METHOD FOR GENERATI NG A GENETI CALLY MODI FI ED M CROBE [ 0001] Thi s
application clains benefit of U S. Provisional Application No. 61/183, 031,
filed Jurw0o20102@8088 which is hereby incorporated by ref @CENS2010/036865
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simplifying the process for product extraction and purification. Because of these
characteristics, yeasts (in particular, genetically modified yeasts harboring recombinant DNA
sequences) have been employed as hosts for the production of useful products, and the utility
of such yeasts has been established. However, the use of genetically modified yeasts in
industry carries a potential environmental risk, because the dispersal of such yeasts, and/or
the recombinant DNA sequences contained in such yeasts, may have unpredictable
consequences on the ecosystem. Thus, there exists a need for yeasts that are suitable for
industrial applications but pose a reduced risk of being disseminated and propagated in

nature, and in particular, pose a reduced risk of disseminating their recombinant DNA

sequences in nature.

3. SUMMARY OF THE INVENTION

[0004] Provided herein are methods for generating genetically modified
microorganisms, e.g., genetically modified yeast strains, that are sporulation and/or
endogenous mating impaired. The methods provided herein comprise functionally disrupting

one or more sporulation genes and/or one or more pheromone response genes in genetically
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cell further comprises a recombinant plasmid encoding a homothallism (HO) protem. In

some embodiments, the genetically modified haploid cell comprises one or more recombinant
plasmids encoding the one or more pheromone response genes that is functionally disrupted
in said yeast cell.

[0006] In some embodiments, the genetically modified yeast cell useful for the
practice of the methods provided herein is a Saccharomyces cerevisiae cell. In some
embodiments, the Saccharomyces cerevisiae cell is of the Baker’s yeast, Mauri, Santa Fe,
CBS 7959, CBS 7960, CBS 7961, CBS 7962, CBS 7963, CBS 7964, 1Z-1904, TA, BG-1,
CR-1, SA-1, M-26, Y-904, PE-2, PE-5, VR-1, BR-1, BR-2, ME-2, VR-2, MA-3, MA-4,
CAT-1, CB-1, NR-1, BT-1 or AL-1 strain. In particular embodiments, the Saccharomyces
cerevisiae cell 1s of the PE-2 strain. In other particular embodiments, the Saccharomyces
cerevisiae cell is of the CAT-1 strain.

[0007] In some embodiments, the one or more sporulation genes disrupted in the

genetically modified yeast cell is selected from the group consisting of IME I, IME2, NDT80,
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cells; (d) mating the first genetically modified haploid yeast cell with the second genetically
modified haploid yeast cell, thereby forming a genetically modified diploid yeast cell; and (e)
eliminating the one or more plasmids from the genetically modified diploid yeast cell,
wherein the resulting genetically modified diploid yeast cell is sporulation and endogenous
mating impaired.

[0009] In some embodiments, the first genetically modified haploid yeast cell and the
second genetically modified haploid yeast cell are endogenous mating impaired due to a
functional disruption of one or more pheromone response genes. In some such embodiments,
step (¢) comprises transforming each of the first and second genetically modified haploid
yeast cells with one or more plasmids encoding a functional copy of the pheromone response
gene that is functionally disrupted in said first and second genetically modified haploid yeast
cells. In some embodiments, the one or more pheromone response genes is selected from the

group consisting of STES, STE4, STE1S, STE12, STE7, and STE1!. In certain embodiments,
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using recombinant DNA technology. In some embodiments, the first genetically modified

haploid yeast cell is transformed with an integration construct that comprises as an
integrating sequence a nucleotide sequence that encodes a mating type other than the mating
type of the first genetically modified haploid yeast cell, flanked by homologous sequences
that are homologous to nucleotide sequences that flank the mating type locus in the first
genetically modified haploid yeast cell. Upon integration of the integrating sequence via
homologous recombination the mating type locus of the first genetically modified haploid
yeast cell is replaced by the mating type locus encoded by the inserting sequence, resulting in
the generation of the second genetically modified haploid yeast cell. In some embodiments,
the integration construct is used to switch the mating type of the first genetically modified
haploid yeast cell from a to alpha using an integration construct encoding encoding the alpha
mating type (MAT alpha). In some embodiments, the integration construct comprises SEQ 1D

NO: 155. In other embodiments, the integration construct is used to switch the mating type of
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resulting genetically modified heterothallic diploid yeast cell is sporulation and endogenous

mating impaired.
[0014] Also provided herein is a genetically modified heterothallic (o) yeast cell that
lacks sporulation and endogenous mating capability generated by the present methods.

[0015] Also provided herein is a MATa/a ste5/steSimel/imel yeast cell.

4. BRIEF DESCRIPTION OF THE FIGURES

[0016] FIG. 1 provides the structure of the Phase I disruption construct and of the
target locus after integration of the disrupting sequence by homologous recombination.
[0017] FIG. 2 provides the structure of the Phase II disruption construct and of the
target locus after integration of the disrupting sequence by homologous recombination.
[0018] FIG. 3 provides the structure of the Phase III disruption construct and of the

target locus after integration of the disrupting sequence by homologous recombination.
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provi des the structure of the di sruption _construct and of the t ar get

Iocu?rb dPPEY i nt edilst ﬁ@ﬁOV&GStthf‘esta}%trra@f th%ngFequé}étﬁetéorbgp%Hﬁaae@ b | f
reco 'tgﬁ%lefl%@u ddf% 3&%5%&1 odhPURMI G %g Lﬁe}gmgoﬁﬁ&og Z@eYn'?(gna?tﬁﬂa' ity o

genetic ogenous 1915 cells and
genet i dﬂOZ@] nodi fHIéid9q:)mn\o@ruo;ls|>$n]‘orzual‘scvm«\;;C roatpetapabilityl of%ﬁet&ellymodﬁﬁ)ﬂ%] FI G

10 provides a co arison qf spo ti on capabi I.|t enet cally nodified
Spof ul PGPS TeHTb LRSS TRy Ty S6T arstice ly Saeed Ciddibhany
genet i Crﬁéttr% ﬂl[:gegyn{yeglﬁggrsul ation and endogenous mating conpetent Yl 198
cells. [00 |G 11 provides a conparison of survival in soil of

genet i dﬁmil m)dl fEI@dImeV@deataicompaﬁ@bneqfdpg@mng Cﬁmﬁilﬁg oif gprdticeldy di pl oi d

Y1979 cel et ca unnodi f.i ed spor.u ndogenaus ting
conpet dpditrd D5 AR LRPeab g fakh SRR Bl P - BRRR TR
Ter m nalnagdifia0pétulAbnlseEnbedcabis mhig: é@ipviciatieppLagous” refers to Wnat
is not normally found in nature. The term "heteraol ogous nucl eotide

sequend@ﬁl(ﬂef ers flg. &l ﬁm%taucaélpge&fu@f@éﬂﬁml ih ¢ hefl gopeticallpianadafied gi ven
cell %pglehtlzﬂ{o% %@%P&%P?uﬁngt%gl B39 H@l&&%l@% {:%Fstﬁﬁ%ﬁﬁ:c)ﬁllgﬁﬁ?g&feﬁa)

foreignto I genous natural |y
found ispotuleioncst endogenous mating competent Y1198 cells.

5. DETAILED DESCRIPTION OF THE EMBODIMENTS

5.1 Terminology
[0027] As used herein, the term “heterologous” refers to what is not normally found
in nature. The term “heterologous nucleotide sequence” refers to a nucleotide sequence not
normally found in a given cell in nature. As such, a heterologous nucleotide sequence may
be: (a) foreign to its host cell (i.e., is “exogenous” to the cell); (b) naturally found in the host
cell (i.e., “endogenous”) but present at an unnatural quantity in the cell (i.e., greater or lesser
quantity than naturally found in the host cell); or (¢) be naturally found in the host cell but
positioned outside of its natural locus.
[0028] As used herein, to “functionally disrupt” or a “functional disruption” of a
target gene, e.g., a pheromone response gene or a sporulation gene, means that the target gene
is altered in such a way as to decrease in the host cell the activity of the protein encoded by
the target gene. In some embodiments, the activity of the protein encoded by the target gene

is eliminated in the host cell. In other embodiments, the activity of the protein encoded by
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cell (i.e., "endogenous") but present at an unnatural quantity in the cel
(i.e., greater or lesser quantity than naturally found in the host cell);
or (c) bewpabuwihddg found in the host ceII but positi onedTaseewmecsef its
natural |ocus. [0028] As used herein, "functionally disrupt” or a

"functional dlsruptlon rge ene, h ronone res gene
or a spBf regteshr ‘ééﬁ%feasﬁgé%&‘ ['watt 4%3‘%}0& 915%1@8015) oF e (e gen MaydR o way
as to deai-S&sBy uaeﬂhtgealh dpaqfed)f*th& BéncAGlthMidete e;tprsdaf'onng el dRdepy the
target gene. I'n sone enb ments, the activity of the protein encoded by

t he t argeo thpeths dcgvigy phiba @t%@fdpnocluctth@elhnmtated@r reduwd &mhowﬁmm@nm? t he
reased in ihe host

activit f the rote t ar get . gene

ool i BrsaS R RL PR of BRSO A RIS R SRS B8 el BT et g
al | or omafet opthelobfc GLMmet es@résb@h iganRinesR e &siued, bSbehiuftingtiedcwling educed,
or so that the activity of the gene product is elimnated or reduced.

Funct i ceayenge of igtzeansothat the agtanye! thpgrnepagdust selipanaiedheiggdercly Iut ati ng a
regul atgry. &I énté)fﬁtl cgl%gzrﬂ%ﬁ&%%n phd Q%&ME%&[MSQ{‘% ehf% %l%fﬁ? t hat

expression 1s e g sequence of
t he genﬁnqmﬁébﬁﬁn&hﬁngﬁhhmkﬁﬂkﬂhq&hgﬂgene product is ellnlnated or reduced.
I n sone _enbodi nents, functional disruption of the target gene results in

the remB02l of tHes CSAPERID @&&gela%dv%@gf PRAECTHPSENOES MRHES CaRFRHEY [ 0029]
AS a 1 a 1 1 a
usedRe{LinR abi 1?%‘999@&&%1 BRbi [‘Seus%'i*% Celﬁ&?&*ﬁg%e@ﬁé Rhtit 8RS hiahy”

refer to the ab| oi d nlcrobl f~'opposite ting types,
i.e. maditogoriypeiplad asitlinathe hb)sefloer ol I&taﬂolpgmscgene Iekpnemdnhe galespreo0df a
het er ol ogous gene expression, e.g., expression of a heterol ogous copy of a
pher ondl§ r?légwr@@yggﬁ@ hegpmgpe 5&%90@%@%%%1‘@% gsre capghleioh gndvsitngigattigong

such hapl 9i,ds.p 38k As used herein, "endogenous mating inpaired" refers
to a rZE%ll |o% Pﬁﬁthe endogenous mating capability of a m crobial cel

suf ficil@0630]t o i nhAduded rhraltenm gemddghncmsanapmguhmwmﬁ’ reiferdrtapal redldmooﬁn thech a

m crobi al, cel | relatlv ? at ? mnld IH m cr obi al
TorT o2 PHofion: mhinarnaRiy oft REBH bRk Ry it s Bl Sl ot °Feast
10% 203,808 of85610120% su@mm@&%al E00relA50% BO0%orBtn 0% nORHGD LN

mating rate of a population of hapl oid m crobi al s relative to the
mat i ng migtabiadfcelds. d@psgmatenmdmmenm lichibiyipe coraptissis d rﬁd@tl@bpﬁat least 18%, [ 0031] As

apor ul AT br%e a0 Y7o p0%. BT TG 1ok R0G Bpticafhe” Sk af BertsRingiob,
spor ul 3opantivh bhhd})laﬁd POBtobal cEs refatidé @ @b @ﬁm@g radeha go;isulmmmﬂ@giple

relative to a population of wild-type diploid mcrobi cells. In sone
enbodi reatosd migrpbipl ¢dllon conpri ses a reduction of at least 10% 20% 30%

40% [0031] As used herein, “sporulation impaired” refers to a reduction in the sporulation
activity of a diploid microbial cell sufficient to inhibit sporulation within a population of
diploids of such a microbial cell, relative to a population of wild-type diploid microbial cells.
In some embodiments, inhibition comprises a reduction of at least 10%, 20%, 30%, 40%,
50%, 60%, 65%, 70%, 75% 80%, 85%, 90%, or 95% in the sporulation rate of a population
of diploid microbial cells relative to the sporulation rate of a population of wild-type diploid
microbial cells.

[0032] As used herein, the term “complementing” in the context of a gene refers to a
gene that has the facility to replace the function of a functionally disrupted gene, e.g., a
functionally disrupted sporulation or pheromone response gene. In some embodiments, the
mechanism of function between the complementing gene and the disrupted gene need not be
identical. In some embodiments, a target gene, e.g,, a sporulation gene or a pheromone

response gene, that has been functionally disrupted can be complemented by a heterologous



50% 60% 65% 70% 75% 80% 85% 90% or 95% in the sporulation rate of a
popul ation of diploid mcrobial cells relative to the sporulation rate of a
populatidmoaﬂuMMthtype di ploid mcrobial cells. [0032] PA3/US3Ed/0BES6EI N, t he
term’ conplenenting in the context of a gene refers to a gene that has the

facilit ace he functipon of a functionall i srupted gene, e.g.
fanct | GRar ﬂgﬂ RAvgesshIeiinh ?‘Bﬂlog?usdﬂglﬂeoﬁ’FBWé“? Qﬂ%iék%éiﬁ%gp Pz
embodi rmtﬁ@tetnhﬁaﬂﬁam& SPAR byl Aek | %@ew%aana@esﬁémmmg wepe and
t he di srupted gene need not be identical. In sonme enbodi nents, a target
gene, eligrnatige ggolranism.i on gene or a pheronDne response gene, that has been
functional | y. di srupt ed be Ienente- . : ‘-ene t hat

ei t her prodﬁ%g é§§¥§%%ﬁgﬂqf1£?g§§uo he

di sruptjeo3xjene orPravide®@h&tin atréla@mpcﬁscﬂtvoxﬁ%m@rlahg racgbm&aninatodﬁwdmﬂcsobef or
exanpl e, sporulation or mating by an alternative nechanism 2 Genetically

Nbdi f i dar fraElh eszeasiiralls mrrsiiacc wastasiilng. eigenssically podgsy Sﬁﬁ@ﬂﬂrﬂf@aﬂq&er ein
are co ] ) anple, a
genet L%F%%%??’ﬁ%%%%%E?Q%%V?&?%?%f@ oG Ao T oy cos
cer evi siapsgbibigl ht)d, mbﬂhads arsl thatanals doradehyraiing aichednipositibss. sricermd:tabdson and/ or

endogenous, ab| nd thods mat erials for rating such
corrposﬁrPYJ‘Hg;% Ll Fyol tqae %vva%fierﬂ%él?er%fm‘f%e% 2 e eproduct i ve

cycle ofissthgnatioh 'bP’EH% Iﬁﬁrdﬂe”ﬁ M dndgo ﬁhﬁi%ﬁ% iPl@tlikQPh&)fd JrhR cREangbsri n nature
and to mnimze the |likelihood of an exchange of genetic materral between

t he gerwnct@amwrlﬁkimtmmhwg@tre@b@bamdd]@edﬂnldmby ped arinvgldeppe mihaobd atnist
conpronl ed in |t ﬁ% %(1d|ssenlna2% in nature. [0034] Many funga

cel | s, §°m@?@3§ 18é$| Hity o P E B 48 e h sexually and asexually

Asexual roductlon nvoIv s only one parent c and en ra
popul atlf’@’ﬁﬂgrom Mgy, fuggace $t.8 Sbatiaels éa?m%fﬁicsﬁo DGRy an ﬁée%ﬂﬁm. on

and f usi QRuAfrcHBIRLRS in @IbsAnl YR JHRER ca@aﬁdﬂe&%&@ &%ﬁ Gﬁnﬁ&n SERSWUE Tn
diversity by lateral gene transfer between cel exua r epr oduci ng

f ungal celirhs, @ss&lnraort)dwtloeIlﬂlVOé‘teattbfsfomat@cugamlqusmhef gathétes an@@llws e bei ng
a diploid.,cell sta and t.he h id cell ate.. Diploid
Fungal TeeESnpBoreesPas 05l BElupRLets Tanafr Fergafiraliy SR @A "1 ' ¢ he
di pl oi dela*aaaanglﬂin@ﬁlscetubaysuﬁﬁqau%ﬂrstawaeh@ﬁgm& chettflifd c V\ﬁaab% vefngpar ticul ar
environnmental stimuli , hutrient deprivation) en one or nor e of

such stdiptgid ce|11§t9ém1@mtrhé ethsabeinga haploidogedl seaig lesl@drfum%@d eclisqire penerdlbur
hap' °'§, QLR 5&1‘&%1 P&%{l%?e‘?ﬁ&%ﬁé‘@ 0618\‘& %)'Ollﬁléec ? tér o}n%ro? gdese

ores’ ng type
a and dﬂaﬁluﬁ‘fbeffaf pairgcalyrp@wabmhaﬁtal mmf(etghemtm:am daf_&t\anon). When one or

more of such stimuli is encountered, the diploid cells sporulate to form four haploid spores

(called tetrads). When favorable conditions return, these haploid spores germinate to produce
four haploid cells (two of mating type a, and two of mating type alpha), which then can mate
with other haploid cells of the opposite mating type to form a diploid cell again.

[0035] The ability of diploid fungal cells to sporulate and of haploid fungal cells to
mate is dependent on the function of specific gene products. Among these in yeast cells are
products of sporulation genes, such as of the IME, IME2, NDT80, SPO11, SPO20, AMAI,
HOP2, and SPO21 genes, and products of pheromone response genes, such as of the STES,
STE4, STE1S, STE12, STE7 and STE!1 genes.

[0036] In one aspect, provided herein is a genetically modified haploid fungal cell
that is sporulation and/or endogenous mating impaired, and comprises a chromosomally
integrated heterologous nucleotide sequence encoding a protein of interest. In some

embodiments, the genetically modified fungal cell is a haploid yeast cell in which at least one

-8-



with other haploid cells of the opposite mating type to forma diploid cell
again. [0035] The ability of diploid fungal cells to sporulate and of

hapl oi d fwiogalo/aed3dBs to nate i s dependent on the functi @OTAS2610084861 ¢ gene
products. Anong these in yeast cells are products of sporul ati on genes,

such as of the | NE I\/Eﬁ NDT8 SPA |, SPQ20, Al fz, nd SPQ21
genes, SRAIEIOGAETRT &1der %Fb%@ier%%%ﬁwoa%@e hay bepndunciionple STES, STEA4,
STE18, (k4. STE7 and STEII genes. [0036] In one aspect, provided herein
is a genetically nodified haploid fungal cell that is sporulation and/or

endogengygymat i ngyi sHRg loffBAdinARe: . ;g%h!c:}-?c%ﬁ %&?ﬁ&fﬁﬁgﬁ%fﬂsdﬁ% &El%&‘s‘i’

heterologods nucl eoti de sequenc ing a proteinof inte I'n sone
enbodi nehtis whidheongenetdre af thy folbavihg eporiilatigalgereslid fumstumalﬂypihsmm;de@/ daftl, cel |

rosponsd e RIS BRE et bt P55 SraisPRal. o eiriBig ahboai ment s

the ge"g%hét%ll&){ndm& fuﬁgalfcléﬂg@d h&fdill st @elhﬁﬁk&bﬂ SRR ] ?&ﬂehs fubciiagl one

or nore of the follow ng sporul ation"genes is functional di srupt ed | MVEl ,
| ME2, NIEFBpt,ed ShQidme SrgRimempahs geioRRallyamddiSpdfungal Wlbeﬁélapl@ﬁbyahamﬁls t he

t dified f the | MVEI
Gene. 1 Sh PR RO AR et Brie B8ny HiuBiel Tnsule NERPL Fse rskel¥iEly1 §
nmodi fi agodifib@alnggeddl ib & haplbRipfcaitdel @ashichehd NDTSVREENs tthectibVER, gene i s
functionally disrupted. In sone enbodi nents, the genetically nodified

fungal disnpieil.sImsomgrraballiyessthe sencticalympdificd fiengrirgos gdaploidsydasieetli onal Iy
di
oot oP il g PP R TRRL Ry G A0S, 1R R0 ARG ISR, (a0RsERL, ' 5,°

some erhedliis®Ningal dellds gamgbidoghitycelrddivhicadhd ShAQaD g@@l 1h fﬂmnanah@zmlgrhplteyeast
cell in which the SPQ20 gene.is functionally disru

embodi fBRPRC cpbadigesiés ﬁ@aﬂelﬂ?“(‘ﬁlﬂbi inqdalded iypgalicell éy 3 h%}pémg yra%ﬁg Pe}i i) \yléla% thecel |
whi th
genet | col ) B EERRECABEY MY TR e e aRTR RRITRUTEN | opo
gene i s:eﬂum:hapimdl}ieystdblsk rmuphedt thd HOﬁ’d@nemtfonhtmaﬂﬁd1stdp®dgdnebmeal |y
dified f | h t cel whi ch
funct i ooty Tats diesaatedty SaBeC migal ot & haw g asiae danR B FOgy °
fungal Lalls ﬂuﬁc@onlaﬁphf@hq)téeﬁqﬁtsoﬁlelehlbb&m'tsc hlelf%h@uéah @ndﬁ”ﬁecﬁﬂ%ﬁéél'c@ﬂ hon gene

selected fromthe group consisting of 2, NDT80, SPA I, SPQ20
AMAl | HJRploidmersspetbin wiscllimorahae dne $m>rlslain@1 gmscdicated fiom ﬁlh@r@@net i cally

e T T S R TR N L YT .

SPA |, 12R6RE endylimentiOH, geﬁ&ﬁtaﬁ?%ﬂlﬁ’é’cﬁfuﬁgzﬁrcHlDﬁﬁadhaﬂlcﬁld%@m céirhoghigent s, the
more than two sporulation genes selected from the group consisting of IMEI, IME2, NDT80,
SPOI11, SPO20, AMAI, HOP2, and SPO2] are disrupted. In some embodiments, the
genetically modified fungal cell is a haploid yeast cell in which more than three sporulation
genes selected from the group consisting of IME 1, IME2, NDT80, SPO11, SPO20, AMAI,
HOP2, and SPO2] are disrupted. In some embodiments, the genetically modified fungal cell
is a haploid yeast cell in which more than four sporulation genes selected from the group

consisting of IME1, IME2, NDT80, SPO11, SPO20, AMAI, HOP2, and SPO2] are disrupted.

