WO 2011/ 136739PCT/ SG2011/ 000116 1 FRAGVENT SW TCH. A REVERSE GENETI C
APPROACH CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] The present

appl i catiwo20s/meizated to and clains priority to U S. provisszenabopeat ent
application Serial No. 61/329,888 filed on 30 April 2010. SEQUENCE
SUBM SSI ON [ 0002] The present applicatign is being filed along with a
Sequence Listing in electronic format. The Sequence Li sting is entitled

2577- 202PCT_ST25. 1132 kb in size.
The information |§1:§EA11 ?nc%rom c %%F%F%]%Bgc uence CI?S'[I ng is part of

the present application and is incorporated herein by reference inits
entirety. BACKGROUND OF THE | NVENTI ON [OOOSb The present invention rel ates
to the fCRQPHREFERENSE B@@Q@EEDI\?DQPGIJS@W Ul ar| y, the present invention

relates E(Rm’i‘ ] NOYRL QYR lﬁ&‘ftﬁ% L€ rARBY Rt 8Lk "&{t?est \?Mﬁn‘gﬁx}l §iBnaWhi ch

Is used to generate an all'elic series Iin genes o nte are usef ul
for funcpatomtaipphmloy§|esalN@@Oﬂﬂtﬁé&ﬁ]bﬂom:&@ Apns2@id ot her materials used .

herein to illunminate the background of the invention or provide additional

details respecting the practice, are incorporated by reference, and for

conveni eREQUHNCE SSIBMISSYeNy grouped in the Bibli ogr aphy.
[0002] The present application is being filed along with a Sequence Listing' n
electronic format. The Séquenc¢ Listing is entitled 2577-202PCT_ST25.txt, was created
on 11 March 2011 and is 7.32 kb in size. The information in the electronic format of the
Sequence Listing is part of the present application and is incorporated herein by reference

in its entirety.

BACKGROUND OF THE INVENTION
[0003]  The present invention relates to the field of reverse geneﬁcs. More particularly,
the present invention relates to a novel reverse genetic approach termed “fragment switch” |
which is used to generate an allelic series in genes of interest which are useful for -
functional analysts. |
[0004]  The publications and other materials used herein to illuminate the background of
the invention or provide additional details respecting the praétice, are incorporated by
reference, and for convenience are respectively grouped in the Bibliography. '
' [0005] Genetic - analysis using mutant strains have played important roles in the
identification and functidﬁal analysis of genes. :The phenotype-based forward genetic
screens have contributed a lot to dlscovenng genes involved in biosynthesis, cell cycle, and
signaling pathways etc. In order to dissect multxple ﬁmctlons of some genes and the
underlying molecular mechanisms, an allelic series becomes desirable. With the genomes
sequenced, reverse genetic screens have become prevalent tools for generating mutant
alleles, especially for genes that have not beén identified by forward genetic sérecns.
[0006] There are several reverse genetic approaches for fission yeast, such as plasmid
shuffling (Liang and Frosburg, 2001), degron system (Kanemaki et al., 2003),
chromosomal integration and marker switch (Maclver et al., 2003). All these techniques

have their own limitations. Plasmid shuffling is time consuming. Degron system creates .



[ 0005] Genetic anal ysis using nmutant strains have played inportant roles in
the identification and functional analysis of genes. The phenotype-based
forward gwoebici3espeens have contributed a | ot to di scopemiSGgoyANEI6
i nvol ved in biosynthesis, cell cycle, and signaling pathways etc. In order
to dissect multiple functions of sonme genes and the underlying nol ecul ar
nmechani sms, an allelic series becomes desirable. Wth the genomes
sequence r r.se ~ : T
goner at 1 oo EETRReoP RARLLF GEEERIR, RAKEORONT (BT RER B wbHOKR, AlRencs
i denti f i Bebahge it esquiredarg edditional peptadens.be[tAEHA] Bl ehehessawichalgratiovienhd e
geneti c approaches for fission yeast, such as plasm.d shuffling (Liang and
Fr osbur g{naQ@Of)V,”CElé&Pd??lié;‘p%ftaéf‘rn‘?%?{arféﬁﬁl?in GICR) o amplbily) a lopg Jragasih)that
i nt egrat Loy gk SRk Re SYLERE. 4 MACLVEmApler Bhne arkPRhare @ dent PGS E14)EGRARI ques
have the%;r own Iair@riﬁnt ations. Plasmd shuf felri%nrglje?s t n%°co%$§ugggg. )Deelgrgon
syst em cloegtselsctivZ romker game nobsslydéads timbdss 8O Rt moghent dtut abso denbighichenaltbel e,
and does not work .for all genes bec e it requifres an additional peptide
o be t agfateaiA v Sins L TR Resy By lafin bRl SyfiihmOBEop G Drer ase
chai n reagtihgf dRER) to anplify a long fragment that consists of a flanking
sequence, a selective marker gene and the target gene (Fig. la). The long
sel ect i vEORRk keFhgeleee, notsimpley andamere effidey MERogshotbudesirablet farl syetsas hi gh
chance tgerg L, unexpect ed nutations by nutagenic PCR, |leading to inefficient
swappi ng=mnu ation into the target gene. [0007] Therefore, a sinpler and nore
efficient approach is desirable for reverse genetics. SUMVARY OF THE
| NVENTI ON WOS The present invention relates to the field of reverse
geneticsSU éRb‘ani BVENTRY present invention relates to a novel
reverse QRMSE I CTAPHCORE flchfiiPfkiad! RUNEREISHIL AR5 WhLER. | SokSEt nerat e
an all el F@ gtari es @Jr'? genes 6?9??%% er est V\/(’lll c%f'rgr%seué%feg% fl?)IP f gté‘%t?%r al
anal ysi sthe[pd&0&X ihventioe relse ¢t a nbha reveesegenetinagmédchnenpredvifdement svetdhdd f or
generating. an allelic series i gene of interest. In one enbodi t, a
mot hod 1 BRIGeiiersti ROEEETAR 4Rt AL SBCH R Fefenal Grerent it oHtsH SBY
i nt egr at fpgtighal hiaddsigucl ei ¢ acid fragnent adjacent to a gene of interest in
a first nucleic acid in a host organisms DNA wherein the first nucleic
acid fralf®8fk clngrei aspect( thy paesgehiavenivodiragdes 4 methodsfet geneadsing ampalledic
havi ng a_car boxy_terdn nus, truncati,on. or  an ' term nus _truyncat,ion and
(1) e gt B behl it o el PR forflOi e st AP s
prepar i ng ganssETiateesh bsrh fii s agte grafin 8§ TRMtnueRIGEdiS Fagméht) adjdrentdeneg @k of
interest having one or nore nutations and (ii &Aa fragnment of the first
sel ect abinereg iR @ figk pecleignsieima st onearyma it DO, treerein the fisw | nawsteidhped par ker
gene enc Xy, I ] ] ' : ' ctabl e
Tarker . Eage EmERLARk Ae5E Thldin l AATLIRRE MaeP L ind Db lenfBhET: 3
f r agnent truadation loe af iansto maroli@isctrachdon akefi)ps gesueeodingsebeeond aeleftalet he
first sele ’tabi_g markﬁr to produce a second n clgi.c ac'g conpri sin éi) t he
gene of TMAMKEFedbe MEthoAG PN RO PreRaing dritcaps oH ci¢ @0 FagHEN COBREVAENG  ho
fi rit sefipetabbR omIdiGEstadifd bhd of REnEACHN At tillea SReaRd: sehrchah! e
mar ker .
selectable marker gene, wherein the fragment of the first selectable marker gene encodes
the carboxy terminus or amino terminus of the first selectable marker. The method further
comprises recombining the second nucleic acid fragment with the first nucleic acid under
pressure of selection for the first selectable marker to produce a second nucleic acid
comprising (1) the gene of interest having the one or more mutations, (ii) a gene encoding
the first selectable marker and (iii) a gene encoding the second selectable marker.
[0010] In one embodiment, the nucleic acid fragment encoding the first selectable

marker having a carboxy terminus truncation or an amino terminus truncation is integrated

next to the gene of interest. In one embodiment, the truncation is a carboxy terminus



[0010] I n one enbodi ment, the nucleic acid fragnent encoding the first

sel ect abl e marker having a carboxy term nus truncation or an am no term nus
truncati onoi2811V136Bgr at ed next to the gene of interest. PoOTGGR0EMD@AS MENT ,
the truncation is a carboxy termnus 3 truncation and the 3 end of the
gene encoding the first selectable marker is positioned on the 3' side of
the gene of interest. In another enbodi nent, the truncation is a carboxy

t erm nus j . : ' he first . - '
sel ect apEhALSE b EMATCHIE i g Bl h g RRE SRR B o pdifres gy 11
an addi t therdl siéabd diengenie, oftihterdst. uhc ahdther embadimani, ke {reéfiditibhlSs hrdafssadi on
and the 5 end of the gepe eg,c%glng the first selectable marker is =
pOSi ti onE‘BmBWSttﬁ’ém%t'lonsg‘&‘gﬂ&?f t §EMe 88ng macodug the firsty sqlegtable maskeroidi nent
t he trungatd i m i o] d,tf : hg .gene
encodi ngﬁfﬁtrl\%&{f%idr(?% %%e?egggb{)ggﬂr?a%réq gﬂ fg)%gt:'t?%%gda%%?%nﬁle eﬁmggﬁﬁdeéﬁ’o “the
gene of imuatiestis an aG@rd jertnmue rienestivodimietht, 5’ tdné dfrthg gemet ermbdinlgethé ifirst

sel ect abl rker gene is.located next to t gene of .interest having.the
one or  mEHIS é?alrgﬁsfs POFIAMSE et ¢ ocﬂ‘%eﬂ?,?het ﬁ%n‘?:ét% BRRIFst orlfi HULTBE ¢ he
first sec@Béd@Rlest, MR kkBAcdtibn lif@n SAGRN Crii AR caBONRhE MRNS SeAd8F e Sdne.

