i ntroduced into pBAD-oeSY (Muyrecs et m 1999, Nucleic Acids R-arch) '
27:1555-'1857) S by ET rccoanbi natioa) t6atby replacipg the Col El origin and
the -anpicilli a resi stance gene ~B~Y P~~ PB~Y. Sinilarly, pR6KBADI ETY and:
.pR6KBAD/reW? {04388 ¢ gencratod. TlLe copy nunber of any R6 O(ﬁg%ed Pt assal d
was found to be approximately two braes higher is conpari s

respective Col EIl based p~ure~al plasmd. In a side-by side coanpari son

of pRSKI BADY acaY and pBAD-a8Y in a standard BAC subel oning 10" exercise, the
R6K based pl asmd was found to work nmore e~ciently (see Figure 9B). Thc R6K
replication syst 55 HOSEGELYS t hese pR6K pl asni ds does not contain any
significant seqncncei.b?ﬂ@t ol.ogy to other repdeation origins;, including pl5a

and Col El . Moreover e&eplomamedmdsefﬁo y ot her
PR yih i o1

replicati qpropugagiin bﬁﬂ{ tion rigins such a SA can
be ineludod is the I i near Vvec &P%‘ lf“&@%&l&ﬂ&ftﬂ@uﬂﬁn&a}

Subcl oni nd‘%ﬁ@fe#agle@fodac& Ok bnyf "‘“m&&%&@g?&%mcxﬁ%ﬂs %Aqasqus 3 ofthe AF-4
S .

gene pr§ vvn in Fi

transforr‘r@g&u FOB[‘H?%G? Gﬁwm&mumm b, Bl &r¥/ not gnsfor med
strai n waprokaryotic eukirybfic ni n 5pg|ral tetracyc In énd 1Z.5
pg/ M chlora h,enl coI The gr owm %%“%eé@“'v mboraose for 1

hour, aft ceI | s were

tife Ho'cen cs%
transf or fi w th_ the |inear vect or, . stai ned
the pl SAnglrdlég?&rit o¥ rcpl | b%gg?fgﬁﬁ”d’% cqli sell. c’fﬂam%méspceiﬁamtaﬂ
~- | act at natcap bt uied afd MO V609 aktl/ 1CS60k %&ggmgof 50 nucI eot| des whi ch
ar

%t;ﬁﬁ;.mﬁg e%ﬁ-%%natloppgéa:h&&tm&&dﬂmiﬁ&cé%twﬁ 50 pg/

|1 -14 Aéu t I"oni Y | ect ed
For onal 'y‘é‘.‘s ﬁ“@'ﬁ%‘#gﬂ%%’%% s mm&md Wi th
i~n,dll) TelAq M#K&R)@xmm ﬁﬂ-leithS'(@H)‘at heD‘L neg? \?E ned . o rem

Hi ndI I- ,g%gg IE_@FIE W onl cs and
20i WO Ol/ :ie used as uaa-~r kcrs as vveII as a 1 kb

DNA | adder (G bco Blih)altcrﬁmvﬁﬁﬁ. Eﬁ'{)ﬁ&ﬁa re,confirnmed by DNA sequenci ng.
P

ET dq Geaa cam al so il magy e used #s aibpstgell KA, . as

shown |SB%£%FMFNA mmmuamnww@eg ear vector .

~i st od o&ng:m%&p,&? kanapyci, n resi starnce gene (Kan), flanked
whi ¢ Irec reom ccilhbcas pracat on

PK hf”“'%%c%mv@m | atedf E.
e ~ co Iingmamo% uﬁ?%eﬂ?ﬁc 3 was |so e rom

enl | pcefdr3ahi hol es on Th reI i neui ud
geaom ¢ DNA wa le'm xg%mé?ﬁf"e@ gf vrmfuhformmeuﬁa@emem
t ndogas dnelude EHO; mgoeg?ggﬁéﬁge‘&s m@??ﬁ@ﬁg on. LB pI ates icing 50 pg/m

kaaanygi a, the des>sed cl one obasi nd lacZ gears) the

Col El “ori gi n and &wmhmmm@gm restriction

.a ;al ySi prétkin %ﬁ@d coam ned the correct F’gﬁ%’é% 1 ~. Lane
shows the I|near vect or Mymmmwmas a mar ker

"( Gi beo BRthodaa el nowata tiu (amsmm' PhBRbf T biissonn Lo o5 gure

fragt aeat was clbne
genoznl (l:v W%ﬁ% aﬁﬂi%mWNW&homﬁcﬁhgure 1?A,
:awhi ch obul dreact linkifed ¢ BRhRELSY de gb%&%, Fg e‘ggcl n ttsistance gene (nee) from

mousgsES, cel] genoni ¢ DNA .was Vines (.85 yaccinbvdeus,The | i near
vector BAIOYILIsceicyrinseptse mﬁbdmd}ﬁﬁhﬁﬂns% 09#:{; t he chl or anpheni col
vvere the

resi st ageR o8¢ @m ! ggkgd two ai ms whi c
Tnf - aeo gcae: &‘;1 era VFFB%§ %IW@M&@WWDN@anCCH ng a

. i ~gnplasmid INA) oricosagid DN A, nkd of the PGK promoter plus a
poly. 4 §%§m39§n§mc DNA wasmg‘rﬁepar géu AR SN grealsg discuased i oni es) and

h vm th an S by phcaol /chl orof orm extraction) creating |inear
fi~gateau of about 20-40 kb. ET cloning was performed by coel ectroporating
t he é g near vector and. the sheared genom c DNA into YZ2000, a JC8679
deriVative (Cark) ss<pra) in which the rcstrictioa systan, which degrades
foreign nethylatad DNA, is partially inpairrd by deletion of the rncr~l,
ncr B~ hsdRMS and nrrr gents. Because ovctacpression of RecT 30 greatly
enhances the overall ET~reconbi natiqn efficiency, YZ2000 was transforned
with



- 69 .~ rtti ~u~ WD 01/04288 Pt: T/ EPOO/ 06533 the pRf KJBADI recfr."';ﬂ ffrﬂ 3004
YZ2000 cell's carrying pR6KBADJrccT, which wet~e inducod with L-ar abi nose
for”1 hour prior to 6arvutitlg) w-a~e ~fozm-i by elgctroporation with 0.5
trg linéar vector and 5.0 pg sheared ES cel|l geaonit DNA. An average of

25- 35 col woilamszgsr e obtai acd on LH pl ates containing 50 p ~

“chl oranp) uai col . By roa~g these col onies on plates coinin %Nﬂ@ﬁf?

kanamyan, 6 out of 30 ool anies testod weK found to grow by assayi ng Tn3-ncv
exprasio~n. In F ~gore 12, panel B) restriction analysis of kmanycia

rai staa~ col oni es denonstrated that all6 ool oaies Lesoed were fand to be

oortect (Ianesga- mcuon pattern of a false positive) which grew
is the pc~senc (3? icol bust tiled to grow mthe pe~cuace 10 of
ksoanyci a, is shoar Fhé targefD, °’&'H§ %ﬁé‘?ﬁ ves, 00~iaod the
religatod val or. An cwl mart shovm ng X C aton M Itﬁ Ylg and

cl oni ng i Soublgstsanded mmﬁ&mmwemmﬁﬁmﬁmgﬁ.hﬁ Col El

h I f
Lho | ¥ neanSpaiadehidin Wi 83008 10h 325 Jobcorciof Kb migpah. o m&s “rhe
Honol og$ WWMWW iGd’ﬁloHsQ? g_,\‘%g% cndl cat od by

the snal | er boxes in Figure 13) are hom)l ogous 't target DNA.'

’;he Isecon | WQfMBHA&&eb?hMMmmhm%M&I .

onol ogou - nes. present. on e = I chronmobsone ai e

first subglic‘)% % ?@%)%&H m@?ﬂ’%"{l Wﬂlﬁ?‘&?&hm.

| i aeari zedotlimuted te, a plaseid, erlzﬁetp cbfﬂaxﬂo&h&f | I‘D%ghy% f t
rsgnmen

JC8679a1an. Th| s ZO re gﬁd in the subclonin
Ecl udi ng™THE OB 4By sayme é inclyding; but not imitedto NN&Q@WM&e,r vect or,

’ t ht r ebM00sroRueBadtdH] &5t rvp.a ~oubi nafioa step, S new
| i near vector was used, |ch tﬁg&gh Q%EW Z'lﬂ e tree
f1 anked wdmm@mmmxbsb@m&mwaﬂowﬁam ﬂ&&ﬁ)ma c Acids

R~s~r ch, .as. ta nal whj ch wer e honol ogous -to the
~t DNA 2S pre eﬁﬁéﬁ‘%@% '|Qf€'&‘lr;§'(/@cw@‘%°@&électrnporsted

W th pYZNleganf)pliant exc.t The DNA a9 b 6btintd 6 J‘,giég Gom it Bt | ng is the
forrmati on of EY%NJ%PRI Cm_Fromthis pI ssm the cat-contal ni hg ~
fragment ¢feafifefamtropkes aly 1989, Molaaiar Sloning, i LaboratorpMamady@dBeg Cold O

tact-1 84 236athey PRSt h xd to
t ar get thﬂgf{)‘?ggom otfm"t he @go#mﬂg%%gﬁ%? |‘3§‘§€’§D&Aark | 969,
J Bact cr i GpyingA Preticab Approgch, MRL Press, 1td.;- O0rdeE Viold, fRgcT from pBADRecFl ' f

(Zhang et al., 1998, -70 - 9 FEB 200 WO 01l 04288 PCT/ EP00/ 06533 Nat ure
Genetics 20: | 23- 128). After ET reconbination and selection for growth in

the presdéie mmmwwzoou Cm strain was gener at ed.
Del etion of cat, fo_genrra Z one by usmgthe 706-Cre pl asmid)
which is iden Saaili i ELIS es the tetracyclin
resi stance geese ( lcol 5 resisnnce gene) as
'dﬁsal bvd (Buchhol z 1 anﬁ&(ﬂttel c ﬁ%mm Yz. 2001
-t hus carr‘beéﬂzﬂm IM&“WWM&M&O&%&@W& Fugytated
| ao~P si hr onpso YZ2001), Cm al | ows heat inducible
acpr essi oamioa*h %&8 %E’F&d&‘&@ﬁfb‘%ﬂﬁ”ﬂw ted to electroperation of cells,y ET
pr of i Ci e pieparingiortipkret CellS WitPCiERBr faBidHSEehibrie OGRS ut

" R ERCARER SRR | e

;-.-conservats or..to perform HAC nodi fications b exanp
exanmpl es B%% w@e@da@mm@e&mmm,mmdmwmmf ul closing

and sUBaC itk ﬁgﬁﬁﬁg&%!éﬁﬂ al &~ meﬁl at!eﬂ honml ngus reconbl nati on.
The. |nxeat|on descr clra §@ T pitaien ¢ fi'w{‘i

scope: by viral packaging. In a preferred cmbodlmcnt, clectroporation is used. Cells containing
RecE/T or Reda/B proteins are treated to make them competent for electroporation by
standard methods (sce Ausubel ef al., Current Protocols in Molecular Biology, Greene
Publishing Associates and Wiley Interscience, New York). Preferably, about 50 l of a
30 standard preparation of electro-competent cells is used for electroporation by standard
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15 the specific enbodimcuts herein disclosed since these embodi ments GFER 20p!
intended as illustration,of several aspeMs of the invention. Any equival ent
enbodi ments arc intended_ to be within the scope of {)n s invention | ndeed,
vari-ous modifications of the invention in addition to those shovi~a=-and "
~descri bed WeOHD4288i | | becone apparcat to those skilled inpgpg P?d/?6; Jomthe
foregoi ng desai ptioa. Such nodifications are also intended to F W t hin

the ZO scope of the clainms. Iluvughout this application various rrfereaces
are cited, the conbcuts of each of which is hereby incorporated by

reference into the presait applic~ttioa isits entirety for all purposes.

ZS 30 - 71 procedufés. FiRBxpdidbnt 0 -
i ntroduci ng a doubl o-strandod ta@e%§ﬂ§%%@ggk§ggﬁ)r%§jﬁ??%‘%gbéul turing
a bacteri a»zm¢mpﬁmummusm¢~mmmmmmwommct eri al

Cor m nus. Ao droisit Sl e&g%ﬁgﬁés'” PRty wed cBexsio DNA

conpr i si ngransforthdtion &xpelifishtIhODNAE ¢ piida i) a fast
doublegtr nded- hono| og at?'nn (||) an or|g|n oﬁreﬁw (i) a .
second G&‘Emm%‘ﬁﬂ' ly-dileedin culhue mediemand inevlsatedfor an vect or  DNA

Sotuence ApPoxd WWW?W?&#&W o0 cquence of

a vector M&aphhmhxbhhmgemmhh%qgwgm%gned to be honol ogous
to the sequence of ,the target strand of the second term nus, such that .
Iﬂmwgﬁ texmﬁ;r

the target DNA is i remhnmm@ndmlemm ogy arms.