[0038] In some embodiments, the genetically modified fungal cell is a haploid yeast
cell in which one or more of the following pheromone response genes is functionally
disrupted: STES, STE4, STE1S8, STEI2, STE7, and STE1I. In some embodiments, the
genetically modified fungal cell is a haploid yeast cell in which the STES5 gene is functionally
disrupted. In some embodiments, the genetically modified fungal cell is a haploid yeast cell

in which the STE4 gene is functionally disrupted. In some embodiments, the genetically

-9.-



genetically nodified fungal cell is a haploid yeast cell in which nore than

three sporul ati on genes selected fromthe group consisting of IMEl, |M2,
NDT80, SPODI20108RCGB8, AMAI, HOP2, and SPQ21 are di srupt e@CTIUS2610/086861
enbodi nents, the genetically nodi fied fungal cell is a haploid yeast cel

conel ST e cel b SRS Aot caIbe RS agne i Ropstionaily Bepac ar o
di sr uptigdomk QABBhinkdhtsS Q{@geﬁ@ﬁlﬁﬂk BRI fod higalgen R 4 Haaaldnn Yemdibi adhivparl cel |

is a haploid yeast cell in one or nore of | owi ng gpherormne
r espons¥gémgese isduhehvonilydistupyeddils sope eull’o0$1®5ts @?@netmﬁi 810d8REIRNZBTE?,

and STEI enet.i I. n cell is a
ool o gl it PSR g R R R un PR, flerdmlb ity R ea 15
SOMe  erdeHHdIRaLS thd fedeNStrhedliby fumpgl d‘enlqgiahzlplgﬂl yealdell |11$wﬁ1dﬁ@ﬁ’é STHE] yeast
cell in which the STE4 gene is functionally disrupted. In_sonme enbodi nents,

t he gersisnf esafinginsally disaimethdalsowe |embp§1r%@n|fﬁa§16cgeaetwa§trn<&eﬁ¢d fupgaliecd s t he
R R el S TR T AR R

nodi fie is a gene is
functi qpedp gmﬂmangjpf&ﬁm MEgomeBnﬁﬁﬂimﬂ’Eg aridn§y igerietisaptddy Ineeinti ed

fungal cell is a haploid %ﬁgSt cell in which the STE7 &ene IS functlonally
di sr upts&gpod rrﬂe%ﬁ%e %%B%ﬁ pdified faeglssdis e ApplgidasasicrBan pKganogdhan i s a

hapl oi T S d. In
some eﬁ%vggﬁrrent sere e %g%etgsl%: Iéﬂ%‘ﬁﬂ%e%g #E%Iggﬁﬁ%efpﬁéiysaﬁﬁa‘g %%éﬁ yeast
cell |rﬂﬁﬁHQQﬁZMbmadSﬁEhlmneh$um£@nhn@nm&mMEmﬂnmgenmagﬁh&&ﬂbﬂn@hﬁﬂdthe group

consi st TES5, STE4, STE18, STE STE7, STEIl is disrupted. In
sone erﬁa lﬁelftssa tigp é%%gf‘?%éllvi’%}dhﬂ’d’ﬁ ‘ihélaﬁf‘%@}ﬂm%lﬁ TeSRONSC BRI oi d yeast
cel I i nelpieoi@iiR gtr&gpnc §f SIPNSTES SPYSesgenes7ee! fated /fnam t he
group consisting of STE ST 4, STEL8, STE12, STE7, and STElIIl are

di sr uptd@sgupted. Boyeenceerhliiments.she gwtlg@lhemp@éibdﬁlmhfﬁeﬂhled hflnlnqbyeastedell is a
hapl oi d

ast cel i nmore than three r.onone res onse,.
CaP et Ay i by} Bt Phe PRy fshOIRP cbbEatcRIERNRRE i SRRSRTSAERSS |
STElI| a&97/EsdSSELMTEU 8, $TE SOSEE BHRad7AR N, dlirhﬁte@enetl cal Iy nodified fungal

—\_)

cell is a haploid yeast cell in which nore than four pher onbne response
genes E@h?ﬂt ed framdne @b QiR RONR §éﬂeﬂga181fm§a_ Bed flﬁE%ﬂcellerE lork gt STE?,
and STEI|l are disrupted. [0039] In Sone erbodi ments,” the genetica

nodi f i eglifiumdedh at ddabt ons spotdgsionigdny erakbat least dng phewm@tc raspdneeagetnedmee

sporul gtio at, |, east one pheronone response gene have been
functlg)g?ﬁﬁgﬁP@? ‘f%aptﬁ00401 In sone embodi nents, the genetically

g?_(éISf Iggﬁgi(ﬂpga:c u gllslplglﬁ%m%ggﬂtg el ﬂ’tee%eﬁ:%gtt e%rlﬁ;ghfn ed%ngeﬁ celh lisa ﬁ/%lmggggstand the
cell in which the IME gene and the STES gene are functionally disrupted. In some
embodiments, the genetically modified fungal cell is a haploid yeast cell in which the IME2
gene and the STES gene are functionally disrupted. In some embodiments, the genetically
modified fungal cell is a haploid yeast cell in which the NDT80 gene and the STES5 gene are
functionally disrupted. In some embodiments, the genetically modified fungal cell is a
haploid yeast cell in which the SPO!1 gene and the STES5 gene are functionally disrupted. In
some embodiments, the genetically modified fungal cell is a haploid yeast cell in which the
SPO20 gene and the STES gene are functionally disrupted. In some embodiments, the
genetically modified fungal cell is a haploid yeast cell in which the AMAI gene and the STES
gene are functionally disrupted. In some embodiments, the genetically modified fungal cell
is a haploid yeast cell in which the /OP2 gene and the STES gene are functionally disrupted.
In some embodiments, the genetically modified fungal cell is a haploid yeast cell in which the

SPO21 gene and the STES gene are functionally disrupted.
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enbodi nents, the genetically nodified fungal cell is a haploid yeast cel
in which the | ME2 gene and the STE5 gene are functionally disrupted. In
sonme enmbodpDreer1438he genetically nodified fungal cell P€TAISh@PI0dI8dl yeast
cell in which the NDT80 gene and the STE5 gene are functionally disrupted.

yoast dBFTT ' whileRorh ETERETTE o Rl Shath e nepeas R SEL A Rt ARy
di srupted.in Whickan® /aED iR R L the S%%%g%f‘egﬁé Tﬁﬁtibﬂalﬁgﬁgﬁ#&%& fragal cell is a

hapl oi d yeast cell in which the ene and t gene are
f unct i omaliddymetits tupgandtically rsotrBed fringdli aving 8 haplhiel yyesterll eawhichrbali ¥E2d

fungal cell pl oi d yeast l'l.in i.ch the ng and the STES
gong. arty i eatEAfs R te) B TonT st af Sty SuhbOmeRo fs &R Aty

nodi fi efodine@alngsedell is & haplbrplcatttel @ashichehd NDTSVRE S arddnBe KIDPZ cgenge and t he
STE5 gene are functionally disrupted. In sonme enbodi nents, the genetically

nodi f i dengtipaghy disaipted. dngoma smbpdineatss thesnetiqaly widefked fvagatoe 1s Zene and

the ST f. -;onal [ ' Sy the
genet 1 PRy Sl RILHRHIEAR sey SR BAERcsaPA tond B TR AP TR 10 e
gene andnichenthikderge niee @metidallyahodified fngali cetluph kaploldrycsarell ambaithnent s, the
geneticaly%7nndified fungal cell is a_haploid yeast cell_in which the | M2

gene and Q¥feeatend end Ldraens gisdengivapily digrupiedyinpmy embiclsydei ments, t he
genet i [ - S ' 7 ol ' NDT80
Gene. arniesMEHdAET AHBATLY RELhorl S Ben REPLEWKER M BT ok W B0 ST b8 N he
genet i g@ht yrenfoniétioneldy flisngédd. delsbmi smbotliapngi theygeasticallg ntodifredifongdl cethe SPO |

gene and th TE4 gene are functionall i.Sr ed. In so enbodi ts, the
Genet | o5 p b gt aal Frbieh BerO/ e fud sy aus vedRrelneip e SPeo0
gene ang sbhe e&%%n%ﬁeth%rg%néﬁﬁlﬁ?'nﬂﬂl%écb’mﬁ AR ieHhagifidSeaR carkoghieRMs, the
genetically nodified fungal cel is a haploid yeast cell in which the AVA

gene an®@Hece8TEad end Frasné arsdindivablly dgiuptadot ed. 1 n sone enbodi ments, the

genetically nodified fungal cell is a haploid yeast cell in which the HOP2
gene ar@042je STE4Angeme carbedimmmcs, ihermhétycatly swadpfie@dfungal cslbmea kayhadiyeent s, t he

ticall ified fungal cell is a haploid.yeast cell in which the SPO21
dene ardlibynstuhe QAL e 7B e BB qobasy Freolse
enbodi IBYRIiméNE ensklicaly ModMREd filngd dungahapisld yehst il higRhhdny £gsd cel |

in which the IMEl géne and the STE18 gene are furctionally disrupted. In
sonme ergsodambihiessTEY Bgengeare tlimsaibhallyndistiupicdd I sergaembediments, the igapitioaldy yeast

cell in Wﬂhq@ the | NE2 gene. and t he.STE1L e e functio g di srupt ed.
i somRBb iR BB et hB R RERPr ARGt BEl hEPEELY pilshi &
yeast oghétionallyistiptdddan NoHh8 @nbediencatdtHeh@n&idall$ nﬂﬂﬂ@edaﬁlﬁ%aflléﬁﬂﬁd pnal l'y
di srupted. In sone enbodi nents, the genetically nodified fungal cell is a
haploid yeast cell in which the SPO11 gene and the STE /8 gene are functionally disrupted.
In some embodiments, the genetically modified fungal cell is a haploid yeast cell in which the
SPO20 gene and the STE18 gene are functionally disrupted. In some embodiments, the
genetically modified fungal cell is a haploid yeast cell in which the AMA gene and the
STE18 gene are functionally disrupted. In some embodiments, the genetically modified
fungal cell is a haploid yeast cell in which the /OP2 gene and the STE1S gene are
functionally disrupted. In some embodiments, the genetically modified fungal cell is a

haploid yeast cell in which the SPO2/ gene and the STE /8 gene are functionally disrupted.

[0043] In some embodiments, the genetically modified fungal cell is a haploid yeast
cell in which the IME gene and the STE/2 gene are functionally disrupted. In some

embodiments, the genetically modified fungal cell is a haploid yeast cell in which the IME2
gene and the STE2 gene are functionally disrupted. In some embodiments, the genetically

modified fungal cell is a haploid yeast cell in which the NDT80 gene and the STE12 gene are
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hapl oi d yeast cell in which the SPO| gene and the STE18 gene are
functionally disrupted. In sone enbodi nents, the genetically nodified
fungal cewD 20n/1@1438pl oi d yeast cell in which the SPQ20 @emaisard/osésel STELS
gene are functionally di srupted. I n sonme enbodi nents, the genetically

nodi fied fun cell ha east cell which the Al ene and the
Seie Janeiail eiRiadia Pl Brpiistan: ey pstivhitel ChiT one | cal
o0 1 Gy l00ak, G i AHIAPODI ek RR! S Beitne Rkl PR apiaE and t e

STE18 gene are functionally disrupted. In sone enbodi nents, "the genetically
nodi f i dd sbuagalbodisdnts, ﬁlegehatmaﬁvdnqdefé%i fupgaliceil s avhdpdeid tyhest Sﬁmllwlglehémnd

the ST ne ar i,onal | 4 nments, the
omett O B 3hF us e g 2R a Eh Ao R n bl Eleopt SRR RER T LS | M
gene angnéthRlPhiddife ORALIRER 1@‘aﬂﬁgﬂ@@@@dﬁtyeldmswm%Amzsg@i@a@ma@dl ment s,

the genetically nodified fungal cell is a haploid yeast cell in which the

| ME2 geYl&/3regne s fgmgtiongl @@ﬁ@l’éﬂde Ip gorae P@hathryenm Segspesivally modiine
nbodi | | t cell
P whi Cag sk SBRREA LORL 1 RAUGLAR RSBt CaA il STAI DB YRoE el

some eﬁhmdumamysmnqmﬁlg&maheeﬁbbwnmmdiﬂwqﬁn&umg@humwmarmﬁgachmpdmld yeast
cell in which the SPO I gene and the STE12 gene are functiaqpally disrupted.
In so rrélaélr%%m%?ﬁllsm Wha%h GenEUd geng ansple STEd? genrgas lwstipnally distipisoi d

yeast cell in which the SPC20 gene and the STEl 2 gene are functionally

di sruptl@®4]| n sorfs semssdibaemants, theecgetiratly xdifjed iyaedliced i ubpdeidoerst is a
hapl oi ch it e 1 ene are

functi gcr?gﬁﬁ%cf%e[hé IWd\ghl:l nﬂlg&HgSﬁ%lgd%nﬁgfﬁ{}q?ﬁﬁg dgn@ caﬁ? Y% fodi fi ed

f ungal dhﬂdddnhalt@, tﬂih&@r@tlchlwaﬁsdlﬁecefdngalrbe\YWs e haf_ﬁlbﬁl }Hﬂ?%eg émehivhdhé ESTEl 2

gene are functionally disrupt I n. sone enbodi nents, the genetlcally
nodi fi e¥$n¢ aRyie &V |geng arg fH%HOBF‘léD’ Jigaptede én s cphpdimepntseth srg@zqtlcglé}ﬁe and

the ST r t he
genet 1 ooy T B R e A e R SRk The | v

gene arfdn¢thmal$y‘l’&1%ng>ea@b lasemf gmbbdinrald, ﬂlecgeseuqaﬂgmodiﬁﬁdsfongaleﬁllbmh ments, the
geneti gal nodj fied fu is a | Qi east cell ich the INE2

Gene. andplISrksr g8 mdr Be ik eshamd PRrdEd stiane firusmBelBiftedt s, the
genet i c@hleYentBRMichdd tﬁé’é&@ﬁca@l@lﬂlodlﬁe@ﬁfﬁéﬂl Qs Xﬁ%ﬁ&ldc}%hit cbil 1ﬁ’\43}h&tl thdre NDT80
gene and the STE7 géne are fufnctionally disrupte I n sonme enbodi nents, the

genet i P30 gendiahd g STkTgzehe el ﬂm¢ts>nallh dptlmtadi Yresene gebddimanigdtheh t he SPQ |

enct | dart N b B Fufge! 0F HPaR xS TP ERane Dl TonSTRAER STRE " spno

gene angntbe fﬁﬁ&%nggﬁ ﬂlsﬂfp‘ﬁ%df UAgbng @ﬂibb&m(ﬂnﬁsr tRtRHetidally SMEiRNIAGI BNt S, t he
genetically nodified fun cell is a haploid yeast cell in which the ANN
gene aritiahiglogpegst cell in w 1ch the HOP?2 gene and the STE7 gene are functionally disrupted.

In some embodiments, the genetically modified fungal cell is a haploid yeast cell in which the

SPO2] gene and the STE7 gene are functionally disrupted.

[0045] In some embodiments, the genetically modified fungal cell is a haploid yeast
cell in which the IME] gene and the STE/ ] gene are functionally disrupted. In some
embodiments, the genetically modified fungal cell is a haploid yeast cell in which the IME2
gene and the STE/ gene are functionally disrupted. In some embodiments, the genetically
modified fungal cell is a haploid yeast cell in which the NDT80 gene and the STE!/ gene are
functionally disrupted. In some embodiments, the genetically modified fungal cell is a
haploid yeast cell in which the SPO11 gene and the STE ! gene are functionally disrupted.

In some embodiments, the genetically modified fungal cell is a haploid yeast cell in which the
SPO20 gene and the STE] gene are functionally disrupted. In some embodiments, the
genetically modified fungal cell is a haploid yeast cell in which the AMA gene and the
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gene are functionally disrupted. In some enbodi nents, the genetically

nodi fied fungal cell is a haploid yeast cell in which the HOP2 gene and the
STE7 genewere1imssi onal |y disrupted. In sone enbodi menPsT/ush@ogadset i cal | y
nodi fied fungal cell is a haploid yeast cell in which the SPG21 gene and

the ST ne are funct| nal | i Srupt ed. 045 n sone enbo nts, the
genet | 5‘7{@93 B i RO Da e 18 &“ﬁﬁ‘ﬁPéﬁg L.sa@e g calFA TR ¢ he 1 VB
gene angnddecIPEHE ha 9&&9@%{ é‘elfﬁ&ﬂ%ﬂ:l@ﬂfé'ﬁ@PﬂEéﬁéﬁd@ﬂe STR] QIR agbodi nent s,

the genetically nodifiéd fungal is a haploid yeast cell in which the

| VE2 gefnectmdlly HisrupTE! IIn geme cabedimentst th@r@m:ty:ady sradpiicsidungai celdfren

enbodi nts enetl a ified ell is.a east cell
o QIR et S SR gebs RS2/ £ i rd rRP Rt S e
some erngosh|ment s Intsbﬁle @amolingdld, Vne@ﬁbtﬁdaﬂf’ niddn@ed fuagllcell $s @hiﬁ&ﬂ%@tyeast
cell in which the SPOI| gene and the STEI gene are functional Iy disrupted.

| n somecel b gpmprisas a fupeicgele diseumted chierapsone cmm@faﬂneéé mporg gheyomape oi d

yeast g%ﬁon J'geVMaé %ﬁcelto & 1slg)l%oreg(§ﬁﬁ g)lé P’ﬁcclsigﬁygrls Ja'fmCt ional Iy

di srupte di ment's ungal cell is a
hapl oi Chx}&&dﬁbm@ﬁh‘halicﬁpy\bf @bbduli@se@}h’@dcegﬂ Reidand ot hﬁ&T}HieerIgaﬁEGreéﬁcﬁlse genes,
functlonally di srupted. In nments, the g&g@tlcally nodi fi ed

fungal lgspme |e§1b3dm6&r80m %%taﬂwqdlﬁw ﬁwaéweltl dygsis cglhthat he STEI |
gene ar i 0 ally
nodifie Elﬁgstad[ Qllﬁa: +1}ﬁ|11g dzsrn%g%f %5 gé%s %%cg 8 V\Ett %1&208%(51%@%6”6 and

t he STEhhagmabaamembumsmhdn@pypfdnsmu@s@nwnﬁﬂﬁﬁhﬂSTE5g@nnlmn@ndlnents t he
geneticall nmodi f u | cell .iLs pl oi ast ce that conprises a
Punct i oanayRens hisfcaat B undE b el i5r € bt BN el b PSR Respons e
genes, @RdiRRRy AfsrUPRides FRCRNB] MM reBdASITAH D1LHTP Ebrﬁpﬁgnga fuHeebhgnal
extrachronpsonmal copy of a codi ng sequence of said one or nore pheronpne

res ponseettrg@lnemosqmals:omeommvgncetorﬁéheg% gaval ﬂlysqmwjemb@hnmmtﬁghb cel |

is a hapl gl east.C conpr ctiaonall |sru d STES .gene,
and . rOROIH SR el B TR SR s PR s p TR SRUB T PR Dy "o
a codi iyrIeqeanead @freddﬁﬁ)lﬁiﬁlﬁﬁlagﬁf@conhﬁlsﬁﬁgr@f&ﬁ@@&ﬂ BRRlchronid¥e @i tal | y

nodi fied fungal cell is a haploid yeast cell that conprises a functionally

di sr upteedingsEaquagen ef thandE4S geitco nfpisAaa CPoaHENE. &@rﬁﬁﬂ@tsqaﬂg nspdﬂ@ﬁdcﬁmszﬁal
t
erbod rehuar g SR <O ufy CAbAR: STRERERLPOAPRASTE 2 JEAT and B 2007 el
t Ihat cgﬂmmtsemt@la‘sum ?cbmpt@dmg/a ﬁlr&numﬂ eﬁtraﬁ:]iﬁilﬁo@ﬁ{m co@mff aacordﬁtgg;ast;umat
% e SRR e et b B Db o P e
cel | i e@st*&%ﬂ't&!t ohFAKE aG8hdtich R dSRPRI 78 Rnf URatl RO biMaf pifstid €d STEl 2

gene, and
compr1s1ng a functional extrachromosomal copy of a coding sequence of the STE7 gene. In

some embodiments, the genetically modified fungal cell is a haploid yeast cell that comprises
a functionally disrupted STE/! gene, and a recombinant plasmid comprising a functional

extrachromosomal copy of a coding sequence of the STE/ gene.

[0047] In another aspect, provded herein is a genetically modified diploid fungal cell
that is sporulation and/or endogenous mating impaired and comprises two copies of a
chromosomally integrated heterologous nucleotide sequence encoding a protein of interest. In
some embodiments, the genetically modified fungal cell is a diploid yeast cell in which both
copies of at least one sporulation gene and/or both copies of at least one pheromone response

gene have been functionally disrupted.

