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WHAT IS CLAIMED:

1. A method for integrating a plurality of exogenous nucleic acids into a host ¢

genome, the method comprising:
(a) contacting a host cell with:

(1) a plurality of exogenous nucleic acids, wherein cagh exogenous

nucleic acid (ES), comprises a first homology region (HR 1), and a second homblogy region
(HR2),, wherein (HR1), and (HR2), are capable of initiating host cell medigfed homologous

recombination of (ES)y at a target site (TS)x of said host cell genome; an.

' (N)x capable of
cleaving at (TS)x, whereupon said cleaving results in homologous fecombination of (ES), at

(TS

(i)  for each said target site (TS)x, a nuclea,

and

(b) - recovering a host cell wherein ghch selected exogenous nucleic acid

compared toot contacting the host cell with a nuclease capable of cleaving at said target site.

The method of claim 1, wherein said recovering occurs at a frequency of about

one eytry 10,9, 8,7,6,5,4,3,0r2 contactéd host cells, or clonal populations thereof,
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9. The method of claim 1, wherein said recovering comprises identifying said
integrations by at least one method selected from the group consisting of PCR, Southern blot,

restriction mapping, and DNA sequencing.

10.  The method of claim 1, wherein (N)y is capable of cleaving an endogenoys

genomic sequence within (TS),.

11.  The method of claim 1, wherein (N)y is capable of cleaving an exgfenous

sequence within (TS).

12. The method of claim 11, wherein the exogenous sequence ifa recognition

sequence for a homing endonuclease.
"13.  The method of claim 12, wherein the homing endonyélease is F-cphl.

14.  The method of claim 1, wherein (ES), further copiprises a nucleic acid of

interest (D) positioned 3’ of (HR1)x and 5° of (HR2),.

15.  The method of claim 14, wherein (D)y is gflected from the group consisting of a
selectable marker, a promoter, a nucleic acid sequencg/encoding an epitope tag, a gene of

interest, a reporter gene, and a nucleic acid sequengf encoding a termination codon.

16.  The method of claim 1, whereinfES) is linear.

17.  The method of claim 1, whétein the host cell comprises one or more

heterologous nucleotide sequences encgding one or more enzymes of a biosynthetic pathway.

18.  The method of clajfn 17, wherein the one or more heterolo gous nucleotide

sequences encoding one or mofe enzymes of a biosynthetic pathway are genomically

integrated.
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21.  The method of claim 1, wherein the host cell comprises one or more

heterologous nucleotide sequences encoding one or more enzymes of a mevalonate (MEV)

pathway for making isopentenyl pyrophosphate.

22, The method of claim 21, wherein the one or more enzymes of the mevgfoante
pathway are selected from acetyl-CoA thiolase, HMG-CoA synthase, HMG-CoA rglluctase,

mevalonate kinase, phosphomevalonate kinase and mevalonate pyrophosphate décarboxylase.

23.  The method of claim 21, wherein the host cell comprises a plurality of

heterologous nucleic acids encoding each the enzymes of a MEV pathwdy.

24.  The method of claim 21, wherein each said exogenglis nucleic acid (ES)
comprises a nucleic acid of interest (D) positioned 3’ of (HR1){ and 5’ of (HR2),, encoding a

terpene synthase.

- 25, The method of claim 24, wherein the teppene synthase is selected from the
“group consisting of a monoterpene synthase, a ditergkne synthase, a sesquiterpene synthase, a
sesterterpene synthase, a triterpene synthase, a teffaterpene synthase, and a polyterpene
synthase. ' '

26.  The method of claim 1, yherein (N)y is provided as an expression vector

The method of claim 29, wherein the TypellS restriction endonuclease is

selg€ted from the group consisting of HO endonuclease and Fok I endonuclease.
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31.  The method of claim 29, wherein the zinc finger binding domain comprises 3, 5

or 6 zinc fingers.

32.  The method of claim 30, wherein the endonuclease is a homing endonucleage
selected from the group consisting of: an LAGLIDADG homing endonuclease, an HNEY/
homing endonuclease, a His-Cys box homing endonuclease, a GIY-YIG homing en: huclease,

and a cyanobacterial homing endonuclease.