2. A net holavage of W& v&tbr; ant H}l@ nol ecul e, said
.ngt hod congrf% ng: a) iNntro uc) ng a ast a m& (ﬂ%
ubl e18t MWMOQMSSRMSMM&IMW@ doubl e- st randed

t ar get cterial tecq~nbi nasa,  said vector conprising
an orlgPr[\lléo repﬁaca?‘?igh&g%ﬁg{’ Hmﬂﬂéj’ﬂ Partiony,er dusing ew} SWtNTg tor der

from5' tideftifyahecselectable thafkier. St vect or DNA strand: a first honology arm one
strand of the origip of x&gllcatlo and. a second honology arm . said

target DNA conpri si Mmtqmnﬁbpm:mthendMe

fol | ow NQare t@lBired dn'phdtes3ha t.rand: . a first term nus,
t he taiget DNA soquoace and sexon ﬁﬁﬁlg&%ﬂ?ﬁ’%m‘f l:‘é‘étlfl.lence of
the fil3tresistansicolopi m&mmmuwamwmmmdmwmt he

sequence ﬁh‘gﬂﬁg term nus on said target DNA strand, and the sequence
of the secon ogy armon said vector DNA strand |s honol ogous to the

sequence of the sehmndthhﬁmmoamenq N is@ehivebdShto gmﬁ%:ﬁgu
subj ectin ‘%JHK ce to cond Jons that allow intracellul onol ogous
r econbi na % igtoraphageparticls. PQOIJ-MMMM A

nmst hod f gedls & GWIGR 'R ‘%"&F ule, said a)

i ni F e?jriltg’:jt a fﬁg andmaea?stggbngﬁg&g % %ﬁ%@ and f ast
and s faomesapMadisen; Mlied adapter oligoriucleotides into a call, said cell
cqnt ai ning a doubl e-stranded target DNA and expressing a bacteri aI

raconbi nase, said vector conprising an origin of replication and two

doubl e- stranded honol ogy ar s, inthe followng order fromS to 3" along
said first vegﬁ&r D) l..a first homology arm the origin of
replication R e '”':'-: by arm sai d target DNA corrprl sing ~

ardrs P??hseguet”%@“g?%‘ﬁ‘é&‘*?a‘?gﬁﬁ% Bk B ey efecdfiopie s L sal

DNA st paqdcxecoramuenmunmuhommmmmmbﬁmmamm&sﬁagagmi sing a
first ol i si in the foll owi ng order, from
3 to 5 hgw&%%g@%%%ﬁ@ﬁ %E@EM%@WM% Hequence,

vvher ei n gadlebtided, $5 mRledtieR! 20ue I]&Q%:%k%&’#ﬁé, | eoti de
sequence of thteﬂ;fl rst hga'nol o] &gfr“mg?p?%slfgll& Vect or s‘éran!fn%é’nﬁ said

" second nHe9:AR0imyeleatides, %Mmmmmmbﬂmmebﬁudnbe nucl eot i de
sequence :Eglﬁtc n said target bNA strand; said sGCOnd

ol i gonuc?@%‘t’ glorrpr |léﬁldél§q§t&g@hnd ol i gonucl eoti de st rand conprising, is
the 30l owing ordar) froth 3' to 5, a third nucleotidt sequence and a
fourth nucl eoti de sequence, -, ~i hopr~~,said third nucl eoti de sequence is
honol ogous to the nucl col i dc. s~ue~ice of the. second honol ogy arrn on said
vector DNA strand and said fourth nugéeotide sequence is designed to be
honol ogous to the nucl eotide sequence of the second term nus on said target
DNA strand; and b) subjecting the coil to conditions that allow )
intracellular honol ogous reconbination to occur) 4. A method for making a
cell contaitiiri~ a tecoinbinant DNA nol ecul e, said nethod conprising: -a)
|ntrodu0| ng a fi rst and a second strand of a doubl e- stranded target DNA
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such that the sequence of the first honol ogy armon said vector DNA str"atnaluul'
is designed to be honnol ogous to the sequence of the first tam nua on-said
first target DNA strand, and the sequence of the sec)ond honol ogy arm on

said vector DNA strand i s desi gned to ba ~toidol ogous ~to the sequence of
~the secondVOd1/nd288is on said target DNA strand; and b) sub ﬁ#@tﬁ(ﬁ%he cell

to eottditions that allow intracellular honol ogous reconbi ¥ occur.

5. A nethod for naking a cell containing a raconbi nant DNA nol ecul e, said

met hod conprising: a) introducing a first and a second strand of a

doubl e-stranded target DNA nolcxule and a first and second doubl o-strandcd

ol i gonucl eoti de int id.cel |, contajining a vector and xpreasing a
oy et o Frphed S ing g it o gk

bacterial reconbi nase;” sal ca8Bquence and

two tanni n(egtmndhﬂpﬁmbhmﬁﬂeéﬂedﬂhyoﬁiﬂ gdtmm?sw@,gg §4hfid i rst target

a second term nus;

DNA strand fir rmnus, a tar get scqu~
sai d vect ofy@lfﬂﬁ?fsﬁ“ﬁﬁ aﬁ‘&ﬁ"fs mnbsabumd&nmmnbemhegy arms, in

the follo leps ' t03 along a vector DNA strand: a first
honol.ogy, arm the origin of replication and a second horml ogy anm said
first doubl e-st randédohgo@dmmmddﬁamlwwlﬁcédl, cleotide

Dl VA stra PN in the follQw rag.:or~er ta first
nucl eot i dre]'qg%g’m‘é’ ﬁ? &mmwmmmma wd first
nucl eot i deuss ofiktfitnaked DAY ARESYS ( %rtu;, gabhde seguence Df the first
honol ogy arm on_said vector DNA stran a%%?@?ﬁﬁd

sequence d%mbgﬁémmbmmmmmw bﬁﬂ&ﬁd&k@ﬁﬁﬁb&f the first

t erm nus d e douhl e- st randed
--o\i gonucl cot i cgﬁprl si ng a s ﬂld(lgﬂ S’&éﬂéﬂgﬁgﬁ}lé 663208%d conprising, in
tHe .fol9 M)dpbgmchmmoﬁdcstcen& tb? Méﬂﬁ ence and a
fourth nuclsotr de seg epnce, ,wherein said third nucleotide sglg%ence i's

honol ogoud® ¢ b gﬁﬁMHdéﬂ%&st&ﬁmﬁamwmaan on said

vect or DNA strand aﬁg, a%ﬂ%%h‘i"%ﬁ! e _se esi gned to be ~
rtti ~uud4 75 honol ogous to the nucleotty ?% H@gﬁ{}'ﬁ%ﬁkl’ dha&ter ni nus
on said t &Ydnodifieati m&m\)ntlshwgtouﬁﬁcdﬁﬁnﬂﬁ}d Gﬂﬁrir%gh&{]ds t hat

all ow i Nt (R &ﬂ‘%’f#a?%ﬁ ous re oer natjion to occur. f or
mal t i nggs cell conta 58 ﬁwm beomeuracil, ret hod
i

cot npri |5ghlom)nacd,t$rmdowacug: fatuaﬁe ttd of a
opobintie, Aitid, BSEM il

of a doubl e-stranded

doubl sstr d d vect or d.a first and a sec
t ar get 7’?‘? %E’é‘V %YB ?@Wb%bm@b%mﬁﬁm,sard

doubl o- st 5-esbemety mmﬁm[ | i cat i on and two honol ogy
arms, in t?ﬁof ol | owi_.ng or der fromg&)é :hg‘“a‘aﬂﬁ{?‘@ G“W%mMW DNA
strand: methortgwm d)-rmeg:yﬂnﬁsinerzw.la@ a second

honol ogy 4 aﬁﬂ - tra ar et conpri si target DNA

sequence gﬁﬁ?’ha m ni &f'%“? %ngng%?dbrwmw enir®, al ong sai d

frrst & mhmqmmyhnﬁndhﬁhylﬂcm SitheshoRyabihdif W&wgﬁ and a
To

cond t m nus;:, such tgsjat fife nucl eoti de sequence “of nol ogy
m on sa 67 mwm&wmm,gp tdthiyhthiol)es-

nucI eot i %WM (g)z nu on sa| d tar &% DNA strand) and

t he nucl eoti de sequence of the secon

strand i S-Bedylg umﬂ.ﬂdhw@mmmxmh yiaraeiE Jgﬁﬂﬁ%&?{]d tenar nus
%lqt% condi t i

“on said tgy tg and; .and ubj ecting the cell ons t hat
al l ow i nt ra I | Ul a!r:ﬁ W"B@%ﬁ%"&fa‘nﬂtﬂ&@e pracih, JoGeamino-3-N-2-A net hod f or
meki ngSa ce:bbkypmt)mﬂ,r@dﬁ,Wt DNA nol ecul e, said nethod

conprising: a) int ucin a first and a second: strand of a :
doubl e- st randed v igonygleptid emmmmwnewoam%o hele randed

t ar get [ eco bl o- st randed adapt ar
~oli gonu%ﬁﬂé}i%ﬂ#ﬁ?@gﬁﬁoﬁl%&ﬁp@“ g‘ﬁ pys reeembingtiona Sechsai d

vect or coodificgtiongnayrineiud sGiot liiited gﬁgq" ed hom)lo
ants) in flhe fo?ljgf)‘m n S%wa"?om 5' tsg{p}?& a aﬂ’g‘uﬁl (r%“f&@'e »
st rand: t?P@gE}P ramidate; p p omdlamdpi | £ fiethytphosshonats nd

honol Ggyamy osphom‘&t&Eﬁd %ﬂ%%gﬁ DNA :orrprr si.ng a targgf DNA

sequence and two double-stran 1n the followi ng order, from3'
to 5 along a target DNA strand: a flrst ternlnus t he target DNA sequence,
and a second term nus; said first olj,gonucl eotide conprising a first

ol i gonucl eoti de DNA strand conprisinﬁ% in the following order) from3' to
5': a first nucleotide sequence and a second nucl eoti do sequence, wherein
said first nucl eoti de sequence i s honol ogous to the nucl eotide sequence of
the first honol ogy armon said vector DNA strand, and said second
nucIeotlde ‘sequence deslgned to be honDIogous to the sequence. of the f|rst

1A o, P g o




11. The method of claim 7 wheroin the tell ‘further contains a nucI%bﬂlﬁEB ZUM
sequence encodi ng a site-~specific endonuol ease operatively Iinked"
to'-a"prainotor, and the véctor further conprises a ngognition site for the
site-specific endonucl ease |ocated inside the first and second honol-ogy *
.arnms; and ‘ﬁgroll’ﬂﬁsbr after step b), inducing expression of Pk'?ﬁapﬁ é}ﬁgafpec' fic
endonueleaae 12. The nmethod of any one of Clains 2-11 wherein # e \vector
further conprises a selectable marker | ocated outside the first and second
honol ogy arns, such that the vector conprises, in either of the follow ng
two orders fromb5' to 3" along a vector DNA strand: i) the first honol ogy

ann, the sel ectSdd em;kl_ﬂmlm?i n of replication and the second
hom)logy arm or ii) the first homology arm) the origin ofreplication, the
sel ectabl e marker) M Yrerrase clapinreacsion (RER) inoptionay udéikin batinketidn WithCl ai M | 2
wher ei n t hile inQbiftioh @n® ﬁ‘ﬂﬁﬂ’ﬁ anti biotjc res| stance to the cell

cont ai ning the vect or. 14 &ﬁ &}o& W tissye sample;a gepomicer ei n t he

bact eri al ¥&ENAJibme Qligomsiepride meﬂaﬁ&ése&jgeﬁm;w“o&g ecE/ T and
Redal i 35rm Sgg#%ty;h thad f any one of al s D‘iﬁg\‘}\ﬁer ein the

cell is a‘bacteria cycler (efg., FomiPerkin- 1. 1

wher ei n tm)md&ﬂhﬁmﬁﬂlépd}ﬁh&ug t hod cof any
one of C ﬁlemS 11, ~rhercin the cull |s aveukaréz).‘tlm"‘cﬁfl PHEM
Blatede beamplified

r econbi na way inchide b is a6OkRIEPH cDNATEt hod for

18P mRNA,
meking a beganRi &%nygdlg [i t he pethod of . any one of
Clains 2-11 Wmchfurt er o%@gmfiﬁ&’ powvelmowis'the am| ecul e

t hat conpfses €., UsS Patentgiss. 4683,2000146830195 uusemduf r@u

19. A
- doubl eqgt r di rect ed ng or subgésgm ng of a
t zr get 0 wmca% §$fp$t@%§s{#2's7§ & Oghmener alo P88, Genetica120) 62 p629; 0
repli catlbohandmmmlzagmmrmg). in the following order from5' to 3
al ong a vector DNA strand: a first honmology arm the origin of replication
and~a second honol ggy arm such that the nucl eotide sequence of the first
honol ogy :~ 9 FEB 2004 ~a arman a first vector DNA strand is honol ogous
to the sequence of t he flrst termnus on a flrst target DNA strand, and the
nucl eot i YT ODS AGNG APPLICATION®N the first -vector DNA :
strandi§ s honol ogous to the nucI eoti de sequence of the second term nus on

the first target mmmottheﬁuiﬂﬁveﬁﬁsﬁ waé%" aroin the origin
of repli &g' i S a. bact.erl origin, of repli cat| on tctor of
daimi19 wWiereina "ﬁleﬁ!"“% deﬂmmmmwmm 22. The

vect or olhe(ﬁtsaﬁeei:ﬂa NAWW nér;lﬁ nctions in a
manmal | an ca 3 A ceI | _conpri slmr?g é’f %F (LSi‘ Efctor usef ul
for di regm i:r‘glommamdlmgsm@%mm prdib €1 st ,

sai d vecm@ﬁgwﬁbﬁw}mm& |icagion.and two honol ogy acne, in
tbo f @bl ‘%‘ ng or der from5’ %ﬂaf{[‘%g QP“% with a virals t

honol ogy mmma&hwﬁymﬁ%&ngpﬁﬁﬁ&“&m arm such
DA st ?Z%‘?“?s d‘%ﬁﬁﬁ“ﬁaiﬁ? B4 e com st e dodens ot o o s
on a fi riyognose, diagndsd/r alonitdt daritis Gnfbdidng) kb %@‘%sd‘?‘%?%&f? ; the sECOnd -

honol ogous to

honol ogy, n first vector DNA stran
t he nucl eo¥:|i9&§“§é‘3ﬁ’eﬂ€§°ﬁ° m é-mhmaemvamthmdxidt&%mkﬂrget DNA