[0048] In some embodiments, the genetically modified fungal cell is a diploid yeast

cell in which both copies of one or more of the following sporulation genes are functionally
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reconbi nant plasm d conprising a functional extrachronosomal copy of a
codi ng sequence of the STEl 2 gene. In sone enbodi nents, the genetically
nodi fi ed Woregel14e438l i s a hapl oi d yeast cell that conpriP€gaS2010086861 onal |y
disrupted STE7 gene and a reconbi nant plasm d conprising a functional

emboa bR ng b ahke valtsG Sl SEPEGAY. wblP. R A MneRyeast cel

that compyddffsntd tﬁé@&kh@ﬂ@r’ thydiflb@ fuRhRA NS, Ehlpl&@ R8ast 8810irPwhiek BHTRI dBIRL
pl asm d conprising a functional extrachronmosomal "copy of a codi ng Sequence

of the ST IM@egene a[re)ﬁmz]lonaﬂymmlbted hlsqw@t emprdovensl thegaieticilly modified

O oger Bkl ST P PR P i R B st vl SR Bl B ef s BE b 1

i nt egr ghetbnitRiceEPofgostmeate! feRdtiod sl s eiapRacSENST OFaISBE 13 SYEI N ST 7iant er est .
In sone enbodi ments, the genetically nodified fungal cell is a diploid

yeast c¥IAllj i spinepmbedimerispihe gersttically medificd dhega gl isladiplon! yrapeccHnul/ or
both capj d@l? F@% fg#’le% GR3L 978 ,%H‘%I%@IEE%OE??P%P Qﬁlﬁtegenﬁl ﬁlﬁﬁ\’o‘?h‘%%ﬁﬁeg Gid onal Iy

di srupte n some emnbodi men eti cal ungal cell
i s a ditht gérttiyahsinodidied fungaivulick alnlqilhld@epstesll of whick borh dupic8 obhit fehe one
follomﬁng sporul ati enes are functionallydisrupted: I MEl, | ME2, NDT8O0,
SPOI |, B wnxgw andrIer%b CcopiRyolgibdgst onePheFRONEFBHYNFReBRNS ¢ el i cal | y

modi fi &g, cd # u%)glltlél eo n@@n@%@'tﬁé ge ﬁ@acﬂy 568iFiel Fu #gl G 1@9tdlfb181ﬁ§}e§§t coff the

| MEI gene I'sru I'n sone e di ment s genetically
nmodi fi ed wﬂm’lgtab bothl dopies oﬁtlrehIMEi gbng @aad bothelobiek of thiei S Shphharcdpn@®nally one or
nor e of fol | owi ng pheronone response genes are functionally disrupted:

STES, é*EHPeéTEls STEl 2, STE7 and STEIl. In some enbodinents, the

genetlcallsi/ nodi fied fun aI cell is a diploid yeast cell in vx/mch bot h
copi es [8%4%he STHS sg@Ré P@lm%ﬁ%fhe(ﬂ%ﬂll% 1@1@4&%@%13 lopchfuggpl qellag ner

empodi ﬂt&yﬁéﬁ%t&?@ﬁd f%f"t eas )@b%ﬁeﬁeuﬁgfataﬁﬁhé if the 3o éi%%f?){ﬁl offiRgt cell

i n whi c copi es of at ne sporu gene ~an coples of at
| east dlﬁopiﬁﬂgaimaﬁsh@ﬂqbspwela@eﬁm resudtirfg oot ha;arhratllfgrngdi stllspt@dd b¢ n sone

enmbodi nent s, etical I nodi f.i ed fu al cell is a djploi east, cel |
o el En S G e Mk Dpe R Bhvinzspricbiest frbSes cene
are fungfii Roald e rﬁ!ttﬁfg”t?f)@ﬁi and %%@ﬂer Ro %%T@ldedm@qlom&naﬁﬂgetg@@ﬂ%hh cpl ly

nodi fied diploid funga i s honbzygous other than for S mating type
al | el e.sofsrenghodimings, thlefgetnhecaglemdlﬁed Iilgblmd)ﬁmfgale@llcﬂom odtdnéludgyal cell shoul d

I h I I Id b i cal l
ont | dureeBSRETe 1t RS TRy TR talth an event: b of the

ng ln,g![ ﬂﬂ@f(i] ;; eV\g| d éje%e‘gc%hy Iill%lodﬂ}{é)de d1glo?cp glngg%eﬂtp?gvrldetdvﬁrer}g r:;))logslegse(s: Selvleﬁal woul d

safeguards against unwanted propogation of the heterologous nucleotide sequences contained
therein. First, diploid fungal cells are generally very stable and, in their diploid state, cannot
mate with other fungal cells. Second, the diploid fungal cell provided herein has an impaired
ability to sporulate, and thus, even in the presence of the proper environmental stimuli, has
little or no ability to form spores. Third, in the unlikely event that spores are formed, the
resulting haploid fungal cells have an impaired ability to mate. Taken together, the
sporulation and mating deficient nature of the genetically modified fungal cell provided
herein significantly reduces the possibility of the migration of heterologous nucleotide
sequences into wild type fungal cells.

[0051] In another aspect, provided herein is a method for generating a genetically
modified diploid fungal cell described herein. In some embodiments, the method comprises:
(a) obtaining a first genetically modified haploid fungal cell, wherein the first genetically

modified haploid fungal cell is sporulation and endogenous mating impaired and comprises a
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sonme enbodi nents, the genetically nodified diploid fungal cell does not
i ncl ude a heterol ogous gene that confers resistance to an antibiotic
conmpound.wWpQOBRK14BRe genetically nodified diploid fungalPCgalskoynasssded
herein possesses several safeguards against unwanted propogation of the

het er ol ogous nucl eoti de nces con ned therein. First, oi d fungal
cells acn?‘ OIB%SHEP‘E}W cgraley s”é"t abPetaiY e P‘ﬁéec Frapencaicprasting & profen Otgﬁ’i&‘ﬁ nat e

Wi th otBesbihin se%@rlld ne§@£&ﬂﬂ®d1ﬁ@&h£{il&h%1¢gaﬁ BAgRhehgh 'the%@dﬂdded herein
has an inpaired ability to sporulate, 'and thus, even in the presence of the

proper gsneticady rmmluféetd lslpicndu lﬁmgalrml is pparbiation ambem:bgbnctuy naging @mmusqﬂo rsef.

{inoai hEphdSisg Plalify tone SR A LB RS R0 R ELAMAR Gipdab Sl RBY bipcRaP! ot @

spor ul adh!r&ﬂos@ﬁf&ugmﬁtb@gtedeﬁate%legéusﬁﬁt:lébﬁd@g‘eqhéme gaetihEalid yrotmaof i ed fungal
cell provided herein significantly reduces the possibility of the mgration

of het dRiEIsY deisTaRsOIBEE geh sbthgdheiaadithn sscond %PHFS}??élYfImFQﬁPd kanleid fungads1] I n

anot her rofQ genetically
o 11 S8 anar o of SRERTARs Shibdik R el bR o HERE IR ST The

met hod andagrrnloaeﬁlan(@)mmm&inm bhgidfifst asd sdgeﬁtegd:r@abdl},y wrodiiitd ﬁﬁblhﬁluh@gaﬂ f ungal
cell, wherein the fi genetlcally nodi fi ed hapI0|d fungal cell is

spor ul &efl 6r{dhwamé%1@6g”€ﬁ<ﬁ9§etw&%ly Apdifigddiaptoid Bmgalesipritls s Sseanf geplisaby | v
() S90S EAUATAE Ikt OFmBEIRACEMD SN BoRIPRAM QL ull o7 POt
e ona et e ory ?“merplmm'ﬁbgl pe fgﬁ”f?'ahumf’.ﬂfed dmé“dtﬂmgal o
oo R AP AL Sy St AuoR 0Tl S TR SpP Rt R Sl RadeaSnttist v

i nt egr ahathohaipared é’rgpéb?nﬁ}%i 00 &di')‘?esscﬁqlbﬁﬂﬁﬁos%ﬁﬁfl? ififgrart heRFQbEIR Of
interest; (c) transformng each of the first and the second genetically

modi f i evichapioiaquénsegarodieg bad piotdin ohmtaestnor e pl asmi ds encoding a protein

bl | f d
cecond WA ol 1) ShbtireadTHER BRATARGER QR LR Rl R <71
genet i abd katon®didetiesyhapdidicd hhplogiefungackll wit dhdbi@roseaRtifly gemeicd dat kya

nodi fied haploid fungal cell, thereby form ng a genetically nodified
di pl oi ofunmﬂgal digraption @Mle(cé)mcép iph?rﬁmonﬁgewwecgﬁ@es@rln fone cppadimcas. stebm t he

ge”.et ' g Jat?’tlﬁ%:gﬁotd% t 1BL78‘}‘[1%11 R ses for g}% R of Hl% ffr&salﬂhtﬂ'lé]&cgquet ically

nodi fi e unga poru 2tioon endogenous mating 1 npaired
and commnﬂﬁmﬂymmnh@@ﬂu@knmﬁn%abhﬂbNn&nmnkhymnapa@mamedc&hﬁgaﬁhmgomﬂ

nucl eoti de %?Fuence encodlng said protein of interest, [0052] In sone
enbodi rRSRY 8T theraeor ore plsenipecIcrRrie artes dept AecpluBstipre iy disrunted in sadd ¢ he

Isﬁg g P?efg(%hﬁlg' s@@dddygeﬁ%afly%dtﬂ@éﬁ 1Ripthidl WA cFR! In & SRERBLEAYSHEREL NI

and second genetlcally modified haploid fungal cells are haploid yeast cells and the one or
more pheromone response genes is selected from the group consisting of STES, STE4, STE!S,
STE12, STE7, and STE!I. In certain embodiments, the first and second genetically modified
haploid fungal cells are haploid yeast cells that are endogenous mating impaired due to a
functional disruption of the STES gene.

[0053] In some embodiments, the first genetically modified haploid fungal cell and
the second genetically modified haploid fungal cell are sporulation impaired due to a
functional disruption of one or more sporulation genes. In some embodiments, the first and
second genetically modified haploid fungal cells are haploid yeast cells, and the one or more
sporulation genes is selected from the group consisting of IME !, IME2, NDTS80, SPO1 1,
SPO20, AMAI, HOP2, and SPO2]. In some embodiments, the first and second genetically
modified haploid fungal cells are haploid yeast cells that are sporulation impaired due to a

functional disruption of the /ME] gene. In particular embodiments, the first and second
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functional disruption of one or nore pheronone response genes. In sone
enbodi nents, step (c) of the nethod of the invention conprises transformng
each of twe2biwm43and t he second genetically nodified h&praisdoosegal cel | s
with one or nore plasmids encoding a functional copy of the one or nore

pher onone onse nes .t hat ar ctianall upted in said first and
B econd BTy ARG AP S ieabieds s ingan veet pal ha ReindogrBBaPHURES, ¢ ne
first g afré‘&@&bdtogtefﬂﬁétl&lﬁi diYrupReh Bf @d shaplehd ahungabok@ltion 1ﬁb§1ré”&?dﬂie%d

yeast cells and the one or nore pheronone response genes is selected from

t he gr cupneiomsl disiupgood! STESL/FFEL, STELS, STE12 STE7, and STEIIl. In

certai odi nent the,first and second t ca |f|ed .0i d
cer al rggaod! ey sy e LAt S 2% SESRnt-BRORL SR TSR RS 0
due t o ghtdikkichy @aadinglh SiadRE i@ s@fitch Mea poFla@ansr.thd ﬁ%@éme‘tlﬁalﬁ}ﬂlﬁi@dlﬁed
enbodi nents, the first genetically nodified haploid funqulp cell and the

second hseled fungnl apllndeseme emhedimsnis. ﬁl@rf@wgee@lqallﬁn@dsfm toid mgplgsdi r ed

due to td.0 e. §p In some
enbodlﬁgﬁggﬁﬁ#%ﬁpgpugkaggﬁ'secon m‘%ﬁe |c§?ecﬁﬁ %M%kﬁgk% gl%Hg%fungal cells
ar e hafeairothyldiasho)daplosd Smdamh@cmr@nszmceel is pratudtdtol swvitch ememgitgpests) ect ed
fromthe group consi sting, of | ME2, NDT80, SPQ |, SPO20, AMAl, HOP2,
and SPCEDSIOrRINgsH heigsaidalis r(h@ hapl?éd prgcharogpgesecontiageslbyiB aPIamiddi f i ed
hapl oi Iﬂﬁﬂ& i mpaired
due toqgkggng%ﬁgﬁgpédﬁgf%ptl3ﬁ{g}xﬁﬁﬁﬁn%ﬁ#aggﬁgﬁkhéﬁ@gﬁ??%ﬂ%g%&g%bodlnents
t he fi rsatirgrigpseritehdgenehdptat Sycamdirhices chrapbior delf tngeld thetdcendr e hapl oi d

yeast ceIIs hat e £en no in aired due to onal

Ui o uptEcBical PR PR SO Rice S6IUra i bnl  Risdi B ) BRI

functi %&hcﬁb%}é&@‘cb%zsﬁk Jeh@aﬂe%ﬁhra%ﬂ%ed ﬂ%@@lrtda‘[‘n&%@cu@ﬂéﬁ&%m nts, the
second genetically nodified haploid | is obtained by |ndUC|ng a

mat i ng Stpylrnténw neiting ity e smtphmgt(fr@que@fsy otgn@nlffllﬂs) %Eﬁ@mm@éllyleypmng thed

hapl oi ungal nodi fi ed
napl of P HREER B8 neaputy REFuRERAG FRENS o “RibhbE i SRRt
cerevi %ea@zﬁ@é dell AR Be Sidrehsp@ R st Mshch Bty 6&Ihaivsich, bhﬁ)dlﬂgﬁ)l oi d
Saccharonyces cerevisiae cell is induced to switch mat i n

t r ansf droRiagjor af bpmeid seldt MzapppeiteREneapesdhet sadetiardhpe %@rt@\ﬂl@ﬁi ae cell
W th a‘%ﬁﬁ?ﬂﬁgtﬁ9§9%&QQ?ﬂwgﬁﬁg%ﬂ?ll'sn](FK» protein, wherein expression of
ernin

t he HO es a mating type switch in the haploid Saccharonyces
cerevi qgoessicel | tla ayotﬁhldaspb@ mecand hgeieis ia(mdt]hqd fmgéﬂdrﬁdlgl"eagﬁneimhlly

Saccharomyces cerevi si ge ce Het er 0 l1ic ( hapl oi d Sacchar onyces
cerevi smé%ﬁeih%m&}aéh i é@ g iy%aéﬂc%lyélﬁﬂéckﬁl SP?W@%UOH&H d SREQECPRHCRAGE
spont ang Mﬁh‘fgaﬁfe NebthddP& srnig' '(ei}%b(aﬁﬁﬁg H?H&%eﬁétw@ﬁ& Yol Reterot®Yllic

transi en Xpressing t
hap101d yeast cell, wherein the first genetically modified heterothallic haploid yeast cell

comprises: (1) a chromosomally integrated heterologous nucleotide sequence encoding a
protein of interest; and (ii) functional disruptions in one or more sporulation genes and one or
more pheromone response genes; (b) transforming a population of the first genetically
modified heterothallic haploid yeast cell with a plasmid encoding a homothallism (HO)
protein to yield a first genetically modified haploid yeast cell, wherein expression of the HO
protein induces a mating-type switch in the first genetically modified haploid yeast cell,
whereby a second genetically modified haploid yeast cell is obtained, wherein the second
genetically modified haploid yeast cell is of the opposite mating type as the first genetically
modified haploid yeast cell and comprises: (i) a chromosomally integrated heterologous
nucleotide sequence encoding said protein of interest; and (i1) functional disruptions in one or
more sporulation genes and one or more pheromone response genes; (c) transforming each of

the first and the second genetically modified haploid yeast cells with a plasmid encoding the
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HO protein, the frequency of spontaneous mating type swtching in a haploid
Saccharonyces cerevisiae cell can be increased to as nuch as once every
cel | di viwpanio/pi48i di ng a popul ati on of hapl oid cells @®CTaspasiosechat i ng
types that can mate with each other to yield diploid Saccharonyces

cerevisiae cells 0055] In anot her pr reln i.s a nethod for
gener atd™i§" alog%ﬂlé%rﬁ@am SPISE Pf%%}%%%& IPPleY(% Fﬂl sd fytand cel |

that | %&m&%r&a gédsp&uaw Iﬁﬁfﬂg&ﬁ@ Ak® @ﬁaefnbmf ﬁaa@@i%u |hh1§1}251d Jd18 RERtNAGhe

conpri si ng: tainin first genetlca :é nodi fied heterothallic
hapl oi dsey(mlgen@tedallly n\mﬂeﬁ@d Irapldié yeast sell, geomeltyi amng arﬁ.%iﬁtﬁqaéld niretileedot hal 1 ¢

ol eotiBEoifigal R TTRT R eabyufafill BFR Al AR B1F PERERRRE

dlSfUp&mg@&whﬂdﬁﬁ@nQﬁeg@kﬁaﬁgﬂﬁ&hﬁéd@@kﬁ@p&ﬁtaﬂﬂmQHﬂd@@e&ﬁkﬁuphﬁﬁﬁﬁﬂﬂe
response genes; (b) transformng a popul ation of the first genetlcally

modi i detdiethallisdmipidiyeas &ahl,ovltpr%élsq repdfing ggneticypmadidicd hetgedleflhy a

honot h | oid
yeast  aurpRISRETENRY Gheidad Subeold itk SEARKITL XA LS Cg&%

sw t ch dfra dhh@mdsonstly gtﬁa@htedalbteyolagxdisfniueldothaaqndequdlcy easddigedaid piotdt eby a
second genetically nodified haploid yeast cell is obtained, wherein the
secondlg@ﬁﬁflcally nodi fi ed hapl oid yeast cell is of the opposite mating
type asobd {11 StA@RREhIEALLY JTRE hi@Aa0ARY Rbd e AsingRRILriRAth GRERE | ses:
(i) a chro somal I'y integrated heterol ogous nuc eot| e sequencé encodi ng
sai d prdstal belof aierp:res*ea&:tl in aﬂphe(lmal Yordewnatei o nkilll iditlsr arpmlbmogmzeotrhet the nore

sporulatlon gene nd o her e res enes; (C

SPonet ot S <BRS cRDbe Plaiipged R TRl e B Tl SReesitk sy napt of o

yeast cgh eSofWh& Hw@nﬁﬁrﬁfﬂﬁhéj i &ﬁﬁ@brﬂgo&ﬂféﬁﬂ@ea & neﬁ@zﬂ?y RBEHSARAE HIBTRO )

proteins that are functi onal | %’dlsrupted in“said first and second apl oi d
8

yeast chploid yedyt asHithatdackkepdritlagon g@dn@tdogalduy nmdgfcawdvﬂﬁa@ﬂ gindrajasklnt  cel |

h h by, f
genet i QPGB Rse e Dl TR Fler PR R B SER B SO BB  han 101

i ts matdnB@dihy Pee & msﬂegaheﬂmbn(eeésp@hsd}pra@iﬂsnﬂatam/ﬁmb@&mwshsfnﬁpwa tnhRid
genetically nodified | oid yeast cell to yield a enetlcallﬁ nmodi fi ed

het er otgﬁactllqa&lymqﬂlf&ddl%a@ﬂﬂwaplmwwq&l @rrdethﬁ@gam& pryngheeclldth 4
modi f | %qas%a%ﬁ%d% h&nS'r.'hRﬁlQ %p@%%teﬁles o }1 &R[ﬁordﬂh@ﬂté iR %n@ ogenous

mat i ng ‘1 nparre nmprises e ronobscna y |n grat ed
het er olmgdifisd heteﬂoﬁmﬂllai(ézo}selquﬁdhgzeasemnﬂaﬂgclsapdruﬂmmhand eﬁdogeﬁblﬁrtﬁ&ing [ 0056]
Al though the steps of t hods, provjded herein and d bed in. greater
det ai | BRIV ger}ﬂraé% Wtﬁﬂ%ﬁbémérm%&egen%@wocgﬁ ‘wt?rﬁ teflic”ar ¢

willor %Bﬂynd &t Batwihg pREAGT elbdi :?%E al n%?@ﬂﬁ:r&ﬂ@n&%sﬂdﬁ%@ﬁ%ﬂ&ﬁgt are

conbi ned, repeat ed t hout exce
functlonally disrupted in said genetically modlﬁed heterothalhc haploid yeast cell, and a

plasmid encoding a homothallism (HO) protein.

5.2.1 Microbe Selection
[0057] Microbes useful in the practice of the methods provided herein include
eukaryotic unicellular organisms, particularly fungi, and more particularly yeasts.
[0058] In some embodiments, yeasts useful in the present methods include yeasts that
have been deposited with microorganism depositories (e.g. IFO, ATCC, etc.) and belong to
the genera Aciculoconidium, Ambrosiozyma, Arthroascus, Arxiozyma, Ashbya, Babjevia,
Bensingtonia, Botryoascus, Botryozyma, Brettanomyces, Bullera, Bulleromyces, Candida,
Citeromyces, Clavispora, Cryptococcus, Cystofilobasidium, Debaryomyces, Dekkara,
Dipodascopsis, Dipodascus, Eeniella, Endomycopsella, Eremascus, Eremothecium,
Erythrobasidium, Fellomyces, Filobasidium, Galactomyces, Geotrichum, Guilliermondella,

Hanseniaspora, Hansenula, Hasegawaea, Holtermannia, Hormoascus, Hyphopichia,
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scope of the invention. Thus, in sone enbodi nents, a genetically nodified
heterothallic (ho) diploid yeast cell that |acks sporul ati on and endogenous
mat i ng capakpiouysBs generated by first transform ng a gemaszaalobssenodi fi ed
heterothal lic haploid yeast cell with a plasm d encodi ng one or nore

pher onone respon roteins that are functionally disrupted in said

genet i a9 Hi “fetdrStREPE %V%{Pa{ygﬁéa&x%o@r o Hid"t hen _

t r ansf oeARGbRSc&CLbuc i) 355 ko8 TR0 B h ML B, 13300 AR wiY, ot ei n.

I n other enbodi ments, the genetically nodified heterothallic (ho) diploid
yeast d¥tdkia Brobask Nagpotial akaonvandNendogenaudgatatd, Slypspapdbil ity is

Rl L N R I b e A

pher on [BZz@cﬂid%@ﬂ?{fk@,?SdE@@&r@W&de@,%caﬁ&oﬁz%ﬂfﬁs isOR@tdea Kb pRihed Sulirbdpbra,
genetically nodified heterothallic h%p oid yeast cell, and a plasmd

encodi myhEoWesetnvaior Sehigo@charagpisen Schvanmongaes. operigsibetsi on [ 0057]

M crob ef i I ' h i ded herein include
eukaryo Fgogbuorllél»' eCF%TGS}? g&@?@’?ﬁ%@%ﬁs@%@&? ?%%%a@%f’%%é& ?e%’and nore particularly
yeast s.Si¢&b@bsdoni daomeSyeibodp il Sympyrbsing et Sehipbdiomytdgisprestnpormet hods

i ncl ude_yeasts that have been deposited with m croorganj sm depositories
(e.qg. EeshompeielocliichospaignpBigwgris Theiyerel dermenreas o 6Heardsm

AT 0S| 97 By YMLRARGH:R o W HORIT BTN, YBABEN FRzodRaRST naLoNi &,

Bot ryoascus, Botryozymm, Brettaronyces, Bullera, Bull€tomyces, Candida,
Cter o@ge&ccmmvéys@ngow_@Wptmcand(Zp:ngy@yzsamtblig obasi di um Debaryonyces,
B e e e e e
Geot i GRURYis BUHiAb & NBAAGLLBporkN BRRIAS BALBHASBNREIVEBmyERIgSAVa A,

Hol t er manni a, Hor nbascus, Hyphopi chi a, | ssat chenki a; Kl oeckera,

Kl oeck dpwyposky, cake dijwahomypoess lakondbby endar aésshivaianke rirxwemomioeerans, or

Leucospgri di i pomyces, Laodder ces l.assezi a .schni kow.a, . M aki a,
Wrozyri Rt aP RS R R e I S e MRS i ione
Pachysak eReraiaettydena ospaia, sublvad CaiidPligdl @ea, Bngds palliiéhnmiii Rhodot or ul a,

Sacchar onmyces, Saccharonmycodes, Saccharonycopsis, Saitoella, Sakaguchi a,
Sat ur ndsiigid kreedhi Ceslidasrsssararing!is SEHi agslicdilisr omyces, Schwanni onyces,
Spor i di us, Spar. ( g 1

Sror gralelyces. 1B PRI Cibnd PR TREGER e R EMNETERRE L, o

Sy mpodisomgcaiimidinentQthd mipareds a Straialvd Shatiaedhaes deretibias pdeaed rfdmithonopsi s,

Tsuchi yaea, Udeni onyces, Waltonyce | cker ham a, W cker hanj el |

WL OHBE copsiTHBBEL HEker pREF vt S T35 St faot: CBY 7901°C BSBEL LB 7063,
CBS 7964, 1Z-1904, TA, BG-1, CR-1, SA-1, M-26, Y-904, PE-2, PE-5, VR-1, BR-1, BR-2,
ME-2, VR-2, MA-3, MA-4, CAT-1, CB-1, NR-1, BT-1, and AL-1. In some embodiments,

the microbe is a strain of Saccharomyces cerevisiae selected from the group consisting of PE-
2, CAT-1, VR-1, BG-1, CR-1, and SA-1. In a particular embodiment, the strain of
Saccharomyces cerevisiae i1s PE-2. In another particular embodiment, the strain of
Saccharomyces cerevisiae is CAT-1. In another particular embodiment, the strain of
Saccharomyces cerevisiae 1s BG-1.