33.  The method of claim 30, wherein the endonuclease is selected Fom the group
consisting of: H-Drel, I-Scel, I-Scell, I-Scelll, I-ScelV, I-SceV, 1-Sce VI, LAce VI, I-Ceul, I-
CeuAllP, I-Crel, I-CrepsblP, I-CrepsbllP, I-CrepsbIIIP, I-CrepsbIVP, IA1il, I-Ppol, Pi—PspI,
F—SceL F-Scell, F-Suvl, F-Cphl, F-Tevl, F-Tevll, I-Amal, I-Anil, I-Ghul, I-Cmoel, I-Cpal, I-
Cpall, I-Csml, I-Cvul, I-CvuAIP, 1-Ddil, 1-Ddill, I-Dirl, I-Dmol, ¥Hmul, I-Hmull, I-HsNIP,
I-Llal, I-Msol, I-Naal, I-Nanl, I-NclIP, I-NgrIP, I-Nitl, I-Njal, }Nsp236IP, I-Pakl, I-PbolP, I-
PculP, I-PcuAl, I-PcuV1, I-PgriP, I-PobIP, I-Porl, I-PorlIP, JPbpIP, I-SpBetalP, 1-Scal, I-
SexIP, I-SnelP, I-Spoml, I-SpomCP, I-SpomlIP, I-SpomI}#, I-SqulP, I-Ssp6803 1, I-SthPhiJP,
I-SthPhiST3P, I-SthPhiSTe3bP, I-TdelP, I-Tevl, I-Teyfl, I-TevIll, i-UarAP, i-UarHGPAIP, I-
UarHGPA13P, I-VinlP, I-ZbilP, PI-Mgal, PI-MtuLAI-MtuHIP Pi-MtuHIIP, PI-Pful, PI-Pfull,
PI-Pkol, PI-Pkoll, PI-Rma43812IP, P1-SpBetalB/ P1-Scel, PI-Tful, PI-Tfull, PI-Thyl, PI-TII,
or PI-THIL. |

34, The method of claim 28, wherein the endonuclease is modified to specifically
bind an endogenous genomic sequencef/wherein the modified endonuclease no longer binds to

its wild type endonuclease recognitjgn sequence.

35. The method of clfim 34, wherein the modified endonuclease is derived from a
homing endonuclease selected from the group consisting of: an LAGLIDADG homing
endonuclease, an HNH ho#hing endonuclease, a His-Cys box homing endonuclease, a GIY-

YIG homing endonucledse, and a cyanobacterial homing endonuclease.

36.  The
endonuclease selfcted from the group consisting of: H-Drel, I-Scel, I-Scell, I-Scelll, I-Scel V,
I-SceV, I-Scef 1, I-Sce VI, I-Ceul, I-CeuAllP, I-Crel, I-CrepsbIP, I-CrepsbIIP, I-CrepsbIIIP, I-
CrepsbIVE/I-Tlil, I-Ppol, Pi-Pspl, F-Scel, F-Scell, F-Suvl, F-Cphl, F-Tevl, F-TevIl, I-Amal,
I-Anil, ¥Chul, I-Cmoel, I-Cpal, I-Cpall, I-Csml, I-Cvul, I-CvuAIP, I-Ddil, I-Ddill, I-Dirl, I-
Dmof, I-Hmul, I-Hmull, I-HsNIP, I-Llal, I-Msol, I-Naal, I-Nanl, I-NclIP, I-NgrIP, I-Nitl, I-
Njél, 1-Nsp2361P, I-Pakl, 1-PbolP, I-PculP, I-PcuAl, I-PcuVT, I-PgrIP, I-PoblP, I-Porl, I-

ethod of claim 34, wherein the modified endonuclease is derived from an
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PorlIP, I-PbpIP, I-SpBetalP, I-Scal, I-SexIP, I-SnelP, I-Spoml, I-SpomCP, I-SpomIP, I-
SpomlIP, I-SqulP, I-Ssp68031, I-SthPhiJP, I-SthPhiST3P, I-SthPhiSTe3bP, I-TdelP, I-Tevl, I
Tevll, I-Tevlll, i-UarAP, i-UarHGPAIP, I-UarHGPA13P, I-VinIP, I-ZbilP, PI-Mgal, PI-M#11,
PI-MtuHIP PI-MtuHIIP, PI-Pful, P1-Pfull, PI-Pkol, PI-Pkoll, PI-Rma43812IP, PI-SpBej4IP,
PI-Scel, PI-Tful, PI-Tfull, PI-Thyl, PI-Tlil, or PI-THIL

37.  The method of claim 1, wherein the host cell is selected from the gdoup

consisting of a fungal cell, a bacterial cell, a plant cell, and an animal cell.
38.  The method of claim 1, wherein the host cell is a yeast cell.