sel'ectabl e narker having the carboxy term nus truncation or the antno-
t er m nusewsPdingdhe fiyss pelectatie marer ismwsitioned pn theed’ sislew thef geag € imteresnpl enent s

the firs ect.apbl e r Vi h mn er,m.nus truncation, In.one
embodi rreLOtﬁﬁt hefﬂf ?%gan{e{ﬁé&glfe n??llg %ggfﬂgein?soglﬂéecgé%lsgeﬁgbﬁﬁé?ar %r%engﬁ%boc%@dt he
car boxy hextmd thesgeaé of hirertsthating eheedrcalt ieor@aRiketioRN dn bAGhE ensbvdi@ént! ihe

fragnent of the first selectable marker gene is positioned on the 3" side
of the g&HBO%T terpings Ofithe, Stat sgleetplle ararker innhe sceandairagment cpmplamsantrethe

enbodi MRt <&ih8. | ' . t he
car boxy EY o Beat FART by fihe ok o Ao AR Rl B E b e RGP 6D

f ragnent fict stleetablermarkse ire tteatrcendrfiapmenty ecmaplesmeps sthe ifostestl@mbld enabkersi de
of the gegne of interest having the one or norfe nutatjons. In an additional
enbodi rreﬁ?‘?n% the F‘F‘Hﬁ’r’rﬁeﬁ?mlﬁlfs QN 5N S ER ‘Eﬂ"é‘eﬂtartt{%%aé@ﬁ%t ehdyaésstt he
am no . t egditdibte RhrldeP8eld éntbdssah& 4B LLefBIS bf ARt MR RtabRNHaREr LlEhe
fragnent of the first selectable marKer gene is positioned on the 3" side
of the g&nendoff thofragraent off g firgt selrstableemankengene ismpestionsdon tha3asifleiof ther
enbodi ne t fr nt .of the first selectabl e marker. gene .encodes the
ani no teg nr’%enoufggtg esﬁﬁg‘gﬁ HIE e S s BTty P 2aRthet ?fgg%du%gﬂtd st ﬁ?%ent -

f ragment obthet figt kdlecible ehakéragdne diosdesrthgAmboks thdsihisd oNad ARt khBctBhleSi de
of the gene of interest having the gne or nore nutations. |In one S

enbodi meRRket Ard Sech radiof demangmens of e Pisberledebloyarir #gehisooPtined Ana
rurtner GREOGIEDE the' Q! RCAIRINALYAR S oROTP LOHEUSAEHRLA hflibily 2 Nost

organism [0012]In a aspect, e present 1 nvention provides an

i sol at edembadimient, dei flagniat of drepfirsisetecabiremarken gath eigodesfthe amisketeaainabl
mar ker ‘hayjng. a carboxy term nus truncation or an am no term nus truncation
and a gefl thg%ggcﬁeﬁﬁtagf(es@ ﬁrda'rébeﬁigét 5‘6‘? Q%Hﬁ'ﬁ(@?enit H?gﬁegrshseé‘im FHEET at

| east t hgerRag bb@orld drlie 35 GliabE therddhh BF ttdekichaSRBIAL BAOG: hbBR hifalbns,
sel ect abl'e marker gene and the second sel ectable rker gene iIs capasbl e of

i nt egr at Img firikey enbrsimenss genfragment PlAhe |firsasdedadie erplogt gepatencodes thecond
dependi gnBs SRR ehieorest FatdS metkerizar TheRe bt idns ot Fofthe gene
of i nt er ggéctabORAXE} Perit it PbdidorRdRAAKe 51 H18e Bf B GBke bIMURAsE RAVIRE QI ReDra

nucl eic acid that conprises a gene of interest, a gene encoding a first
sel ect abMergEpaEPnh Al oy enbodithentythe seqeond ftremenheant boproducedrbyamitagenier mi nus
truncati ppra i nd...sel. I rker.. | n_one . :
erbod: menc he TsaRa o MEaRLAcHR B bR B e SR 0k boxy
t er m nusotnganismat i on is i ntegrated next to the gene of interest as described

her ei n. L@ otﬂ_‘er enbgdi ment theed]gene encodi n(?ﬁst he first sel ectable
mar ker h Ilng art 4ffRBe eEssH ﬁ]_EFsprteF dtengpn Providas ey igelated pagleiq #id Hhat gene
of i ntergshpdds deehE bLR@UAidde] BisDselé@ié¢ apca hfaﬁfg%tahcam§%rmihﬁ'§trgﬁc%ﬁ8m

invention provides an isolated nucleic acid t
or an amino terminus truncation and a gene encoding a second selectable marker. In one .



conprises a gene of interest having one or nore nutations and a fragnment of
the first selectable marker gene which encodes the carboxy term nus or

am no terwDrosl/i36730he first selectable marker. I n one emrbo®diGaeniopoiihe
fragnent of the first selectable marker gene is |ocated next to the gene of
interest having the one or nore nutatigns as described herein. In another
enbodi nent, at |east the portion of the isolated nucleic acid containing

t he gene i: i . tations and the fragnment of the
s soreedel Blend e BB e SREaTithftlc 807 ofitighips TR et

or gani sminarkoNgend Bl flel second bdlédiatas pegker dehe iPEgRBR of MUSRtN@NnkY PYbses a
nucl eic acid that conprises a gene of interest having one or nore

mut at i on@‘{ga'éls’@e“n@Ne‘\ﬁgghqnﬁﬂ‘eée pdimegp| the egnd mepik genaisositigastkorheddi ng a

and 1o <Row Aaricar (o ee R ohn e aRehe o SRR T CHER RIS, '

switch. Bedgeatts moxt hathk @enelof(iatetes). is i nserted adj acent to gene of interest
(go() th honol.ogous reconbi natj on. . Mutations (asterisk) generated by
mut ageni [:O%ggg aﬁbaHB ?ﬁ@?‘éd&‘lﬁff?fe%‘l’?fﬁﬂ%‘n@w‘@@%? H_eaew Ao hReCBITEEE Ron for
sel ect i Operf¥Rs K Bierdst( &NHeA Jenc¥hER FiRP!sREELI Whitkel hSvink & cALPAS tdrdlnus
fragment (sntr) of sm+ with a carboxyl term nus truncation Is inserted

adj acent traercagieq arogjemeno Wirmhnushsunxatiestdandna fegene sngodingviat secbndiselacteble 5
delivered into chrompsone under the sel ecti for sm+, which is . '
conpl erreﬁ]tare E'byl%t Pe Fecom |eﬁgtt§18r3688t%% H%S}F%‘fggnﬁl%ﬁt@}? ,maépffrrgadﬁ%’nf‘ of

t he car beatdxt @friindb sruBlatidhné ntedrB@d Hleki GUHE Fer@ oL mt&BAWs ldREribed hetegds of
fragment switch. Fig. 2a: Step one: plasm d-based strat egi1 is used to

i nsert hinsgnotheggn ertothsogene cosedingdhe dissh sgleatableemarkan deying mnf anzigeent s
of the i [ ! - Whi : - cleogtides and a
uni que r%?ﬂ“ﬁ‘%?? gérfqégﬁgny%tﬁgq {g&\zg‘r?or g‘\%ﬁ%%%{gé#lgpeé%g?%?sé%&m?% , and then
anpl i fi ef0ddhi nit o fgetieaspee, thef presean idveago® ptoviddlian Kolaied muicleig BB tthdt S
cloned into 1{” asmd p ,AcU4+}1 The resulting plasmd s restricted (scissor
synbol ) SHEPHFRAETE i dMIHH NAVIEE PRF rPIvIRPTe HEMIERY Bab AcTREANS F thrdrstr ad+

del et ed, sgopg@inaAGr %Qﬂet WhisR encdded thez&l:rbétye(?m?]i}%s?é o%iﬁgit%{x@g & flelqtyer ed

to goi + together with the conplenentation o 5+. T e gol+ 1s

cl oned i selestablamaikgr.pHbone mbeabmaite tHeGRagmans et thedirpr ihetabld inarkleti gérens
fragment, gor-his5 ,, which i.s supbsequently transforned and rec ined with
goi t hi 559 at:ed Iele)é;t.st.oé%ef gﬁ?rfglilﬂt-egeﬁgﬁ?vfl_%wnﬁd)éﬁ%%rF QUt?Hﬁ“égféﬁieﬁcrgaﬁ’F?mappl i ed
to a spepi ddothek egbodinRAEl ahiegét the gekibh Wf BeRsdiftel REcleRWARE dRaMiRR e gefBd @
second round of high fidelity PCR again to generate a fusion fragnent in

whi ch mo@k INfRICANRGIRG CAle OTiTOTE HBURHYS andetdr fifagmeagpbihe firs0sdidribdrimaridr shows
mut ant s g&ne! gglewfgﬂe;rm]%ﬁp&n%ﬁggtng]misgey?&/genes were picked to test the

fragment “swi t ch appr oach. antss except ppk37-24 were tenperature
sensi ti vioOiL8] rimha fiéHiaupecyBRe pelisentadhvafiof ppomidSud whdl€ic atid2hatGQompstant s
wer e culturec}_in YES over night at 24 C, and then shifted to 36 C for 4
hours. CEICLIARICESSE PRARE (RS AT MOFTEIVEEINpE 8516 Dceding@ Byt sflectable marker

4", 6-di agii 92 PNEAYA bRERd SelédBTE hafiNA) and aniline blue (septum). The
S 3. .

3
his..Vk was inserted in the -UTR region of the genes except Inyo2, in
which it was inserted in both 5 - and 3'-UIR separately in two strains.

DETAl LED, R BESCRPrION O riR YrOURES
[0016] - Figures lav and 1b show marker switch and design of fragment switch. Fig. la:
Marker switch. - Selection marker 1 (sm/") is inserted adjacent to gene of interest (goi")
through homologous recombination. Mutations (asterisk) generated by mutagenic PCR are
delivered into chromosome together with the selection for selection marker 2 (sm27),
which replaces smI”. Fig. 1b: A partial fragment (sm1“‘) of smI™ with a carboxyl terminus

truncation is inserted adjacent to goi” together with the selection for sm2*. Mutations are



[ 0019] Unl ess defined otherwi se, all technical and scientific terns used
herein have the sane neaning as is comonly understood by one of skill in
the art twowhicBBetshe i nventi on bel ongs. [0020] The presemrCTiSG2@nion@nsr el at es
to the field of reverse genetics. Mre particularly, the present invention
relates to a novel reverse genetic apprsoach termed "fragment switch" 6
which is used to generate an allelic series in genes of interest which are
useful fqg; i [ Mut agenesi s, by a reverse net.i c
o oohSELAE b Slon 2 S QQCELAL RSN, Bl SRR B L

sel ect i ORecPBERUbE bethtes omeBuhd she, hutdghhesr By cAHb ARG EnRERhY2! | ette et
al ., 1989&‘, honol ogous reconbi nati on and an efficient selective marker. As
shown i nlW#1g] | Figurespdxde showvt dis ayspsisas of clamnet swofcht whigs t2ep$Step nser ti on
of a first selectable marker (sm+) nexti to a gene of interest (go[) and

i ncor por cp\{alsl@h(l'g?seﬁﬁtr fFROAS Ui 18 166‘%”#’? ge*ldgaecre“ % 't hHepsHedRem! B DO+
by a secapanGRafCath&tdT8f thelinsefiohlbcus, AHidAhd % anCATP SR 2?@15@&5@&&0”
only uses the first step to deliver nutation into the gene of interest, but
mar ker safd éhimhgie sirigiomnitagdouide augws), tar¢ paiptifed.| mixedr gret themuenaplifeed

i ncor por ag i: [ i+ excl udi ng fandom integrations in other |ogi.