[0061] In some embodiments, the microbe is a microbe that is suitable for industrial
fermentation, e.g., bioethanol fermentation. In particular embodiments, the microbe is
conditioned to subsist under high solvent concentration, high temperature, expanded substrate
utilization, nutrient limitation, osmotic stress due to sugar and salts, acidity, sulfite and
bacterial contamination, or combinations thereof, which are recognized stress conditions of

the industrial fermentation environment.
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Zygosaccharonyces, Zygow | liopsis, and Zygozyma, anong others. [0059] In
sone enbodi nents, the mcrobe is Saccharonyces cerevisiae, Pichia pastoris,
Schi zosacwbaswmesss ponbe, Dekkera bruxel |l ensis, Kl uyvePORUSe&10/0368bi S
(previously cal I ed Sacchar orryces | actis), Kluveronyces marxianus, Arxula

adeni ni vor ans, nsenul a pol ha, (how known as Pichia angusta) In
some enbodi rrents ﬁ (ﬁ? 5@0 rﬁc@ﬂ@q P%Mi 8Pt he genus Candida, such as
Candi dggbéqo! yti QfethbaNG: gé‘n&ﬂéhlw m%ﬂﬂ?ﬂg'niwro n&ﬂgarek&ﬁsﬁhm frandh da

pseudotropicalis, or Candida utilis In a particul ar 'enbodi nent, the
m cr obechrcgnwwhanwg'tmve@@mwg@l&nom 19 renard farenasplet Pecrmiagrobe i s a

Baker <y A0 GpQHGER LB SRT AT (AN BB RS Ul 0,

| Z- 1904Edd PNGuBfe o, YR Genenibs bind My?e@ula)’ﬂ%légy V&t 294, B&aﬂemiéﬁ?rbss Bitr DiegBR- 2,

ME-2, VR-2, MA-3, MA-4, CAT-I, CB-1, NR-Il, BT-I, and AL- n_somne

embodi r(éﬂ?ls); Sarperopk ef @b@0D b Molee!ai ﬁlOGﬂngSaée[I?d?P(ﬂf?@eMaWén eflitaen, §®ldct ed
fromt [ f I SA-1. In a
particu ar e (%%%enfa%l?%%&gtspﬁn afr%a@lghéa%/(gAhgg)s% %’Jearlé\g/fﬁ SI%uer?él?lg PE-2. In
anot herEdiaae, iQutkaar Peorbads memblectlbe Blsai, Grahe :Babndmatgoﬂmeme@ aﬁ&Wﬁdyae is
CAT-1. In another particular embodiment, the strain of Saccharomnyces

cer evi SPEEIECEE: thF é@SIP]SurFW’%WH‘é SHoBEPRERHcE herdia bilsBes i s a ni crobe
t hat S[Oﬁ&ﬂ(])t abl e ﬁl%{)mle@ %Hlfnll Hﬁrtﬁﬁ%@% géhe‘ugalgr rgo&!ﬁ@&’%ﬂ'@tgﬂénse ong or
O mcro nai

fernmentati In particular nent s e e 1S co I oned
subsi stmomdhetercbiogctussmb&eﬂdle seqnmm ctaxodnmg enhyges dzfemwr attabelic pativaimd ed
substrate UFIIIZ nut ri ent

t t d d
R St SR R LA TS i i

t her EOfmlcYmieC tn Bher érﬁg&ﬁﬂﬂeﬁt@ dth§ h’ﬁ@r%ﬁe %Q%gbt‘idaﬁgﬁndaﬁﬁédl% PSS bhddr more
fermentation environnent. Cenetic dification of M crobes [0062]

Met hoddlﬁ%@log@wetuctcatldglsmdmcrey ﬁlm@dmgcqn@b@ss olisd mgtabela;@wﬁéh\nanthabISas m d or

chr onosQ i nt ati.on, vectors the a

ranm; Eh0ggero i FAhERGRp 5! a%%a@a S b n Bt € il bor
Laborate;ﬁﬁy%enwugfypf&ﬁz&)byﬂidtnlnem@e , et al. (Eds.) GU| de To Yeast Cenetics
and Mol ecu Bi ol ogy Vol . 194, Academ c Press, San Diego (1991); Sanbrook

et al, 900H, bl desPae cobedingts. hiciraeiBedstasithe mesaRAIMVeBRN BIirs B usoal d
Spring | &R@Emh% %SO[BXYaB%I%tng‘%%géS?%l I@g&ﬁ’% ¢ 3 n&ﬂﬁr%@%hcheésﬁ%ﬁ i Seds-’

Current I on rre I ecu I ol'og eene hi ng

Associ amnesdealrty dhelogyhe plteﬁfrﬁ@iea’eqmnsd\yenet beHd. SﬁhﬂﬁlltllIVESXa)ﬁphﬂhd)ﬁ: h are

I ncor porreg(;[g‘tgmerl]netrp aISIrlln(Ps suti Iﬂg rfoernucsg in yeast cells include CEN/ARS and 2 plasmids.
[0065] In some embodiments, the microbes of the present invention do not comprise a
heterologous nucleotide sequence encoding antibiotic resistance. Antibiotic resistance
markers are commonly used in the construction of genetically modified cells. In such
embodiments of the present invention in which the antibiotic resistance markers are used to
mark genetic modifications introduced into the microbe, these markers are subsequently
deleted after all of the desired genetic modifications are made to the microbe. Alternatively,
other selection tools can be used in the construction of genetically modified microbes, such as
auxotrophic complementation (e.g., HIS3, LEU2, LYS1, METIS5, TRPI, ADE2, URA3, and
LYS2).

5.2.3 Disruption of Sporulation and/or Pheromone Response Genes

[0066] The methods provided herein comprise a step of functionally disrupting one or
more sporulation genes and/or one or more pheromone response genes in a genetically

modified microbial cell. In some embodiments, disruption of the one or more sporulation

genes results in a genetically modified microbial cell that lacks sporulation capability. In
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[0063] In sone enbodi nents, the mcrobe is genetically nodified to conprise
one or nore heterol ogous nucl eoti de sequences encodi ng enzynes of a new
nmet abol i cwpabtwviEy43si . e., a netabolic pathway that produ®€3/Us20me0ads6l it e
that is not endogenously produced by the m crobe. In other enbodi nents, the

m crobe i s geneti cal |l 0. co e one or nore heterol ogous
! SoiH e oy Spi i P iSerl IR ki R Ca R HEESE
endoge %dﬁ&eﬂti‘ %hsmlﬁ%[dﬂbﬁ thd o1f or @or@%h@t%ﬁloh@ ré%%ﬁb‘é@énésﬁ%&ul@ R4 WGEED bR
nmetabolite that is endogenously produced by the m crobe. [0064] In sone

enbodi rsHttkat ig wogetdmewtmg 1mp@rq§lr dgeame rcmbedlme@ts dleqmitloe of the ong er of

r econbi_nant gl z%m ds to trgg@ ent | XnexB{less i ? artl cul ar
pr ot ei A"SUCRAE ‘t"Ha%F“ee@r%@S By ShEWF %8“18%%?68%% g?%?d%%‘ 8"Yénes or

|11 ust rafckobal @YK RSspfuldiRMAKAIchadenPh AR BldSInatrbdal e for use in yeast
cells include CEN ARS and 2m pl asm ds. [006 I'n sone enbodi nents, the

m cr obd806H t he gnegearmbadisianisofisguptiapol é@mlagenarhl@remenwéwse.ucl eoti de

comoni 5o LeRTRE RELELE, Wi bRRh ShRmaE: (L b b A B R ' ©

enbodi npbiudativh dripicjoneae Iﬂéspbllméezlitfgbtcg‘enb mpMHmiodndmmajftthéxcmtsmctnﬁe il ance
mar kers are used to mark genetic nodifications introduced into_the m crobe,
t hese r@wme calﬂéh%rﬁbséeademg the disrgtieheseren-Tungtiogal. tIfsone smbedingdiiet i ¢

modi fi cagd, {g@%e e ction tools
can be use tﬁ § I??%n?\ﬂ 0 %ggressft%t% a{‘ﬁhb%é‘-l ¥Pr0%l?n 1(r:nr 02{66 such as
auxotr (nnthodlmﬂnpldmnmttoatqf(bln’e taegeg gonchicSBts i Etjﬁessl_o‘tﬁif a ﬂ\ﬁilﬂun&mnmbtelmDEZ
URA3, d YS2). 5.2.3 sruptl n of rulatlo and/ Pher onone Response
Conos 0B iR st o BieuRe Radt Aufbsn e SROufsn oF PRIREETOnal 'y

di sr Uptrbi}ﬂn%rg& gtRi€ a&ﬁ@k‘d'b@rﬁh@@raﬁ@ﬂ BBa aﬂl@r‘u@ﬁné’%u@ﬁce"‘%ﬁnr?ﬂﬁ&ﬁ%@ﬁe
response genes i1n a genetically nodified m crobial

enmbodi rgsne &ocus by happlogauspfecembinainen. din sprehr embcp;bmenmhheldlsgmeg cpe@mct sin a
geneti cal | por ul ati q Ié} capability.

Dot Rl fn B el s Han R b Bl o A B BB e B B L or Vi at i om

capabi Iho&nblogdms $O#Paie TP FRIAL Sequéhsds P thcairgef gdlR@o@REhGHoIRH® Pher onbne
response genes results in a mcrobial cell that is endogenous mating

i pai r egquInResso PR reRbRficsAt of theltasgigst PaHoB P the dargpiezene dribrecdigrgplian at i on
genes ac%ﬂstﬂlfct %ﬁ{ﬂgﬁﬁf@ésp %ﬁ SV NPHE egﬁgo X6t FeREFonaf 1‘6 {dis$ o @%1?3  0067]

m crobial cel’l Iron and genous mating inpaire
I n somexpravsidh bEMhSy- ftdicabmmrp'rcﬁampfromtB@tmrgdtgémeon or pheronobne response gene

is achi d b n drton onstruct" that capapl e of
!s;s)eci f :[ggg y )él gf%%qpﬁ@n a(I)IlSStI'l{lthS Icapab fs (Ilsrlljlpttmg one or nllosre spc?ru ation or

pheromone response genes may be constructed using standard molecular biology techniques
well known in the art. See, e.g., Sambrook et al., 2001, Molecular Cloning -- A Laboratory
Manual, 3 edition, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, and Ausubel
et al., eds., Current Edition, Current Protocols in Molecular Biology, Greene Publishing
Associates and Wiley Interscience, NY. Parameters of disruption constructs that may be
varied in the practice of the present methods include, but are not limited to, the lengths of the
homologous sequences; the nucleotide sequence of the homologous sequences; the length of
the disrupting sequence; the nucleotide sequence of the disrupting sequence; and the
nucleotide sequence of the target gene. In some embodiments, an effective range for the
length of each homologous sequence is 50 to 5,000 base pairs. In particular embodiments,
the length of each homologous sequence is about 500 base pairs. For a discussion of the
length of homology required for gene targeting, see Hasty et al., Mol Cell Biol 11:5586-91
(1991). In some embodiments, the homologous sequences comprise coding sequences of the

target gene. In other embodiments, the homologous sequences comprise upstream or
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sporul ati on or pheronone response target gene upon introduction of the
construct into the mcrobial cell, thereby rendering the disrupted gene
non- f unctworealo/14k438sonme enbodi ments, di sruption of the PaTgsRYGOBSPr event s
the expression of a functional protein. In sone enbodi nents, disruption of
t he tanggt gene results_.in expression of a non-functional protein fromthe
di st upt@FTGBREN STHSRETE! N O RS 1 S SRGeAC. ahe GaBIolERs shlgnce

pher onMRe PrRSPLAREJiRAE 98JuclEN@al 1§ hamblR¥EH YN MoBEE &dueRecbcded SioFinept i ng
sequence” within the target gene | ocus by honol ogous reconbi nation. In such

enbodi reding, sequeacel pEtha pargergeoo et thcetherdropralegmis seqiicgeasmipiges @quence

fl anked b ai r of ¢l gotide sequences..that are. honol s to. a pair of
nuat sottiateoBad Sahetts i S fahoGFyR T ANERB il Supdisk L aH L OCHE sefleBs ™ oo
repl aceggiinc®bf thd@arberat eth o@id dnbdahedthiehd akaptingeaichye doagridbss upt i on

construct, the disrupting sequence prevents the expression of a functional
pr ot ei ruclsptidespsaenceyepeeding  feleftabc merkar e enabies se%ﬁ@%@ﬁimcmhz%qe% t ar get

gene. | ] D Yol u C -di i

apor ul TS B 8RhlrBR SAREhe i TRRAN SnBli LAk IRt URFERBE BBl By o
nol eculaduabiumkcagy, ilee ch Aingtieslywelidrupnbevargean gédreanalrtd prdeds a &lg:tablSamtkeook et
ah, 2001, Ml ecular donjng -A Laboratory Munual, 3rd edition, Cold Spring
Har bor PaSAdmGgatianpelni weclubiadarect sgne inhacienaliydisrerioanin gy, | current
Bl {1 My oL ATEARERIddfin M Rfikchad ioBhahOWn B0 FLR) bE NI

Associ ates and Wley Interscience, NY. Paraneters of disruption constructs
t hat mapchetidgasdqechderentdibnpthactiec@blofmdrke tppesent tramstahonkd readethuobeh thaat ar e
not limted to, the |lengths of the honol ogous sequen . the nucl eptide
Cequendbieitviea BBy d B sERC AEETeE RO Bttt (61 i RPN PR ed
sequenas; tht BRgdl Yeh& Ol Bmc2aMsaMGQihd 1@@@4 Io$ fﬁémi@rgg%%%gﬁ?fse@ is @thakde

nucl eoti'de sequence of the target gene. Tn sone e an effective
range frair. thssriiengfiasiegle basstpahioan Selficato disgpentegdt gelobecous, i080tidagle pairs.
In partjcul ar ;enbodi ment t he | engt h  of h _honol us. sequence .i.s about
500" badh® Jafl LR Tl Qs oS PO n RGP o T BRE B A UGN EPul® o
gene t girgint BpresRA dashiyct®haldtoteMd | InGehk eBibolindchiH 86e§dencd 38k. | n sone
enbodi nents, the honol ogous sequences conprise codi ng sequences of the

t ar get dEHRLION s9qBese diféarh HammiBanycleetils saarro goilis teefusne kosaled bpiose

upstre r : f t e I di nent s,
one hoﬁn §§§§§@§éﬁﬁ ngggggﬁggﬁgggmggﬁﬁ%lgggpﬁggggﬁﬂgﬁzg&ﬁﬂgk%ﬂgghonDIogous
to a nuefwote déthfefuenga deoeattadhddismptihdecquoticntheseglehse poif sibvatit@nget
gene, anpd the other honol Qgous .sequence conpri ses a nucl eoti de sequence

t hat i§ﬂ‘1‘fd§r51tr6’86%f§1 coBlrerlndoi %a@gwé%%n}%ﬁ%a%at aeritigpl gifedn i ng

Sequencgo@in /aGhd Bl RELIAETE nohTuf QR EIBRH. MR Mculd bOfcORLUPhbREv S afence

conprises a
disruptions effected using very short disrupting sequences are susceptible to reversion to the

wild type sequence through spontanecous mutation, thus leading to restoration of mating and
sporulation capability to the host strain. Accordingly, in particular embodiments, the
disrupting sequences are longer than one to a few base pairs. At the other extreme, a
disrupting sequence of excessive length is unlikely to confer any advantage over a disrupting
sequence of moderate length, and might diminish efficiency of transfection or targeting.
Excessive length in this context is many times longer than the distance between the chosen
homologous sequences in the target gene. Thus, in certain embodiments, the length for the
disrupting sequence can be from 2 to 2,000 base pairs. In other embodiments, the length for
the disrupting sequence is a length approximately equivalent to the distance between the
regions of the target gene locus that match the homologous sequences in the disruption

construct.
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nucl eoti de sequence encodi ng a sel ectable marker that enabl es sel ection of
m crobial cells conprising the disrupting sequence. Thus, in such

enbodi merwe,20t0d1438sr upt i on construct has a dual functi @0T/US2€&10/03¢861
functionally disrupt the target gene and to provide a sel ectabl e marker for

the id ificatign of cells. in ich the target gene is ctional

di st uptelBWh n sorf SBRESHP meél}s\?ﬂﬁc@%-wmwgt%gso%ﬁ@ P@“@‘?m%%@ it rame
wi t h anghdewhelingam, oe dif8phiteiatthdss $e0UBNASNANGOEENE h@nkel ectabl e
marker to prevent translational read-through that mght yield a fusion

pr ot ei renthwdiments divecithadpr desragftioacionstivoy cofiptisse aprir@ { hymelogres siqnersrgoded by
the target a @e.({n SOTe enbodingpts thﬁ qu th ofg%hg.difrgptin sequence
i s one DAY ﬁ V2 SRR SRS & dsrpihcd 2Base ﬁ&??eé SN P8t G E 5 rupt a
tar get Gangidecadsect ichmpfitdsanitile hhBoBEO Rqikase. Badl citdilad dxegitiva sequence
could constitute a frane shift nutation that coul d prevent expression of a
f unct i cwastrysisouBHintagration b thertiset saaetlacust Weuld bgemne Bnesfizedavith $pPen on
sequenc i 2. i r | ocat ed
pot veorns  Hol HEnSrob ORI AE Bk ARk BT R et i RLAERL IR L Cement of
t he nualigopticheconemue igsertidgtihtorantl Aesriifingeahe gegee gend Withdie reflsdingpinyngf the
sequence, the single base pair substitution that is introduced could result
in a silAgeeeasinyslcaidesequarse; fuparberiatenbadimentydhe gngle hppofageupsesuenss and

the expyressicAir Hirs ti0f Qéﬁs‘ﬁ’ﬁ?{ ik q’l@fﬁhlo%?% & ef'seqhénc% M{‘% Withih %ch)m d,

however, that disruptions effecte Ing very short disrupting sequences
are suseeuincbbéthedargetvgensi on to the wild type sequence through spont aneous

mut at i hus | eading to restoratjon of t.ing and sporylation capability
to. the INBE"St r aimorRBEDRRTGFY caf hE BUPENC AP Aot ALY PREGREr upt i ng
Sequenqgwas oh®BE&1 IMAR aBNEHR B @MOPASRhRAhSs ik lud) BuPiRabt BxitEEME, a
di srupting sequence of excessive length is unlikely to confer any advantage

over a tdi &ragpentalee elehemotasulstbyrroehdl faere sdlatign.lor famldtateid gintakdithrpwughs h

efficienc f transfection or targeting. Excessive | in_this context
s, many totsrgn biREe £ HaROpRbob R AT B BR T Kt DA B e
sequencks, &8, Uns Padhg®o. 94eNEB 065 Giseddéinet 6Brdda] 1m9enbrthod® i anyiﬁwo%]yen@lt. h for
the di srupting sequence can be from2 to 2,000 base pairs. In other

enbodi At Acadenuc Pesgtlpc.f oA Kniegeri s99%Gcng Trmgive prkExRresiquendt h

appr oxi i val endli. t ' -of the target
gone | Qo S N SRR Ao ORI GRL i A

const r ucibofA0&6 Marual, S S pritxoHameni.shoritosy, NS ranftAusaba enslt, redet Ciusera | i near

DNA nol ecul e. I n other enbodinents,. the disruption construct is_a circul ar
DNA rm|Féﬁmlb.Cwn%%rﬁéocgﬁ%aﬁ%ﬂ%%r,ﬁlméyt' Teens Arblighingyptreates arsWilsyt

conpri Segridiae, P! PhORRlPARHDAS ?&‘%ﬁtﬂ%ﬁnﬁ%%ﬁ&%@@s ¥ vR1IUnS R tHRGhrt.
sequence, as described above. I'n sonme enbodi'nents, the circular
See Hinnen et al., Proc. Natl. Acad. Sci. USA 75:1292-3 (1978); Cregg et al., Mol. Cell. Biol.
5:3376-3385 (1985). Exemplary techniques include but are not limited to, spheroplasting,
electroporation, PEG 1000 mediated transformation, and lithium acetate or lithtum chloride
mediated transformation.
5.2.3.1 Pheromone Response Genes
[0071] In some embodiments, the pheromone response gene disrupted in a yeast cell
in accordance with the methods provided herein is STES. The STES gene encodes a scaffold
protein required for direct signaling through the yeast mating pathway to the mitogen-
activated protein kinase (MAPK). See, e.g., Good et al., Cell Mar 20;136(6):1085-97 (2009).
Representative STES nucleotide sequences of Saccharomyces cerevisiae include Genbank

accession number [.23856, and SEQ ID NOS: 17, 45, 73, 101, and 129 as provided herein.