*strand. ddéleotideolyaotphitin (SNP) n%ﬂ? a bacterial cell. 25. A |dt
usoi ~25fﬁ irected clonl ng g‘rdgsu {Hg“w ©PUmgses amdescribed inl e

conpri si OWr nore containers: a) at doubl e-stranded DNA

vector. useful for directed cloning or subcioliirig of a target DNA nol ecul e

of interest; said vector conprising an origin of ~rep~lication and two
honol ogy ar n§.4.1| mmﬁmiL,U omb5" to 3 along a vector DNA

. strand: a trSt hoﬁg a the origin of replication and a second

honol ogy arm suc Hé%df@hmtl Aeseribodcheesinzbové cirbe dskd BldeRg0! 0gy arm

on a fi foreigh DNAD suchie'a $irdl BF pned to honol ogous to the sequence
of aFirst termnus on a f| rst tar gétgs' %&HW‘PHWM&M de

sequencﬂwm@&ﬁnm&mlm ot bl strand is

desi gned to be honol ogous to the nucl gotl déhggﬁ%éséggﬁ% %nd term nus
on the first target DNA strand; and,p) a cell containing a bacteri al

reconbi nase. 26. The Itit of %M 25 wherein the honol ogy arns have
sequence honology to a BAC) PAC, |anbda, plasm d or YAC based cl oning
vector. 7. The kit of Claim25 wherein the first and second doubl e-stranded
ol i gonucl coti de have nucl eoti de sequence honol ogy to a BAC, PAC, | anbda,

pl asm d or YAC based cloning vector. 28. A kit useful for directed cloning
or subcI on| ng of a target DNA rml ecuI e corrprl s| ng |n one or nore
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31. A kit useful for directed cloning or subcloning of a target [?Vg FEB 2004
nol ecul e conprising in one or nore containers: - 9 FEB 2~ so

doubl e- stranded DNA vector useful for directed cIot;)ng and subclonlhg of a
t arget. DNA nDIecuIe of rnterest, said vector conprising an origin of
replicati qgod 'Bh&o honol ogy arns, in the followi ng order from5' to 3
“along a vector strand; a first honology arm the or i giRCTAHPOV/RSES cat i on
and a second honology arm b) a first doubl e-stranded adapter

ol i gonucl cotidc conprising a first ollgonucleotldc DNA strand conpri sing)
inthe followng order, from3'" to 5 : a first nucleotide sequence and a
second nucl eoti de e~quance, wherein sald first nucl eotide sequence is

honol ogous infection by the pathogenche theqresemeof @ Hiskdse of dis6idel 2RNiNEbyaLd freicesai d
vect or f@:emgé ang sai d _second nucl eot| de seBNence (S deS| gned to be
honol ogous E’éﬁ‘f’ meaﬂﬂsst & prepazedget  DNA

st rand; an(ﬁ-oﬁ,)th@pggm cot.idc. conpri si ng
a second ol | gonucl eot | dae at canaﬁg Bgﬁm ng, &?g% dnfd ) fiom 3
to S: at mowmduwdesqquehomobgyimfomigﬁhxgwﬁmhﬂh&d&ﬂﬁuaw)

oyucnce® P plEL CheRPR BN ek e iodoied i By cotstasesel Bt Eraremena

fourth seqbeseial reconfbimkaidthit eoEndBHEVEASIIN, gyu;ﬁ ﬁﬁeh‘:ﬂw@.@%me of
a second term nus -on said target DNA strand. AB e kit o al 28)
or 31 wher 8cton Hd, absye. \Inenaltcrative embpdiment, Qcaptﬁ'dlmohudeuuﬂmwn 28 or 31

Second dolfpattotEAkhE s P‘%%ﬁ%o holRE 13 0 YBRGF feciencd W'C‘“T?f’)TﬁEdk?[‘e
'g;c?e?: o iral mlog’r)h:l.?hhs rot ozogﬁ;%NA 35dThe kit of d&:?al ns 25, 28,
or 31 wﬁé %Yﬂi’? e%%@? esean b isadeithertoportomsfect; tagesher withor

pol ymor phi el PRA QAR fid

di sease. 36.. The kit of aﬁsﬁgltn%d §a| ms g%%n%ﬁ%ﬂ%%l

r econbi nas@%quwmmmhﬁmbdm@mmnb@tmm%aqﬂemw ~

r econbi NasEs of y 0 wherein the target
DNA is Ial own or SM%@Q& &Faﬁs T"ﬁmazsd‘lél?i"ﬂé!’ desfls ek ease when
geneti cal I@Wﬁt&dm&@m&%ﬂ@ﬁe&h@&mﬂ%ﬁ@ﬁpﬁ&n@ﬁ&ﬁ”e of O ains

2-11 whgeln the t et bNA |s a bacterlal viral, parasite, or protozoan
DNA. 39.7 The net hod @%M@Mhﬁdwmmrlses

det ect i N sacH Bt Rbt HRdHed bede @FW ”@Elh ;sgﬁ ; i nserted
into the vector. 40. The net hod al s g ’ Wqurther

conpri ses el qbtined from biepsy mipimtentissorulivo eﬂulmedlh,adrubmbmlogsaassahbltst ar get

DI VA i nser, thod of dete resence of an
i nfecti ougﬁ%%émws %Qﬁ%ﬁ&g&ﬁW%J# i“c SPUrSper ej n
t he targemmunmmmmfmnmmemsee,rug se&peﬁme&stﬁ%tm%n ect i ous
di seasgg ﬂ t sequa~ es of the fast and second honol ogy arns a

u

nol o ye paRuals, 19§71 994 Custent Protacolse 19MA997 Iogent . 42. A
thod of wiy ,g% f: presence of an infectious agent conprising carrying
out the rrethod of Cl'aim 40, wherein the target DNA is derived froma

pat i ent suspect ed éhmmm.ﬂmumphswmkmdmdoﬂwoﬁ@maﬁaand

fourth nug om)l 0 ous tQ s ences present in DNA of
:t he inf ectl ous agenﬁj&% &%Illlgﬁl § segyensehreiolpgpesdo

i nfecti ouDNagstmcncs oflkntwn viral DN, e'ﬂic&netwditcﬂi e usddUd YeiRet aRd isQIRE Yihi' ©-

A et hgg ﬁ{ &ectl ng the presence of a genetiic condition,
geneti ¢>d QNﬁlwddewaDUAxpﬁrcpmmedmafmmpmmm

carrying gufs the method of Caim39) wherein the target .DNA is deri ved
froma patient suspected of having a genc~tid dondi ai dn, disease; ~' ~- ~

V't v o~ ~ ~ ww di insmtembodimennfor b@NAagchomEQgrkpﬁ‘caﬁ%ﬁﬁ’fﬁmgs the
“first honp é@g al zi ui ~ oru nl d ous~t orlli~e =;: ~y~ , . Sequence

upstream ¥ ViTyses way Mymeummmwwm h -"tlie

genetic CriblégoREto viral HaLe fa't and

t he sequence of the sesg%nd horm gy arm I suﬂ(&“dl?%g 'Bg"ggﬂ

downst @ademLﬁpwwmbcpmhosadm&psehmdwﬁubmaﬁsﬁe ovitug)i th the genetl c
condition, disease, disorder, or polynor~hic trait. 45. A net hod of
detecting the presence, of a genetic condition) genetlc di sease, genetic

di sorder) or polynorphic trait conpriggng carrying out the nethod vf. Cdaim
40, wherein the target DNA is derived .froma patient suspected of having
the genetic condition, genetic disease, genetic disorder, or polynorphic
trait, and the sequence of the first doubl e-stranded oligonuel eotidc is
tK)IICJCBouS to the sequence upstreant fronta s|te knomn or suspected to be
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50. . The kit of claim~28 ~ or:31~ wherein the first and second - 9 FEB Z00%
doubl e-stranded ol i gonugh.eoti de have nucl eotide sequence honol ogy to a BAQ)
PAC, | anbda, plasmd ora‘:jjﬁc based cl oning: vecxar: ._J ~l ey v
LT T A A Y -
net hod f oWOAKP4288 a doubl e- stranded DNA vector useful for dii cl oni ng
" or subcloning of a target DNA nol ecul e of interest, eot on?QFE@sO%gm
i neorpor~tir<g first and second honol ogy anus into a doubl e-stranded DNA
nol ecul e) wherein tha doubl e-stranded DNA nol ecul e eoi ni prises an origin of
replication, in the following order fromb5' to 3" along a vector DNA
strand: . honol ar the origin of replication, and a second

PepeyBbicygh Suclcls

honol ](c)_gy Rapelomacnas: p maavjasm;uhd)SVQQQdéﬁd\&ﬂ?&pﬁhﬂibfﬁgy arm
on a firiuss -qgqus to, the sequence of the first
term nus on _aﬁﬁ?%%é@ﬂm&@ﬁg%i&mH’E‘B‘%WB@Hi(HSVsE)qMce of the
sec; oatlﬁm+mvmﬂmﬁéﬁ%ﬁb[§kh‘ﬁ§m&la%@¥{w rvl s.hg%f? ous to the

nucl eoti de sequence of the second term nus st rand,
wher ei n &9ther M@WWWW}E@ dtwo
term gi, g l.{ owi ng order,, fro - 9 FEB 2004 83 0 ong a
t ar get m:&% ; LQ%PF@P‘MMMR&MWMIW a second
term nu&lesi%iedtobeﬁb:ﬂﬁbﬁaﬂ | oubl e-st.randed DNA vect or usef ul
for di r-eli%ed cl oning or surﬁﬂgﬁ%%%@W%WMnm erest,
conpr i silimjtedp humandmmmymodefidienty viray TRHIV “ﬁg?@”; uence of the
first hy@lﬁmr ei's desi gned to ber’?gm)l oggjl:ﬁg to eulgoé%ﬁ R VS, £ rst
term numﬁ_ I@] %T@sumhqtmpﬁmmdmv?n, mqmﬁﬁgq?&mpnol ogy
.armis KR soquepnce of a _second term nus on
the tar otpDNA_étranﬁ’,*myﬁ%eﬁtﬁpgﬁw‘ﬁﬂ%ﬁ%@m@dm
sequdficthegenomimomteplicative TiriterneedhtdsUTRNA “-ﬂ',pmg{ﬁgﬁ&éw;ﬁﬁ &i‘)WDNL rom 3'

to S al : the first termnus,

n .ta DNA st rand
sequonc® %ﬁém@mm&mﬁw intos¢DNA ich oﬁthi-!m\i&ﬁsiﬁg
| NCOr POfevby %B%P&M I a] i a DNA nol ecul e conprising an
ari ght ofyrsgpl I ca |onwwﬂﬁ%@&mﬂﬁbm Such aDNA capiesimag vect or

DNA st-rbﬁmtedhhmrﬁéthNAmﬂﬂieMeﬁféén i gin of repligcation and the
second hompl ogy artri. .., 53. ° . &Qﬁyrée%gsﬁsﬂ*‘&@? WRS52 wher ei n

t he oTl%ﬁW@bﬁMS@dvﬁmﬁMﬁﬂﬁs@h&&%ﬂﬁg}fﬁm'- . . ~ . 54
. ~:1§%mwlﬂigivm 51 or 52 wherein the origin of replication
functions In E. CO OVIruses, reoviruses, togaviruses such as rubella virus (German , . , . .
. . ~i measkes) and SemlikiToRsCHRRI B virdsa ﬁ!, D AVl u~ein the origin
ofreplieation functions'ia'a ~ , %@Q‘Fl n E‘éf’?’a‘sﬁ“” . A nmethod for
maki ng a roconbi ﬂ&@m&rﬁmiwitmﬁ%wc{ ded vector
accordibggqtiﬂmn g&%?ﬁ) of ,claim Sl or 52, further conprising e steps of
b) introducl ng i < WW&%F@PWEMMMM@@M ni ng

t he vesequenoestofdnbivatatifa @ PoRekahile!in bi.nase; d c) subjecting the
- cellto conditions that all gv%/?i nt rlggeTP§€§$%Woﬂﬁgg°%%MﬁOn to

ocodf, semiencszmy beimmeloge o <DNA or gamisho INAGr RkYEE HRAEHT 120 DNA

nol ecuhﬁﬂ rbingi .m&xlg]ng a doubl estranded vect

of claim r E?“f‘ﬂ' \ S'EWWSM&?@WMMW&WPMWJw

t ar get gbhdrkoeas e AeC Lot cel sai d cell expressing a

‘pact erial recongiwﬁ’gcsrg] ﬂéﬁ’?@?&%@"ﬁ’é‘%@%ﬁ%@%ﬂ% Slasaidivmidondinumat al | ow

i nt r ac&fas #mmnzgm;ﬂm&dfuhitmi,mempﬁrﬁ&q%uﬁef Kb ,.gg‘%]hod for malting
ring tirs

ridi
a 'recogbinan npl.ecul e conprising: a) prep d second
doubl MH@F&%’WHS@%& bsieliq i 'sdcmniaiisi&'t&ﬁbidtbbcﬁ@%ﬁéz@?t i de
conPsi BRsioachbl h&FRS oty de, DNA strand conprising, from3 to 5, a
first nucleot iké‘?’s&éguenc&ey%’(z‘d SCUARmOnas grivginegsa, Gampplabacter £Vitrio) feris, st

| eo€arnigy lebaptery of Mqé@g,g t I | de, ' f first
h Eg(r:mfo .a[% on a-@{?;gt oer&"DNA stra ﬁa%r%cgggé]%ﬁjﬁﬁég%gﬂgcgegueﬁceI e
bei ng %ﬂmwwgcqum Fensinid pmzk,cu&rﬁaia%mu%&ld‘é}s[ 3&%{‘4 @é@”ﬁﬂ@% ané ar get