[ 0022] To?é%lﬁgtf)i ?%/n%ﬁggkaeﬁp %‘W ;{iv{neln?. V\g}élsc Rl nféﬁgq\}ﬁ“é h‘saa?‘é‘?r}igéntt%cplasm‘

i nt egr at pAIAPPF O @e86Hd BREMRT RVieStdisten (@&@s%p%ymw? aB@ MR sforrISf into HWO
sinmple steps were designed to fulfill this approach (Fig. |b). First, a

f r agnent sttamwal) thefendegenowsi 4/hS aarslaréX deletedr ganetming rgenchti‘tn Fig 2bnSegr at ed

adj acent .t o go] + together w.,th anot her, sel.ection rker (sn+). Second,
nut ageni E:WCPC?Q“{HEOI&FS%& egwﬁrrﬁgdﬁcgé”atqgﬁg}e{)ﬁmg’r Lﬁﬁn‘@’?ﬁnﬁﬂé?%&? %?”Sénd_mt e
car boxy waord guiS ivtlofed o GREmSATBESc MNIGHo ¢ PORSissBu kA biRNcd thedRkiond
conplenments sm . After this fusion fragnent is transforned, nutations are

del i ver efragmen g9oi-1ishi odigh isorbieqgouly trastmnicdand occoprbécidseitly ghidtiuséh t hi s
fusion f e})g?E,nb and @Oi'tﬁsmlﬁ under the %)r.eii\%;.e of .sel ecti on. for. smi+. This
el i mi nat €% the” AE&Y L6 G HREDEIHTFRETHE P SRals fPRECLY dsrseitisyegigpiaad

swi tch. BigAGRIeR BCR (e dowhsttdafOpBN an@h sbdifd $ehRS VS ARikepcRNghead of a
full length is used for integration by honol ogous reconbi nation, "this

appr oachgsnsratep fesipn fragapant it Whigh tedst miwgations arel0 0R3hisrsponific wgect , t he

present i ti Vi h for nerating an.allelic series in a
gene of idr?;igres?%u%;?oshg@g c}%ﬁ%eg%??m%dn‘gﬁ%?&gpgppé‘gﬁg}atsle‘t‘led’ R o

al | el e opickedjenetestl thenthapmsht @itk i @Psodcht egURthEEn® &idkst pprLl-2f Gvaei d
fragnent adjacent to a gene of interest in a first nucleic acid in a host

or gani s ASRRITC HRRT &Y I Prdidm RSl @iccatatd’ - Prbgihe a8fpl)sddutenty a
gene encedidgi@rdd irn_S{fE§QJv@Fhi%m & B ke, DA @gif(ﬁ;ldiq rRO%Y 484 FLQYS Celly

truncation or an amno term nus truncation an a gene encodin
second sekwcfiaty] evithafdomaldeliyie amdt badhedl w0hcd6ptiamzinp?-phatsilindola @ErcRind
nucl ei ¢ id fr nt .conprisin i)tk ene of interest having one or
mor e nutgfl?l‘gmn‘i%gﬁ(lﬁ@“%&@%ﬂﬁﬁg#‘e 35‘!“5th 1% fpsetied in the 3-UTR region of the
genes except myo2, in which it was inserted in both 5’- and 3’-UTR separately in two

strains.

DETAILED DESCRIPTION OF THE INVENTION

[0019]  Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as is commonly understood by one of skill in the art to which the invention
belongs.

[0020]  The present invention relates to the field of reverse genetics. More particularly,

the present invention relates to a novel reverse genetic approach termed “fragment switch”



7 sel ectabl e marker gene, wherein the fragnment of the first sel ectable

mar ker gene encodes the carboxy term nus or amno termnus of the first
sel ect ablwormarks739The net hod further conprises reconbi RCHEGRMa/8@3ONd
nucleic acid fragment with the first nucleic acid under pressure of
selection for the first selectable narger to produce a second nucleic acid
conprising (i) the gene of interest having the one or nore nutations, (ii)
a gene encoding the first sele bl e .marker and_.(iii) a,gene encadi t he
Second <BhEn: Aomsed oy REEtets GOR SHE: ehiAsarman it icioke VT Brec U oy
fragment nepeafdl Agiyde first selectable marker having a carboxy term nus
truncation or an amno termnus truncation is integrated next to the gene
of inter@921] | nMotrgergsisozll areaverse ghreticrapprsath maquirss eptowal moxgtianetredusnsy,

i he. 3' d.of.th di ‘h i I bl rar k
roncat| o B0 A0G T SSRGS AGR SIS0, YIS IS, SRLALAR Ao e

enbodi meqifallctt@et hir,UruBal, i iind16gcuis GaEdatMatloRr AHANALS efficlin€ adle@lveanstkeheAd' end
of the gene encoding the first selectable marker is positioned on the 5

si de of $heavngEhEipfla peakessWitth agproagticonviialof dMostepi npsertieie of raufiEdt i on
is an am i i ’ : +0f. it i he
(5ror oeldRdy Hafldd (MY GRY B BR drches; FAULdnd AEBERRORLE Alllfbnt

i nt er estintd god fogethbrewithnthe dieplacdment hod storlnic@ati waonds selactabte moarker sihus

truncatign aﬂg he 5' end of the ﬁpne ﬁnﬁﬁdiQ%{tqg'firSt sel ect abl e mar ker
i s posit G SRIAREOR® 18fegRtigh ‘PReGeiE P §teh oy deditver PBigHeY f“_rﬁo eene
embodi mepf intk g, bRt Qficchhgsldd sdvseleiable i%ﬁ&i?éctl?%ﬁgetssm'u%@i%ed
next to the gene of interest having the one or nore nmutations. |n another

enbodi nemcprpptation artbgry tyerxsiuding refdonh intégratenssebiet ol.e narker in the
second f nt..complenent.s the first sel.ectable nmarker.having the carboxy
Cor i nus @8 CaT SR PRS- bFi RTSEILVHE « RS Pt hard ot ker ) n
t he secofgcfibgrenbudp MERRRALE BbOR, 1 995! TRl SEbRGs WRikadsidhditaeulfine
amno termnus truncation. In one embodinment, the fragment of the first

sel ect abthes apirkash demel®ncbdss a Fegmentbory 1 exfrimlis with a lserbbkylstermisiuect abl e
mar ker and the 3' .end of the fragnent of the fir sel ect abl e, mar kekr, gene
2 bosi c ol el slelt BT telns M phfhe SR FREI5HE b “hor o
mut at i onSecohd, Aiadies PERDO didieBtprodude affﬁ@gma%m@ﬁt Heb@echi dos bn b fle@Gftakl €

e

mar ker gene encodes the carboxg,terninus of t first sel ectabl e marker and
19

the 3' etsemiohs ofemil[ ageent/of whigk harhoss ageitedomint goinend egmplements sml™.
ene ,of t erest ving the one,or frore

position on .the 5 side of.the i

i at | oniter it s FRar s fuRe D e e R U6, i Pl dpe

sel ect abh&n@mdﬁgrreg&ﬂ@n@tﬁtﬁpg@&sélpq)eeaveéaomtseﬁlsibﬂLﬁsa_gxﬁég and goi*-sm]* under

2011/ 136739PCT/ SG2011/ 000116 8 In a further enbodinment, the fragnent of the
first sethecpratsiuee nhskleetigeder enéodebhis lebimandtero theepeddntes fwther onfirmsthe

sel ectabl e ngrkenk%ng thekS'Sqﬁg gﬂm}QF fra%%epﬁ of R% ﬂL§r§£iseleq&§ble
mar ker gOHAPPINE BSONF Py MR SR 510 BL A PTHALTRERS O B lFEEY A ng t he
one or nkRaduf atilDRAgth!ifudefoHixReitiFRMy, hdnhto SR6 QEbnibi AgidRNthiCaprddeh
produced by nutagenic PCR 1n a further enbodi ment, the reconbination is
honol ogolisaied dragmeat $witch hettihost or gani sm [0026] In addition to

nmut agenegy fr i - . . t her . geneti &
mani pul a PZ%]sugﬁ&§2£B%¥%§§ r%%r @X?ﬁ“ﬁzﬁg¥§§§aﬁ?@%@ﬁéFéﬁgﬁgwgﬁBdgkgfion.
For precsses aag pancyoftieerdsnaln dnaggibodimdnli smathbddel geasmpting esnpaeplelicrd t he
second nucl ei s_acid fragnent conﬁrisin ﬁ&ii'the ene of j nterest mﬁt? t he
stop coddSeRfe?iPEESt EPIPRIISES 1afGgR @%f*rﬁag fleiq it fragaegfradyacenisiadt SGERtt he
gene of jinlehesty fifdi HiABE acld il ) Wds §r30EAL BNAL Rendidih She SgliSRLAR goifyar ker
gene whi ch encodes the carboxy term nus of the first sel ectable nmarker. For
preci se fregmeeitenmptibisSi)raegeno dnauliny 4 Bt sqheatqbde natket hevisge oarlonutsiminisaci d
fragment conprisin I. fragment upstr a gene of.interest, .(ii), a

¢ agment "rea of AP vibe Rer AR EeaPRErnE BT afe meBiis o Srer it sekitaley

t er m nusm@fket. &€hé inefiodsdLeingitses Prpk@is a IOndBLAel 0fd frien it @6RPEsing
invention can be used in any host organismin which honol ogous

r econbi néil ithen genenoh aterestt kavired ong @r arfdE thwatiens gsh&it) & Heagmest iof Ithes firdt ed
herei n (Schi zosaccharonyces ponbe), other organisns include, but are not
limted to the bacterium Escherichia coli, the yeast Saccharornyces
cerevisiae. [0027] The gene of interest may be any gene for which it is
desired to create an allelic series that is useful in an analysis of gene
function by a reverse genetic approach. In the fact, this nmethod is
applicable to any gene for nutagenesis as |ong as the phenotype of the
mutants i s observabl e. Exanpl es of genes include, but are not limted to
three classes of genes in fission yeast: (i) genes encodi ng ki nases (Bi nbo

. NN NN\ S



[ 0028] The nutation may be any mutation that |eads to a | oss of function or
a gain of function. Thus, the nutation may be a nonsense nutation, a
frameshi fwWOrROt1IAB353A, an 9 insertion nutation, a del eti @AT/SGREIII0001160r a

m ssense nutation, each of which would lead to a |oss of function or a gain
of function. [0029] Any sel ectabl e marker gene can be used in the present
invention as long as it is conpatible with and expressed in the host

organi s f I L: (S, | isSl st._hn e are
ot 11 m f PR geB Pkl tnTRaSBER O (AR RPRSha Rl enelits 7 g
yeast i ndleugéhoxpuérmanes ¢raimihé rarin@istod thdfirsEectedtatde 1RAZr. Fhametied fafther
sel ectabl e markers in Escherichja cali include, hut are not |limted to,
bl a, hyr POMBIES KEHORDINAS dhfescspsbiicigiftacich ﬁ@@%@l@n@sﬁrﬁ@w@ 3af spdabl e
mar ker | BRLAeS AR A I iRy ARPLBkeiabl AN RORRAIICRng LARIGE NG

I I ées a heter Any

encodi ng the sel ectable marker inclu | ogous pronoter.
het er ol ogouprigng (ther gamapf eenastddvag thowge as miore futatibhg(E) b getdrendodsig

organis [0030] | second .aspect, the present inventiqn provides an

i sol at eg}h?égfteﬁetec%éﬁdn?r%gt anélgl’rﬁ REG e‘?;lcoél_g‘}?et & 5256 1 _C%Ialﬁf: Fg’fl_“gel ectable
mar ker hfo02ap anf ahdBwbddghditNte Audkie adcid Fra@med eAdHdMy 1R MishUsiebfabrcat i on
and a gene encoding a second sel ectable nmarker. I n one ‘enbodi nent, at | east

t he port ingrkephatifg ajcgBloay éeiminps| taingatian ef aroamiap f¢ragnustaincatian isgetegratedbl e

mar ker ge t 2and sel e rker ne i.s _capable of .integrating
into a hggﬁtggg%ﬁgg%ﬁg%%ﬂ%#'lhlg%%?%gP%%ﬁﬁgdﬁggﬁP?mFWem§%8%ﬁ8¥%@?¥%¢ggene
i s posit ronetionand ke B endrof3he géndeenoddihféhd fifss teletraiEemagenes famesding on

which end of the first nmarker gene integrates next to the gene of interest.
The sel eftcab| 8958} Kisr genwelf 1BETEt s &1 8BOHET emhedispt, i HERAUOP AE aH@FRIXy.