Representative Ste5 protein sequences of Saccharomyces cerevisiae include Genbank
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di sruption construct conprises a single honol ogous sequence. Such circul ar
di sruption constructs, upon integration at the target gene |ocus, would

becone | iwoanizwi43swi th a portion of the honol ogous seqREMABS2@O/BE8ONed at
each end and the renai ning segnments of the disruption construct inserting

gene nUEFSSPNABTEERNACS) TTATISTE] UGS dRsH Aes a4 hd & HigY 8ehom! ogous
sequengRgh. @ circular disruption construct is honol ogous to a sequence

| ocated within the codigg@sequence of the target gene. [0070] Disruption
const r Ug&]can béniSﬂltnﬁ@ dinangr, thegpheianaisiredpooss genbyhsalmtedrmtmsmﬁm to

ot 11 ke IR gl B et fbatee W5 TR I PR Fon, "or

faci | i tbeth bepd atbanit: 0 bdthslad PRELRith Gfe 118? it6\ Getivatedthe nlatif® §fgﬁﬁﬁlgq5athwa
i mrunol i posones; gartlcle medi ated transtection; etc. See, g

Pat ent s, scquepro ohds:STES @auepl Sqcchyromyerssereyisy, aw@@ﬁbwwonsl&mizwtbp@gy

vol 1 I r, and

o i ce UGN R Tl KB89 SaqianSunph S 105 9RL RDRREu RIS AIRLBR A9 g
Mol eculsaque(ﬁbmfrﬂgzce%&rbzajzm atisidvinelade Géirﬂadk apteksign HambarNC alidn ar Gr y, NY;
and Ausubel et al ds Current Edition, Current Protocols in Mlecul ar

Bi ol ogy*! &R R N6l s g la@ésaeql Lteas prRyided herpine RepreseniaireStedprotein

Parti cy I art.
Can e e o ST TR SOk B R MO Sl 1

Mol . CGSHQ IIBNﬂ)S ), 33 7/6; 3@485n(1192355)pro@demhb]any t echni ques include but are

not heropl ) oration, PEG 1000 di at ed
ranst dPBES on: SRGOTRRRDEHRk, T o AP G R RO o St col
transf qp ABEdr@hce @1@1 tBe helo@E BARNRARERPORIT BN e [S@@Y@«]geﬂe%n%@dl@ aG
enbodi ments, the pheronone response gene disrupted in a yeast cell in

accor daneteinganima ﬁéoun‘éttlmﬁ(ﬂ@mﬁrmnﬁewﬁh&ﬁmo st GRESIe MtimgSIEEBligene encodes
a scaffol.d protein re d nal i t hr ough the yeast ting
pat hoay 45 ha istaisiaet FE 724 Brtdistuihaek™ ckdis R Lt P iR o
al, Celdesd¥eded2Bee, L%G((@affeall%éf VidpdP0P) (52Reps 4664t AVDYE IPr&enttleot i de
sequences of Saccharonyces cerevi siae i nclude Genbank accessi on nunber

L23856,S7Hd ngeeplidy wamencey of Smchaamyaaxerainpelipduds Cerankdeershenei n.
Sopr oSSR TR Shg\TCPRBRCoE o ok yomEgS iaLgS | 1o e
as proﬂhﬂﬂﬁeMBﬁeiSw1$9ﬂ%ﬂhsﬁnwﬁmﬂmfémhmdhﬂ@mksca@h@apmﬁﬂmhﬂmﬁmaﬁsponse gene
disrupted i n 2ueaskp 82619, and SEQ ID NOS: 22, 50, 78, 106, and 134 as provided

herein.

[0074] In some embodiments, the pheromone response gene disrupted in a yeast cell

in accordance with the methods provided herein is STE/2. The STE2 gene encodes a

transcription factor that is activated by a MAP kinase signaling cascade, and that activates

genes involved in mating or pseudohyphal/invasive growth pathways. The sequence of the

STE12 gene of Saccharomyces cerevisiae has been previously described. See, e.g., Goffeau

et al., Science 274 (5287):546-547 (1996). Representative STE2 nucleotide sequences of

Saccharomyces cerevisiae include Genbank accession number NC 001140.5, and SEQ ID

NOS: 23,51, 79, 107, and 135 as provided herein. Representative Stel2 protein sequences of

Saccharomyces cerevisiae include Genbank accession number NP_011952, and SEQ ID

NOS: 24, 52, 80, 108 and 136 as provided herein.

[0075] In some embodiments, the pheromone response gene disrupted in a yeast cell

in accordance with the methods provided herein is STE7. The STE7 gene encodes a signal

transducing MAP kinase kinase involved in pheromone response where it phosphorylates
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in accordance with the nethods provided herein is STE4. The STE4 gene
encodes a G protein beta subunit that forns a diner with Stel p to activate
t he mati rgoyvial438g pat hway. The sequence of the STE4 @EmAISR610/036861
Saccharonyces cerevisiae has been previously described. Dujon et al, Nature

387 (6 2,Su 98-102 (1 Re res ntative STE4 nucl eoti de.seguences of
Sacchar d}%e@f?%%ﬂ@%ce. als e e B ABE GRS 61 Ap A oNET A7 5, and
SEQ 1 D ¥68ibed® Sed b.g., TRagitQ3ul. aﬂ%@c%ll&%d@cplf]'ﬁ@c@ﬁ@@)eﬁﬁl SFEQQSQSGM ative

Ste4 protein sequences of Sacchar omyces cerevisiae i'nclude Genbank
accessiRaprevantatve NP DS Bide aeqiieBRQ of BaiN@Brom¥es 4@ ¢vivige inkbule Gandanld2 as

ded h . [0 I i
G or upt e (P Bsse e R RIERE wrrH- 1HE ATRodePor b Tast e el n i s
STE18. RdigesSltai® S©NPraciaQeQfndesG Lot /Rl BN a8rs1kd Mhdludd@énbhak ns a di mer
with Stedp to activate the matln&@ nal i ng pat hway. The sequence of the

STE18 (épssion nSadeha A pces apdp ©%h 36, edA Piledidbls) 3 pewded bed. See,
e.g., Cﬁ%;%heau et al, Science 274 (5287):546-547 (1996). Representative
STE18 nucl eoti de sequences of Saccharonyces cerevisiae include Genbank
accessi[0a76]unber INGCoMO tmbddinmntsatitt fhefInhdieMeXponilgend djsrupfed thQbyeastndll133 as
provi ded herein. Represent atlve Stel 8 protein sequences of Saccharonyces

cer evi smaecqr%xceaethc%%em@ s erowided sromy spd £ lp Tog 261 H gengrfincaind 3 tEmbs: 22,
50, 78,47k Qfuci EIGAnAR i &Vécplﬁg)élgﬁ)rn?dn@ re%gggezgﬁdlp@e@d& %ﬁl@%@ﬁht he

pher onone response gene |srupt In a yeast cell" 1n a t he
met hodpapvoayis s rehie posphory 1 8RE e 2. Tﬁtaese@IeEice f gerﬁEémcgenmsf Sucthamsigedspt | on
factor that .is activate a MAP Kki.nase nal i ng,cascad hat

ot 1 var e b RPN Rt Ry S7C B dbURIBHAT Rates 3 GRIASHEDD.

pat hwayg. (N @@9#%@9&&1@{1@ S’FEﬁTrﬁila?eoﬁﬁélﬁe EncRR6E B@J&W&%@e&@ér@%&z@& ae has
been previously described. See, e. eau et al SCi ence

(5287) :iBdgd&GTni{anB 96)essime pul@betﬁfﬂ @t (i’(i/lé 445¥Emi FRRIRNOHTs é&ﬁndes a@ﬂ

S AL R 5 ST RS SR,
Stel 2 phelhéd GestREKABESS 0P huBBECNRINIBY6E Sng SEEVITSNaES: 2BCidide, Ganbankio
accessi on nunber NP _01 1952, and SEQ I D NOS: 24, 52, 80 108 and 136 as
provi ded Preidsdher§ino75] In sone enbodi ments, the pher omone response gene
G s19PLed 1.2 Yeast b RERRIRRGR, L1 e Lo provided hereln |
i n_pher[00TTe r esgansee\shdoéinidnty iesphailytioateasusiptedine yweguehde of the
ST 08 hncaaiih fhe Shetads provided heras i e P Hhe PUEY bont entbodes a

transcription factor that activates early meiotic gene transcription, which is required for

initiation of meiosis. The sequence of the IME! gene of Saccharomyces cerevisiae has been

previously described. See, e.g., Smith,H.E., ef al., Mol. Cell. Biol. 10 (12):6103-6113 (1990).

Representative IME I nucleotide sequences of Saccharomyces cerevisiae include Genbank

accession number M37188, and SEQ ID NOS: 1, 29, 57, 85, and 113 as provided herein.

Representative Imel protein sequences of Saccharomyces cerevisiae include Genbank

accession number AAA86790, and SEQ ID NOS: 2, 30, 58, 86, and 114 as provided herein.

[0078] In some embodiments, the sporulation gene disrupted in a yeast cell in

accordance with the methods provided herein is IME2. The IME?2 gene encodes a

serine/threonine protein kinase involved in activation of meiosis. The sequence of the IME?2

gene of Saccharomyces cerevisiae has been previously described. See, e.g., EMBO J. 15 (9),

2031-2049 (1996). Representative IME?2 nucleotide sequences of Saccharomyces cerevisiae

include Genbank accession number NC 001142, and SEQ ID NOS: 3, 31, 59, 87, and 115 as

provided herein. Representative Ime2 protein sequences of Saccharomyces cerevisiae
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descri bed. See, e.g.Jeague et al, Proc Natl Acad Sci USA. 83(19):7371-5
(1986). Representative STE7 nucl eoti de sequences of Saccharomyces

cerevi si Ooi2n/MiB88Genbank accessi on nunber 274207, andPGEQSRO0ONGBs1 25, 53,
81, 109, and 137 as provided herein. Representative Ste7 protein sequences

SEQ | b NGRS Getngh Som3rion Smb g 19872 B OFCHLE N 81 1 Qoby 6PN Hd dore.
embodi RHided hdiginpher onone response gene disrupted in a yeast cell in

accordance with the nethods provided herein is STEII. The STEIl gene
encoded087%i gnal Insams dobodignavEthci spagdatiomashy dgruptedgharysasiell iesponse and

dohyphal /i nvasj wt h pat S . i | ates Ste7p. Th
P e quenciig sl el bl AR T Pa80  LpEOPIRIENE G or Bvi oust y
descr i hfglosiSepociffs @anscdPivastordr Rlquitbd foNakid F@nBFach{RRS dn SR B medfic 90

(1997). Representative STEIl nucleotide seauences of Saccharonyces
cer evi grenbingiand  hed¥hidh rrose alse et atasrmiddloNpomdationsenes. Thede@rRoce pf NOS:

27, 55’th@z?{foz%éggn%WS&?ﬁar%ﬁng’Js%‘éléiﬁq‘i‘aé‘ﬁrs%F%d%%hggﬁgéc%wes% glp 1 protein

sequences 0 charonyces cerevisiae I nc accessi on“nunber NP
013466,GaliftchuSER.,| 2idB272 82836548447 U1D26). aeprdsétitatise NDIRD daclcbigteei n.

5.2.3.2 Sporulation Genes [0077] I.n _sone enbodi nents, the sporul ation gene
di sr uptausnsesPhSgsearergyses crexE ks Bd ReeORbaRk arEs Her H%Eerﬁ}l‘gv@(ﬁéﬁoar?é‘ﬁlei nis
| VEL - SRy kYROGN g3 & RYCHAA 1 RBRAIARIAI REHBLAANAL NAGHA MRl ear |y
meiotic gene transcription, which'is required rirnitiation of neiosis.
The segugumecodt Schehdrdha) cayeneydiaeSadudaGorhaok scassiev neinbe MRAD 1H8eh and

previo i .See e g, Smith, HE. et al, Ml Cell. Biol. 10
(12): G%éﬁ?\@éggo@ Sg_eaﬁ‘ﬁelggr?tsgmv\%%dlkﬁﬁm'nuc! eoti de sequences of
Sacchargpames cerlﬁ\ébﬁle%&bbaﬁﬁéﬁ@t?t&es@taﬁmoﬁf%%% QisAhtUARS/a /B 88, and SEQ
ID NCS: 1, 29, 57, 85, and 113 as provided herein. Représentative |nel

pr ot ei ricserdumeouth bt nBilvsharongudergeiedfQf AeThndfUdbg@snbeagkirad bessi on
nunber 6790, ,and S | D NOS: 3 86,-.and 114 as provi ded herein.
lo078) THoLofreo kBBl erte Rabree sfuhe oo st el AR Pt g Bt *cel |

I N accdeddpasiotstyickditbedBIShe ¢Sz, PARNEDR &1 herBvA Nl |A¥EL . SclheS14VEZ (gpne
encodes a serine/threonine protein kinase involved in activation of

nei osi SO3THE3L EHIEhcBepsesankdive NEY ! § enelcofidosgaetigpohy s sha erpcas sesisiigs been

P ev! OURbYAERANR S becsS6T nufind 102688 550 (0PN0s293s £3991 GAPRY oo

Repr esen € ‘sequénces cchatrortyces 'cer evi si ae
provided herein. Representative Spol1 protein sequences of Saccharomyces cerevisiae

include Genbank accession number AAA65532, and SEQ ID NOS: 8, 36, 64, 92, and 120 as
provided herein.

[0081] In some embodiments, the sporulation gene disrupted in a yeast cell in
accordance with the methods provided herein is SPO20. The SPO20 gene encodes a meiosis-
specific subunit of the t-SNARE complex, required for prospore membrane formation during
sporulation. The sequence of the SPO20 gene of Saccharomyces cerevisiae has been
previously described. See, e.g., Bowman et al., Nature 387 (6632 Suppl), 90-93 (1997).
Representative SPO20 nucleotide sequences of Saccharomyces cerevisiae include Genbank
accession number AF078740, and SEQ ID NOS: 9, 37, 65, 93, and 121 as provided herein.
Representative Spo20 protein sequences of Saccharomyces cerevisiae include Genbank
accession number NP 013730, and SEQ ID NOS: 10, 38, 66, 94, and 122 as provided herein.
[0082] In some embodiments, the sporulation gene disrupted in a yeast cell in
accordance with the methods provided herein is AMA /. The AMAI gene encodes an activator
of the meiotic anaphase promoting complex. The sequence of the AMA/ gene of

Saccharomyces cerevisiae has been previously described. See, e.g., Tettelin et al., Nature
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i ncl ude Genbank accession nunber NC OO 142, and SEQ ID NCS:. 3, 31, 59, 87,
and 115 as provided herein. Representative Ine2 protein sequences of

Sacchar ortyoes10¢ci48i si aei ncl ude Genbank accessi on nunmbePCRRSOLBA2B61 and SEQ
I D NOS: 4, 32, 60, 88, and 116 as provided herein. [0079] In sone

enbodi t D i ne di srup in a.yeast cell .in accordance
W th tﬁgﬁé@%@@ PR EoRE SR R O RS B ERes B odag. o

mei osi SSa‘%P}%ﬁbifn cés cE%@%ﬂ%Feﬁh&ﬁdi&Geﬁt?aﬁkQEce"sﬁGHhﬁrﬁQerfI@C ®Xi189 fgrﬁmmwt ene and
for full nei ot| c reconbination. The Ndt80 protein also activates mddle

spor ul aYP8nl lgéfesT, SThndsiggdue mewviddd hehain NBTBG gty e dfmBaprokar sraycesss of
h b i. ly-~d i bed.. S Sci
5% Cavarentans PrBuky RN cERRRL oS sRpREanfinde w7l SR sEDL B of o

SaccharnooyCces 406% 96 sarriel 24ng lpusledddapank accessi on nunber NC 001 140, and
SEQ | D NCS: 5, 33, 61, 89, and 117 as provi ded herein. Represent ative Ndt 80

prote|HDQ%Huenceéﬂ@pmS§€@ﬁém@w#€3@E@Qﬂéﬁﬂﬁﬁﬁéeﬂﬁ@ﬂﬂﬂbn@éﬁbﬁﬁﬁ #tcessi on

nunmber 2 d

b 0 R T S el o i T

yeast opbdific proacia svhdetnhie eburs styhepsﬂmﬁdn@dal el bgted chﬂfneosnmles ”BRO L The
SPAO | gene is reqU|red for meiotic reconbination, The sequence of the SPA I

gene ofSCEUIERn At By €@&7 8@]‘3&}5@%{@%%é%rﬁV’ﬁWéW%b%eanr%%ﬁlY pesgribsske, €. g.,
At C hesoﬂ%e el glg aﬂeu 17 Ceh‘l@w@) 998 lﬁe%re%ent%ve{" op2 r@tgl%éﬁgeoéau&gc%@?) :

Representat ve SPAT nucleot e se ces of Saccharonyces cerevi sl ae
i ncl ud@fﬁemmwsemvmmemmnﬂm@dﬁ)%]szccem ﬁEQ)drIAH\IO&BE%MD 1,36(d SE® 1M1, and

119 as vjd presen i ve Spol rotejin uences of
sacchar e bb T o st B RE biia Euint i Rarese it TinaEr ARgaBS% Oand sEQ
I D NGs: Sa@cha’%gm ,cer%%lsza%rlﬂclﬂtg@G@l%aﬂk‘a&’éegﬁgn RemBiALIPRE] ahdSEOT®

enbodi nent s, e sporul ation gene disrupted in a yeast cell in accordance

Wwith tHﬁOﬁebhéasﬂb98%Hdd@6wemeﬂndmkh$ﬂm20 The SPQ20 gene encodes a

nmei osi if ¢ subunit of .the SNARE r.ospore
ety aBOFL o) S Erdoaiiiny 1R R R R sk R e e lE Pore o
Sac c harpmdesceGaieihk $halitod pBoRERTh i 8 V4 @R@M TRSSPOPEGnc2BEode8 ag.- , Bowman
et al, Nature 387 (6632 Suppl), 90-93 (1997). Representative SPCQO

nucl eotqoawoeetwé theageigfic Qa‘f@’éhlaﬁ‘éﬂﬁfdb% spindle ppisibedy; lﬁwlm%ln@wb&ﬁkg Hecessi on

number erﬁ%: 8%@8 Zlﬂgrs%lg% tﬁaEtQ e!an 1‘181’ toi%c)sg??eggc ra‘ﬁ@ gorﬁ%%loﬁsTHé Qe gr?c% (J’fe rein.

Repr esen ive uenc S arorryces cer evisiae incl ude
GenbankhaSeessi lgaib clifLﬂ‘afﬁdrarNF?y&l%Zl&ﬁ)isicaﬂﬂs 5&Q prbyibiXby dd@rib38, Sdebe.g94, and 122
as provided her &l mire 387 (6632 Suppl):98-102 (1997). Representative SPO27 mucleotide

sequences of Saccharomyces cerevisiae include Genbank accession number NC_001147.5,

and SEQ ID NOS: 15, 43, 71, 99, and 127 as provided herein. Representative Spo21 protein

sequences of Saccharomyces cerevisiae include Genbank accession number NP 014550, and

SEQ ID NOS: 16, 44, 72, 100, and 128 as provided herein.

5.2.4 Preparation of Diploids
[0085] The methods provided herein comprise a step of inducing mating among
haploid cells that comprise a functional disruption in one or more sporulation genes and/or a
functional disruption in one or more pheromone response genes. The diploid cells formed as
a result of said mating are stable diploid cells constrained to the diploid phase due to the
functional disruption of the one or more sporulation genes of the cell.
[0086] To form a diploid cell from haploid cells that lack mating capability, the
mating-impaired haploid cells are transformed with a “mating complement plasmid,” i.e., a

recombinant plasmid comprising a heterologous gene that can complement the mating
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[0082] In sone enbodi nents, the sporulation gene disrupted in a yeast cel
in accordance with the nethods provided herein is AMAI. The AMAI gene
encodes awmoa0twMat3dr of the neiotic anaphase pronoting ®OR[AISeK0/03ds61
sequence of the AMAL gene of Saccharonyces cerevisiae has been previously

d ib S ttel t h 387 S 81-84 (1997).
Rgf)fre;edﬁgate@gcaﬁwﬁbm%ef ol CiruBlinRah gt e R BB clspagieats. )
i ncl uderGRnbaRKpREG&ESSH A haHYouNhPehoRSRsBonsd Qnesﬁﬁnln%é\%lma%ell@g 67,

95, and 123 as prOV|ded herei n.” Representative Ana protein sequences of
Sacc hart@mp@@glmstemsmaamglfmwmdéo GersHnindowbls haploraete ol ppppodite nadng and
SEQ ID ,NOSs: 12, 4 6 9 4 rovi.d 0083] .l n _sone
onodi o © 0 i ponPesi” Ja ab i BR B P ATAOG B oy ey BES  dance
with thenel g@.@%ﬂﬁ&@ﬂdﬁ%ﬂﬁéﬁr@tﬂlglt‘ﬁpdﬁ% bding cbkdtdted Eidven RALAHESS Be

1 C

mei 0si sspecil rotei n which the ensures synapsis between honol ogous
chronné@ﬁ@ﬁﬁnﬁhé/Eéﬁ@éﬁ%@xmﬂm@Wé HOP2 gene of Saccharomyces cerevisiae has

been PIBIEAUSLY IARSTH R8s stk iy obBlh B rabioi SR e Rl RESRA

(1998)." Representative nucl e sequenc

cer evi sliagepticicdfuble STENparkthrtapsd el iv lttﬂbsfbm?dﬁ 1 WitlB 4 4Cutihg cam@lebieX | D NCS:
13, 41, 69, 97, and 125 as provided herein. Representative Hop2 protein
sequendd&nyf ceRpEtag 6W€é§°€1€géﬁ@ﬁ% Iﬂlﬁem&@l@wﬁmﬁ@%éﬁeﬁpfé&ﬂmH

AACBl82c%11 R gg%%oi{ugl - R dl% 31? of thQ:s ’geﬁen Qhell‘?a%l(ﬁé Bl %V[hﬂ?%nggcgl g/g[gta cel |

[0084] In so ment s, e sporul ati-on ‘'gene "di srupte
i n accaongdargoenyil¢rhertt ipeasmad bmﬂpnqnmg)a/ﬁﬂéﬂ cdirhngsafqubmesmmne Tmbo&RRAG igene

encodes a ¢c f the. HEI |c ter e s d e | e body,
e or ot TORPR e cdriismy b Mt R rufich B0 S BEacRRyle hEuB ey
Pr 0S porie yaRISmaAGy kIPh Hﬁhh%@om i%%eﬁﬁﬁlh!ﬁﬂi@l%oﬁfpn%ﬁ% a0 L Q8ME s@duence. In
Sacchar onyces cerevi si ae een previously described. See, e.g., jon et

al , Natamtwdgganty BE8RcEFtiapldcd DONIGOTY fu@épn@ﬁem@mtqn\ﬁé (18P 2rﬁmb,eot i de

seqguen of aAC r OM{CES ,cer.evi si.ae |n accessi unmb

e Do 18 boTa g MR REE AR Acd LSS ERARE B BESRR ST RLR Tor &1 n.
Repr es eftide s¢qucBRO 2Mh (Hidehents AOWRRE @ Ohiaphaid CHRLONYLES adei@wnal ae i ncl ude
Genbank accessi on nunmber NP 014550, and SEQ I D NCS. 16, 44, 72, 100, and

128 as byopianedf thedBEheems, Qleztlaplroeq)%alla}@ ignsformay withr axntipgegmplemsat net hods
prOV' d?)qas%?%h&dgr%})‘ﬁféfc@dl pé&gln&’ ce! MAUGAG TR n@&t&%@cﬁﬁﬁ' hf&&&iﬂ s that

uncti disru In one or nore sporulation gehes and/or a
functlQmahmﬂe§dﬂmbn@ﬂﬂdmnqmenofﬂﬁmﬁéjmmen@mmﬂmmhﬁdpdmsangmﬁmmedIhﬁadlpI0|d
cells fn% {Ir%dco%splement plasmid comprising a STE// coding sequence.