39.  The method of claim 38, wherein the yeast cell is a Saccflaromyces cerevisiae

cell. .

40.  The method of claim 39, wherein the Saccharomybes cerevisiae cell is of the
Baker's yeast,’ Mauri, Santa Fe, 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.

41. A host cell generated by the method of #laim 1.
42. A host cell comprising:

(a) a plurality of exogenoys nucleic acids, wherein each exogenous
nucleic acid (ES)x comprises a first homolog# region (HR 1), and a second homology region
(HR2)y, wherein (HR1), and (HR2), are ghpable of initiating host cell mediated homologous

recombination of (ES)y at a target site #TS)x of said host cell gehome; and

®) for cach spd target site (TS), a nuclease (N)x capable of cleaving at

(TS)x, whereupon said cleavingfesults in homologous recombination of (ES), at (TS)y;
wherein x is Any integer from 1 to n wherein n is at least 2.

43.  The host cellof claim 42, wherein (HR 1), is homologous to a 5’ region of (TS),,
and (HR2)y is homologoys to a 3’ region of (TS)y.

44.  The hgfst cell of claim 33, wherein (N)y is capable of cleaving at a region positioned

between said 5" apd 3’ regions of (TS)y.

45, he host cell of claim 42, wherein a single nuclease is capable of cleaving each

The host cell of claim 42, whereinn= 3, 4, 5, 6, 7, 8, 9 or 10.
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47.  The host cell of claim 42, wherein (N)x is capable of cleaving an endogenous

genomic sequence within (TS)y.

48.  The host cell of claim 42, wherein (N) is capable of cleaving an exogenous

sequence within (TS),, wherein x is 1 or any integer from 1 to n.

49.  The host cell of claim 42, wherein the exogenous sequence is a recognit" n

sequence for a homing endonuclease.
50.  The host cell of claim 42, wherein the homing endonuclease is F-

51. The host cell of claim 42, wherein (ES)x further comprises a
(D)« positioned 3’ of (HR1), and 5” of (HR2)y.

52. The host cell of claim 51, wherein (D)y is selected fro

54.  The host cell of claim 42, wherein the ho c‘ell”compris‘es one or more heterologous

nucleotide sequences encoding one or more enzymes #f a biosynthetic pathway.

55.  The host cell of claim 54, wherein ghie one or more heterologous nucleotide

sequences encoding one or more enzymes of a 1osyﬁthetic pathway are genomically integrated.

56.  The host cell of claim 42, wlferein each said exogenous nucleic acid (ES)y
comprises a nucleic acid of interest (D) positioned 3’ of (HR1), and 5’ of (HR2)y, encoding an

enzyme of a biosynthetic pathway.

57.  The host cell of clfm 56, wherein (D), is a member of a library (L), comprising a

plurality of nucleic acid molecfles that encode variants of an enzyme of a biosynthetic pathway.

58.  The host ce/of claim 42, wherein the host cell comprises one or more heterologous
nucleotide sequences engoding one or more enzymes of a mevalonate (MEV) pathway for making

isopentenyl pyropho

59.  ThE host cell of claim 58, wherein the one or more enzymes of the mevaloante
pathway are sefected from acetyl-CoA thiolase, HMG-CoA synthase, HMG-CoA reductase,

mevalonateAkinase, phosphomevalonate kinase and mevalonate pyrophosphate decarboxylase.

The host cell of claim 58, wherein the host cell comprises a plurality of

ogous nucleic acids encoding each of the enzymes of a MEV pathway.
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61.  The host cell of claim 58, wherein each said exogenous nucleic acid (ES)y

comprises a nucleic acid of interest (D) positioned 3’ of (HR1), and 5’ of (HR2),, encoding a

terpene synthase.

62.  The host cell of claim 61, wherein the terpene synthase is selected from the
consisting of a monoterpene synthase, a diterpene synthase, a sesquiterpene synthase, a

sesteﬂefpene synthase, a triterpene synthase, a tetraterpene synthase, and a polyterpey€ synthase.