[ 0031] 1 n i rtﬁxﬁ?t@cﬁ{:t‘md eI PERP SR hd %&‘?é;%ﬁ&’&iﬁg B! E&S s e&&ﬁ%%aﬁk&csd that

conprises a gene of interest, a gene eficoding afirst selectable marker
havi ng apesatittedyor éhariShusslet oflizagémnenobiinterestamimant afdiionad einbodinadnt,otheand a

ene encodi ng a.second sel ectable marker_ .In on odi ment, the ne
InCodt ng TEHERPR IS A5 GBS Femitie dBPRBISRA 5 5 20 BB et msRdieb PaTESI | on

i's i nt egkabasblOaxdrkéOidt PEsiGGRE & thdBersRt oPShalgssd bPaskRLr eitf. 4 llirgdpot her
enbodi ment, the gene encoding the first sel ectable marker having an am no

t er m nus empodimgnt, dhe iyn¢ationds an ethine termioust trenqgbiere and thndeemb of dw ghmscri bed
herein. The f.1 ,.est . be a. gene: as desgcribed herein. The :
DalENEe Bl bt AAE el i icte P B SSRBRE AR 8 ohileretl [ 0032] 1

101
sel ect abl& a’'se

a fourth[eespct In bieembedigpht, iveainman JINRY feeScidftabls ghak&dedneGh Ricatedci d
that conprises a gene of interest having one or nore nutations and a
f r agment D@t t Hie gene §f idepe dpspe dhsena@rmeeiputaionsh Ie seorhesembadimartpey

term nuscﬁﬂo@ﬂeﬁﬂi&u@ rorfitﬂé‘ﬁré?fselgagblgilﬁﬂ(er in the second fragment complements the

first selectable marker having the carboxy terminus truncation or the amino terminus of the -
first selectable marker in the second fragment complements the first selectable marker
having the amino terminus truncation. In one embodiment, the fragment of the first :
selectable marker gene encodes the carboxy- terminus of the first selectable marker and the -
3’ end of the fragment of the first selectable marker gene is iaositioned on the 3’ side of the -
gene of interest having the one or more mutations. In another embodiment, the fragment -
-of the first selectable marker gene encodes the carboxy terminusi of the first seleétable_ :
marker énd the 3’ end of the fragment of the first selectable marker gene is positiqnéd on
the 5 side of the gene of interest having the one Of more mutations. In an additional
embodiment, the fragment of the first selectable marker gene encodes the amino terminus
of the first selectable marker and the 5° end of the fragment of the first selectable marker

gene is positioned on the 3’ side of the gene of interest having the one or more mutations.



10 sel ectable marker. In one enbodi nent, the fragnent of the first

sel ectabl e marker gene is |located next to the gene of interest having the
one or nOWO 2A136138ns as descri bed herein. In another eRbdGGALN{0001dé | east
the portion of the isolated nucleic acid containing the gene of interest
having one or nore nutations and the fragment of the first selectable

mar ker gene is capable of integrating |nto a host organismis DNA, The gene
of interest escribe sel ctab e marke S nay
be a sel glcta }é Sm %(gglggt ge%cra PEEY R }heel ﬁr& fﬁlgctgﬁlf ﬁr fERF Bode {iat i on
as descr a@th i%ﬁ’ﬁﬁ‘iu@ of (ROBAL kéle@atle fhdikas@riCthe i’f&dpﬁ&ﬁ@magmemedﬂm@rﬁrst .
provides a nucleic acid that coqgglses a gene of interest having one or
nore nut &Rlp@ee H@ﬂ@f‘éﬁén%‘ﬁdf’éﬂﬂﬂ 1} thesY sisle|of gheagsme ofrinteest haniag sheyenseor
encodi ng e e es ne as
Gocer] bl RaRtns PGl AR ERL e IO ENRAN LBERERAITK, BR8]
descri be#CRerlai mfurt]ihleembdcmhemnthmycdmblaatmﬂ iathioaiola®us esombiadoner ghost

[ 0034] The practice of the -present invention enploys, unless otherw se

i ndi cat eff&%€6Hvent i onal techniques of chenmistry, nolecular biology,

m crobi otom{ r £ QRO M@gengﬁyeﬁagrﬁemlmmoé&w be Cu%ul f&l GheOYevefi@! |

cul ture and transgeni c biol og arewthin the skill of the art. ;See,
e.g., Mapémticnatipelktion &@Bst mfb¢1eez uarbpxyli t@nnmgl {a€ping @Flrevmg debetibor For
Labor at ory Pr es rbor . Sanmbrook et . a :

Vol ecul aPETBRIRE BTG S2Ees FaaFRy FEPBST EaAPACeT yroprbuiegry
Spring Hahbaent Mewvpr¥arek(i) tH3agenestkinbineht BHES Blel sto @8don MbREU(IA a fazpRLNY,
3rd Ed. Ellﬂd Spri ng I%gar)bor aboratory Press, Collgd Spring Hargor g%eg
York); Airagmment é'echaqs /)19 witlother gave obiwserssiandrante, K @cﬁﬁgarene%qhe@yst( John
Wley & i 08 oning (IRL
Press, %19&%51!3 p%u%gélg 19 R’?&Efq (ﬁ%ﬁgggeﬁ%ﬁﬁg o 016135 Bﬁh Ifgr’rsltt Dll\g%ta%} ADorat ol y

cour se nHomplecisCaletktiSpy 1hnngmbﬁ1bbarorﬂ;ﬁbes" gte@axyng%}ﬁ:s&po@ hdcl&praciigfrifanéar ,
N.Y.); Arland, Techgr qgues for the Anal %SI s of Cor% ex Genones, (Acaden c
Press, NESRNoYRE (1) 8 gragmens Hnsireamm aggnephiateresti Gig afrement of e st Selgctaw@

Nblecula 1 N 1988,
Anti bodi fensﬁée?(i%ﬁg &}g??%gwﬂg? %é(féabg%f%%ﬁ@ﬁﬁ%g% hréolg‘% Lépr |eﬁrggfll—(la&?b§rh ° New

Yor k) ; I\luxetlmdoofAhc grdsgrigrindingian icam be Bisedin higyresst &rganisin iHwhgihnwnedsgous 984) ;

Transcription. And: Transl ati s & S. J. Hi |n eds

Cul ture ﬂﬁf%&f’n Y (?{er%?mlggr eEIr‘? gag?ﬂf‘aw Reagt tha gg usmf@‘é]?]?ere&‘

| nrobi | i 2068} dcsabdic N pynBes), (il BfRaEms18RfMde, But PRt b@Jt 1iditkd ast ieal
Gui de To Mol ecul ar oni ngé1 984) the treatise, Methods In Enzynol ogy

( Acadeni baqveréss Es¢hggichianoy, the yiast ﬁ@@éarrqm}lenszwmggx Vol s. 154 and 155 (Wi

et al. I h 1 t ho cul a y
( Mayer aﬁgerJhl kgﬁ%‘@@%sc?f”h%?ést mja Fg.ng sg(séﬁe I%or W, 1ch 1t]}§g931red SEEE %e?g
Exper i megdries tharmivinsdfaigy, an\émhly@iES)f |gehé/ﬁ(d3tloﬁ/by\ﬁ&lef/er§¢’lger@t1c Gpprla&C kinethke,

eds. 1986%|§hR| ott, Essenti aI | mmunol ogy, 6th Edition, Blackwell Scientific

Publ i cat fashdhis oyateadds applgmblertp apy genesfor mutpgenesis as Ioag an e Phsetibs ok eG¥e From
Basi ¢ Scj R r dge
Daoh: oSS R EYRLRNH! el QAN Gl 8F Sla 388 SRR 1Y

RNA | nt egérexsan disssioRNA&ajt: (1Tr@n¢du¢r£co&n§dtm$e9f(Bﬂm‘tRi\lét alecmﬁ)ﬁ) ayyh aE)I}d@kPT ess
2003; Cot e e, (Editi atl Met hods and

Pr ot ocol §tk(1r\/§\lA 8‘237 ng%bﬁg‘ﬁ ?%?E h)’l g@&)SﬂEH&Hﬁ T%Pcdo%&es fapodingog.
Sohai | , ¢ Heludieh o cBNACA Nty ge%@se&ﬁ%dmgqﬁ&emk ege)én@mofﬂa@m&abwn
CRC, 2004 NPLES [0 The present invention is described by reference

to the fotlludam mogﬁbtﬁp‘l’ e@]ludm ebtli erpdf fede d rhg2, vmyObfmgli | adftrmdadomdathd i s

not inte t t.he i.n tion.in rrane Stan ard.techni gues wel |
cooun | LaBroabPL P, i Blin VD ERR O RS e SRS St
uti | i zedseptum initiating network, plo1, byr4, cdcl6, spgl,deNREE 1:!- sidd4, sid1, sid2.

[0028] The mutation may be any mutation that leads to a loss of function or a gain of |

function. Thus, the mutation may be a nonsense mutation, a frameshift mutation, an -



Preparation of Plasm ds for Fragment Switch in Yeast [0036] Two pl asm ds,
pH5dcW+ (Fig. 2a) and pHoc (Fig. 2b), were constructed for the integration
of sm zi WAERtI/13673g0i + and generation of the fusion fragGESG2A00&Ins C,
respectively. Plasm d pNlL was constructed by PCR-based anplifying and
circulizing a fragment using pUC18 (Sapbrook and Russell, 2001, Ml ecular
Cloning, 3rd Ed.)-as the tenplate and two overl apping priners

(tcgact agleabReAgagAL s%feasgma%%tﬁ&%%g%&%&ﬁg%}f b \ehith Al 1666 ° 99
gaggact agt egacgt t at cggcgagcggt at cagct cac . : e vec
pH5ch4+twm]s>ss:<nfrfsn¢tmtoed gain sfefgoeimi al |y addi ng the functional sel ect ive

maker ura4d+ and . t he .nonfunct onal sel ective rker hi.s5c,. and a l i nker with
mul ti pl ef@.zgﬁ, ngh¥ ?‘flggtq(l ?fa%j’&? Q%‘bg%aﬁddf‘ ¢ BgEgY A1V eationat long@sHas| p NO
13)) int éerNtlbleTQﬁh %hé%ﬁésm HB$hoSOBThANA! egxzi?ﬁ{plésegf’?éﬁdtﬁrlslrﬂarﬁgg'lﬂg tJZe

carboxy term nus of his5+ selective marKer and the sane I n pH5dc
The sel efissionyeast kenludsi $84 avmgot Hogled tas hisht tanduerat.o Exasnpdés eﬁscleetaiﬂss

obt o e UL R A8 TR 5 e R S B

selectable markers in Escherichia coli include, but are not limited to, bla, hyrR, and kanR.