DNA st d r.ei,n sai d second oligonucl eotide co

ol i gon%’%}glgm%i}c’eﬂ’fm §qlmgr,re1far igurium, Beporenidpallidum)c! cot i dc
sequerfrepddthaperfeni tide sequence, said third nucleotide sequenve
bei :{})g\lggm)l ogous&t oé’mrgb%ﬁ%?eégf‘f%ﬂg ARlie viscensii, Harralia burgdsrfeg, ar m on

sai tospir@icterotiemorthagide, My cbbacteriuls tubedchd |de seguence being
honol ogous to the nuol eoti de sequence c?f‘ a s@d@dfg‘%ﬁ{“rﬁ?ﬁﬁn said target
DNA strand; .. wherein said vector conprises an origin o;f replication and

two hoi nology~, , ;y arnis~ in ~tli~yfo Ill"evirlrig order from5' to 3
along a vector DN A strand: a ~fi =%t horooto~y arn~, an origin of
replication and a second honology arm wherein said target DNA conprises a

. RN I A o oy - r 1 v —



9 FEB 2004 85 c} subjecting the cell to conditions that allow i ntrac%IEEB 2004
honol ogous reconbi nation.to occur. 59. A nethod for making a reconbi nant

DNA nol ecul e conprising: x) preparing first and seco)1d doubl e- st randed

ol i gonucl eotides, wherein said first oligonucleotidé conprises. a tYrst

ol i gonucl mmﬂzﬂ\lA strand cpnprising, from3 to 5 goti de
sequence and a second nucl eoti de sequence, said f|t~st nug¢@#F®ZO6§%‘quence

bei ng honol ogous to the nucl eoti de sequence of a fu~st honol ogy -armon a
vector DNA strand and said second nucl eoti de sequence bei ng honol ogous to
t he nucl eotide sequence of a first termnus on a target DNA strand, and

whexein s 0|J nucl otlde co second oI| onucl oot i dc
strand GOWB '6'1‘!1 §a'“"f"5 5(“{"%”263?@61@6‘6‘ llgnd. a
f our t h~r i melimadis, Mc&ﬁlﬁyﬂfl@p« m,gmt,j;b,;. BUEiLenti: ch ?el n caid

honol ogous to éﬁﬁ nucl eotlde sequence of a secon
vect or mPerf.our t h nucl eoti de sequence be| ng honol ogous to

t he nucI eot i de seq nus o id target DNA strand,
qﬁ%&h& a get‘ﬁm rhﬁfg BMbesecond .

b) introducing the vector,

doubl es¥ rhnmlllmonbkgmloeutnodﬂcbmmfarﬁﬁto o ﬁ:él'u&ﬂ Soubadt m

tlons "t hat

reconbi n suybj.ecti he cu
i ntracel ﬁ%ﬁﬁgﬁ%ﬁ‘zﬁé’ﬂ'&@%ﬂ% WMWWM,A A h. A
. A3hF. A, cﬁ,&aﬁauoﬁﬁmﬁ aﬁlaﬁ)‘a nﬁF" A . Au. AYU. A@ A

A Ay..A(.Ah. A A Ah. AU. Ah%. AY. Al T A Ay AAR A AYh. As?. AU A?. AU. Ah. A
Y. As. ASAR A@ A. . A. Mmnsthen preforved embodimet, wherdit i désired 53 Hifimbboor BdtedA@ A . AQ@ Af

A LA AM lP{ o A . AAE . AA bg{iAl hb\UClJ]ca
tMca caU| cal caUf ca caﬁ%f@é‘lﬁﬂm{? gousto

V] caUj® 08 adepmhdes of koo rospece] mmnezammakﬁnﬁmmqm
+| vpj e Y%WW%%%mm%mmwmwmw calc"alc'a

]US/Ja(l:J]aia3§5 Y[ gpt F e"XRW%%Ca {ﬁ%c?g}'nc%mmtm,

W] ca] ca -‘CWS&MMW Mﬁaw ca |
W]cal c Miﬁﬁw W@am cruzi, Leishmania donovani, Leishmania tropica, Leishmania

15 braziliensis, Pneumocystis pneumonia, Plasmodium vivax, Plasmodium falciparum, and

Plasmodium malaria. '
In yet another preferred embodiment, where it is desired to diagnose or
detect parasitic infections, the homology arms can comprisc DNA sequences homologous to
DNA sequences of known parasite. For example, such homology arm DNA sequences may
20 be homologous to cDNA or genomic DNA of any known parasite including, such as

' ) Helminths including, Enterobius vermicularis, Trichuris trichiura, Ascaris lumbricoides,
Trichinella spiralis, Srrongylpide: stercoralis, Schistosoma japonicum, Schistosoma
mansoni, Schistosoma haematobium, and hookworms.

25 542 OLYMORPHIS
CELLULAR DNA
The methods of the invention can also be used to isolate and detect genetic
disorders in a patient’s sample, and to prognose, diagnose, or monitor various conditions,
diseases, and disorders associated with the presence of variant DNA, such as a genetic
30
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a] cal] cal] CQEWA@EN bélintroduced into

PP RRESSSFTT
. Ve CaU] ca] %QW %f@]"'g jdesendedesigngic au] caU] cay]

z%f]( fa[ [- N TSN bebb{ Uoi c] VR tﬂ% cﬁqciﬁqciﬁi’ffi
U] ca] caU] ¢ &%fm%%m%m as described in detail in-

4T et o e S i 1115

2Kk fﬁgmgﬁ, Eemshaw hon Vol oo mq U cay

a S cal cal] cal] cal] cal] ca
] cay] caU] cal] ca cawg%{ﬁ Eﬂ%’?@ﬁa@m{ﬂ @alU] cal] ca] ca]
c ay cd borsojegous recombination cloning descri

ttttt HUT%\%}W%Z 242827 ysrrgb\ V\Q] UUU ca]l%aﬁflcafcamw caU] cal
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a] cal] calfelisthac . for?l gglpp
A e R

(ﬂ] %U]o"c/&w ys nrgia%’[mf%a ﬁjcw%‘ﬁ'&%ﬁ% : g? ;;gm] c
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B \ VPke~ X uuu
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WV] calc sey dsusefal fprdisgadstic Stibiing!6f « 1nkgk mich U] 3 %Lﬁ%ﬁﬂ ] ca] c

aJ cal] ca caUé a W] calU caUl ca call ca
UV] caU C]g%% %ﬁ’l&@l‘ﬁm oining)a pattichhErfuuipg afllBY U] ] caU] caU

1 cal] ca] sesistant to selection,
~a] cal] cal] cal] cal caU] cal] cal] cal] cal] cal] caU] caU] cal] cal] cal] caU] caU] cal] c
aU] ca] cal] cal] calj] @mm@ﬁmm;m

hUl caul DA SO BCpE@pdl f@ﬁé’é&é‘%;?xy e C""Lﬂmc ﬁmca] mﬁmg’] cadl cals
o

Lo e sl st bt gl b il 0

calU caUca W] calca UV]cal] cal] cay ca] ca] cal cal] caU] ca

Ul cral] cal] cal] ca] cal] caU] cagaoq(J_ hggt i|wlfa[ UJ U cal] cal] ca] cal] cal] ca

]ca] c a] calU] caU] cal] ca
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UV] cal] cal] ca o
A a] cal] cal] cay] cal] cai sx RTe-2m
:J]oil ﬁrwygﬁrlﬂhge%gkﬂucqagchg (L:J?/} ggﬂ ggﬂ gab{f cal] cay ca] cal] cal] cal] cal] ca
W] caU] cay] cal] cay cg] g(ng] [C?H E?J]U]U]caU]U]cgaU]U]cgaU]] ggU]U\CILE]a‘l:J]acaU] cal] ca
Dyed A a ca
‘ &/]/J gZ{J]}\(]:a] caﬁ/@g{;ﬁ]g:ﬂtﬂ ca WV] cal cal] cal] cal] cal] cal] cal c%‘EI’E%‘lﬁf"é%?‘-‘
7
;Jl\/]vg)?;ﬂt g?g% \C/\?]U]ULCJ]aﬂ gZ]U]CCZ]U]CgaU] caU] ca] caU] caU] caU] caU] cal] ca] caU] cal] ca] caU
] caU] cal] cal caU] cal] ca] ca] ¢ a] caU] ca] calU] cal] cal] ca
U cransvJW 3KW nmgb\ VQ ¢c] W UY] ] caU] cal] ca] caU] caU] cal] caU] cal] ca
UV] cal] ca Wﬁweﬁmemmn h&ﬁcnahih(DNAsdenvedfmmaplmahty of

g\ﬂg\lQScaU] oy %'@Hlﬁg%%}@%& %‘%{%b@&%}%’iﬂg aparticulat disordere Spedetrrgety] ca] caU ¢
al caU]dcng]Z Bwiahubsauhcgmwaabu&wp@wcﬁmw B i) Wible bibod DKL | kpn+
- N a

(V] 0] ] BfE e skl duior i, stllubtine G el 2]

] ca] calga .
Z\/] ;aEJ]X L ngﬁWMwﬂémwﬁﬁg@%ﬂ%@ﬁ c ga k4
AYZ\ HFv | 3~XS§5]?AXSEI dl calc al c&g}lc a] calU] ca] ca] cal] ca ca

U] cray ca mwhmnga&ag]acaU] ca
&\/]/] ggﬂ EZU] cal] caU{cg{ﬂ c%%ﬁ@%b%& U] caU] cal] ca
, U\ﬂ cal ca hngmmplcsofgeneucdxso:dmthatcanbetcstedusmgths ’

10 method include mutations and SNPs associated with such hereditary diseases as Brea-/
associated with breast cancer, mutations implicated in cystic fibrosis, Tay-Sachs disease,
sickle cell anemia, hemophilia, atherosclerosis, diabetes, leukemia, prostrate and other
cancers, and obesity. Such hereditary diseases may include degencrative and non-
degenerative neurological diseases such as Alzheimer’s disease, Parkinson’s disease,

15 amyotrophic lateral sclerosis, Huntington's disease, Wilson's disease, spinal ceicbellar-
ataxia, Friedreich’s ataxia and other ataxias, prion diseases including Creutzfeldt-Jakob
disease, dentatorubral pallidoluysian atrophy, spohgiform encephalopathies, myotonic
dystrophy, depression, schizophrenia, and epilepsy. Hereditary diseases may also include
metabolic diseases such ss, for example, hypoglycemia or phenylketonuria. Cardiovascular

20 diseases and conditions are also included, non-limiting examples of which include

)  therosclerosis, myocardial infarction, and high blood pressure. The invention can further
be used for detection and diagnosis of Lyme disease, tuberculosis, and sexually transmitted
diseases. .
In another embodiment, the homologous recombination cloning methods of -

25 the invention can be used for determining the genetic basis of a disease or disorder. For
example, target DNA can be isolated from 2 sample of a patient or patients afflicted with a
disorder whose genetic basis is not known. In one embodiment, the cloning methods coutld
be uscd to isolate a region of a chromosome known or suspected to be implicated in such a
disease or disorder, from a group of patients known or suspected of having such a disorder.