[0088] Techniques for the construction of expression vectors and expression of genes
in cells comprising the expression vectors are well known in the art. See, e.g., Sambrook et
al., 2001, Molecular Cloning -- A Laboratory Manual, 31 edition, Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY, and Ausubel et al., eds., Current Edition, Current
Protocols in Molecular Biology, Greene Publishing Associates and Wiley Interscience, NY.
Plasmids encoding mating complement genes can be introduced into the host cell by any
method known to one of skill in the art.

[0089] Plasmid-based systems generally require selective pressure on the plasmids to
maintain the foreign DNA in the cell. Most plasmids in yeast are relatively unstable, as a
yeast cell typically loses 10% of plasmids contained in the cell after each mitotic division.
Thus, in some embodiments, selection of diploid cells that were formed by the mating of
haploid cells comprising a plasmid encoding a mating complement gene but that do not

themselves comprise the plasmid is achieved by allowing the diploid cells to undergo

sufficient mitotic divisions such that the plasmid is effectively diluted from the population.
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a result of said mating are stable diploid cells constrained to the diploid
phase due to the functional disruption of the one or nore sporul ati on genes
of the ceWwD.20{00R88B To forma diploid cell from hapl oi dPC&lUS3010I036861 ack

mating capability, the mating-inpaired haploid cells are transformed with a

"mating, conpl e t plasmd," i.e., recombi pant plasm d _conpri.sing a

het er ol n@wg@ﬁ@&“ﬁ&ﬁél&%ﬁnﬁﬁﬁﬁm% sERelingtoF M5 BRTEE ohily NURING By t he
functi aal|diigs Wpfid®R chinttN@IQRDOChafRf BubHE, PG RS PRISH 980 Phting
Transi ent expressi on of the heterol ogous pheronone response gene w ?hl n the

hapl oi ddesickscal@ngrormabath yeleabieonaska anak nangselagtive msdiatand then sebictisg and enabl es

hapl oi d _cel |l s of opposite ti type tqg forma stahle diploid cell. In
part 1 ooty Fridlost REREOHRRIE by BRnshub B0 Ro Bl U noh BRI T e nor
than fqooddiei r mahisbsie eMdBdidhdn@, the REhHG; O;ﬁ@ﬂﬁé@h@éinfdoﬁ{ﬁri@@@k@' @s of the
sanme genetically nodified population. [0087] Thus, in sone enbodi nents in
whi ch ttrasieaning ahapkqid heterpthdlliedon yeasheall wikp refogibigant plasvid ensediggR5 gene,

which tHe . f ayey . . ent
1" & g Hoflhich (1) I R ofhichifh Bt P SR AIEEL: PhaRf-fog0TP" ! o1 N9
conpr :c sseﬁtcg off ﬂ?ﬁtﬂbmfe.m iThe lslmuieﬁdfb @'tIthé IHe) @ﬁg‘bf@emlgréﬂ@&:ehag?}gzﬁe hgﬁ | is
transtorned w a matl n co enmen asm co rrsin a coaln
SequendEST PSSR SSRBBEHMSHL £ & TORRTILH ©nalabdatblidr!ce! 12 daRbrretd o5y

functi Q@%esghéﬁ%’bm{hc otill gesﬁzgéé 0888&Half D& rwéﬁaggllcludme&mﬂéf or med

with a I ng conplenent pla conprising a STE18 codi ng sequence. In
enbodi mentssionmumibecNCt Bél Bapimi SEQ éDINQ@odraspesvided himeini Repteselitarved®on of

t he STE12 gene, the loid cell is.transfor ith a .nmati ng conpl enent
e s Lers of SReR I Eaica ket CRSPaksae BRI o e he &
hapl oi due&)1h0S0mRE SSESIANDHNSS hopRNiddi SELREL I on of the STE7 gene, the

haploid cell is transforned with a mating conpl enent plasm d encodi ng a
STE7 cqqli ng seqngpcRs | N sone enbodi ments in which the haploid cell
conprises a functional disruption of the STEIl gene, the haploid cell is

transforned 6t h Exammpledg conpl ement plasmid conprising a STEIl coding
sequence. [0088] deniaticnebGhnétidalle Madisied Ikiplsid (fllsexpr essi on vectors and
expression of genes in cells conprising the expression vectors are well
known i[p09he art.THeeexangl@descOBERHNARmBlaranethod @0dgenbvhitiag eadticellpni ng - A
Laboratory Manual, 3rd edition, Cold Spring Harbor Laboratory, Cold Spring
Har bor ,mediicdpladsuperevisipesells. eds., Current Edition, Current Protocols in
Mol ecul i ol ogyy . 1 shi i.at. il .sci,ence, NY.
Pl acm A0V codi et oot g dorig) ot S AT Rkl S N B S R
cel | byianytingedehochck novinotide segecnots ki drcodma sdiectaé marker (hygA, which

confers resistance to hygromycin B); two enzymes of the S. cerevisiae MEV pathway (the
truncated HMG1 coding sequence, which encodes a truncated HMG-CoA reductase, and the
ERG13 coding sequence, which encodes HMG-CoA synthase), and another enzyme of S.
cerevisiae (the ERG10 coding sequence, which encodes acetoacetyl-CoA thiolase), under
control of galactose-inducible promoters (promoters of the S. cerevisiae genes GALI and
GAL10); flanked by homologous sequences consisting of upstream and downstream
nucleotide sequences of the S. cerevisiae GAL80 locus. Upon introduction into a S.
cerevisiae host cell, the Phase I disruption construct can integrate by homologous
recombination into the GALSO locus of the S. cerevisiae host cell genome, and functionally
disrupt the GALSO locus by replacing the GAL80 coding sequence with its disrupting
sequence. The Phase I disruption construct was cloned into the TOPO Zero Blunt II cloning
vector (Invitrogen, Carlsbad, CA), yielding plasmid TOPO-Phase I disruption construct. The

construct was propagated in TOP10 cells grown on LB agar containing 50 pg/ml kanamycin.
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[ 0089] Pl asm d-based systens generally require selective pressure on the
plasmds to maintain the foreign DNA in the cell. Mst plasmds in yeast
are rel atwoebhw/uymsBabl e, as a yeast cell typically | ose®CTORR@b/OpIsasm ds
contained in the cell after each mtotic division. Thus, in sone

enbodi , sel n | oi d cell s hat t he. mati ng of
aph of QORI > congk a4 shesin o Smed g2’ SER HONES %ﬁy LSABISEoe but

t hat q%iﬂﬁ%tlﬂ HB&]cK S cIE SR de§erlcBEeRb ?a@ele@taﬁﬁhﬁﬁk&qnm At he
diploid cells to undergo sufficient mto di vi sions such that the plasmd

i s ef f gesibtoadeyio dptmgeahinginband sescpbenatyaick ohthalSt esrnesiog MYV pdihplagi(diecel | s can

g nstt SO N BF G uhRh RIS RE R Al OF oo Bhn Coaagtiihy '

pl at i ngyhieleBidodad plRbkith&al@AtelGhdie § ah@&tthy SontilbAgARdoRRARdEghlect | ve nmedi a
and then selecting a colony that does not g)gr ow on the selective nedia but

does grRSAMENETY (REOHYIALSHE . iogkevivéasi geney GO ]and@z%le}fﬁ srivdbinBareding he
t hod i
Met noas gl}iei%}ééé 9?&0;3%%5@{1%9@%@{;\?@% u%h&p[hQE Mo"i‘%f HRIGA NS aﬁ.@erﬂﬁlg‘éf?'rggl«y

het er ot h Feconbi nan Iasm

honot hgirbmster ¢oiprign®h muna,nomaztteemoeesph@sﬂmmuufmg fiee, HiOs piaddirgy the i nduces a
mati ng-type switch of the haploid cell. The sequence of the HO gene of
SaccharfsHpess 1eé%§f‘ék§itlsvpé%thﬁé§prs%s&al Byr Fueesel Wﬂ%@frwﬁéﬁog%@éeq@n&s Russel |

et al, élstlrg #St@ézﬁ)lll ?n(pdcg refinSicbéide &%8@1@35 of &R Fegﬁ%égzhiﬁﬁlﬁo

nucl eot'i ces of Sacc aronyces cerevi si ae I nclude ank accessi on
nunber INEL‘lsOCUpoil?.ﬁtrochmdeE@) LB Nepvidibe hosaselprtiny Pldsd [hdismption Reptresteat at i ve

e e e et R S U BT T RS ik e s,
Exanpl gchomCen@riahdidRamf dgﬁ@eme@tbmowﬂb} tpthcliaprhOL Ul g[sB@Rhte Thi s

exanpl e descri bes an exenpl ary nethod for” generating genetically nodified
hapl oi dvig it disewpling aesjueedd sThe[Rhgg2ll dmtm@@esttucﬁwgss glptwd)mtccthnﬁtORQt

§Coendzsto BRI Telik vactd yRRTRE RS R R POt AR i e AR R T Tt e

to hygroayeicd wa} prdpaateizyT®B1 ®fclls mﬁlvﬁrog@ﬁr@aflssa@@wowam\@Iagdrhe
truncated HM3 codi n%@iequence whi ch encodes a truncated HMG CoA

r educt #981IHAGSY HENERENABYEBAI ng sequence, whi ch encodes HVG- CoA synt hase),
and S8, STV VFELRS) 26,ADRIEDR 8 SdiRoHGR e,
pr onot ehﬁuptmgmqﬁ@fcs noéledtide Squaneeesticoding ag;eleet&bIGAhdrkaf(ﬁanA, which confers
resistance to G418); an enzyme of the S. cerevisiae MEV pathway (the ERG19 coding
sequence, which encodes diphosphomevalonate decarboxylase), and two enzymes of S.
cerevisiae involved in converting the product of the MEV pathway, IPP, into FPP (the
ERG20 coding sequence encodes farnesyl pyrophosphate synthase, and the IDI1 coding
sequence encodes isopentenyl pyrophosphate decarboxylase), under control of galactose-
inducible promoters (promoters of the S. cerevisiae genes GAL1, GAL10, and GAL7); as
well as the promoter of the S. cerevisiae CTR3 gene; flanked by upstream and coding
nucleotide sequences of the S. cerevisiae ERG9 locus. Upon introduction into a S. cerevisiae
host cell, the Phase II disruption construct can integrate by homologous recombination
upstream of the ERG9 locus of the S. cerevisiae host cell genome, replacing the native ERG9
promoter with the CTR3 promoter in such a way that the expression of ERG9 (squalene
synthase) can be modulated by copper. The Phase I1I disruption construct was cloned into
the TOPO Zero Blunt II cloning vector, yielding plasmid TOPO-Phase 111 disruption
construct. The construct was propagated in TOP10 cells grown on LB agar containing 50

ug/ml kanamycin.
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GALI O ; flanked by honol ogous sequences consisting of upstream and

downst ream nucl eoti de sequences of the S. cerevisiae GAL80 | ocus. Upon

i nt roductwornroiomos3a S. cerevi siae host cell, the Phase PCaitseuptobesnt
construct can integrate by honol ogous reconbi nation into the GAL80 | ocus of

the S vi si ae_host cell genone, and funct.ionall S he GAL8O

| ocus t@&?ﬁpl aci ﬁ@q&ﬁ@séﬁﬁgﬁﬁaﬁ@g@&ﬂgﬁ&&lwrﬁ%; isf%gd@ gbﬁgf‘%)ng sequence.
The Phaggphistl SlclREilO Seqriefed LHEIdiNES s G Mdmailep (TRA 3 TOROh 46ARrBhant 1]
cloning vector (Invitrogen, Carlsbad, CA), yielding plasmd TOPO Phase |

di sr uptabdity togew ercmediTheckogngeilicandwsenaymp af dt evdrior(thEG @dowd | s gr own on

LB agar__cont ai ni. 50 M kanamyci n. [ 0093] The Phase I.l, di srupti

Conag P oS i R Mos SIS 0 By RSy SOREH o R E e o

n UC! eoty. dereSRAENEET O _ﬂdi:lm B Riremh atidleotiRIskQicnCEAsAne S\.’fHeﬁéviﬁ&éﬁ ers

resi stance to nourseothricin) and several enzynes of the S. cerevisiae MEV

pat hwayOA LB lEreamd easliipqueigaenlciae Swpgretisian § gpisy AV paveinBogyaligs énto and

the E ' i . . o
the conty oP PR aRd s e M CHpFREOKER RIRBRIATEAA NBLE, b) BRGbuotoe"
cer evi scamnigenas iGlthe alnchdAnte @hteddPhaveel disraptiiheqaaticngcisthgunseeaivet he S.

cerevi siae GAL4 gene under the control of the GAL4oc pronoter (GAL4
pr oot PSR feplacerytith VBA3t hat renpves the M A binding site, thus

maki ng [bb\g%pr oot ffe ﬂlﬁ§éll§ﬁﬁ§értrleéé§1igg 05&%5WR§§§5%§%D%@~3%2) , flanked

by honol ogous sequences consi st upstrea stream nucl eoti de
sequenacespoficst elddtide ssquencss ascddiilg?a sadatable tdpdker (IRASdwbichennfersttbe a S.

cerevi siage host cell, .the Phase || disruption.construct_can.integrate b
ol odBigy FebRET etk D s e ol o U S i albRbe: Vel |

genone, &Rk chdsaed faﬁﬁ@éﬂevsygihagé;p&ndfehfeghﬁ% lcOftks) ol?Yhdr']ﬁBﬂn@Feir BPtHelze LEUZ

codi ng sequence wWith its"disrupting sequence. The Phase |l disruption
const r uetewsage GAbAgdng;taskediey ToRErEauoleBlidmicqiénces ohthad. vexetione LEILRI di ng

pl asm d TOPO-Phase |1 disryption constr The nst.ruc S. propagated in
TOPI O g%?‘issanfﬂcﬂ 1%1%?%“@}‘8%?6563?'?% ad, CA° égig‘é%%g%lﬁ' ﬁ%"’&gl%t O%“Sﬁl?%%fﬁ?% 50 my/ n
kanany cepevidi02A4] cclh) ehcArasellInhdrkeh i8¢ ehih s 0onst@BSdan Ustegatd Ulidnalog®EQ | D NO

143) conprises as a disrupting sgﬁuence nucl eoti de sequences encodi ng a
sel ect aBfanbiagticariniohp alreagyiigtRgatodidnse H diraptmgsequencaauch)that dhe weclive of

the S. IS} t he ERGL9 di , which d
e prﬁﬁ%@r"ﬂal?Afi‘se egﬁge(p@gtgmg e codi ng sequence i ch encodes

di phosphoneval ona ecar boxylase), and two enzynes of S. cerevisiae

i nvol vga0971 converte Mgsd Hemarked ey clafg ddnetrddEVFigatettad¥EQ 1DPRO:i1A6p FPP (t he
ERG0 codi ng sequence encodes farnesyl pyrophaosphate _synthase, and the [IDI|
codi ng CBRGBACHCHILEE EXIUPRTES ERTAIRA 2 BT U ORBREE éU%géaWElaHW%fg@t?eunder
cont r ol Qfty 48b G S8 RkMd Y&k Curacil) and an enzyme of A annua (the FS coding sequence,

which encodes farnesene synthase), under regulatory control of the promoter of the S.
cerevisiae GAL7 gene; flanked by upstream nucleotide sequences of the S. cerevisiae ERG9
locus and coding sequences of the S. cerevisiae ERG19 gene. Upon introduction into a S.
cerevisiae host cell, the Phase II marker recycling construct can integrate by homologous
recombination into the already integrated Phase III disrupting sequence such that the selective
marker kanA is replaced with URA3.

[0098] Expression plasmid pAM404 (SEQ ID NO: 153) encodes a B-farnesene
synthase. The nucleotide sequence insert was generated synthetically, using as a template the
coding sequence of the B-farnesene synthase gene of Artemisia annua (GenBank accession
number AY835398) codon-optimized for expression in Saccharomyces cerevisiae.

[0099] Starter host strain Y1198 was generated by resuspending active dry PE-2 yeast
(isolated in 1994; gift from Santelisa Vale, Sertdozinho, Brazil) in 5 mL of YPD medium

containing 100 ug/mL carbamicillin and 50 ug/mL kanamycin. The culture was incubated
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pronoters (pronoters of the S. cerevisiae genes GALI, GALIO and GAL7); as
well as the pronoter of the S. cerevisiae CIR3 gene; flanked by upstream
and codi yonraw/Bot3Bde sequences of the S. cerevisiae ERBRETIUSCUS/03d9pDN
introduction into a S. cerevisiae host cell, the Phase Il disruption

construct can integrate by honol ogous re |nat| tream of the ER®
ocus dnermgat HETuTh Endd oG LRt Dabrsnatann st LrheT ety v st

Pr onot &fjathfl BHatYl’I@) Eﬁ%%nlara%%@io IR, %Qeﬁs%ﬁés@h@ﬂ {thakex Ry edgicon of ERG
(squal ene synt hase) can be nodul ated by copper. The Phase 111 “di sruption

const r wolonissans} inaertddnion? dhys AGPT Z@WQIVBISumle ¢alomboweregickedt mfcheyhogt di ng
plasm d TOPO- i on constr Jhe. constru opagat ed
P ToP8 e & gk e BN BTG a0 o B VR HR 1 o BhEET “The
Phase lcomhikeaiert @6xGéd BPar@isid M6k chfontidbalkizedR al BloNQd ABAYF Irompr i ses
nucl eoti de sequences encodi ng a sel ectabl e marker (URA3, which confers the

abi | i t ypystemdgBiawRea, Heraplgs.|Gekising the Hig-Rpd CIHEF Qﬁn@mﬁw&’flug\l(ﬁéﬁmaa@,t he FS
di
coding ﬁeg?&igﬁe“ce@r%&ﬁe rg%gl?e an _ P ec?fYé&hQﬁ{%nene n}%Elae%baq{ Y

contr ol onpt Cer evi si ae y upstream
nucl eotstatked equennc¥d 198, the S cerevisiae GAL80 Iocus and codi ng sequences
of the S, cerevisjae HVd r}glon introduction into a_S. cerevisiae host

cel |, tlA@1 Qﬂrl.ase |St¥?§rSk‘é1f66rleX9é@% 603 randr Y 04 suie g?ﬁeé@%fr@mo%‘imﬁb% Syous

r econbi g@ﬁ% i ence such
that th Hg/% |q %@Stﬁ}fﬁﬁléﬁgﬂ%@? éhre lql%vat Slt?%%ls‘yr%g\g%g? eHPhase I
mar ker q’venyghtumg ndonﬁYPDanec(iﬁingth@"CSm ae@@sltmad\l@amlla) dmm”rﬁlfhes@@wﬁmhteotl de
sequences encgodi elect ers the ability to
o o ornEistHed, TRy RRGHaE g A Tonh oRE Sp YA E An S e et 7
Sequencey P\Mﬁhs@ﬁn%@@t@t@es{hf: LGS S PR B@e’“‘rﬁl)ght M@@@C ik E%lﬁ's@ﬁl%yn gk ol of
the pronoter of S. cerevisiae GAL7 gene; flanked Dy upstream nucl eoti de

sequencksmofTht R0 werwedsyicdaghiBUNd fb@wOaﬁML@f@ﬁl&ﬁgwmléﬁ@éby of the S.

cerevi siae. E n,introductio revisiae host cell,

e’ PhasBEETRR eBF B pRr A pPhERE T P RN AP fEORY RS BB o

r econbiandtth@resudbendelien ahnile a0y sipdtR guat a@etafét@smmh diograpiiinge SEgeeske such
that the selective marker natA is replaced with URAS a4%0097] The Phase 111

mar ker w@gﬁqwm@ré&m AUREY C(ura@iﬁsw@e isElipdnm. Sagylagionpras serfimmed ot i de
;?g\lfvegﬁes rogn(gp%lﬁl ahca;ou Pg gl Pglo?t lfture \&as%nglf‘err'&d? a E%nr(@ mlc%ggl%eatgbl ity to
fﬁgugp%t@r@lcg@n?ﬁge‘eqqﬁ4 beopesepe n’ﬁﬁﬁ'ﬂéb aﬂfa cellynaef wheBWPERIM i gotumif of

sterile water containing 2 puL of 10 mg/mL Zymolyase 100T (MP Biomedicals, Solon, OH),

and the cells were incubated for 10 minutes in a 30°C waterbath. The tube was transferred to

ice, and 150 pL of ice cold water was added. An aliquot of 10 uL of this mixture was added

to a 12 mL YPD plate, and tetrads were dissected on a Singer MSM 300 dissection

microscope (Singer, Somerset, UK). The YPD plate was incubated at 30°C for 3 days, after

which spores were patched out onto a fresh YPD plate and grown overnight at 30°C. The

mating types of each spore from 8 four-spore tetrads were analyzed by colony PCR. A single

4 spore tetrad with 2 MATa and 2 MATa spores was picked and stocked as strains Y1661

(MATa), Y1662 (MATa), Y1663 (MATw), and Y1664 (MATa).