In one embodiment, the gene encoding/the selectable marker includes the native promoter.
In another embodiment, the gene encoding the selectable marker includes a heterologous
promoter. Any heterologous promotef may be used as long as it functions in the host
organism.
[0030] In a second aspect, the present invention provides an isolated nucleic acid that
comprises a gene encoding a first selectable marker having a carboxy terminus tfuncation
or an amino terminus truncation and a gene encoding a second selectable marker. In one
embodiment, at least the portion of the isolated nucleic acid containing the first selectable
marker gene and the second selectable marker gene is capable of integrating into a host
organism’s DNA. In another embodiment, the second marker gene is positioned on the 5’
or 3’ side of the first marker gene depending on which end of the first marker gene
integrates next to the gene of interest. The selectable markers may be a selectable marker
as descnbed herein. |
[003 1}  In a third aspect, the pfesent invention prov1des a nucleic acid that comprlses a -
gene of interest, a gene encoding a first selectable marker having a carboxy termmus
truncation or an amino teﬁninus truncation and a gene encoding a second selectable
marker. In one embodiment, the gene encoding the first selectable marker having a .-
carboxy terminus truncatién is integrated next to the gene of interest as described herein. =
- In another embodiment, the gene. encoding the first selectable marker having an amino
terminus truncation is integrated next to the gene of interest as described herein. The gene
of interest may be a gene as descrlbed herein. The selectable markers may be a selectable
marker as described herein.
[0032] In a fourth aspect, the present invention provides an isolated nucleic acid that
comprises a gene of interest having one or more mutations and a fragment bf the first

selectable marker gene which encodes the carboxy terminus or amino terminus of the first



12 In hisb5c, fifty base-pairs of the carboxyl term nus were renoved, which
made it nonfunctional. To insert hisb' adjacent to goi+, we used a

pl asm d- D&Oed1V136BYr at i on strategy (Wang et al., 2004). PAI/SGRAGMM0IING Fi .
2a, PCR was used to generate one upstream and one downstream. fragnent of
the insert 1ocus separately. These twgofragnents overl apped 20- 30 .
base-pairs in their outward ends (the doubl e head-to-head arrows), which

carry a Jcase AR URLGH LA ERSH! ihe il et bthe HIGSEId %mflﬁmggg&é jyere
m xed and used as the tenplates for the next round of fusion PCR' The

f usi on FGRuted nelide thwagenel b netdrestniayintghthe \oae too maquefbutdtibns a¥ describedihéricimg

pl asm d was festrjct.ed enerating.two.ends that fully matched with the
Sequenceld BAMERENRIBirns SR e o af iodep Hedupsitic alid PrEHuRe Mreo? nt o

t he host,OnhgaRt R0 SERE 29 TAGE MAABAS @RdRAERRLMEST SOtht TRsthRiLediasafescri bed
(Ckazaki, K. et al., 1990) and forced to undergo honol ogous reconbi nation

by the sgdneds fapabled infeaating imde a hostrggamsmisdDNAt eldieagenenf ofterhstaBay beqext to
goi +. To_int i into i+, it was,cloned.i,nto the vector. pH5c
o genertrd 5 APERaTH Ak hd B dnkl H87 075 R0ELUB Rl 10 Dmen
cont ai ni ngeia. The WilRtRAM AN cAGtGsY bs decHbsdBerpiart of hi s5+. The fusion
fragnment goi +- hi sbc was used as the tenplate to anplify gorhisbc by

nut ageni I@gfﬁﬁR U8i 11Bfth 3ergst:ithe presad L epaan Previdss. a é}rg%fti? @?lgdbﬁé‘@m@% at vgc;
SEQ I D G - : i + i fi i S5C.
Q gkm&@@s{ heﬁ/lﬁ%gé@& égregﬁgta%nggo%eﬁggqc ife gﬁﬁ&' Jeie%&a?ope e

After gor-his5c was transtorne rec W olthis mut at1 ons

wer e del ander gehet encgding wpsenondeel @edbbe miadeer f dihehiead of iftARhE Be Brgepanat i on
of Mutant ALl el es . of nes of Interest 100371To .test fra nt.sytch, we
e 1 or mAPSHTRSHITH pF RGP PR B AR RBP4 b SOH Berkst 2n0CHTPE BE R

several PRNAsaAbn Al BEaThutat¥h Ridek@bhelinegigenes essential for cytokinesis
(Bal asubranmani an et al., 2004), cdcl2, cdcl5, rng2, plol, nyo2, one gene

essent i al003dr sPiendtastitorodethe dmesent i vantion omniglpigsg amless dotvermasy dalicalgios) |

dl, d . di Ki. ' Kk f i MO. l .,
2005, poeam iR RS [, hetuBR el WABE WOGoURE ot R i °

(Mor eno PNAQlgenetitdSitymaitody; asls bivlsmy icol cafturSaat 208 acaabiolnsy SHhRAKEe Was
done as described (Ckazaki, K et al., 1990). Details of genes of interest

and t he yithirgheskid eftherast. | Sest e, Manpsisiegah, 198 olecular Cloning (Cold Spring
2011 TogARCTIRGRON PRGOS i 1o ol splory B
the actiMoleyalsi Cloning) FodrEdy(Cold SesigsHabde [2pomatoey EadsgCaeld tSpringi Habant s
LA e T e T R
Harbor Laboratory Press, Cold Spring Harbor, New York); Ausubel et al., 1992), Current‘ ‘
Protocols in Molecular Biology (John Wiley & Sons, _.i’ncluding periodic updafésj; Glo{/er,
1985, DNA Cloning (IRL Press, Oxford); Russell, '1984, Molecular biology éf plants a . |
laboratory course manual (Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y.); Anand, Techniques for the Analysis of Complex Genomes, (Academic Press, New ,
York, 1992‘); Guthrie and Fink, Guide to Yeast Genetics and‘Molecular Biology (Academic - v
- Press, New York, 1991); Harlow and Lane, 1988, Antibodies, (Cold Spring Harbor s
Laboratéry Press, Cold Spring Harbor, New York); Nucleic Acid Hybridization (B. D. .-
Hames & S. J. Higgins eds. 1984); T ranscription And Translation (B. D. Hames & S. 7. ?
- Higgins eds. 19.84);. Cultufe Of Animal Cells (R. L ereshney, Alan R. Liss, Inc., 1987);
| Immobilized Cells And Enzymes (IRL Press, 1986); B. Perbal, A Practical Guide To
Molecular Cloning (1984); the treatise, Methods ]nEnzymology (Academic Press, Inc.,
N.Y.); Methods In Enzymology, Vols. 154 and 155 (Wu et al. eds.), Immunochemical



#2 CCGAGAGACAGCTGCAACAGCACAATGTATTTG (SEQ | D NG 6)
#3CCTGTTGCAGCTGTCTCTCGGAACTTA (SEQ I D NO 7)

#4 CCTATAGEATATIOGRGAT CCAACTAAACTAACTTCCAAA (SEQ | D NO 8) PCT/SG2011/000116
#5GCTCCGAGTTAATTCGIGGT (SEQ I D NG 9) cdcl5: SPAC20G8. 05c, encoding Cdcl 5p,
which is required for assenbly and stapilization of the actin-nyosin ring
for cytokinesis. Prinmers*#1GECCGEECAGCTGATGACTTAACGCGAAACGA (SEQ I D NO 10)

ﬁg?&img\%wﬁg@E ap[g@!\n ]\"?lalker, eds., Academic Press,
| .
#4wATAmT%W%I%ﬁuQ%S%A&%EQQE%2—?[V (D. M. WelngﬁlSZp,

#5CAAACATGTGGECCTATGCA (SEQ'I D'NO 14) rng2: encodi ng
whi ch i sCr dgquiBladkwiely edssei¥Bby Bivtt, clowerntadt innuaflogh esthcEdiniony Bdadkwellng f or

oy e SSRGS I GAIe (9 T O

#3AACCT TBRATRILICE TIOADARC T # o i QU INdgd Mniversity Press, Cambridge, 2005;
Schepers, RNA [nterference_in Practice, Wiley-VCH, 2005; Engelke, RNA Interference
(RNAi): The Nut& & Bolts of siRNA Technology, DNA Press, 2003; Gott, RNA
Interference, Editing, and Modification: Methods and Protocols (Methods in Molecular
Biology), Human Press, TOtowa, NJ, 2004; Sohail, Gene Silencing by RNA Interference:
Technology and Application, CRC, 2004. -

EXAMPLES
[0035]  The present invention is described by reference to the following Examples,’
which is offered by way of illustration and is not intended to limit the invention in any
manner. Standard techniques well known in the art or the techniques specifically described

below were utilized. -

EXAMPLE 1
: .Preparation of Plasmids fof Fragment Switch in Yeast

[0036] Two plasmids, pH54cU4+ (Fig. 2a) and pHS5c (Fig. 2b), were constructed for |
the integration of smI* next to goi* and generatioﬁ of the fusion fragment goi'-'?-smf, :
respectively. Plasmid pN1 was constructed by PCR—based amplifying‘ and c'irculi‘zin’gn‘ a .
fragment using pUC18 (Sambrook and Russell, 2001, Molecular Cloning, 3rd Ed.) “as the | _
template and two overlapping primers (tcgactagtceteecgggatectcaggectegtgatacgectatit
(SEQ ID NO:1) and tccegg gaggactagtcgacgttatcggegageggtatcagetcac (SEQ ID NO:2)).. '
The vector pH54cU4+ was constructed by sequentially adding the functional selective
maker ura4+ and the nonfunctional selective marker his5*, and a linker with multiple
cioning ‘sites (gtcgacagctgcggaattctgctagcggat ccagat¢t (SEQ ID NO:3)) into pN1. The"
plasmid‘pHSC was constructed by sequentially add_iﬁg the carboxy terminus of hisS+ G
selective marker and the same linker in pH5AcU4+. The selection marker lhiS5Jr was
chosen as sm/ " due to its effectiveness obtained during transformation (Tang et al., 2006) ‘

and its short coding sequence (651 base-pairs; GenBank Accession No. NM_001021840).



#4 CTCGGAGCAGCTGAACAAAGTGAAACGTCTC (SEQ I D NGO 18)
#5GAGGCCACTTCCTCTGTAAAGATCCGTCATGC (SEQ I D NO 19) plol: SPAC23C11. 16,

encodi ng Wbabpy13etsvch is required to forma bipol ar spi rdrsG2eh®o@aéi n ri ng
and septum and for septal nmaterial deposition.

Pri mer s*#1GGCGGAGATATCCATATTTCACATCCTGATTTT. ( SEQ | D NG 20)
#2TCCTCATCAGCTGTGATTCTTAATATGCAGC (SEQ I D NGO 21)

L o

#5 GGAGCARMIATSHGRAICT CEGRIEICAE T GCadj @t kb0, 24 ussad]d plaSBE(CE@d@&ZnQ ratiBAcodi ng
Sadl p, which is a conponent of the spin le’ pol e body and is involved in

|i nki ng $tedtesyeVbangteha h?é)oébllﬁﬂﬁ@vﬁbln@lg&wP@&WW%%g@@rq@? ophesteam

;rZEI'Xi[I"SI'* QZMWW@ %@%qf[g&ﬁﬁ%e cly. 25%hese two fragments g

#3TGTTT TekIapttdA\DAASIOT BasSAARTTE TIeChelrSvhid dAs2 fhe double head-to-head arrows) .