30 The recovered DNA can then be isolated and analyzed further for the presence of genetic

-53-



W] cay] cal ca U c*ay cal] caB $H -\ Y FEB 2004
> CEXFKN[\ ] ! 2{vql f " ZTNi d{] cal] cal] cal] cal] ca] ca] ca] c" a] cal] cal] cal ca '
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"W cal] caU] caY hj nD| " | uoi ¢] WX ZTNi dU] U] cal] caU] caU] cal] ca 0/06533
U c”al] ca] calU ca UWV] caU ca W] calU] ca W] cal cal caU] cal] ca]ca]c
aJ cal] cal] caU] caljcalUca UW/]caUca f

W, THESESS+S: $8B5498RE ' ((>) q) ) ~ysnga[ UG dUU] cal] cal] cal] cal] cal] cal] ca]
;?'E:J]a(L:J]aE:J]aEJ]a(L%U&caU] ca ﬁ@%}‘@&'@!’éé‘tﬁi‘&mmwfmmmz variations

* **#+y+++..n w”mwm w‘&%% caU] cal] cal] c
aUl caU ca al ca ca] c”a] cal caj ca cal ca
el el R
4 citbsh\dehL, :
U¥45caq cg caU] ca] caU ca gﬂl% 20 1998 Fedetpetby/] cal] ca
W] 9?3]0' % G268 dated May14,00995,0W 919a1Y1999’ Science 280:1077-

W] cayl caU&i E;éﬁ%?’catﬁ%%&ﬁ?ﬁ@ a@}@zﬂeé;] k99& Genome Res.

aJcal]ca] c dstinesd @ al,, 1996, Clin. Chem. 42:1391-13

Qx<===>X?72227272 pagEpBEBzt maZsi bl 00 O “odPT P Retty cav) ca
WV] cal caUﬁ %}%@% ¢l al99Z Him. Mbk Gen. 61337-347; Liueral,

| a] mg] “‘?‘aq“%ﬂ%?%ca&gjﬁ WEE%%%@%?EBBB%FCCDVDDE] EaEEFgFFFFGG G .

cal 389899)1)] cal] caU] cal'ca U] c*aU] ca
v S o ) o iR i e isacamefliiet e b aU 2] 2
g\/jc ga&\ﬂc gfuma:s ?;L‘J]d(r:‘{agU] caU] a T:D ﬁ"c é’a]'“%ﬁ??&bf‘fﬁéi &FU] cal] cau
]cal]ca]c an ' nas, €., fbrosarcoma, myxosarcoms,
RSRVRYR\ Rmaaaﬁﬂk&%a[o\‘ﬂﬁﬁl: Sa@bdnbloRdd: a%&%e%

15 endotheliosarcoma, lymphangiosarcora, lymphangioendotheliosarcoma, synovioma,
msothghomn, Ewing’s tumor, Iexomyosateoma, rthabdomyosarcoma, colon carcinoma,
pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell carcinoma,
basalecucmmoma,adenomnoma.swwglmdmoma. scbaceous gland carcinoma,
papillary carcinoma, papdlary adenocarcinomas, cystadenocarcinoma, medullary

| 20 nmnoma.brmhngemcmnoma,xcnﬂceummma, bepatomx,bdeduam
) choriocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer,

' testicular tumor, lung carcinoma, small cell lung carcinoma, bladder carcinoma, epithelial
carcinoma, glioma, astrocytome, medulloblastoma, craniopharyngioma, ependymoma,
pincaloma, hemangioblastoma, acoustic ncuroma, oligodendroglioma, meningioma, -

25 melanoma, neuroblastoma, rcunoblastoma, leukemias, e.g., acute lymphocytic leukemia and
acute myelocytic leukemia (myeloblnstxc, promyelocytic, myelomonocytic, monocytic and
erythroleukemia); chronic leukemia (chronic myelocytic (granulocytic) leukemia and
chronic lymphocytic leukemia); and polycythemia vera, lymphoma (Hodgkin's disease and
non-Hodgkin's disease), multiple myeloma, Waldenstrém's macroglobulinemia, and heavy

30 chain disease. The homologous recombination cloning methods can further be useful in
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W] cal] ca UWV] caU] ca W] calU ca W] caU] cal] call ca W[tcaU] ca W] cal] caU]ca

‘ % g:ﬂ g:w;aag&acgﬂ va/\xaxl\\l(/J]w@\?(#x* XsXaxoooxnYYY( znz< [ | [ [ 4\ \ XS VERYOSTB] xsf a vP

U] ca] ca] ca] c"a] caU] cal] c&Lﬂ caﬂ cal] cal] cal] cal] caU] cal] cal] ca] cal] ca’
cal] ca cal] ca
&qu ggﬂ ggU]Ulqa]ng]U] cg]\ \\]11P] S]u]] U\/% 1] /L\J]Nglz;NL\J\/] ::aU] 52U C;EJ]ngaLZJ]S(I\:/gb{J\)j]S];:EJ]VEg] c
ca ca
O ) cAiopessing snd doosmppeoeiiod Baedossaii isghdsisfpateis i ubima@s | 202

?J\qa[c g/l)]agggﬁgaaa B’dtt)fq ogwbg‘p%é?%f YSL%b] XSt a[ U\qéaU] cal Canpul\eqU\C/Jach]afJ]aca
M call ca&mfé’*ﬁ%ﬁﬁgggeeeéebwmm SR P,
Ul c*al] cchirhricadtive Hepatitis, atixed connective tissue disease, primary biliary cirrhosis,

S pemicious anemis, autoimmune thyroiditis, idiopathic Addison's disease, vitiligo, gluten-
sensitive enteropathy, Gtavcs' dnsme, myasthenia gravis, autoimmune neutropenia, _
idiopathic thrombocytopenia purpura, theumatoid arthnus, cirrhosis, pemphigus. vulgaris;
autoimmune infertility, Goodpasture’s disease, bullous pemphigoid, discoid lupus,

) ulcerative colitis, and dense deposit disease.

10 . Homologous recombination cloning methods may also be used for isolating,
diagnosing, and detecting DNA mutations, alterations, variations, and SNPs not associated
with disease. Non-limiting examples include such DNA mutations, alterations, variations, "
and SNPs present in non-coding genomic sequences, or DNA mutatnons, alterations,
variations, and SNPs associated with different human blood groups.

15 In a preferred aspect of the invention, the methods of the invention may have
particular utility in the isolation, detection, disgnosis, prognosis, or monitoring of human
DNA mutations, alterations, variations, and SNPs, It is appreciated, however, that the
methods described herein will be useful in isolating, detecting, diagnosing, prognosing, or

] monitoring diseases.of other mammals, for example, farm animals including cattle, horses,
. ) 20 sheep, goat, and pigs, household pets including cats and dogs; and plants including
agriculturally important plants and garden plants.

5.5 KITS
The invention further provides lnts that facilitate the use of the homologous
25 recombination cloning and subcloning methods described herein. In one embodiment, a kit
is provided comprising, in one or more containers: A) a double-stranded DNA vector useful
for directed cloning and subcloning of a target DNA molecule of interest, said vector
comprising an origin of replication and two homology arms, in the following order from §'
to 3' along a vector DNA strand: a first homology arm, the origin of replication and a
30 second homology arm; such that the nucleotide sequence of the first !iomo_logy ammona
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call ca cal cal] ca U\/] call ca
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by Ly e ca %\aﬂ cal] caU‘]}WaaﬁWwU} ca
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- ca ca
LA oy e A AL
target DNA molecule in one or more containers is ptovxded, comprising: a) a double-
stranded DNA vector useful for directed cloning and subcloning of a target DNA molecule
of interest, said vector comprising an origin of replication end two homology-arms, in the
) 10 following order from 5' to 3' along a vector DNA strand: a first homology am, the origin of
.‘ replication and a second homology arm, such that the nucleotide sequenee of the first
bomology arm on a first vector DNA strand is homologous to the sequence of the first
terminus on a first target DNA strand, and the nucleotide sequence of the second homology
arm on the first vector DNA strand is homologous to the nucleotide sequence of the-second.
15 terminus on the first target DNA strand; and b) a first double-suanded oligonucleotide .
comprising a first oligonucleotide DNA strand comprising, in the follomng order, from 3'
to 5" aﬁmseqnenceandasecondsequenoe, said first nucleotide sequence being
homologous to the nucleotide sequence of the first homology arm on sud vector DNA
strand, and said second nucleotide sequence being homologous to the nucleoude sequence
20 of a first terminus on a target DNA strand; c) a second ohgonucleoude comprising a secortd
) oligonucleotide strand compusmg, in the following order, from 3' to 5% a third nucleotide
sequence and a fourth nucleotide sequence, said third nucleotide sequence being
homologous to the nucleotide sequence of the second homology arm on said vector DNA -
strand and sand fourth nucleotide sequence being homologous to the nucleotide sequence of
25 a secondtelmmus on said target DNA strand; and d) a cell eoanngbactmal recombinase
proteins, e.g., RecE/T and/or Reda/B proteins. In a specific embodiment, the cell is an £
coli cell.
In onothcr cmbodiment, a kit is provided with one or more containers
comprising: a) a double-stranded DNA vector useful for directed cloning and subcloning of
30 a target DNA molecule of interest, said vector comprising an origin of replication and two
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de sequence of the second terminus on the first target DNA strand; b)lﬁrstdouble-
stranded oligonucleotide comprising a first oligonucleotide DNA strand comprising, in the
following order, from 3'to S": a first nucleotide scqucnée and a second nucleotide sequence,
said first nucleotide sequence being homologous to the nucleotide sequence of the first
) 10 homology amm on said vector DNA strand, and said second nucleotide sequence being
homologous to the nucleotide sequence of a first terminus on a target DNA strand; and c) a
second oligonucleotide comprising a second oligonucleotide strand comprising, in the
following order, from 3'to 5': a third nucleotide scquence and a fourth nucleotide sequence,
said third nucleotide sequence being homologous to the nucleotide sequm;:c of the see;)nd
1S homology arm on said vector DNA strand and said fourth sequence being homologous to
" the nucleotide sequence of a second terminus on said target DNA strand.
In various specific embodiments, the target DNA of the kit is bacterial, viral,
parasite, protozoan, or pathogenic DNA. In other specific embodiments, the kit's target
DNA can comprise a genetic mutation or polymorphism known or suspected to be
\ 20 associated with a disorder or discase. In another specific embodiment, in oligonucleotide*
) adaptor sequences or vector homology arms have sequence homology to BAC, PAC,
lambda, plasmid or YAC based cloning vectors. '

6. PLE; AND REDa/3 C G A NING
25 The Examples preseated in this section describe a number of experiments
which demonstrate the successful cloning and subcloning using the homologous
recombination methods of the invention. Different approachesto. subcloning methods are
shown. Of perticular note, one example shows the successful cloning of an insert larger
than any described previously ~ the diréctcd subcloning of 2 25 kb DNA fragment from an
30 approximately 150 kb BAC vector.
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é

The oligonucleotides used in the PCR reaction comprised, at their 3' ends

) 10 and 18-30 nucleotide sequence to serve asa primer on pACYC plasmids, and at the §' ends,

2 50 to 60 nucleotide stretch of sequence bhomologous to the flanks of the target DNA
region, -For long oligonucleotides, the PCR reaction annealing temperature used was 62°C.
PCR products were purified by using QIAGEN PCR Purification Kit (QIAGEN) and cluted

with dH,0. The template DNA was eliminated by digesting PCR products with Dpn I.
15 Afer digestion, PCR products were precipitated by ethanol and resuspended in dH,0 at 0.5
nghul.

Preparation of competens cells
Electroporation competent cells were prepared by standard methods. Briefly,
20 ovemight culturcs were diluted 100 times into LB medium with appropriate antibiotics, P
coli cells were grown to an optical density of OD «=0.25~0.4 and were chilled on ice for
) 15 min. Bacierialeellswmcenniﬁmedat7000tpmfor10mma1-5°c. The bacterial cell
pellet was resuspended i in jce-cold 10% glycero] and pelleted by ceatrifugation at 7,000 rpm
at-5°C for 10 min. After 3 times washing in ice-cold 10% glycerol and recentrifugation, -
25 the cell pellet was suspended in a volume of ice-cold 10% glycerol equal to vohume of cells.
The competent cells were divided into 50 ul aliquots in eppendorf tubes, snap frozen in
liquid nitrogen and stored at -70°C.
Experiments with the plasmids pBAD-ET Y or pPBAD-afy involved-
transformation of these plasmids into E. coli hosts by standard means, followed by growth
30 ovemnight to saturation in LB medium plus 0.2% glucose, 50 pg/ml ampicillin, the cultures
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U ca] cay] cal] cal] cal cal] ca] ca

oo U] call oa UV] call ca UV] call caLyoh hi #{ a#&3<] vbj dAYTO U c. &
a] cal] cal] cal] cal] cal] ca

A cal] calU] cal] cal] cay] cal] cal] cal] cal] ca
U ca] eaorEoRb st 196310 B3 £ afoy/0 kg/m ampiclin and growth 1o OD unaf 015

1T e e e by e

for 15
LBJIL_J]Oa VL\J?E:E’J]Q%;U] cal Zr;mo?::fl]cgaqﬁmaq cal] cal] cay caU]AcaU] cayl cg](c ?(]SCUU
aU] ca] ca] caU] cal] caU] ca] ¢ aU] ca] caly] ca] cal] ca] call KT_[ */ {{uoi-b\ VOke_ .
WV] cal SaUIﬁﬁoMUI cal caU]U]caU% caﬂ caﬂ c:qwcillg]aaag]aaag]aggdul\/j ;:ta& 30T
A cal] ca] cal] cal] c !
}J]SFGa}J]SC?LJ]uC\?\/] g#ﬂ#ﬁé Caq&fwwmwwwﬂﬁbswlm oflor Ul ca

2] o) caUle SORAOPRARHE of puBimiey 0dupomep s summ s prsmlones asact 1 i1

u' 'ttt (((hecbosiogithe’tifget, o approximately 0.5 ug DNA or more containing the target for cells
harboring the vector) was mixed with competeat cells. The cells - DNA mixture wes

10 transferred into an ice-cold cuvette. Electroporation was performed using a Bio-Rad Gene
Pulser set to 25 uFD, 2.3 kV with Pulse Controller set at 200 ohms. LB medium (1 ml) was
added after electroporation. The cells were incubated at 37°C for 1-1.5 hour with shaking
and then spread on plates containing the antibiotic corresponding to the selectable marker-
gene in the vector.

15
62 RESULTS

Table 1 summarizes six experiments in which various target DNA regions of

interest were subcloned using different sources of RecE/T or Reda/P expression. The first
column, eatitled "ET expression” refers to the source of RecE/T or Reda/P , either

20 endogenous RecE/T in E. coli hosts JC2679 or JC9604, or from plasmids pBAD-recE/T ot

) PBADapy, as indicated. The second column indicates the E. coli host used. The third

column indicates the target genes.