[00101] For yeast cell transformations, 25 ml of Yeast Extract Peptone Dextrose

(YPD) medium was inoculated with a single colony of a starting host strain. The culture was

grown overnight at 30°C on a rotary shaker at 200rpm. The OD600 of the culture was

measured, and the culture was then used to inoculate 50 ml of YPD medium to an OD600 of

0.15. The newly inoculated culture was grown at 30°C on a rotary shaker at 200rpm up to an
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cerevisiae GAL7 gene; flanked by upstream nucl eoti de sequences of the S.
cerevi siae ER® | ocus and codi ng sequences of the S. cerevisiae ERGL9 gene.
Upon i nt rwouet@m3Bnto a S. cerevisiae host cell, the Pra3TasR10/868kEr
recycling construct can int egr ate by honol ogous reconbi nation into the

al ready e ed Phas se nce. su e .se tlve
e ko QRRIEFEE? B0 Solatirt poiOkRS Pl o088 T B BRECs R | e A AR A SEQ 1 D
NO: 153;}er@an&»d@cﬁtoafeéb\ieafmﬁmﬁecﬁyrﬁtfwﬁouréfta@fowla@%f@ﬁatw%%g&e insert was
generated synthetically, using as a tenplate the coding sequence of the

b-far nwen@nsg/msﬁa@ezegtgﬁét@ideAnf}etﬂtﬁbpa caﬂmaasf(b@@mmm accessi on nunber

AY8353 don- t| i ze expr essi VI Si a

0009] T001BTer "B SEFE 505 BB RIRC G v e 800 PR SRS AP e ary
PE- 2 yeE(SPO(Ph%@H BdiSpiith d&Qductigdstelito BbmpRtieh | u§ fAg YalePresBREIbAOZI Nho,
Brazil) in mL of D nedi um cont ai ni ng 100 upa? carbamcillin and 50

ug/ m. I@@damedﬁaﬁe Hpe cell trensfarnygnss veresplatied ov &P getivat cavoang 308 uedilar y

hak | at ed
Shaker Bl A8 O o I AL iR, LG =t o on 2
col oni dstegrund 4t nieuBGALS0 1dcak w%rej‘a@tﬁieatbySE@EIJRﬁnqﬂnmammgl e colonies were

pi cked, Eatched out on a_new YPD plate, and all owed to%éow qver.ni ght at
300C. MARIGH ; aj n HossiirainiYdgodtvas B@neé%tpéhwgn wermang sain Yo' d Lpyvitilrying

their cfthpansaqE d%énéﬁ%_'%n&nﬁ't 81g5&%dNA Q‘i‘éﬁﬁg&%ntus?%gs b0 CBligidad, Hercul es,

CA) using the Bio-Ra Genomc Rad, Hercul es, CA
accor diendonwldabe Hesivthttosfemaitspereistlectat oo D md1m¢mnm§ 0n lugknid and

stocked as strain Y] 198. 00] Strains Y1661, 662, Y1663, and Y1664
wer e gé}?é‘FSS?‘éHC’Flr ?Hll%ctsﬂt Ver#a?ﬁ Oi@gr‘tbﬁ"%%’é% ﬁﬁgjj“?%ﬂéﬂsﬂ"éﬁ Wgﬁ%‘f%‘% to pernmit
genet i GnRPGIIIER HMIEUDISAL ﬁ/e?@ vetIR dWBShOPoRnRIcRi@Nt in 5 mb of YPD

medi um at "300C in a glass tube in a roller drum The 0OD600 was neasured,

and t hd08HM]s werldostptrain &d 770 was 2OR600d by tronstoinmng sirain of 1 7¢P lrn’e’m giems

cont ai n| 2% ota sium te e I over t at, 300C in
SO oV r AR AT b AR St oGS B BB U PR R hicRbeBO0C 1
of cellts cwa@leﬁ@h usiab @6held Yo seredtion ichd@ricicase. dlosd c0Ransf@nfa@ts Wit ANMAOS. The
cell pellet was washed once with sterile water, and then resuspended in 3

nL of 2werpeelagied omCanwlcae symbeftcadVading @SM%aﬁlaﬂg medyeningied leuging Heste gr own
for 3 %gﬁ%ﬂéfoﬁg&% bvﬂh?;A%n X nd%%gé i ﬁaﬁ@l%n}zﬁ ey WQ‘?%&%% LRESVRS

confirme y M Ccroscop I quo the cul'ture was transferred
to a 1.lackihg mcthianificigerl lbudise amhbomv&snmgaom ug/uged4a$ (Gehe@biamparidgiosi2ivei nut es.
The cell pellet was resuspended in 50 nL of sterile water congfiu ning 2 nL
of 10 OrpgRte CPPREUNG BOF q@f\ﬂﬂ bligieting sgayenasgpisaraieg gt the ERGY locus

were verified by the PCR amplification.

[00105] Host strain Y1793 was generated by transforming strain Y1770 with a URA3
knockout construct (SEQ ID NO: 154). The URA3 knockout construct comprises upstream
and downstream sequences of the URA3 locus (generated from Saccharomyces cerevisiae
strain CEN.PK2 genomic DNA). Host cell transformants were selected on YPD medium
containing 5-FOA.

[00106] Host strain YAAA was generated by transforming strain Y1793 with the
Phase I marker recycling construct. Host cell transformants were selected on CSM lacking
methionine and uracil. The URA3 marker was excised by growing the cells overnight in
YPD medium at 30°C on a rotary shaker at 200rpm, and then plating the cells onto agar
containing 5-FOA. Marker excision was confirmed by colony PCR.

[00107] Host strain YBBB was generated by transforming strain YAAA with the
Phase II marker recycling construct. Host cell transformants were selected on CSM lacking

methionine and uracil. The URA3 marker was excised by growing the cells overnight in
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and the cells were incubated for 10 mnutes in a 300C waterbath. The tube
was transferred to ice, and 150 nL of ice cold water was added. An ali quot
of 10 nlL WO 20twW1438xt ure was added to a 12 niL YPD pl at e pCAAS201010868dE wer e
di ssected on a Singer MSM 300 di ssection m croscope (Singer, Sonerset, UK).

The YP ate.was jncubated at, K 300C for 3 days, after which spores were
patche%ljafm&m%a 3¢ e%ar@ﬁsyﬁhai%a%@rwmﬁ BePARC SPISoeaEF e mat i ng
types Qbongdfifls SRUAL N1LRE &dQsH waPtirined B&%ﬁloﬁ?ﬁ’@R@na' yzed by col ony PCR
A single 4 spore tetrad wth 2 MATa and 2 VMATa spores was pi cked and

st ocked 0808t r ai ndosvbir&8 Y IONATAy genct@6® by MaTHYyrmivg 6630 (WAHEB ayith the 8hase664

(MAT a),+ 0101] ,For as el l ansf ormati ons 5.m Yeast Extract

bept ond iSBYRr S LuREp Y TERT fifiss FABTUMPE G S8R PhRb EEREy ot 2

st ar ti ngethdaineSind akdtil. Tihe HRIAS daskdhams GkEVMR BVEOLWighthe aéus&%ﬁngm ig rotary
shaker at 200rpm The OD600 of the culture was neasured, and the culture

was ! hehPlgeadivng af ﬁ}ﬁ’@tﬂﬁaﬂt wigp shakeppt J0mmemidihen platrg @@ﬁl@k@ﬂo ega5. The
to anaso0B e SHIA QG VOB G R Bl B 8O POy o anst O o w th 1

mg of DNA. T2 cdixsinplereGhboiti dfGéanecoMbyr ModifiddD nedi um for 4 hours

before they were gjortiRdiofAndJdaidoeenéw Miatifig Impahed tHaffoiadedls to identify
the host cell transformants. st strain was gener at ed by

transf qooigyy st rartis bAc WescRb asdiethp P Refflbaser disthpEhg REpRlaGOMgéiUCt
digested to conpletion using Pnel restriction endonuc | ease. Host cell
t r ansf gndarihsromane respoass gaac dha yRRtgelly madidedhapleidy cgowising/asll thyigtdbanyci n

B, and Ltive tr ts conpri si : P i srupti guence
nt ogr dog el Fild EARLETTER, 2 MRE L AR RS fIERE sh ARSI PR

[ 00103]imipaiéd.strain Y1762 was generated by transformng strain Y15 15 with
pl asm d TOPO Phase || disruption construct digested to conpletion using

Prel rd80H 0t i on Eiedtircdipwaien cqustpctdEigurg Fars? 89 Ml 14/ hepBPdsr atted on
YPD i ML € i : . g ¢
me; (I 4 egh&icggpﬁgg?%é%g%en@ey&aﬁ&w&é o S g@#ﬁg?f_@% or mant s

conprising t ase I Nng sequence I ntegrate | ocus
wer e veonfarethehpilttheo EOR anptdif lackingamacil)tiGh|enkinat oSthedl ner¥iliyidd MIES

generated b ransf orm train Y1762 in.two steps with ression plasmd
k04 e b1 G e semelal soting scaiearasthioneonerr ik SROCEG Ao

conpl et@ni44e], ’&Hdé?’?@éul&t@%ﬁ donfrb] OMhé ?Hﬁhﬁﬂ%gﬂ &ages. dpsisigetbub rg%ﬂéff%!hﬁ@(ﬂt S
with pAMAO4 were selected on Conplete Synthetic Medium (CSM™ | acki ng

met hi orfiynenaniogdue sequsacesidossistor ¢f upstagrst arddownstraim muplapti@scguehcPhalse |1 |
O DO S el T N S L TR PR R el re
disruption construct can integrate by homologous recombination into the STES locus of the S.
cerevisiae host cell genome, functionally disrupting the STES locus by replacing the STES
coding sequence with its disrupting sequence.
[00111] The IME1 disruption construct (Figure 8; SEQ ID NO: 148) comprises as a
disrupting sequence nucleotide sequences that encode a selectable marker (LEU2, which
confers the ability to grow on media lacking leucine), and an enzyme of the 4. annua (the FS
coding sequence, which encodes a farnesene synthase), under regulatory control of the
promoter of the S. cerevisiae TDH3 gene; flanked by homologous sequences consisting of
upstream and downstream nucleotide sequences of the S. cerevisiae IMES locus. Upon
introduction into a §. cerevisiae host cell, the IME1 disruption construct can integrate by
homologous recombination into the IMEI locus of the S. cerevisiae host cell genome,
functionally disrupting the IME1 locus by replacing the IME1 coding sequence with its

disrupting sequence.
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transformants conprising the Phase |1l disrupting sequence integrated at
the ER® | ocus were verified by the PCR anplification. [00105] Host strain
Y1793 wasw@enwyiat4sd by transformng strain Y1770 wit h aPURAB2km008486Ut
construct (SEQ ID NO 154). The URA3 knockout construct conprises upstream

and do am s uences f the URA3 I enerated f aromnyces
cerevi m}gﬁzjt rai @Eﬂr@kﬁaé%@’ﬁ? éelﬁiﬁ? é‘& %Wlpgﬁ?ﬁﬂéﬁm g] gy

sel ect ed yamh (KERTES HidtpifRtoabRlRIHB s R trah%ﬁﬁeﬁ]ts WeRtseRbic@ion CMA was
generated by transforming strain Y1793 with the Phase | marker recycling
const r detkingHosthiaend andraast, ondraetigvadsens (s miants tvede veri i8Ny Bcki ng met hi oni ne
and uraci | i The URA3 mar ker was excised by growing the cells overnight in
YPD necﬁnlﬂlr]i #1%boC on a rot ary shaker at 200rpm and then plating the cells
ont o age011nt ai MHEY steaiff @191 Mk @En@X el HloBTstMASY COTH by el thelilc G@diRmnPCR

[ 00107] Host strain YBBB was generated by transformng strain YAAA with the
Phase IDAMAPkend ransfarmingthe sersttingestrainyyidh thedMEk digmption pristryctwdiidinsel ect ed
on CSM I I; Ve

ar ovi ng. Lhe AT BBl B le B R REG EBE SRR R P SR

200r pm20ans t Appropirﬁzitehyg Ot)rmell@@bﬂeqola:md ontagéltD salitt @b diufngant- alH@é\red Magdoar

exci si on vvas confirmed ené col ony [00108] Host strain Yl 912 was

gener at!8t3 By s AL Belrngges ek rﬁPWﬁéawl@ﬁQ Ppriesslaching megiqaare #ky cl i ng
constr qgﬁc1né‘@ﬁére?%'x]wér5 %W@f&%ﬂ&tﬁeﬁ"?&%s%@h@‘@ e@u Rl C%ﬁ ét@(féﬁénﬂﬁeﬁrﬁ hi oni ne
and uracil. The URA3 narker e cel

was excised by growmng t ' s overnight in
YPD rred:hmnalatityaﬁ(g@\@ mnminnnadmgedahnkmtamtngzeﬁxnmmndathdr ut’mbmtp kagiomgott he cel | s

t F fi PCR.
o G BA RReiRe S ing R R G R s P P AP at TR
EndOQErlﬁé%ﬁptwﬁlt ddaStrhdrP flok €1 iRk @kt jvvlei"e 4R ds fﬁMQa&@f@Rlaﬁllcqw&ﬂdbes an

exenpl ary nmethod for disrupting a sporul ation gene and a pheronone response
gene ireecigenetical |y nodified hapl oi d S. cerevisiae cell to yield a

genetically dified haploid S.. cer ~is sporul ation and
endogenous i nf’f Ple,gggi.egfl‘f;jé?’f pf

ostruct (Figure
7; SEQ I D NO 14.,"05,.,,. pang Lhcos edti de sequences

t hat e e a selectable rker (URA3, |chc ers. the abiljty to grow on
o o GGk bhg ur alts sxana%%g%sﬁﬂéme@? %@6%103318?@9?%4 RJw‘apat hway (the
truncatRd.ddiH, ncREHEQChDRAY §NGFeviVU LRIIGRAFEG D rdlati a8 dd¥E FRfng

impaired.

E

[00115] Diploid host strain Y1979 was generated by self-mating of strain Y1915. To
generate cells of opposite mating types and to transiently render strain Y1915 capable of
mating, the strain was co-transformed with plasmid pAM1124 (SEQ ID NO: 149), which
encodes the HO protein and the nourseothricin resistance marker; and plasmid pAM1758
(SEQ ID NO: 150), which encodes STES and the G418 resistance marker. Host cell
transformants were selected on CSM containing G418 and nourseothricin. Positive
transformants were replated for single colonies on a non-selective medium, and G418

sensitive, nourseothricin sensitive diploids were identified through screening using colony

PCR.
6.4  Example 4:
Confirmation of Sporulation and Endogenous Mating Impairment
[00116] This example describes exemplary methods with which to confirm the

sporulation and endogenous mating impairment of genetically modified S. cerevisiae cells.
[00117] To confirm the inability of strain Y1915 to mate, haploid Y1915 cells (MATa
Kan® URA3 “ste5) or haploid Y1912 cells (MATa Kan® URA3 STE5) were combined on
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reductase), under regulatory control of the pronoter of the S. cerevisiae
TDH3 gene; fl anked by honol ogous sequences consisting of upstream and
downst r eaworolBot38de sequences of the S. cerevisiae STEETIUscus/03d9pbN
introduction into a S. cerevisiae host cell, the STE5 disruption construct
can int te. onol ogous r i ngtion.ntoxthe cus .of the S.
cor evi o BB el R SR R A VA i At oS e TBTEB Fbous. by

repl aci dyghytd &verd freubREl 39 16 BEHSRAE 0 tdkentik S MlgisRE ENY rBAMICRGEre WQ0111]
The | MEI disruption construct (Figure 8, SEQ I'D NO 148) conprises as a

di sr uptthergpleed werkceM naled estlivdelaglinaercsdsind kentawmeddé! & agéthecuiibics weeg ker
(LEWU2, .whi.c nfers th Lljty to.grow o diia | acki ng .l euci.ne), and an
nzyme Bruepd SRR T oA A obP 8 P 2B G B L AChER B Bl o ene
synt hasgites ¢thitghing Q8 Wligh QoY tHeon1 792 x ¢ 9 Ih@aiiOamiues bidfnot BepRtescer evi si ae
TDH3 gene; flanked by honnlogous seguenpes consi sting of upstream and
downst reoaHMLE pedliqueb osibgieiee s Yiolpneatmg celipeyi si ae | ME5 | ocus. Upon

i ntrod i i nt i R s t (o FIRSY i struct
can' i nteor e D, HEishE B aE ol R EFb 0 ol BFb Mt K Sl BRESS
cer evi sitram YoBI8 @ik vegenudtieated fon G tdapnial dpyrudtitntipdiciign hivdiunMahediomus by

repl aci ng.the I MEl codi.ng sequence with its disru&ting sequence, [ 00112]
Host stlPEHRE YROrierpsalafen et B usse: £ eaefst mmgelaty wnkhyadrss pales SExanpl e
1) wt ST ' ' Hct: f r

el et o T e e o S vt
wer e vemwlithires avelny theCRIvadgol anfliteated dor 1 @0iS]witowhtes br dicthyVdtBd5Thas gener at ed
fromstrain Y1913 curin8%%§e strain from ANM04.?nd trans%grnin t he
resul tiMPEERET WO TMAERBFIEY "B Upt - HPEHod i HERLS atiraHuigd Plachan
propagayepDisplidRRIRA!, 88d bRV IBP3NBAM. W hewn$ HaYS B, 9300& iy [ Bfsary
shaker at 200rpm Approximately 100 cells were plated onto YPD solid nedi um
and al lalletbrimgd dateag spotes BndkaylesacoBioamsbetianeas strhimyY l0ecHegdidinog- pl at ed on

CSM pl ates | acki t hi-opi ne | eyci ne.wh t hey grown for another
3 days at Sdg : HRPTE g [-on ?‘gPHQEEF.ﬂ NPt qﬁﬁ? ity to grow on
< ! ; mnate Fow on nmedi um

mini mal nedi um cHIdAZENON AlLS 56

| ackin i ne. .Si ngl uch, col ony was picked and transf.ormed with the
| VE dﬁgbﬁ&g on ¢ Sere 3%@%&‘@?@{%% s VhiER b 8fEBiRy on csM
|aCk'ngnﬂﬁﬁ@kﬁ@b&ﬁh@@ﬂok%ﬂﬁ%@ﬁmw@nﬁh%ﬁﬁ@gﬁﬁléﬂkﬁ&ﬁ%ﬁﬁ&ﬁﬁ@@dﬁﬁm&%ﬂEt'Cal|y

Modi fi ed Sporulation and Endogenous ting Inpaired Diploid Cells
cerevisiae cells to disseminate in nature.
[00120] The survival of Y1979 and its non-transgenic isoline, Y1198 (PE-2), in soil

was assessed. To this end, 45 L flasks were filled with approximately 25% vermiculite and
75% soil from the cane field (total of 40 L) and planted with 1 Saccharum spp, cultivar RB
86-7515 sugar cane plant (approximately 6 months old). Each pot was fertilized with a dry
Nitrogen/Phosphorous/Potassium mix of 5-25-30, and the plants were grown for 14 days in a
containment greenhouse. To each pot was added 600 mL of cell suspensions of strain Y1979
or strain Y1198. The application of yeast cells is equivalent to attaining a concentration of
107 cells/g in the first surface 5 cm of the soil. Five samples of 1.5 x 5 cm soil cores were
collected at the following time points: t=0 (pre-exposure), 0 (post exposure), 3, 7, 14, 28, 40,
60, and 90 days (total volume of soil sampled was 44 mL, and total weight of soil sampled
was approximately 50 g). From the composite samples, 10 grams were separated and
resuspended in 100 mL of distilled water. To quantify yeast survival, 100 pL. of the aqueous
extractions were plated directly onto YPED medium (25 mL/plate), pH 5.5 adjusted with
sulfuric acid 6N with addition of 0.05 g/L bengal rose (Sigma #R3877) and containing 0,2

g/L ampicillin (Sigma A0166). Samples were plated in duplicate, in dilution series from 1-
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[00114] This exanpl e describes an exenplary nethod for rendering diploid a
genetically nodified haploid S. cerevisisea cell that is sporulation and

endogenowsOorzato/mg3Bnpai red. [00115] Di pl oid host strai nPETARAMA368GENETr at ed
by self-mating of strain Yl 915. To generate cells of opposite mating types

and to transjently r er strain Y1915 capable of nmting,.t strain was
co- t r an<f I HRATH qﬁogﬂﬂgfmna t@ﬁﬁpl%@w%@é)cf & Necounept Slﬁ@ﬁvegﬁéﬁe ¥ the HO
pr ot ei NHAPRVIRE sHAMIRR PbWakk kRathRS. Sﬁlﬁﬁ&ﬁatg?ra‘f{%f ihc@ding! (RS T RAVL 758 ( SEQ

| D NO. 150), which encodes STE5 and the G4 18 resistance marker. Host cel
t r ansf opreaadivathePeagelskispetoth. dhe pgMs ot lifinipsy tteglontbrvpde S otiwtesfon.

Posi ti f | ated f ' oni -sel ecti
o Sl BT TBRLR P 5B SUBhed R Deled, Bl BBlRR Pl Raase’ o' e
i dent i f30e. t THOHbhySEMERA BT 1648 g r&l 3 Pédfonybechnter 0® Plus, PReBdiky,mat i on

of Sporul ati on and Endogenous Mating | npairnent [00116] This exanple

descr i besowntahp Haryonsetrsldbe rapkt vapskpmgssed it oRbnlatet kouslp ovane equstisradnd

endoge : ' ' ' . of [ call i f1e revt si cells.