63.  The host cell of claim 42, wherein (N)y 1s provided as an expressiof vector

comprising a nucleic acid sequence encoding (N)x.

64.  The host cell of claim 42, wherein (N), is transformed into tfe host cell as a

purified protein.

65.  The host cell of claim 42, wherein (N)y is transformegd into the host cell as a
purified RNA.

66.  The host cell of claim 42, wherein (N)y 18 selegted from the group consisting of an
endonuclease, a zinc finger nuclease, a TAL-effector DNA/binding domain-nuclease fusion

protein (TALEN), a transposase, and a site-specific recgimbinase.

67.  The host cell of claim 66, wherejf the zinc finger nuclease is a fusion protein
comprising the cleavage domain of a Typelly/restriction endonuclease fused to an engineered

zinc finger binding domain.

68.  The host cell of claim ¢/, wherein the TypellS restriction endonuclease is

selectéd_from the group consisting gf HO endonuclease and Fok I endonuclease.

69.  The host cell of Zlaim 67, wherein the zinc finger binding domain comprises 3,

5 or 6 zinc fingers.

70.  The host g€ll of claim 66, wherein the endonuclease is a homing endonuclease

selected from the groyp consisting of: an LAGLIDADG homing endonuclease, an HNH
homing endonuclege, a His-Cys box homing endonuclease, a GIY-YIG homing endonuclease,

and a cyanobactfrial homing endonuclease.

71. / The host cell of claim 66, wherein the endonuclease is selected from the group
consisting of: H-Drel, I-Scel, I-Scell, I-Scelll, I-ScelV, I-SceV, 1-Sce V1, I-Sce V1, I-Ceul, I-
, I-Crel, I-CrepsblP, I-CrepsblIP, I-CrepsbIIIP, I-CrepsbIVP, I-Tlil, I-Ppol, Pi-Pspl,
F-Sgel, F-Scell, F-Suvl, F-Cphl, F-Tevl, F-Tevll, I-Amal, I-Anil, I-Chul, I-Cmoel, I-Cpal, I-
pall, I-Csml, I-Cvul, I-CvuAIP, 1-Ddil, 1-Ddill, I-Dirl, I-Dmol, I-Hmul, I-Hmull, I-HsNIP,
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I-Llal, I-Msol, I-Naal, I-Nanl, I-NclIP, I-NgrIP, I-Nitl, I-Njal, I-Nsp236IP, I-Pakl, I-PbolP, I-
PculP, I-PcuAl, I-PcuVI, I-PgriP, I-PobIP, I-Porl, I-PorlIP, I-PbplIP, I-SpBetalP, I-Scal, I-
SexIP, I-SnelP, I-Spoml, I-SpomCP, I-SpomlIP, I-SpomlIIP, I-SqulP, I-Ssp68031, I-SthPhi
I-SthPhiST3P, I-SthPhiSTe3bP, I-TdelP, I-Tevl, I-Tevll, I-TevIll, i-UarAP, i-UarHGPAAP, I-
UarHGPA13P, I-VinIP, I-ZbilP, PI—MgaIF, PI-Mtul, PI-MtuHIP PI-MtuHIIP, PI-Pful I—'Pﬁﬂ],
PI-Pkol, PI-Pkoll, PI-Rma438121P, PI-SpBetalP, PI-Scel, PIQTfu.I, PI-Tfull, PI-TA1, PI-T1il,
or PI-THIL

72.  The host cell of claim 66, wherein the endonuclease is modifged to specifically
bind an endogenous host cell genomic sequence, wherein the modified egldonuclease no longer

binds to its wild type endonuclease recognition sequence.

73. The host cell of claim 72, wherein the modified engbnuclease is derived from a
homing endonuclease selected from the group consisting of: ag/LAGLIDADG homing
endonuclease, an HNH homing endonuclease, a His-Cys bo homing endonuclease, a GIY-

YIG homing endonuclease, and a cyanobacterial homing£ndonuclease.