#4CCT. ATACEAEATCCGGATCCAAA TTCCAGGCTAGATT (SEQ I D NO 28)
carry a unique endonucuclease restriction 51te ese two fragments were mixed

and used as the templates for the next round of fusion PCR. The fusion PCR product was i
cloned into the vector pH5AcU4+. The resulting plasmid was restricted, generating two |
ends that fully matched with the sequences on the chromosome. The linearized plasmid
was transformed into the host organism (Schizosaccharomyces pombe) using the method as
descri;be‘d (Okazaki, K. et al., 1990) and forced to undergo homologous recombination by -
the selection for ura4”, resulting in the'integration of his5* next to goi’. To introduce
mutation into goi”, it was cloned into the vector pH5¢ to generate a fusion (goi"-his5°)
between goi* and a 400-base—pair fragment containing a 3’-UTR and the carboxyl terminus
part of his5*. The fusion fragment goi*-his5¢ was used as the template to amplify goi™-
his5° by mutagenic PCR using one primer (MOH3724his5c25u: gacttgtcgggacggecctatge;
SEQ ID NO:4) specific to the 5’ end of goi+ and one specific to hisSc. After goim;his5c
was transformed and recombined with goi™-his5%, mutations wére delivered to goi upon

the selection for his5™.

EXAMPLE?2
Preparation of Mutant Alleles of Genes of Interest _

[0037]  To test fragment switch, we performed proo’f—of~prin.ciple experiments: to isolate 3

mutant alleles for several genes of interest. We picked five genes essential for cytokinesis

(Balasubramanian et al., 2004), cdcl2, cdcl5, rng2, plol, myo2, one gene essential for

spindle formation and function (Hagan and Yanagidé 1995), sadl, and one gene encoding :
T a klnase with unknown function (B1mb0 et al., 2005), ppk37 (F1g 3).- All the strains were

grown in standard medium (Moreno et al., 1991) and transformatlon of

Schzéosacchai omyces pombe was done as described (Okazakl K. et al., 1990). Details of

genes of interest and the pnmers used are listed in Table 1.



#5GCCATTCAATTACAGAATCC (SEQ ID NO 29) WD 2011/136739PCT/ SG2011/ 000116 14
ppk37: SPCC70. 05c, encoding a kinase, which is essential for viability and
whi ch furwoi2on/i3e73mot known. Pri mer s* #1 GGAGGAGT CGACCTAABCTAGIIAMINIES ( SEQ

| D NO: 30) #2AAACAATCAGCTGCTGTGGAATCAAAGAGT | (SEQ I D NO 31)
#3TCCACAGCAGCTGATTGTTTATACTAATATC ( SEQ4 D NO: 32)
#4CGAGGAAGATCTCACAAGTGATTGIGIGG (SEQ | D NO 33) .
#5CGAGGACAGCTGTATGAAAAGCAGTGITTG ( SE EQHR: NO 34) nyo2: SPCC645.05c, encoding
Myo2p, which is involved in generating ]force for actin-nyosin ring
constraction, and also binds Genesdtthtedd ahd @rinfid mers for ani no-term nus*

GGAGGA C?A ACATAATATTCCCGC ((SEQ. I D NO 35
#1 CJ %'F%I{Fs 04c, encoding Cdcl2p, ghlch 1S requl)red for the assembly of the actin-

myosin ring for cytokinesis. Cdcl12p nucleates actin filaments that grow rapidly from the1r
barbed ends in the presence of profilin. :

Primers* #1 GGCGGCGATATCGAAAGAGCTGGCTCGTTTGAC (SEQ ID NO:5)

#2 : CCGAGAGACAGCTGCAACAGCACAATGTATTTG (SEQ ID NO:6)

#3 GCTGTTGCAGCTGTCTCTCGGAACTTA (SEQ ID NO:7)
#4 GCTATACGATATCCGGATCCAACTAAACTAACTTCCAAA (SEQ ID NO:8)
#5 / GCTCCGAGTTAATTCGTGGT (SEQ ID NO:9)

cdcl5: SPAC20G8.05¢, encoding Cdcl5p, which is required for aissembly and stabilization of
the actin-myosin ring for cytokinesis.

Primers*  #1 GGCGGGCAGCTGATGACTTAACGCGARACGA (SEQ ID NO:10)
#2 ATCTGTGACCCGGGTTTGCACTCTTCARACAT (SEQ ID NO:11)
#3 TGCAAACCCGGGTCACAGATATGGGTCTAT (SEQ ID NO:12)
#4 GCTATACGATATCCGGATCCACGCGAAAAAGAATGCAAG (SEQ ID NQ:13)
#5 CAAACATGTGGGCCTATGCA (SEQ ID NO:14) | |

rngZ SPACA4F8.13¢, encoding Rng2p, which is requlred for assembly and contraction of the
actin-myosin ring for cytokinesis.

Pan@S* #1 GGAGGCCTCGAGTCTCTTTAACTACCCAATG (SEQ ID NO:15)
#2 TATTACGGATATCCAAAGGTTAATTTGAACAT (SEQ ID NO:16)
#3 AACCTTTGGATATCCGTAATAAGTCGAG (SEQ ID NO:17)
#4 CTCGGAGCAGCTGAACAAAGTGAAACGTCTC (SEQ ID NO:18)
#5° . GAGGGCACTTCCTCTGTAAAGATCCGTCATGC (SEQ ID NO:19)

plol: SPAC23C11.16, encoding Plolp, which is requlred to form a blpolar splndle the actm _
ring and septum, and for septal material deposition. -

Primers*  #1 GGCGGAGATATCCATATTTCACATCCTCA’I‘-TTT (SEQ ID NO:20)

#2 TCCTCATCAGCTGTGATTCTTAATATGCAGC (SEQ ID NO:21)

#3 AAGAATCACAGCTGATGAGGAGGTTGTC (SEQ ID NO:22) _
#a GTATGCTATACGATGGATCCAGCATAFG»T‘AACTTAACGCC (SEQ ID NO:23) -
#5 GGAGGAGATATCGTTGTCCCTTTCTTTGC (SEQ ID NO:24)

sadl: SPBC12D12 01, encoding Sad1p, which is a component of the spindle pole body and is
involved in linking telomeres to the spindle pole body during meiotic prophase.

Primers*  #1 GGCGGAGATATCTGCTTCCTCGAGCATCA (SEQ ID NO:25)
#2 TAATTGTCCCGGGCAAAACACTAATATTCGC (SEQ ID NO:26)
#3 ' TGTTTTGCCCGGGACAATTAGGAATTTCCC (SEQ ID NO:27)

#4 GCTATACGATATCCGGATCCAAACCATTCCAGGCTAGATT (SEQ ID NO 28)
#5 GGCATTCAATTACAGAATCC (SEQ ID NO:29) :



#2TATCAACCAGCTGTGATCGCATTCATAGCCG ( SEQ | D NO 38)
#3TGCGATCACAGCTGGTTGATACTCGAAAGG (SEQ | D NO 37)

#4GGAGGAGRUATUABIBAACT TCATGCGCECG ( SEQ | D NO 38) 45GCGCABCT/BGANTAGNOCCCT
(SEQ ID NG 39) Primers#1 for#2 carboxy#3 term nus* #5
CCGCTCGAGTCGGCAAGT TTATGCAACTTG ( SEQ | D NC: 40)
CCTACGTTCATTTGATGCTGTCATGGATATCTCATTGC (SEQ | D NO 41)

CCAGOACA T o AT TR (G THTRS 37 A ErePiseath fee &

NO. 44) not known _
Primers*  #1 GGAGGAGTCGACCTAAGCTATTTATTTGG (SEQ ID NO:30)
#2 AAACAATCAGCTGCTGTGGAATCAAAGAGT (SEQ ID NO:31)
#3 TCCACAGCAGCTGATTGTTTATACTAATATC (SEQ ID NO:32)
#4 GGAGGAAGATCTCACAAGTGATTGTGTGG (SEQ ID NO:33)
#5 GGAGGACAGCTGTATGAAAAGCAGTGTTTG (SEQ ID NO:34)

myo2: SPCC645.05c, encoding Myo2p, which is involved in generating force for actln-myosm
ring constraction, and also binds to cdc4 and rlcl.

Primers #1 GGAGGACTCGAGCTGTACATAATATTCCCGC (SEQ ID NO:35)
for-amino- #2 TATCAACCAGCTGTGATCGCATTCATAGCCG (SEQ ID NO:36)

] *
terminus® 4 TGCGATCACAGCTGGTTGATACTCGARAGG (SEQ ID NO:37)

#4 GGAGGAGATATCATTTAACTTCATGCGGCG (SEQ ID NO:38)

#5 GCGCACCTTTAATAGACCCCT (SEQ ID NO:39) '
Primers B1 CCGCTCGAGTCGGCAAGTTTATGCAACTTG (SEQ ID NO:40) |
for g2 CCTACGTTCATTTGATGCTGTCATGGATATCTCATTGC (SEQ ID NO:41)
carboxy , #3 GATATCCATGACAGCATCARATGAACGTAGGATTAGGGG (SEQ ID NO:42)
terminus® GGAGGACAGCTGGTTATGGTATTCAGCATG (SEQ ID NO:43)

#5 ATTCTGCTAAAACACCT (SEQ ID NO:44)

* Primer pair of #1 and #2, pair of #3 and #4, were used to amplify the outwards and
inwards fragment of the gene of interest from the insertion site of his5%- ura4*. Then the »
fusion fragment of these two fragments was ampliﬁed using primer #1 and #4 and then
cloned into pH54cU4+ . To construct fusion goi -hls5 primer #5 and #4 were used to -
amplify; which was then cloned into pHbc. - o

~ [0038] We obtained three rng2 mutants from less than one hundréd his5* trétjnsjfor’mant's, -

| one displayed temperature sensitive with multiple nuclei at 36° C We did sr'nalil--sca'lev
screenings for cdel2, sadl, and ppk37 using only two plates (150 mm diarheter), and |
collected 11, 28, 30 mutants respectively. Two of each are shown in Fig. 3. Both cdci2-3
and cdcl2-6 died at 36° C; cdcl2-3 showed completely loss of septum _fo@atioh, but
cdc12-6 showed partial formation and disorganized septum. Both sadl mutants showed
unequal segregation of chromosomes, but sad1-54 showed multiple DNA foci in most of
the cells at ‘36‘% C. Most of the ppk37 mutants showed slow growth in rich medium,
arrested in different cell cycle stage like ppk37-1 7 at 36° C, and lysed on agar medium .

(data not shown). Therefore, ppk37 could be involved in membrane structure assembly.