001371t Cane e pl e TR AR eeR S0 MR tesd Ao SRUEN Py 161

cel | s ((M¥hadakapsEntURAS alsh @Dt fore ripgitons), Y1 9BL1Beldrs cleMiT BKaniabldRATheSTES)

were combi ned onYEPD solid nediumw th haploid Y1792 cells (MATa KanR ura3

STES) . SPHehapdbe gepeticriupmrodidsdandpepaaenn agrmatmenyoideparmpeslisident i cal

aliquogﬁugfygﬁ%h mating culture were then plated on CSM solid nedi um

| acki ng uracil and containing 418, and the cultures were incubated for one

week at 300C. As shown in Figure 9, colony growh was observed only on

pl at es ining, an aliquot of the Y1792 x .Yl. 912 mating cul tur.e but not

on pt ol B8HEn s ar RGeSt adenis Ao RV PpBkeoR ST e SEFetL oh are

[ 00118]pef@n GRBEJIATEA t%ggéfa%ﬁé dsti¥ eRh ivdil AL p\%ﬁfzaaio&l;br ?%hﬁé@ﬁi@atio%t\{/&b n Y1979
ce or

cells and strain Yi S were cultivate ays in sporulation

i nduct ispecifredlyiand(indididuntly mdidareg ta baorsorfosatadhy sefergace adthowgtsbar ce, e. g.,

pot assi um acet.at e,. ich induces. native.S...cerevisiae cells to ah on the
Col |t PP g Euig Pt TRy e Sastu B HEL BB Ry e ERTE o
wer e t hempdtey diastignd uvhd@abding, of wilbbdieAdityesppatdnbtondb&s ofididhgtskitl inet her .
The suspensi ons were honpgeni zed by inversion, re-suspended in sterile

wat er , 8¢ piiieldghtgf thedgachingyppthis siverfionebptuaertaiamdagges wid modifFatigysmans  shown
N FOYandfl indRi0 Wiindil h@@i@]g&g}ef@iﬁfc&f sﬁéﬁ?&thgﬁﬁfeﬂdécf’aﬁﬁ%. under these

condi ti ons wher eas s?ral
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6.5 Exanple 5: Confirmation of Inability of Sporul ati on and Endogenous
Mating Inpaired Cells to Dissemnate in Nature [00119] This exanple

descri beswoxermpl4at3g net hods with which to confirmthe i RrabiuS2a1g/08d861
sporul ati on of endogenous mating inpaired genetically nodified diploid S
cerevi s‘%ﬁ%%ﬁ\qg ssem nate in nature. [00120] The survival of Y1979
and its = ‘isoline, Yl 198 (PE-2), in soil was assessed. To
this end, 45 L flasks were filled with approxi mtely 25% verm culite and
75% soi | froam t heA gamgichllyehddificatyahst oéll démpnisiand pl anted with 1 Saccharum

spp, cultivar RB 86-7515 sugar cane plant (approximtely 6 nonths ol d).
Each pot was fert® i zedufstimahdigiupting i1y Hdedst PHOPEABHENSICPSt assi um i X of

5-25-30, and the ant.s g . . i i 0 nhouse.
To each pot was a@ded aﬁga@agélgéggflmgnu%tgeeér%g%!%en% (r)(?n@%%?ﬂr? lﬁ%@%@ %ﬂrﬁest rain
Yl 198. The appl i(cat i achobmyeasillydetepmtddsheagologalsanicldoadatdgatimieng a
concentration of 107 cells/g in the first surface 5 cmof the soil. Five
sanpl es 9¥o4ng a)Pr%teElrﬁfé%tFTesgores were collected at the following tine

poi nts: =0 (ips&n_ARQRHER Iy ChddPRSILy EURAE W Shruldion/imphfted 2R oft@oeRRs and 90
days (total volunme of soil sanpled was 44 nL, and total weil ght gf soi |
sanpl ed maisn@pmraoxdmately 50 g). Fromthe conposite sanples, 10 grans were
separated and resuspended in 100 nL of distilled water. To quantify yeast
survival, 100 nL of the aqueous extractions were plated directly onto YPED
medi um (25 L/ pl aéfte)genptitaly mcalilfiedsgoast oslltoli chuthflthatas hetewttGNiodsoh addi ti on
of 0.05 g/L bengal rose (Sigma #R3877) and containing 0,2 g/L anpicillin
(Sigma AOL66). Sanples were plated in duplicate, in dilution series from
1-107, or tite nurifiergeatti@illy middifis] yeastellplf atagid 1whst ibapadd.on t he counts of
survival obtained in the previous sanplings for each treatnent. |Imredi ately
after the plating the liquid was spread with a Drigal ski spatula. The

pl ates were 4. eft THeaRntwcallnenddifod Jeakt defl of 0lagf 2rthaus épldier total
evaporation of the liquid and were then closed, inverted, and incubated for
48 hours at 30 OC. The col ony nunber per plate was read using a col ony
counter (CP&0 Pl gcRB@aNi fodifidd Gplont pdakeccli Jretdimnstha@in doibgydogsul t was
expressed in CFU plate. Counts were considered only if the total nunber of
col oni edherdkaryet igentizgtypeellelsl oni es. As shown in Figure 11 (each data
point is an average of five repetitions), Y1979 cells were clearly |ess
viable in the soil than the genetically unnodified and sporul ati on and

mat i ng prof ifi entThsageasticalg imagliledd wiastaicH oyiclairgd. thitaohaplpidAl | publ i cati ons,
patents and patent applications cited in this specification are herein

i ncorporated by reference as if each individual publication or patent
appl i cati on Zer e The genetically modified yeast cell of claim 2 that is haploid.

8. The genetically modified haploid yeast cell of claim 7, further comprising a

recombinant plasmid encoding a functional homothallism (HO) protein.

9. The genetically modified haploid yeast cell of claim 8, further comprising at
least one recombinant plasmid encoding a functional copy of the at least one pheromone

response gene that is functionally disrupted in said genetically modified haploid yeast cell.

10.  The genetically modified yeast cell of any one of claims 1-9 thatis a

Saccharomyces cerevisiae cell.

11.  The genetically modified yeast cell of claim 10, wherein the Saccharomyces

cerevisiae cell 1s of the Baker’s yeast, Mauri, Santa Fe, 1Z-1904, TA, BG-1, CR-1, SA-1, M-
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specifically and individually indicated to be incorporated by reference.
Al t hough the foregoing invention has been described in sone detail by way
of illustwatoo4asd exanpl e for purposes of clarity of ®rOUArSsIQN88AY, it
will be readily apparent to those of ordinary skill in the art in light of

be. et Nark BEra-hont HapaRe g s Micenardn MR B LAl bic i icNa ended
cl ai ms.pHAT AT, -FLMNED: 1. A genetically nodified yeast cell conprising:
(a) a functional disruption in at |east one sporul ation gene; (b) a

functional disruption in at |east one pheronone response gene; and (c) a

chromosonal | jp | ntﬂ&rg%h&‘i’caﬂ?%d?ﬂi St UG %ﬁﬁﬁlq@av%]ﬁ%ﬁlﬂﬁ@Sg&%Banf}gleg

protein of interest;” wherefn said genetically nodified yeast ce

spor ul aterovsiagaqedliis efithad-2sdogenous mating i npaired. 2. The genetically
nodi fied yeast cell of claim1 that is heterothallic {ho). 3. The
genetically nodified yeast cell of claiml1l that is diploid. 4. The

geneti cal | y Bodi fTiedeyetdstly aeldifiaf yaabtaictho? ctaivatl 0] wheeql tbé daccbarobnees
genetically nodified. diploidyeast cell of claim4 that is honbzygous ot her
t han fcﬁer?‘%séa%ﬂlilﬁﬁgﬁhﬁﬁgﬁ'll SB)F{’é‘: 6. The genetically nodified yeast cell of
claim1 that is haploid. 7. The genetically nodified yeast cell of claim?2

that is haploid. 8 The genetically nodified. haploid yeast cell of claim?7,
further conpf si r{BleageP@ef@ﬁm%’Se cg8lrfel odRkedniln 3sref tdest Offorrot hal 1§ sm

(HO pr@bRilflionend & cRERAH MY SRALIS 8En DERIPE A 1XBBS pa8h! s £1 al m 8,

further conprising at | east one Teconbi nant plasni d encoding a functional
copy ofSRM), dtMA ledBIP Haed PRECONDONE response gene that is functionally

di srupted in said genetically nodified haploid yeast cell. 10. The
genetically nodified yeast cell of any one of clains 1-9 that is a
Sacchar onycels. cerehei genatécatig Inhadifldd yehktecet exfietairndl icmedcdaid tdeaseast cel | of

claim 10, wherein the Saccharonyces cerevisiae cell js_of th er's
yeast , RVSIATRONCSEHRORSGgenC fasloptgATony A1c E5pun Coreiting OBSIES, S{Zi@& 5@@84, PE- 2,
PE-5, g/ B} anBR7B77 ME-2, VR-2, MA-3, MA-4, CAT-1, CB-1, NR-I, BT-1 or

AL-1 strain. 12. The genetically nodified yeast cell of claim 10, wherein
t he Saccharomyces cerevisiae cell is of the PE-2 strain.

16.  The genetically modified yeast cell of claim 14 comprising a functional

disruption of the IME] gene.

17.  The genetically modified yeast cell of claim 15 comprising a functional

disruption of the STES gene.

18.  The genetically modified yeast cell of claim 1 comprising a functional

disruption of the IME] gene and the STES gene.

19.  The genetically modified haploid yeast cell of claim 9 that comprises a
functional disruption of the STES gene and a recombinant plasmid encoding a functional

STES protein.

20. A method of generating a genetically modified diploid yeast cell that is
sporulation and endogenous mating impaired, the method comprising:
(a) transforming each of a first and a second genetically modified haploid

yeast cell with at least one plasmid encoding a protein capable of complementing an
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13. The genetically nodified yeast cell of claim10, wherein the
Saccharonyces cerevisiae cell is of the CAT-1 strain. 14. The genetically
nodi fi ed Woasto/aed3B of claiml, wherein said at | east oRETA[SRI10I0ad86DN gene
is selected fromthe group consisting of IMEl, | ME2, NDT80, SPO I, SPQ20,

AMAl , HOP2, and SPO21. 15. Th eticall di f.i east .cell. of claiml,
ver o1 inGgeo0s Mt agiosn A RO HE! Palisiedtgstis Rt eaee fayordat: ne
group cQpgisting of STES, STE4, STE18, STEl12, STE7, and STEII. 16. The

genetically nodified yeast cell of claim 14 conprising a functional
di srupti on ofharéia shiNE rsiggenetically momhiecdgemétid yedst gelhsdpdrubsdogendt cel | of

claim 15 .conpri Si a functional disruption of the STE ne. 18. The

genet | TSy e Pyl sadPFmesiS i tooBiamt Mrstata rPERTer e

di sruptdueroffe §é@]]ﬁeﬂd¥@nc&ﬂﬂ§a gﬂiﬂeih e intdiER, ARNeherdif sailitec@rRNRhé®AlLY nodified
hapl oi d yeast cell of claim9 that conprises a functional disruption of the
STE5 genedifipdihaploid ysabicalh it spprudadinndnd sadecngusamplingininstad. iIsTERC pppestien. 20.
A nmeth i i i fi Pk .0j cell that is
cpor ul i Bl SRGRARL S <Bn@RREY heBlret IIPRIY &R PR pERRa ol gt ()

t r ansf ahromgsoaatlhp inttgratellinetiolagehsausiectiddsegenet icaedding sadploteda ohapl oi d
yeast cell with at | east one plasm d encoding a protein capabl e of

conpl enB’tSShg anendogenous mating inpairnent of said first and second
genetically nodified haploid yeast cells, wherein said first genetically

modi fi ed hapl oi d (K?aStmﬁﬁ{%thé ﬁrs’%?@ﬁéﬂi‘cﬁw RBdARE hSPSRORAAUR11ITRTH MY séddnai r ed
and conprises a chronosonal Iy i ntegrat €éd het erologous nucl eoti de sequence

encodi rggnetiqatlpmeidnliasf haphtié yeast ¢ell tibrethyeloanmg siagedetsmtp mebdgiestedipload yepst
nodi fi ed..hapl oid yeast cell is sporulation and endogenous mating inpaired,
is of fﬁg’%gbosite mating type as the first genetically nodified haploid

yeast cell, and qeymrig@sin@&ifghe® FRSOMBbleypldstli@ofrahaRe f&eatAlyaasdisicd .
nucl eoti de sequence encoding said protein of interest; (b) mating the first

genet i chploid yegficelled hapl oi d yeast cell with the second genetically _
modi fied hag|ol &, YRARLARL bencdiRALARYilRE Tpisa R 8¢ 181 |sGRblYadlRELG! €d diploid

yeast
endogenous mating impaired and comprises two copies of a chromosomally integrated

heterologous nucleotide sequence encoding said protein of interest.

21.  The method of claim 20, wherein the first genetically modified haploid yeast
cell and the second genetically modified haploid yeast cell are endogenous mating impaired

due to a functional disruption of at least one pheromone response gene.

22.  The method of claim 21, wherein step (a) comprises transforming each of the
first and second genetically modified haploid yeast cells with at least one plasmid encoding a
functional copy of the at least one pheromone response gene that is functionally disrupted in

said first and second genetically modified haploid yeast cells.

23.  The method of claim 21, wherein the pheromone response gene is selected

from the group consisting of STES, STE4, STE1S, STE12, STE7, and STE1 1.

24.  The method of claim 22, wherein the pheromone response gene is selected

from the group consisting of STES, STE4, STE1S, STE12, STE7, and STE1 1.

25.  The method of claim 21, wherein the pheromone response gene is STES.
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cell; and, (c) elimnating the one or nore plasmds fromthe genetically
nodi fi ed diploid yeast cell, wherein the resulting genetically nodified

di pl oi d ywea2010¢8438i s sporul ati on and endogenous nati ngPCRBR10M360U
conprises two copies of a chronosonally integrated heterol ogous nucl eoti de

sequence encgdi ng_sai d ofein interest. 21. The net hod of i m20,
wherein the %rs?ﬂlféﬂ@b&iaf flgimh gt 1oEin Pt PsAS PO fenatsThE Second
genetically nodified haploid yeast cell are endogenous mating inpaired due
to a functignal djsruption_aof at |east one_ pheronone response gene. 22. The
met hod of cl%im 24he W EPhelaint 0, (vieredp s s geneiepiy frae 1?fbﬁ5é°é@ﬁ Y&#stt he
first and EoRNdcSRNRLEAINnSREL hflbi13RA L) 4ETBbnEfbhSmphiidh Bl bgast one
pl asm d eﬁbodingca f nct?%kal copyzggntﬁé at Ieas?lgheopﬁg &none response
gene t Hanctiomaf dismopiignal 4tyeadi eregpbedation geae.d first and second genetically
nodi fied hapl oid yeast cells. 23. The nethod of claim 21, wherein the

pher onone response gene is selected fromthe group consisting of STE5, STE4,
STE18, STE128. STHhe metdoBdEdlhim 27 . whihean thet dpodilafoncdeae m LR ctedifamethe t he

pher onbne response [ e d e gr | St STES5, STE4,
STe1s, Sveonatey o Q! W@, %’%@? ﬂ]é?ﬁ%?é’, S8 T nd &EQ?Q n the

pher onone response gene is STE5.26. The nethod of claim 22, wherein the
pher onbne response gene is ﬁIES. 27. The neth?d,of claim 20, wherein the
first genetial | ylheoBstnpdal Hap of avipeds thespprulalin gee 198€5hd genetical |y
nodi fi ed hapl oid yeast cell are sporulation inpaired due to a functional

di sruption of at |east one sporul ation gene. 28. The nethod of claim 27,

wher ei n t he ¥por Uhstnehodehdaing2Q ayhergia ther shganpically Jugsi BeshBardeid ygasht | VeI
| ME2, P ; . . . claim
A L S e S A P e e S A S
wher ei nduehe a flincsiong elietpteml dftha®l f gad, hajpdrosgbrylegst imgditedalnd td he second
geneti cal | ified haplojd yeast cell are endogenous mating inpaired due
to a f HE@%@%Qﬁ“HP@Wh@%@BzM%#gFW% STE5 gene, and are sporul ation inpaired
due to a functional disruption of the I MEl gene. 31. The nethod of claim
20, wherein the second genetically nodified haploid yeast cell is obtained
[

pl : .
by i nduci ng - mat hegnetheeokdpintrd:ivhegeip disucarndosengiicdengdibiet haphtidt i cal 1y
modi f i e}%aﬁ%@h% gjté[iﬁ@(?ﬁy ﬁl%lh&ing a mating type switch in a population of the first genetically
modified haploid yeast cell.

32.  The method of claim 31, wherein the population of the first genetically
modified haploid yeast cell is heterothallic (40) and is induced to switch mating type by
transforming the first genetically modified haploid yeast cell with a recombinant plasmid
encoding a functional homothallism (HO) protein, wherein expression of the HO protein is

capable of inducing a mating type switch of said first genetically modified haploid yeast cell.

33.  The method of claim 20, wherein the genetically modified diploid yeast cell is

a Saccharomyces cerevisiae cell.

34,  The method of claim 33, wherein the Saccharomyces cerevisiae cell is of the
Baker’s yeast, 1Z-1904, TA, BG-1, CR-1, SA-1, M-26, Y-904, PE-2, PE-5, VR-1, BR-1, BR-
2, ME-2, VR-2, MA-3, MA-4, CAT-1, CB-1, NR-1, BT-1 or AL-1 strain.

35.  The method of claim 33, wherein the Saccharomyces cerevisiae cell is of the

PE-2 strain.
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32. The nethod of claim 31, wherein the population of the first genetically
nodi fi ed hapl oid yeast cell is heterothallic {ho) and is induced to switch
mat i ng t e 2b1o/ie438sf ormi ng the first genetically nodifiP€a/usaplooBecyeast
cell with a reconbi nant plasnid encoding a functional honDthaIIisn1(FK»

protein, mhereln pre rotein i s capabl e, of duc

et no &y pe 6 £ Aearetal 6 i getigtih 4 S st Sa I a1yeasecel |
33. Thq;q?nhggnpf claim 20, wherein the genetically nodified diploid yeast
cell is a Saccharonyces cerevisiae cell. 34. The nmethod of cl aim 33,

wherein the Saccharomyces cerevisiae cell is of the Baker's yeast, IZ-

'@9421 \T/é_ 25%_ R oruﬁﬁoﬁ and\/é&ﬁéée%u%%tmg%n%mréﬁ%ﬁm&/féagv creg:éﬁheraﬁﬁ Y

nethodtbénmﬂ@dmﬁaﬂyommeﬁ@mnwﬁwe%Saccharonyces cerevisiae cell is of the
PE-2 strain.36. The nethod of claim 33, wherein the Saccharonyces

cerevisiae cell is of the CAT-1 strain. 37. A sporulation and endogenous
mating i nmpaiided dh pleticd fpegateramgla spendatanedd bydddeeonehhad; iofpaany one of

clainms 20-36. 38. t ho eperatin orul atj on and endogenous

mat i ng %eﬁﬁéﬁ#l@&l%@@[f%qpﬁv s al g S B et ROMRIISHISI d yeast cel |,
the nethod conpr '(§} ng. tre(n@i)orfh %Wdf)h[ﬂtﬂaﬁ o@a@i?ﬂlgleﬁétlcgﬂy Hfodﬁiefd'lfe%trotﬁﬁ'ﬁ@t icall y
nodi fied heterothal lic haploid yeast cel a plasmd encoding a

f unct i ohaploldgreastieall Withm plﬁmyldmno@@ngnatfmoypealdhomothaﬂﬂn gEkpiotean toyyieiddi f i ed

ha Io'd ast ce ressi.on. of .t he HO s .capabl e, of
oot nrS Rty ol P ol B SCRU P rRlsi SBrsoRal It iR uror Ba parib Bl o
yeast cellndutigheRiing-t$ReemethitTmRd fisabénetibafi hb&iticd aphloidd cyaastl, cell of the
opposite mating type as the first geneticall'y nodified haploid yeast cel

i s obt aMhetrbywseraidreeneiécatly madildgehapiaidyeast ealefitheapprsite matinabipcds Hpl oi d
yeast C?Ht gegf&%fgl%dﬁieﬁmﬁﬁf%ﬁ[éeﬁ 1& tgglrgt ed het erol ogous nucl eoti de

sequence e rotel eres d"f uncti onal di sruptions in the

STE5 gene anghdréie thdvirtst g@m&cal(ybﬁomﬁa@ﬁétefdﬁhamm: leatdid 9tast bell Eammiscand t he
second genetlcally npdi fied haploid yeast cells with a plasm d encoding a
STE5 pr ot ei If r%‘éﬁoglﬁyyé%F@fa{eﬂé]ﬁ?F@P&Q%ng]@%@kt %GQP?PCPrﬁP?%H%ﬂ PEEn Pf r st

sonet ol | LT ot dgasty sob ks bokpgsgeond o cal LY
yeast cell; and, (b) transforming each of the first and the second genetlcally modified
haploid yeast cells with a plasmid encoding a STES protein, whereby said transforming
results in mating of the first genetically modified haploid yeast cell with the second
genetically modified haploid yeast cell, thereby forming a genetically modified diploid
yeast cell; and,
(c) eliminating any plasmids from the genetically modified diploid yeast
cell to yield a genetically modified heterothallic diploid yeast cell,
wherein the resulting genetically modified heterothallic diploid yeast cell is
sporulation and endogenous mating impaired and comprises two copies of a

chromosomally integrated heterologous nucleotide sequence encoding said protein of

interest.

39.  The method of claim 39, wherein the sporulation and endogenous mating

impaired heterothallic (#0) diploid yeast cell is a Saccharomyces cerevisiae cell.
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(c) elimnating any plasmds fromthe genetically nodified diploid yeast
cell to yield a genetically nodified heterothallic diploid yeast cell,
wher ei n tWe 2088141438Ng genetically nodified heterothalli eCaiyseaiod3ggenst cel |
is sporulation and endogenous mating i npaired and conprises two copies of a
chronmosomal |y integrated. hetero us .nucl eotj de sequence encqding said
protein of i eré@%}n@EquﬁgaW%%ﬁ N0} mtea Wﬁ%ﬁﬂ’ F@Fﬁ“?ﬁéﬁgb%?ﬂWStion
and endpgePeYysasTaRg Safldicr £d 194, el | CR-f Ra)1 dpi@iydoyeasty oalk is a
Saccharomyces cerevisiae cell.40. 'The method of claim39, wherein the
Saccharbfalc BR-tdtRvi BEaeg, ¥BH, MA-JoMAHe CBAkerCB-ly2Rst, BMuriAL-Satnia. Fe, | Z-
1904, TA, BGI, CRI, SA-I, M26, Y-904, PE-2, PE-5, VR-I, BRI, BR-2,
ME-2, VR-2, MA-3, MA-4, CAT-I, CB-lI, NR-I, BT-1 or AL-I strain. 41. The
met hod of cl4di m 3Bhe métbodphclaine3 Sadehan drey@eshaemgudssermisied delliisolbthe t he

PE- 2 sgﬁgén 42. The nmethod of claim 39, wherein the Saccharonyces
cerevisia S@@PI is of the CAT-1 strain. 43. A sporulation and endogenous
mating inpaired heterothallic (ho) diploid yeast cell generated by the

met hod of any one_of c| ai 38-42. 44. Tal a. steb5l| st imel.lipel yeast
cell . 4& eThe metLO(!,l gP claim 3&, Wherelnﬁie%cc)raromyces cerev%zSae Crgﬁ is of the y
CAT-1 strain.

43. A sporulation and endogenous mating impaired heterothallic (ko) diploid yeast

cell generated by the method of any one of claims 38-42.

44, A MATo/a sted/ste5 imel/imel yeast cell.
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