In the first experiment, the recE/T gene resident in the E. coli chromosome
- was subcloned in the E. coli strain JC8679, in which expression of RecE/T is constitutive,
25 This was accomplished using the strategy outlined in Figure 2. Oligonucleotides were
designed and synthesized having the following sequence:

5'- TI'CCTCTGTATI'AACCGGGGAATACAGTGTAATCGATAATTCAGAGGAATAG
CTCGAGTTAATAAGATGATCTTICTTGAGATCG~3' (SEQIDNO:1)

30 and
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20

In the second experiment, the lacZ gene resident in the E. coli chromosame
was subcloned in the E. colli strain JC8679, in which expression of RecE/T is constitutive.
This was accomplished using the strategy outlined in Figure 2. The vector was made by

25 PCR using oligonucleotides of the following sequence:

5'-TCAACATTAAATGTGAGCGAGTAACAACCCGTCGGATTCTCCGTGGGAACAA
ACGGGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQIDNG:3)

and
30
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In the third experiment, the lacZ gene resident in the £, coli chromosome
was subcloned in the E. coli strain JC9604, in which expression of RecE/T is constitutive,
This was accomplished using the strategy outlined in Figure 2. The vector was made by
PCR using oligonucleotides of the following sequence:

) 10 5-TCAACATTAAATGTGAGCGAGTAACAACCCGTCGGATTCTCCGTGGGAACAA
ACGGGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG- 3 (SEQ ID NO:5)

and

5'-TCAGGGGAAAACCTTATTTATCAGCCGGAAAACCT. ACCGGA'ITGATGGTAGG

15 GATCCTTAATAAGATGATCTICTTGAGATCG-3' (SEQ ID NO:6) .

to amplify the p1SA origin of replication and Tn903 kanamycin resistance gene present
PACYC177. Resuits arc summarized in the third row of Table 1.

In the fourth experiment, the gentamicin gene resident on the high copy
plasmid pFastBAC1 (Gibeo) was subcloned in the E. coli strain JCS519 using the strategy
outlined in Figure 3. Expression of RecE/T was provided by the plasmid pBAD-recET -
) after this plasmid had been transformed into JC5519, followed by arabinose induction

before preparation of competent cells. The vector was made by PCR using oligonucleotides

of the following sequence: '

20

5'-TGCACTTTGATATCGACCCAAGTACCGCCACCT. AACAATTCGTTCAAGCCGA
GGATCCTTAATAAGATCATCTTCTGAGATCGTTTTGG-3 (SEQ ID NO:7)

and

5'-TGCATTACAGTTTACGAACCGAACAGGCTTATGTCAACTGGGTTCGTGCCTT
CAGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQ ID NO:8)
30
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ACGGGAATTCTGATTAGAAMACTCATCGAGCATCAAATG- 3' (SEQ ID NO-9)
and

5'-TCAGGGGAAAACCTTATTTATCAGCCGGAAAACCTACCGGATTGATGGTAGG
GATCCTTAATAAGATGATCTICTTGAGATCG-3' (SEQ ID NO:1 0)

15 to amplify the p15A origin of replication and 'f‘n903 kanamyecin resistance gene present in

PACYCI177. Results of this experiment are summarized in the fifth row of Table 1.

In the sixth experiment, 2 25kb region of an approximately 150 kb BAC
clone carrying the mouse AF4 gene was subcloned in the E, coli strain HS996 using the
strategy outlined in Figure 3. Expression of Reda/B was provided by the plasmid
PE+.0apY after this plasmid had been transformed into HS996, followed by arabinose
) induction before preparation of competent cells. The vector was made by PCR using

oligonucleotides of the following sequence:

20

5'-TGTAGCT GAGCCCAGGGGCAAGGCTGC'I'IT GTACCAGCCTGCTGTCTGCGGG
95 GGCATCACCTGGAATTCTTAATAAGATGATCTTCTTGAGATCGTTTTGG-3' (SEQ
IDNO:11)”

and
5'- TGGGTGTCAACCTCAGGC’I’ITCTCACACGCAATACAGGTAGGGACTI‘ GCACC
CCTACACACCGAATTCTGATTAGAAAAACTCATCGAGCATCAAATG-3' (SEQID

NO:12)
30
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In the seventh experiment, a region of genomic DNA contmnmg an
ampicillin resistance gene from the yeast strain MGD 353-13D was cloned using the
strategy outlined in Figure 7. AsdeptctedmpanelA,aDNAﬁagmentconwnmglhe

) 10 p15A origin of replication, flanked by 98 or 102 bp homology arms targeted to the 98 and .
102 bps flanking regions of an integrated amplcxllm resistance gene in the yeast stram.
MGD353-13D. The E. colf strain JC5519 was used, and expression of Reda/B was
provided by the plasmid pBADPy-TET, followed by arabinose induction before
preparation of competent cells. pBADaPy-TET is a derivative of pBADafy in which the

15 -mpncxnmresxsuncegcnehmbeenreplaced bythe tetracyclin resistance gene. 'I'he cloning
vector was made by PCR using ohgonucleotxda of the following sequence:

'-TC'ITITACTWCACCAGCGHTCTGGGTGAGCAAAAACAGGAAGGCAAAATG
CCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATAACACCC
CTTGTA'I'I’ACI‘GTITATGTAAGCAGACAG- 3' (SEQ ID NO: 13)

20

5'-TCCCGTATCGTAGTITATCTACACGACGGGGAGT: CAGGCAACTATGGATGAAC

GAAATAGACAGATCGCTGAGATAGGTGCCTCACT GATTAAGCATI'GGTAATTAA
TAAGATGATCTTQTGAGATCGTTTTGG-3' (SEQID NO:14)

25 to amplify the p15A origin of replication present in pACYC177. The PCR product was
mixed with 4 pg Neol digested MGD 353-13D yeast genomiec DNA for cotransformation in
JC5519 containing Reda/fl expressed from PBADafy and plating on ampicillin containing
plates after 2 90 minute recovery period of culture in L-broth at 37°C. Clones were
identified by selection for ampicillin resistance, Eighteen colonies were taken for DNA
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7. EFFECT OF VECTOR REPEATS AND PHOSPHORYLATION ON

Yy 10 The Example preseated in this scction deseaibes the optimization of
conditions for high-efficiency of cloning and subcloning using RecE/T or Reda/B-mediated
Homolqgom recombination ("ET cloning™). In particular, as shown in Figure 8, climination
of sequence repeats in the vector improved cloning efficiencics. On the other hand, the
presence of 5° phosphatesnﬂleendsofthelincarvecwrhadvaylinle'eﬂ'ectonﬁw

IS efficiency of ET cloning.
First,theeﬁ'ectofmpcm on cloning efficicncy was examined in the
following experiment. As shown in Figure 8, the linear vectar used as the cloning vehicle
comprised the p/5A4 replication origin, the chloramphenicol resistance gene (Cnr), a
nucleotide sequence required for PCR amplification of the linear vector (italicized in Figure
20 8), flanked by the homology arms to the E coli facZ gene, and terminal repeated sequences
: of vatious lengths (indicated in bold), present on both extremes of the lincar vector, The
' ) linear vectors were transformed into JC8679 (cndogenously ET proficient; Clark, 1974,
Genetics, 78, 259-271) or JC5519 (Willetts and Clark, 1969, J. Bacteriol. 100:231-239)
expressing pBADRedo/B (Zhang et al., 1998, Nat. Genet. 20: 123- -128). The number of
25 colonies obtained on LB plates (with 50 pg/ml chloramphenicol) after ET subcloning using
the indicated oligonucleotides for PCR amplification of the linear vector, is shown in the
table in Figure 8. Of these, 18 were analyzed by restriction digestion. The indicated
efficiency was determined by dividing the number of correct recombinants by the total
number of colonies obtained. Thus, the presence of terminal repeats > 6 nucleotides
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This Example demonstrates that the presence of repeated sequences at the -
ends of the lincar vector, or between the homology arm and the essential elements of the
) vector, Le. the origin of replication and the selectable marker, results in recombination
10 which dramatically reduces ET cloning and subcloning efficiencies. Thus, in a preferred
embodiment, the sequence of the homology cloning vector, does not contain any directly
- repeated sequence of five (5) or more bases outside the sequences that encode the origin of
replication and the selectable marker.

18 8. ADDITIONAL EXAMPLES OF RECE/T AND REDa/B CLONING
AND SUBCYI,ONING

The Examples presented in this section describe additional experiments
which demonstrate successful cloning and subcloning approaches using RecE/T- or
Reda/Red- mediated homologous recombination.

The E. coli host
As described hereinabove, 'an ET competent host' refers to any E.coli cell
capable of expressing RecE/RecT and/or Redo/RedB. This may be achieved in a variety of
ways, such as either (i) a strain which endogenously expresses RecE/RecT or Reda/Redf or
25 (i) a strain in which RecE/RecT or Reda/RedP are expressed from an exogenously
introduced plasmid. This example describes the construction of a plasmid-based expression
vector based on the JC9604 and JC8679 and their derivatives (mainly YZ2000 and
YZ2001). For other variations and examples of ET competent hosts, see Murphy et al.,
2000, Gene 246: 321-330; Yu et al., 2000, Proc. Natl. Acad. Sci, 97: 5978-5983; and
30 Datsenko and Wanner, 2000, Proc. Natl. Acad. Sci. 97 6640-6645.
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throughout the whole cloning procedure, which enhances the risk of undesired )
intramolecular recombination, especially in a recA* background. A second disadvantage is

) that these JC strains have not been modified for usc as cloning and propagation hosts. They
i 10 contain a fully active restriction/modification system which by consequence greatly reduces
the cfficiency of introduction of large molecules such as BACs into these hosts, |
The choice of whether to use a host strain with an endogenous or a plasmid-
introduced supply of RecE/T or Rede/p depends on the nature of the circular target. No
matter which strategy is chosen, the preparation of good competent cells is of crucial
15 unportancc If the host strain lacks eadogenous ET-cloning potential, the strain needs to be
transformed first with pBAD-afly or pBAD-ETy. The resulting strain then needs to be
grown induced with L-arabinose to a final contentration of 0.1% and prepared for
electroporation. Empirically, the optimal harvesting point of the cells occurs at an OD, of
‘ around 0.35, especially when large DNA substrates are targeted. If the cells have reached
) 20 an ODy, of greater than 0.5, they should not be used. The optimal induction time is around
1 hour. Electropomon needs to be used, since no other method of DNA introduction has
been found to work. Making good tlectrocompetent cells is essential to obtaining ET-
recombinants. During the preparation of clectrocompetent cells, all steps should be
performed ‘on ice and in precooled buckets and rotors. Electrocompetent cells are
25 concentrated to a high extent; from a 250 ml culmnc which is harvested at 0D, = 0.35, we
routinely prepare no more than 10 aliquots of 50 il of competent cells. The resulting
transformation efficiency depends greatly on the host strain used, but typically varies
around 10° cfw/pg. A detailed protocol of how to prepare electrocompetent cells and how to
perform the electroporation can be obtained from http ://www.embl-
30 heidelberg.de/Extemallnfo/stewart/index html.

-66-



Yl @' &10%E () -Z! 3@ &LO%EMEMK () - ZSYA0UEK () - s#10%& ()- F' "10%69 FEB 200

s! 1096& () -
1096& () /"

kCaBbCY Y'!, 8 .109G& ()- ~4109%G& ()- 3
1 109G () -1 - #10%& () - GsS, | 10%3& () - 6; <=>JR >Y Y"!

9109& ‘() - | 3&&109bOME& ()- 10G 10G 10GY>109%C& () - ;! TOUEE () -
0109GS’ () WO BDess? >Y Y'! 1Ss! 109%b& ()- 10%&’ () - 9- 10%0;&&1,00/0@33

109%& ()- !

109%& ()-!cS, 109% b} b& ()-$w-! zaB >Y Y'!

1 10%& () - Y10%& ()-'a " %40% b{b& ()-° 210%3& ()-S 10%& ()-
10%0& ()-2znudB >Y Y'! 11h(-&10%b& ()-
10%& () - Y0%& ()-"10%& ()-f!10%& ()- $10%& ()-u?dE_>Y Y"!

P oA ot o ()1 TR RO b it Mo A S il T

10%& ht ! HS$Y8{Intitrogha) thie Wil
oo/&(§);usfg’5& %&w%&?&ﬁ YY'"'%?lOO/& @ 1%%()4

109& ()-F

109%& () -' 1090 mm%fyﬂnw \s based'pn thepBAD24b mc&xz(n)metal 1995,J

109%& () - 5! 1@%@%%%%{6%{%‘6%&%@%9{%9 B+dE-~ st

Y"1 910%1§ &pBADIROMME, %) Iexpresked fiéin EM 7 promoter.

#, L*$109%& (

109 () - cO
109 & () -

15

20

25

30

— @ Y'll: I100/g&() 1 109& () -! I10%1|4|&()
TOvmeegssion of Besppairg o Msek:dé-ﬂw et edodrpacers ETanon| & () -
efficiency (in terms of amount of colonics on selection plates). Finally, this plasmid

constitutively expresses the Redy protein, in this case from the constitutive TnS promoter,
which is necessary to inhibit the activity of the RecBCD enzyme present in most commonly
used host strains (Murphy, 1991, J. Bacteriology 173: 5808-5821). If not inactivated,
RecBCD completely inhibits ET-cloning, probably because its exonuclease activity
degrades the linear DNA before it gets a chance to recombine. Thus, PBAD-afy(tet)
constitutes a mobile system which can confer regulatable ET-cloning proficiency upon.
transformation of the recipient host strain. Given the inducibility of the expression of RecE
or Redz, and the absolute requirement for both components of the recE/T and reda/B
systems to be co-expressed in order for recombination to occur, the recombinogenic
window is limited to the arabinose induction time and the half-life of the least stable
component. Taken together with the facts that recA hosts will most commonly be used, and
that the hosts will also either be recBC, or a phenocopy of recBC- (due to the expression of
Redy), this means that the risk of unwanted intramolecular reombination is greatly reduged.
A further uscful characteristic of pBAD-afy(tet) is that these plasmids tend to be lost
rapidly when they are not selected for during culturing. This is probably due to the

-constitutive expression of Redy, and may also vary according to host cell factors, for .

example the presence of RecBCD.