* Primer pair of #1 and #2, pair of #3 and #4, were used to anplify the
outwards and i nwards fragnent of the gene of interest fromthe insertion
site of HWOZReL/I36B4+. Then the fusion fragnment of thesePCHREGROEGHENGS was
anplified using primer #1 and #4 and then cloned into pHSAcU4+ . To
construct fusion goithis5 , prinmer #5 gnd #4 were used to anplify, which
was then cloned into pH5c. [0038] W obtained three rng2 mutants froml ess
than onesgupdie Nis Ppri AN ShaLePRbsble ABFotH! ' r htive
with nul tli pl e nucpe;éégt 36 C. W gi d gma %-sa?;'a gdgg?%gﬁ?%g&#oﬁl gﬁ)@
sad], anfdrppk®v uUdbstgofoploy mwenfsl etes elohg@ednwiti amitige )nuckn dindoddfetived 11,
28, 30 nutants. respectively. T f each are ,shqwn in Fig. .3. Both _cdcl2-3
and cdpl?l’glrlﬁlisf%’anaé nsf'é‘c@? tﬁﬁc‘f\é\?’ﬁsﬂﬁﬁé OYYB_Cﬁﬁ]L@WgF%“Flﬁlsén‘gf’t}_éeérf?‘ﬁnﬁ’nly o
for mat i ofhowRt dFelGile-1f *BRNEPoRAbtiha! (dh@r MRt 8RN dLsQr B35 289 a%g%um
Bot h sadl mutants showed unequal segregation of chronosones, but sadl-54
showed meddinglseqBhaef BGB1 i basepsirs)of iisfic emb| ¢that B6er€d Mbstheo UTR fopk37
mut ant s showed sl.ov&gr wth in rich mad'bum arrested in different cell cycle
stage | i REUSHICEF-IR GFAroYECTaIYS Pf ERE2dH WyEra hBHPTOMOlddPamHBecsisiR) .
Ther ef or @ PKS e@oibhdl Mosk RY Ohe/ 850D M IBHRI RBG e hEhMr FuchsS SBA Nectivd D Si X
mutants |i ke ppk37-24 showed double |length as wild type and defects in

sept um f sppivan famativ 83 ingfyogtal andranesiiwer e el ongated with mul tiple nucl ei

and def egi, S fQr i on except.that .plol-83 anly_showed.nultiple
nucl ei a@gb%]tehe?ﬁ)% glt%hognqr{?ﬁesﬂrg\%%% 1%\%]:1 gy ia§/gPu|Sﬁrat§§b’f ﬁ}ﬁ%gﬁ?’\fl’\%ﬁ“ﬂm@ ata not
shown) . ERERUEE oMVAR, FAS s@pd. OMY IO Hid Gtcpe A RE&rAHRBIE FRSE-RAL 5 boi Nk S5’
was either inserted in the 3'UTR for mutagenesis in the carboxyl "term nus
of - myo2, cffeicppbeqassmihsfingsrivmmodass nob dismntahe Aawtion iofi gohe Ianfhasetamdrsteps.
Most of the nyo2 mutants showed nulti.pl e nuglei. .and fective septum

f or mat i o%ccggsgy?fﬁﬁﬁﬂofg fargﬂ’&y\?eﬁ\?@?pﬂﬁ . aﬁﬁﬁgbf;}fﬁe. lﬁéisﬂ‘ggo 8ng%éne&fz§§ nt

i nvent i ORbrASlobblsUStsAbigstdhdsNESE AR RESSeL) %eﬁwéﬁliggg-m@@m kg efsaonly

two steps. Inthe first step, the integration of next to~goi+ isS

ef fi ci entvopdogustegtahien iahseytather oes Cubpated tapharkéreswitiehs tfrapgment sgiich | n
the second step, because only a short carboxyl term nus fragnent his5 Cis
used + o BONRFEHTRISRT 88D 1 GTOun S b EB A PrO S PhteT S 1

preci sel yech@de PRI GO swittls oflyaldd 348batM ®OBRe-pANO bl kiRDcdrd U t&hiAR &lthany
other loci. Conpared to marker switch, fragnent sw tch provides a nmuch
easi er wgjection copken| whige igdwrdly mpeerparatedyavith mutatioge riyc PEBR. Whi tsstied
because SWi { C y_need_about .,200 base-pai.rs, of the carboxyl

Cor i nast o g R AR EE AR, ofCOwERAT e, Bt arles” e

mut at i onegloyis BERyo e Alsesinachtibfiagiidbe pritnatity @irodeéa imtb agaitisdoneieisify t he
carboxyl _termnal and am no term nal regions of nyo2. A so, nutations could
be pri mefsiop HGR (Hgutddwhishovill bentseful domeamain dinrgiopysanalysiscrn @pdigon 1) |

whi O W o0 di5eFblmd, T 0B j i Ak :
mut agenesitsa,E fragment svsvitc clg(tijli)gﬂgég %gggméﬁigﬁle%étg e?edrcg{l/er ég%%{rlséltcﬁgs .
mani pul aprecise sarbbxygemqprieditsggit@aibrydn ddetidnnalt coalddhengiapted teweirerdeddzd i on.

It could be .adaﬁ;:]eg.fl ot@%r model . or gani sns i n_whi ch honol ogous. = .

r ecormbi nFEFYHE HhV B 88‘?’1" ﬁ‘éscfec‘fr%‘%ﬁ%l*h%a REPEHPTRRE ternms "a" and "an" and
"the" and simlar referents in the context of describing the invention .
(especially in the context of the following clains) are to be construed to
cover bol0f4@lhe Ehagsel dithaignns a8 piduieal’ andifithe’ sndsinelanieferentsdn ¢heet @abtdxer ei n

ot uai Y SORHREHE S BSPSTI 15 08 hBleet ol B BLOBiincamed i B he

(i.e., neasing to afkt8btighe BitkulROhnd ithe plaehlf Gnleds Mrase AtRekwiLsRinet ed.
Recitation of ranges of values herein are nerely intended to serve as a
shor t handearbt H@E}TB%FCW"%P&‘M“F?@H nthey icama | fopmppisagdh heeiey af @clpdings” and -
falling sgh ﬁrﬂné’h&ertg%econHﬂe SR (%elﬂf" b E Ferhldi .62 eq.m*ﬁ r‘%ﬁ(?udiﬁg%u%q’l%t] E
separate value Ts incorporated 1 nt'o the specification & 11 It were

i ndi vi duahityd tel) tedsshetheiwise faed.eXaatjthiton bf ringes bangRied Bedin afe ghefly 0sed,
then 11, 12, 13, and 14 are al.so disclosed, All. nethods described herein
can be ﬁ&FPS?ﬁﬁﬂs?ﬁeﬁﬁﬁSE&?@%@P@“@?@QFrﬂﬁF@§§n@W§§@uY§%6?§UFE%F%HVHE$ein or
otherwi se clearly contradi cted by context. The use of any and all exanples,
or exenplary |language (e.g., "such as") provided herein, is intended nerely
to better illumnate the invention and does not pose a limtation on the
scope of the invention unless otherw se clainmed. No | anguage in the
specification should be construed as indicating any non-cl ai ned el enent as
essential to the practice of the invention.



[0041] 1t will be appreciated that the nethods and conpositions of the

I nstant invention can be incorporated in the formof a variety of

enbodi mernwe,200M3¢738 f ew of which are disclosed herein. BEH&G2MEA0GI16f this
i nvention are described herein, including the best node known to the
inventors for carrying out the inventign. Variations of those enbodi nents
may becone apparent to those of ordinary skill in the art upon reading t he

for egoi nﬂlllﬂ%ﬁ Gvﬁt.hﬁ’xt {.h% r&‘an%—eb q.lnlé-% e(?% seCTid gfedsljn%r%lh,ﬁ gncfl regclzhts %ens & V5B oy such

vari ations appropri-a e |nven ors in IHhvERtTon to be

pract i cethcodpbaitadiis® thé QpSECEfSCaBOE@fE ffiicablefindierinnilpeditbeheem. FOEeihlogiy .,
this |nv ntion |ncludes nodi fi cati ons and equival ents of the subject

matt er iTeREF {4r1P He dbslcgﬂs?% Hepdhdéd h%r%‘flol“a?epélﬁ%dtsp@ée%y Adbpiethedp| e
I aw. Nbr@c%&%ed 1n efalef3]N g@#fb&%doifn dn %uﬁ &?% fek?@tﬂeﬁ%l%@l’a}cﬁfadr}xe@élﬁ

possi bl e variations ther IS enco assed e I nventron un
ot her wi ser ptigivia¢ ettaller @intradictedt herammsat.cl "é}&r Iuye @tﬁrmyamcbhhde)dampdmntoext

Bl BLI OGRAPHY [ 0042] Bal asubr amani a 20 ratlve
anal ysi sSSP o an & bk g D,) ﬁ&%’fie‘?f}}"%@?’ogﬁ S%‘{ed tﬁa\’et‘i?él I's.
Curr Bi ofilu#ftnat&BR6nvh8en B&p&é’dsﬁo@@se imBhti@ on tfhggg@e of%[@fn@&ﬁ{dn%n@é%g etion

anal ysis of fission yeast protein kinases. Eukaryot Cel
[ 0044] Ha@féprwwe clam@rd Yaloalgnghage in the. sp(:qrﬁ%mn s'lrhveld;he@dnmuedras ’alhbcatt;lpg Aoy e

formati 00,9 ? east spindl e pole body

and is essen eg%en\?ﬁs; S%FI% aﬁ“? @ea}CIhC% SSIIEV%HE 3-1047. [0045] Kanemaki ,

M et al [00(112]0031) wﬂme@ppreaaiedpmtﬂe@ﬂﬂemod@l@rm tdrhsaitiods o0 theDMariteldnGiah | ON
proteins by induced roteoly5|s in.vivo. Nature 423:720-724. %&0046]KEeney,
O

J.B. andcaosicomporsted mothg) formrqfi & vatigty tof regehiodem e, el wei I6W aft whisharg2 and
ur ad- 2944;£8020 HefS AEGIRUATUEE S BB endiNGE | deSeribRE 1A% Qqudlng the best

mode known to the inventors for carrying out the invention. Variations of those
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appendéd hereto as permitted by
applicable law. Moreover,. any combination of the above-described elements in all
possible variations thereof is encompassed by the invention unless otherwise indicated -

herein or otherwise clearly contradicted by context.
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constructions in fission yeast. Methods 33:199-205. 18 WHAT IS CLAIMED | S:
1. A nethod of generating an allelic nutant in a gene of interest

conpri si YO 2011/136739 (a) integrating a first nucleic aci #CTR&GMENP01d6l] acent
to a gene of interest in a first nucleic acid, wherein the first nucleic
acid fragment conprises (i) a gene encgding a first selectable marker

havi ng a carboxy term nus truncation or an am no term nus truncation and
(ii) ag i cond sel ectabl e marker; (b) preparing a
second ng@%?ggﬁiwgggﬁent conprising (i) the gene of interest having one
or nore nutations and (ii) a fragnment of the first sel ectable marker gene,
wherein the fragnent of the first sel ectable marker gene encodes the

car boxy ferm Ausetbed ahgeneratiag i alieiconutanieinfa gese oftarest sbinprisingker, and
wherein the fragnep . e, fi Lect.abl e marker gene is positioned

adj acent to the gegi%“g%gr %‘}rl]\ °e£r g¥sst§ E‘ﬁ%%‘lc%%dt I c?%gaééermeﬁnpea W&? BHES A Ay

(c) reconbi ni figt thelekeedddwhaeleite At dutlerRgaBMtfradnidat thpfikdssti) AUENBI C
aci d under pressgre of _selection for the first selectable marker to produce
a second nucl B1CIRE; ¥ THRh slentadle sraprarshavipg p)carhpxygemBings tuscatiaser Bavi ng

t he one or nogs; ih@Sunchiid e J t UR S I | e marker
and (iii) a géelﬁgl%g%@ggi ng r}tcﬁgér)s%r@o(gg%’gﬁ%;%ﬁggﬁg ansg%?grsf E\%\ﬁé&éﬁ%&%ﬁ allelic
mut ant in the gene(Wfprepariegessedosd genkeicat@d. fraEnentmedipdsiof (Ol theraehe ofher ei n

the first selectable marker gene havi.ng a rbo term pys fruncatiaon or
ani noI tZr mfsnug‘&tr? HEN AN %rg’inﬂfeeﬂluﬁltggs ﬁ’é(i 1) g Weﬁbﬂgﬂﬁhﬁ'shﬁﬁlfz%‘?‘? 3.