Replication of pR6K/BAD-aBy requires the R6K origin and the Pir-116
protein (Metcalf et af., 1994, Gene 138, 1-7). The PROK/BAD/aBy, carries the R6X origin,
which-was obtained from pJP5603 (Penfold and Pemberton, 1992, Genel 18:145-6), the
pir-116 replicon gene, which controls R6K ori plasmid replication in bactuia,_ﬁnq the
tetracycline resistance gene fet from pBR322. Pir-116 is a copy-up mutant which allows an
R6K origin-containing plasmid to exist in an £. coli strain at greater than 200 copies per

-67-



f10%1 & ()- 10%}| & ()-10%| & ()-Fys10%t| & ()-3laB~ @ Y'!! S8 10%h&; EE 2004
L, 110% & ()-@[*!110% | & ()-F@"!10%}| & ()- L10%H & ()- @ 10%H&9(

<=H _@ Y'!! 109& ()-!$F&L0U& ()- 104 104| 104| y>10%}| & ()-,;10%1|& () -
,9!1 109%4] & ()- | UdudE_@-Y"!! Y@ 10%& ()-!10%& ()-1g how& ()-d F MO%& ()-

- 'le%& Oy 01”84%“{’ .NE_@ Y"!!3F10% () - F10%: ()-sf10%& ()-10% (}-F, @
109%&' () - )- (dE_@ Y"!!IL/10%& ()- + 109%& () - ( 10%Ct/EPo0NsS3L0%&: () -
@ 10%&' ()-3 109 ()-(txmbCY Y'!!0&10% ()- 10 10 10F; 109%& ()-y810%& ()-, 2
109& ()-yO0l09%& ()- 2\a?mbCY Y'!!IPf 110% & ()-3L109%& ()- 109%& ()-

1 100& () - !t F@0% . & ()-10%& ()- Y\ ahdEmbCY

Y PlO%& ()-,3M 10% ()-10%&' ()- 109& ()- 10%& ()-f !10%/& ()-3.\dEnbCY

Yoo ()@ 20680576 R Sp R pilied Mt Folsein wRe macloned
10%& () meow& 0O- .
To generate pRGK/BAD/aBy, the R6K origin, pir-116 and m' were
. introduced into pBAD-aBy (Muyrers er al., 1999, Nucleic Acids Research, 27:1555-1557)
$ by ET recombination, thereby replacing the ColE! origin and the ampicillin resistance gene
originally present-on pBAD-¢8y. Similarly, pPR6K/BAD/ETy and pREK/BAD/recT were
gm}med The copy number of any R6K-based plasmid was found 1o be approximately two
times higher in comperison with the respective ColE1-based parental plasmid. Ina
) side-by-side comparison of pREK/BAD/aBy and pBAD-aBy ipastgndardﬁ.\c subcloning
| 10" exercise, the R6K-based plasmid was found to work more efficiently (see Figure 9B). The
R6K replication system present on these pR6K plasmids does not contain any significant
sequence homology to other replication origins, including p15a and ColEl. Morcover, the
R6K based plasinids are compatible with any other replication origin. Thus, replication -
origins such as ColE] and p15A can be included in the linear vector used-for ET-subcloning.
15 -

ET Subcloning
' Subcloning of a 19kb fragment including cxons 2 and'3 of the AF-4 gene
. present on a BAC is shown in Figure 10. First, pREK/BAD-aBy was transformed into the
. 20 BAC carrying strain. Subscguently, the transformed strain was grown on LB medium
containing 15 #g/ml tetracyclin and 12.5 yg/mi chloramphenicol. The growing cells were
induced w:th L-arabinose for 1 hour, after which electrocompetent cells were prepared.
These cells were transformed by clectroporation with the lmear vector, wluch contained the
Ppl15A origin of replication and the ampicillin resistance gcnc. B-lactamase (b/a), flanked by
-25 two homology arms of S0 nucleotides which direct homologous recombination to the target
DNA ori the AF-4 BAC. Recombinants were obtained after growth on LB plates containing
50 pg/ml ampicillin. B
As shown in Figure 10B, 5 independent cojonies wcre selected for analysis.
DNA was prepared from S independent colonies, digested with Hindll, and analyzed on an
30 ethidium bromide stained gel. HindIII-digested correct colonics and the linear vector alone
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5 Genomic DNA can also be the direct source of target DNA, as shown in the :
experiment in Figure 11. In this experiment, the linear vector consisted of the ColE! origin
and the kanamycin resistance gene (kan), flanked by homology arms which direct
recombination to the Jacl/lacZ locus present on the E. coli chromosome (see Figure 11A).
Genomic DNA was isolated from E. colf prelinearized by Xho! digestion. The lincar vector
) 10 and the prelinearized genomic DNA were mixed and co-clectroporated into YZ2000, which
endogenously expresses RecE/RecT. By selecting on LB plates containing 50 ug/ml
kanamycin, the desired subclone consisting of the lacl and lacZ genes, the ColE! origin and
' kan was obtained. As shown in Figure 11B, restriction analysis of 16 independent colonies
contaihédlheeo:rectpmduct(lansl-lﬁ). Lane 17 shows the linear vector; lane M shows a
15 1 kb DNA ladder as a marker (Gibco BRL).
Another example of successful ET recombination cloning is shown in Figure
12. In this experiment, a fragment was cloned directly from mouse ES cell genomic DNA
using a homology amm cloning vector. As shown in Figure 12A, which outlines the cloning
~ strategy, 2 neomycin resistance gene (neg) from mouse ES cell genomic DNA was
20 cmployed as the target DNA. The linear vector consisted of the ColE! replication origip
_ ) | plmthccblo’mmphénicolraistaneegcne Crm’ flanked by two arms which were homologous
to the TnS-neo gene. mmdmdmomESmnﬁnewgsémumdbymsfecﬁnga
. fragment containing Tnj-neo under control of the PGK promoter plus 3.1_ polyA wil.
Genomic DNA was prepared from G418 resistance colonies, and sheared with a needle and
25 by phenol/chloroform extraction, creating linear fragments of about 20-40 kb.
ET cloning was performed by co-clectroporating the linear vector and the
sheared genomic DNA into YZ2000, a JC8679 derivative (Clark, supra) in which the
restriction system, which degrades foreign methylated DNA, is partielly impaired by
deletion of the mcrd, merBC, hsdRMS and mrr gencs. Because overexpression of RecT
30 greatly enhances the overall ET recombination efficiency, YZ2000 was transformed with
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10y 310%3&' chjorathplenicole By re-freikifg flitde colonies on plates containing 50 ug/m! kanamycin,
GoutofSOmlomes tested were found to grow by assaying TnS-neo expression. In Figure
12, panel B, restriction analysis of kanamycin resistant colonies demonstrated that all 6
colonies tested were found to be correct (lanes 2-7). The restriction pattem of a false
_ positive, which grew in the presence of chloramphenicol but failed to grow in the presence
) 10 of kanamycin, is shownin lane 1. All of these flse positives contained the rellgated voctor.
- Ana(pu'imemshowing a combination of ET subcloning and cloning is
shown in Figure 13, The linear vector consisted of the ColE] replication origin plus the
kanamycmmstancegcnexm' Each terminus of the linear vector consisted of a BstZ171
site and 2 homology arms. The homology arms present at the extremes of the linear vector |
15 (indicated by the smaller boxes in Figure 13) are homologous to the A phage target DNA.
The second set of homology arms (indicated by the larger boxes) is homologous to the
lacllacZ genes present on the E.coli chromosome.
In' the first subcloning step.thehmvectorwasco-electropomedvmh
lincarized A phage target DNA into the ET proficient E. ol strain JC8679AlacZ. This
20 resulted in the subcloning of a 6.7kb ADNA fragment including the exo, bet, gam, rex4 apd
) ¢I857 genes, into the linear vector, thereby generating pYZN/A- PR. For the next ET
recombination step, 2 new linear vector was used, which contained the chloramphenicol
resistance gene cat flanked by mutated JaxP sites (laxP*, Araki et al., 1997, Nucleic Acids
Research, 25: 868-872), as well as tammal arms which were homologous to the A DNA
25 present on pYZN/A- PR. This linear vector was co-electroporated with pYZN/A- PR into
the ET proficient strain JC8679Al2cZ, resulting in the formation of pYZN/A- PR/Cm. From
this plasmid, the car-containing A DNA fragment flanked by the two terminal arms whick
were homologous to lacl-lacZ was released by BstZ17 I digestion.  This fragment was used
to target the chromosome of the E. coli strain JC5519 (Willetts and Clark, 1969, J Bacteriol,
30 100: 231-239) which expressed RecE and RecT from pBADRecE/T (Zhang et al., 1998,
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.except that it carries the tetracyclin resistance gene (fef)) instead of the chloramphenicol
5 resistance gene, as duenbed ('Buchholz et al., 1996, Nucleic Acids Research,
24:3118-3119). YZ2001 thus carried the 6.7 kb 2 DNA fragment (exo-—cI857) plus a
mutated loxP site on the chromosome. Since YZ2001/Cm allows heat-inducible expression .
of the A genes exo, bet and gam, it is conditionally ET proficient. A similar strategy can be
) - used to generate knock-out constructs or to perform BAC modifications, for example.
10 Thus, the examples presented above demonstrate several approaches for
successful cloning and subcloning using RecE/T and Reda/B-mediated homologous .

recombination.

The invention described and claimed herein is not to be limited in scope.by
15 the specific embodiments herein disclosed since these embodiments are intended as
illustration of several aspects of the invention. Any equivalent embodiments are intended to
be within the scope of this invention. Indeed, various modifications of the invetion in
addition to those shown and described herein will become apparent to those skilled in the art
from the foregoing description. Such modifications ere also intended to fall within the
) 20 scope of the appended claims. Throughout this application various references are cited, the

contents of cach of which is hereby incorporated by reference into the present application in
its entirety for all purposes.

30
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h& OOt f AWethod for ﬁﬁ&i&c@t}g a double-stranded target DNA into a vector comprising

culturing a bacterial cell that expresses a finctional recombinase, said bacterial cell containing
(2) the target DNA comprising & first double-stranded terminus and a second double-stranded
terminus, and (b) a vector DNA comprising, in the following order along the vector DNA strand:
(i) a first double-stranded homology arm; (ii) an origin of replication; and (iii) a second double-

_ stranded homology arm, such that the sequence of a vector DNA strand of the first homology

) arm is designed to be homologous to the sequence of a target DNA strand of the first terminus,

and the sequence of a vector DNA strand of the second homology arm is designed to be
homologous to the sequence of the target DNA strand of the second terminus, such that the target
DNA is inserted into the vector DNA between the homology arms.

2. A method for making a cell contauung a recombmant DNA molecule, said method
comprising: : R
a) introducing a first and a second strand of a double-stranded vector into a cell, said
cell containing a double-stranded target DNA and expressing a bacterial
recombinase, said vector comprising an origin of replication and two homology
arms, in the following order from 5 to 3” along said first vector DNA strand: a
first homology arm, one strand of the origin of replication, and a second
. homology arm; c
) said target DNA comprising a target DNA sequence and two termini, in the
following order, from 3" to 5° along a target DNA strand: a first terminus, the
target DNA sequence, and a second terminus,
such that the sequence of the first homology arm on said vector DNA strand is
homologous to the sequence of the first terminus on said target DNA strand, and
the sequence of the second homology arm on said vector DNA strand is
homologous to the sequence of the second terminus on said target DNA strand;
and B
b) subjecting the cell to conditions that allow intraceilular homologous
recombination to occur.
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'+ 109%2& () - 10W&al$'|21m, h tgz %l owing cl!rdler% from 3" to 5’ along a target DNA strand: a first
_ terminus, a target DNA sequence, and 3 second terminus;

) said first oligonucleotide comprising a first oligonucleotide DNA strand
comprising, in the following order. from 3’ to 5°: a first nucleotide sequence and
a second nucleotide sequence, wherein said first nucleotide sequence is
homologous to the nucleotide sequence of the first homology arm on said vector
DNA strand, and said second nucleotide sequence is designed to be homologous
to the nucleotide sequence of the first terminus on said target DNA strand;
said second oligonucleotide comprising a second oligonucleotide strand
comprising, in the following order, from 3" to 5°, a third nucleotide sequence and
a fourth nucleotide sequence, wherein said third nucleotide sequence is
homologous to the nucleotide ;equéﬁi?i?_ of the second homology arm on said
vector DNA strand and said fourth nucleotide sequence is designed to be
homologous to the nucleotide sequence of the second terminus on said target

\ DNA strand; and

) b) subjecting the cell to conditions that allow intracellular homologous

recombination to occur.

4. Amethod for making a cell coniaining a fecofabinsnt DNA molecule, said method
comprising:

a) introducing a first and a second strand of 2 double-stranded target DNA molecule
into a cell, said cell containing a vector and expressing a bacterial recombinase,
said target DNA comprising a target DNA sequence and two double-stranded
termini, in the following order, from 3’ to S’ along said first target DNA strand: a
first terminus, a target DNA sequence, and a second terminus:
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1011 &10%G& () - F pNA strand i is designed to be homo]ogous to the sequence of the second termmus
on said target DNA strand; and
b) subjecting the cell to conditions that allow intracellular homologous
recombination to occur,

5. A method for making a cell containing a recombinant DNA molecule, said method
comprising: | o
a)  introducing a first and a second strand of a double-stranded target DNA molecule
and a first and second double-stranded oligonucleotide into a cell, said cell
containing a vector and expressing a bacterial recombinase,
said target DNA comprising a target DNA sequence and two termini, in the
following order, from 3° to 5 along said first target DNA strand: a first terminus,
a target DNA sequence, and a second terminus;
said vector comprising an origin of replication and two homology arms, in the
following order from 5’ to 3’ along a vector DNA strand: a first homology arm,
the origin of replication and a second homology arm;
said first double—strzmded oligonucleotide comprising a first oligonucleotide DNA
strand comprising, in the followmg ordcr, from 3’ to 5°: a first nucleotide
) sequence and a second nucleotide seqitence, wherein said first nucleotide .
sequence is homologous to the nucleotide sequence of the first homology arm on
said vector DNA strand, and said second nucleotide sequence designed to be
homeologous to the nucleotide sequence of the first terminus on said target DNA
strand; :
said second double-stranded oligonucleotide comprising a second oligonucleotide
strand comprising, in the following order, from 3 to 5°, a third nucleotide
sequence and a fourth nucleotide sequence, wherein said third nucleotide
sequence is homologous to the nucleotide sequence of the second homology arm
on said vector DNA strand and said fourth nucleotide sequence - designed to be
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said double-stranded vector comprising an origin of replication and two homology
) arms, in the following order from 5° to 3’ along said first vector DNA strand: a
first homology arm, the origin of replication and a second homology arm,
said double-stranded target DNA comprising a target DNA sequence and two
termini, in the following order, from 3’ to 5 along said first target DNA strand: a
first terminus, a target DNA sequence; and a second terminus;
such that the nucleotide sequence of the first homology arm on said vector DNA
strand is designed to be homologous to the nucleotide sequence of the first
terminus on said target DNA strand, and the nucleotide sequence of the second
homology arm on said vector DNA strand is designed to be homologous to the
sequence of the sccond terminus on said target DNA strand; and |
b) subjecting the cell to conditions that allow intracellular homologous
recombination to occur.

") 7. Amecthod for making a cell containing a recombinant DNA molecule, said method
comprising:

a)  introducing a first and a second strand of a double-stranded vector, a first and a
sccond strand of a double-stranded target DNA molecule, and a first and second
double-stranded adaptor oli gonuclcotlde into a cell expressing a bacterial
recombinase,
said vector comprising an origin of replication and two double-stranded homology
arms, in the following order from 5’ to 3’ along said first vector DNA strand: a
first homology arm, the origin of replication and a second homology arm;
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DNA strand, and said second nucleotide sequence designed to be homologous to
the sequence of the first terminus on said target DNA strand;
said second oligonmcleotide comprising a second oligonucleotide strand
comprising, in the following order, from 3’ to 5’, a third nucleotide sequence and
) a fourth nucleotide sequence, wherein said third nucleotide sequence is
homologous to the nucleotide sequence of the second homology arm on said
vector DNA strand and said fourth nucleotide sequence designed to be
homologous to the nucleotide sequence of the second terminus on said target
DNA strand; and
b) subjecting the cell to conditions that allow intracellular homologous
recombination to occur.

8.  The method of claim 6 wherein the cell firther contains a nucleotide sequence encoding a

site-specific recombinase operatively linked to a promoter, and the vector further comprises a

first and second recognition site for the site-specific recombinase, a first recognition site located

outside the first and second homology arms, and a second site-specific recombinase recognition

site located inside the first and second homology arms; and dunng or after step b); mducmg e
) expression of the site-specific recombinase. S e

9. e The method of claim 6 wherein the cell further contains a nucleotide
sequence encoding a site-specific endonuclease operatively linked to a promoter, and the vector
further comprises a _ " - - .recognition site for the site-specific endonuclease, located

inside the first and second homology arms, and during or after step b), inducing expression of the
site-specific endonuclease.

10. e .. The method of claim 7 wherein the cell further contains a nucleotide
scquence encoding a site-specific recombinase operatively linked to a promoter, and the vector
further comprises a first and second recognition site for the site-specific recombinase, a first
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12.  The method of any one of Claims 2-11 wherein the vector further comprises a selectable
marker located outside the first and second homology arms, such that the vector comprises, in

) cither of the following two orders from 5° to 3 along a vector DNA strand: i) the first homology
ann, the selectable marker, the origin of replication and the second homology arm, or ii) the first
homology arm, the origin of replication, the selectable marker, and the second homology arm.

13.  The method of Claim 12 wherein the selectable marker confers antibiotic resistance to the
cell containing the vector. '

14.  The method of any one of Claims 2-11 wherein the bacterial recombinase is RecE/T or
Redo/3 recombinase or both RecE/T and Redov recombinases. '

15.  The method of any one of Claims 2-11 wherein the cell is a bacterial cell. -
16.  The method of any one of Clai_m_s .2-11 wherein the cell is an E. coli cell.

" 17. The method of any one of Claims 2-11 wherein the cell is & eukaryotic céll that
) 'rccombmantly expresses RecE/T and/or Reda/g recombinase. :

18. A method for making a recombinant DNA molecule comprising the method of any one
of Claimis 2-11 which further comprises isolating a recombinant DNA molecule that comprises
the target DNA sequence inserted into the vector.

19. A double-stranded DNA vector useful for directed cloning or subcloning of a target DNA
molecule of interest, said vector compxising an origin of replication and two homology arms, in
the following order from 5’ to 3 along a vector DNA strand: a first homology arm, the origin of
replication and a second homology arm; such that the nucleotide sequence of the first homology
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) 23. A cell comprising a double-stranded DNA vector useful for directed cloning or

subcloning of a target DNA molecule of interest, said vector comprising an origin of replication
and two homology arms, in the following order from S’ to 3’ along a vector DNA strand: a first
homology arm, the origin of replication and a second homelogy arm; such that the nucleotide
sequence of the first homology arm on a first vector DNA strand is designed to be hbmologous
to the sequence of 2 first terminus on a first target DNA strand, and the nucleotide sequence of
the second homology arm on the first vector DNA strand is designed to be homologous to the
nucleotide sequence of 2 second terminus on the first target DNA strand.

24, The cgll of Claim 23 whichisa 'bacterial_cell.

25. A kit useful for directed cloning or subcloning of a target DNA molcculc compnsmg in
one or more containers:
o a) a double—strandcd DNA vector useful for directed cloning or subclomng ot‘ a
) target DNA molccule of interest, said vector comprising an origin of replication =~~~ -
and two homology arms; in the following order from 5’ to 3° along a vector DNA
strand: a first homology arm, the origin of replication and a second homology :
arm; such that the nucleotide sequence of the first homology arm on a first vector
DNA strand is designed to be homologous to the sequence of 2 first terminus on 2
fivst target DNA strand, and the nucleotide sequence of the second homology arm
on the first vector DNA strand is designed to be homologous to the nucleotide
sequence of a second terminus on the first target DNA strand; and
b) a cell containing a bacterial recombinase.
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target DNA molecule of interest, said vector comprising an origin of replication

and two homology arms, in the following order from S’ to 3’ along a vector DNA

strand: a first homology arm, the origin of replication and a second homelogy

b) a first double-stranded adaptor oligonucleotide comprising a first oligonucleotide
DNA strand comprising, in the following order, from 3’ to 5*: & first sequence
and a second sequence, wherein said first nucleotide sequence is homologous to
the nucleotide sequence of the first homology arm on said vector DNA strand, and
said second nucleotide sequence is designed to be homologous to the nucleotide

~ sequence of a first terminus on a target DNA strand;

c) a second double-stranded adaptor oligonucleotide comprising a second
oligonucicotide strand comprising, in the following order, from 3'to 5" a thlrd
nucleotide sequence and a fourth nucleotide sequence, wherein said third
nucleotide sequence is homdlogous t6 the nucleotide sequence of the second
homology arm on said vector DNA strand and said fourth nucleotidé sequence 1s'f

L -+ designed:to be homologous to the nucleotide sequence ofa second témnrius on s
) N - said target DNA strand; and S "
d) a cell containing a bacterial recombinase.

29.  The kit of Claim 25 or 28 wherein the cell is an E. coli cell,
30.  Thekit of Claim 25 or 28 w.hcrcin the cell is a frozen cell competent for uptake of DNA.

31, Akit useful for directed cloning or subcloning of a target DNA molecule comprising in
one or more containers:
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sequence and a second nucleotide sequence, wherein said first nucleotide
sequence is homologous to the nucleotide sequence of the first homology arm on
said vector DNA strand, and said second nucleotide sequence is designed to be
homologous to the nucleotide sequence of a first terminus on a target DNA
B strand; and
c) a second double-stranded adaptor oligonucleotide comprising a second
oligonucleotide strand comprising, in the following order, from 3’ to 5’: a third
nucleotide sequence and a fourth nucleotide sequence, wherein said third
nucleotide sequence Is homologous to the nucleotide sequence of the second
homology arm on said vector DNA strand and said fourth sequence is designed to
be homologous to the nucleotide sequence of a second terminus on said target -

DNA strand.

32, Thekit of Claim 25, 28, or 31 wherein the DNA vector is purified.

33.  Thekit of Claim 28 or 31 wherein the DNA vector, the first double-stranded
ohgonuclcoudc, and the second. double-stranded ohgonucleotxde are: punﬁed

) 34  The kit of Claims 25 28 or 31 whcrcm the target DNA molccule compriscs bactenal,— "
viral, parasuc. or protozoan DNA. : :

35.  The kit of Claims 25, 28, or 31 wherein thc target DNA molecule comprises a genetic
mutation or polymorphism known or suspected to be associated with a disorder or disease,

36.  The kit of any one of Claims 25-29 wherein the bacterial recombinase is Re¢E/T or
Redo/B recombinase or both RecE/T and Reda/ﬁ recombmascs

37.  The method of any one of Clalms 2 1 1 whcrem the target DNA is known or suspected to
be associated with a disorder or disease when genetically mutated.
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%40% DNA molecule that comprises the target DNA inserted into the vector.

41. A method of detecting the presence of an infectious agent comprising cairying out the
method of C]aim 39, wherein the target DNA is dcrived from a patient suspected of having the

) the sequences present in DNA of the mfectmus agem

42. A method of detecting the presence of an infectious agent comprising carrying out the
method of Claim 40, wherein the target DNA is derived from a patient suspected of having the
infectious disease, and said second and fourth nucleotide sequences are homologous to
scquences present in DNA of the infectious agent,

43. The method of Claim 41 or 42 wherein the infections agent is a v1rus, bacteria, protozoa,
fungus, or parasite. -

44, " Amethod of detecting the presence of a genetic condition, genetic disease,

genetic disorder, or polymorphic trait comprising carrying out the method of Claim 39, whercin

the target DNA is derived from.a patient suspected of having a genetic condztlon, disease;-~ 1415 s
...  disorder,.or polymorphnc trait, and the sequence of the first homology-a arm is homoldgous'to thb e

) sequence upstream from a site khown or suspected to be associated withihie genetic condmon, b

disease, disorder, or polymorphic trait, and the sequence of the second homology arm is - al

homologous to the sequence downstream from a site known or suspected to be associated with - *

the genetic condition, disease, disorder, or polymorphic trait,

45. A method of detecting the presence of a genetic condition, genetic disease, genetic
disorder, or polymorphic trait comprising carrying out the method of Claim 40, wherein the
target DNA is derived from a patient suspected of having the genctic condition, genetic disease,
genetic disorder, or polymorphic trait, and the sequence of the first double-stranded
oligonucleotide is homalogous to the sequence upstream from a site known or suspected to be
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) -85, . ¢ The mcthod of Clalm 51 or 52 wherein the 0 origin of replication functlonsma N
mammalian cell. : -
56, .- . A method for making a recombinant DNA molecule comprising making a double-

stranded vector according to the method of claim 51 or 52, further comprising the steps of:

b) introducing the target DNA molecule into a cell, said cell containing the
veclor and expressing a bacterial recombinase; and

c) subjecting the cell to conditions that allow intracellular homologous
recombination to occur.
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c) subjecting the cell to conditions that allow intracellular homologous
recombination to occur.

59. A method for making & recombinant DNA molecule comprising:

2) preparing first and second double-stranded oligonucleotides, wherein said
first oligonucleotide comprises a first oligonucleotide DNA strand
comprising, from 3° to 5, a first nucleotide sequence and a second nucleotide
sequence, said first nucleotide sequence being homologous to the nucleotide
sequence of a first homology arm on a vector DNA strand and said second
nucleotide sequence being homologous to the nucleotide sequence of a first
\ terminus on a target DNA strand, and wherein said second oligonucleotide

) comprises a second oligonucleotide strand comprising, from 3’ to §°, a third
nucleotide sequence and a fourth tiucleotide sequence, said third nucleotide
sequence being homologous to the nucleotide sequence of a second homology
arm on said vector DNA strand and said fourth nucleotide sequence being
homologous to the nucleotide sequence of a second terminus on said target

DNA strand; |

b) introducing the vector, the target DNA, and the first and second double-
stranded ohgonucleot:de into a cell expressing a bacterial recombmase and

c) subjecting the cell to cond:tlons that allow intracellular homologous
recombination to occur.