The met hod of mah@} Berk, WHIRAEHR frdpehdnt P BRL i8Nsdl X tb] € ARRARK Yed EEFAMSthe
truncation and the 3 end of the gene encoding the first sel ectable marker

i s positi onedcasPrXHEMIMUS Priemigd teruneeofctho firitselectable matkerThml wherendthof
oA 2, e sy S EUREALLAN P uF L PR LU NER, PR I
5' side of thetgendadhg thetode®sinore mutations; and
{c) recombining the second nucleic acid fragment with the first nucleic acid
under pressure of selection for the first selectable marker to produce a sécond
nucleic acid molecule comprising (i) the gene of interest having the one or more
mutations, (i1) a gene encoding the first selectable marker and (iii) a gene encoding
the second selectable marker, |

whereby an allelic mutant in the gene of interest is generated.

!\)

The method of claim 1, wherein the first selectable marker gene having a carboxy
terminus truncation or amino terminus truncation is integrated next to the gene of

interest.

3. The method of claim 2, wherein the truncation is a carboxy terminus truncation and
the 3” end of the gene encoding the first selectable marker is positioned on the 3’

side of the gene of interest.

4. The method of claim 2, wherein the truncation is a carboxy terminus truncation and
the 3° end of the gene encoding the first selectable marker is positioned on the 5’

side of the gene of interest.



19 5. The nmethod of claim2, wherein the truncation is an am no term nus
truncation and the 5 end of the gene encoding the first sel ectabl e marker
i s positiwoediionétshe 3' side of the gene of interest. 6PCTise20matoh@des of
claim2, wherein the truncation is an amno term nus truncation and the 5
end of the gene encoding the first sel1 ctable marker is positioned on the
5' side of the gene of interest. 7. The nethod of claim1l1, wherein the

fragnment _of t first se|lectable marker gene encodi.ng the carboxy term nus
o S 05+ er PR O o L DI R i G AU 5 CHBSAD T e

gene of interggts hadiopghd g@,e%eocﬁﬁg R BrsfWdI1ALh0 $Snarker id BEsiiEHAh @ 3¢l ai m
7, wherein the fragnent of the first sel ectable marker gene encodes the

car boxy ter ni sidsobtheighme dfiintstessel ect abl e marker and the 3' end of the
fragment of the first selectable marker gene is positioned on the 3' side
of the gene of interest having the one or nore nutations. 9. The nethod of

claim7, gwher ghoimeiRdfof 2R 12} whkreih@eftiunsitionek @f laathStehBInkS frudeRnangodes
the carboxy termi nus of the first selectable narker and the 3' end of the

fragment of t#e ¥iendtof g emesmreding theefirsyselectalde muskariip pesitienedt dneths'S’ si de
of the gene of; ] ' the one or nore mutations.. 10. The method of
claim7, V\hergelld%g{ﬁé%?reagnééﬁ Ejf the first selectable marker gene encodes
the amno term nus of the first selectable marker and the 5 end of the

fragment _of the first selectable marker. gene is positioned on the 3' side
of the géne o?g‘? mediodset dam hgwhereioths fremest 8§ﬁlift ¥t sisctablg marker gepehod of

claim7, whergi®ain@ant Eag5ENMerfinut e aﬁﬂiﬁf?erﬁlﬁhﬁ%tf"ﬁ?é gr&%a%&,ablg c&ngodes
b an end of the

the amino termnus of the first sel ectable nmarker the 5

fragment of tlosated nett te dleegehabf mtarest keving éreeonier puse tiutatieds.on the 5' side
of the gene of interest having the one or nore nutations. W)

2011/ 136739PCT/ SG2011/ 000116 20 12. The nethod of claim1, wherein the

recombi ngt i oNThé nfe@ival SO 7 eeRERINNRE! PimehB of it fifsPkaAbasb1BWedrRrCoeasi d
conprising a gene encoding a first selectable marker having a carboxy

term nus truneefemnthe cadex # igrronuseeiithe fist selagtabls warkgndnd thyeheendnefoit ng a
second sel ect ﬁ'gérﬁerﬂf%rf lt<heerf?1rst selectable marker gene is positioned on the 3’ side of the gene

of interest having the one or more mutations.

9. The method of claim 7, wherein the fragment of the first selectable marker gene
encodes the carboxy terminus of the first selectable marker and the 3’ end of the
fragmenf of the first selectable marker gene is positioned on the 5’ side of the gene ;

of interest having the one or more mutations.

10.  The method of claim 7, wherein the fragment of the first selectable marker gene :
encodes the aminoi terminus of the first seljec‘table‘marker and the 5"énd'ﬁ<_)f 'the. .
fragment of the first selectable marker gehe is ‘pbsitioned on the 3’ side of the _géne 1 »

of interest having the one or more mutations.

11. The method of claim 7, wherein the fragment of the first selectable marker gene
encodes the amino terminus of the first selectable marker and the 5° end of the
- fragment of the first selectable marker gene is positioned on the 5’ side of the gene -

of interest having the one or more mutations.



14. The isolated nucleic acid of claim 13, wherein at |east the portion of
the isolated nucleic acid containing the first sel ectable marker gene and

t he secolO2011¢368B| e mar ker gene i s capabl e of integraPChgGRMI®0E1nOSt
organism s DNA. 15. A nucleic acid conprising a gene of interest, a gene
encoding a first selectable marker havjpg a carboxy term nus truncatl on or
an amno termnus truncation and a gené encodi ng a second sel ectable

mar ker . truncati.on is a

car boxy %2 ﬁﬁ%m[eﬁl?ﬁcgt Fgﬂqawgleﬁeﬁjelhg'recé)ml IOPﬁ%h%ﬁgg%ﬁég%ﬂ%nﬁt}?Q first
sel ectabl e marker is positioned on the 3' side of the gene of interest. 17.
The nucleic acid of claim15, wherein the truncation is a carboxy term nus
truncati & andntelagd @F?éiﬂ@)factdh@lgém%n&rﬁcé@nengnqoﬁ@gfil fgst sadctablaipiagkerar ker
i's positionedy h he nycleic acid
of claim 15, wi%gr%l ;éaltsmﬁﬁtt%ﬁlrl\%gst%ﬁca?g an am no erlrrﬁu Jﬁ—sun?;{lo A% nd t he
5' end of theegedhgarseosidwgldctdld mirker.sel ect abl e marker is positioned on
the 3' side of the gene of interest. 19. The nucleic acid of claim1l5, .
wherein the truncation is an amno term nus truncation and the 5 end of

the genejgncogi,agoiN& Iumak a%ﬁ' &Céléim 3 n@ﬁé&@l‘n 43 &Pﬁiéaﬁﬁg% Pt R8ard Si de

of the gene of interest. . An 1sol ate nuc el c nprising a gene
of interest hawdleig aordecantalmngehmﬁrsatselcctablannlarkerf gagmadtthobedohé stliectable
sel ect abl e mar ker enewh [1 cod t he carboxy term or the am no -
term nus- of tH&™F g‘felgﬁ? g’ a‘gfnﬁte 1R fto 3 hosthrganismys ‘nucleic acid of

claim 20, wherein the fragnent of the first sel ectable narker gene encodes
the carboxy terminus of the first selectable marker and the 3' end of the
fragment 15f t Aenydleig acisleasenriifiee a ragnk of igferest, iasgengséncpdingch Brst shlectblesi de

of the gene o [ the one qr. nore_ mnut at oated
nucleic acid o %k%ﬁﬁ &ﬁéagg\\%ﬁe&eﬂm@hwcaﬁ YEN angfm?(h r@ﬁﬂgfrﬂg%%lggtag
mar ker gene egamchasOdlhga@arobdwe&tewlehmﬂlserof the first selectable mar ker and

the 3' end of the fragnent of the first selectable marker gene is :
positioned on the 5 side of the gene of interest having the one or nore

mutat i ongs, 237ndNclcROLEkeH el bt it the BB i CLF Iy Rl A BOTEN!

of theflrst ectabl e mar gene encodes the amno term nu e first
sel ect abl e natrkeratiamcintihthe 53’ emtl obfthé @né reagoemg tld firhieseldctable smblegtiabl e
mar ker gene is e of the gene of interest having the

osi t.i oned, 0 3
one or nore nﬁ?%i r%?ﬂé’nqge43 (?figﬁg NG ¢ acid of claim?20, wherein

the fragnent of the first selectable marker gene encodes the am no term nus
of the first selectable marker and the 5 end of the fragnment of the first
sel ect abl'® rra?fh@rnug]@ﬁe apid ploslaimohddwbareith éhes trugratmnofs Bh@ﬂg?ecryeteuhmuat er est

havi ng the on nor.e t The iso U claim
20, wherein at 1 Ceaggrt1 athrer%ggaﬁlee% Of%?erggg? A 1%%1?%2153 lleﬁ}a%ﬁfbfr@%?ﬁﬁt 'Stions
and the fragnpssiti@fediohehd 5 Tside sthegéndtifentemetker gene is capabl e of . .'
integrating into a host organisn s DNA.

18. The nucleic acid of claim 15 wherein the truncation is an ammo terminus :

truncation and the 5° end of the gene encodmg the first selectable marker is :"2

positioned on the 3’ side of the gene of interest.

19. The nucleic acid of claim 15, wherein the truncation is an amino -terminus -
truncation and the 5° end of the gene encodlng the first selectable marker is

positioned on the 5’ side of the gene of interest.



26. A nucleic acid that conprises a gene of interest having one or nore
mut ati ons, a gene encoding a first selectable marker and a gene encodi ng a
second savOchHII3&73Mar ker . PCT/SG2011/000116

21
20.  An isolated nucleic acid comprising a gene of interest having one or more

mutations and a fragment of the first selectable marker gene which encodes the

carboxy terminus or the amino terminus of the first selectable marker.

21.  The isolated nucleic acid of claim 20, wherein the fragment of the first selectable
marker gene encodes the carboxy terminus of the first selectable marker and the 3’
end of the fragment of the first selectable marker gene is positioned on the 3’ side

of the gene of interest having the one or more mutations.

22.  The isolated nucleic acid of claim 20, wherein the fragment of the first selectable
marker gene encodes the carboxy terminus of the first selectable marker and the 3’
end of the fragment of the first selectable marker gene is positioned on the 5’ side

of the gene of interest having the one or more mutations.

23.  The isolated nucleic acid of claim 20, wherein the fragment of the first selectable
marker gene encodes the amino terminus of the first selectable marker and the 5°
end of the fragment of the first selectable marker gene is positioned on the 3’ side

of the gene of interest having the one or more mutations.

24. The isolated nucleic acid of claim 20, wherein the fragment of the first selectable
marker gene encodes the amino terminus of the first selectable marker and the 5°
end of the fragment of the first selectable marker gene is positioned on the 5’ side

of the gene of interest having the one or more mutations.

25.  The isolated nucleic acid of claim 20, Wherem at least the gene of 1nterest havmg -
the one or more mutations and the fragment of the first selectable marker | gene is :

capable of integrating into a host organism’s DNA.

26. A nucleic acid that comprises a gene of interest having one or more mutations, a 5
gene encoding a first selectable marker and a gene encoding a second selectable 2

marker.