74.  The host cell of claim 72, wherein the odified endonuclease is derived from an
endonuc]ease selected from the group consisting of H-Drel, I- SceI I-Scell, I-Scelll, I-Scel V,
I-SceV, I-SceV1, I-Sce V], 1-Ceul, I-CeuAllIP, YCrel, I-CrepsbIP, I-CrepsblIP, I-CrepsblIIP, I-
CrepsbIVP, I-Tlil, I-Ppol, Pi-PspI, F-Scel, EAScell, F-Suvl, F-Cphl, F-Tevl, F-Tevll, I-Amal,
I-Anil, I-Chul, I-Cmoel, I-Cpal, I-Cpall, }Csml, I-Cvul, I-CvuAIP, I—DdiI, I-Ddill, I-DirI, I-
Dmol, I-Hmul, I-Hmull, I-HsNIP, I-LJ4l, I-Msol, I-Naal, I-Néril, I-NclIP, I-NgrIP, I-Nitl, I-
Njal, I-Nsp2361P, I-Pakl, I-PbolP, YWPculP, I-PcuAl, I-PcuVI, I-PgrIP, I-PobIP, I-Porl, I-
PorIIP, 1—PprP, I-SpBetalP, I-Sghl, I-SexIP, I-SnelP, I-Spoml, I-SpomCP, I-SpomIP, I-
SpomlIP, I-SqulP, I-Ssp6803 ¥, 1-SthPhiJP, I-SthPhiST3P, I-SthPhiSTe3bP, I-TdelP, I-Tevl, 1-
Tevll, I-Tevlll, i-UarAP, ifJarHGPAIP, I-UarHGPA13P, I-VinIP, I-ZbilP, PI-Mgal, PI-Mtul,
PI-MtuHIP PI-MtuHIIP/PI-Pful, PI-Pfull, PI-Pkol, PI-Pkoll, PI-Rma43812IP, PI-SpBetalP,
PI-Scel, PI-Tful, PI-Ptull, PI-Thyl, PI-T1l, or PI-THIIL.

75.  ThE host cell of claim 42, wherein the host cell is selected from the group

consisting of gAungal cell, a bacterial cell, a plant cell, and an animal cell.
The host cell of claim 42, wherein the host cell is a yeast cell.

The yeast cell of claim 76, wherein the yeast cell is a Saccharomyces cerevisiae
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78.  The yeast cell of claim 77, wherein the Saccharomyces cerevisiae cell is of the
Baker's yeast, Mauri, Santa Fe, 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

79.  Akit comprising:
(2) a plurality of exogenous nucleic acids, wherein each exoggfious
nucleic acid (ES)x comprises:

() a first homology region (HR1), and a second homology region
(HR2)y, wherein (HR1), and (HR2), are capable of initiating host cell megfated homologous

recombination of (ES)y at a selected target site (TS), of a yeast cell gengdme; and
(i) a nucleic acid of interest (D) positioptd 3’ of (HR1), and 5’ of
(HR2); |
(b) a plurality of nucleases, wherein eaghl nuclease (N)x capable of

cleaving at (T S);;, whereupon said cleaving results in homblogous recombination of (ES), at
(TS)x;

82.  The kit of claim 79, wierein (N)y is capable of cleaving at a region positioned

between said 5” and 3’ regions of AS),.

83.  The kit of clainy'79, wherein n= >6000, wherein each (TS), is a unique region of the

yeast cell genome.

84.  The kit gf claim 79, wherein (N)y is capable of cleaving an endogenous yeast

genomic sequence within (TS),.

85.  ThE kit of claim 79, wherein (N)y is capable of cleaving an exogenous sequence
within (TS),.

86 The kit of claim 79, wherein (ES), further comprises a nucleic acid of interest (D),
position€d 3’ of (HR 1) and 5 of (HR2),.
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87.  The kit of claim 86, wherein (D), is selected from the group consisting of a
selectable marker, a promoter, a nucleic acid sequence encoding an epitope tag, a gene of interest

a reporter gene, and a nucleic acid sequence encoding a termination codon.
88.  The kit of claim 79, wherein (ES)y is linear.
89.  The kit of claim 79, wherein (ES), is circular.

90.  The kit of claim 79, wherein (N), is provided as an expression vectofcomprising

the nucleic acid sequence encoding (N)y.
91.  The kit of claim 79, wherein (N)x is provided as purified prot

92.  The kit of any claim 79, wherein (N)y is selected from the £roup consisting of an
endonuclease, a zinc finger nuclease, a TAL-effector DNA binding dgfhain-nuclease fusion

protein (TALEN), a transposase, and a site-specific recombinase.

93.  The kit of claim 92, wherein the zinc finger nucjéase is a fusion protein comprising
the cleavage domain of a TypellS restriction endonuclease fifsed to an engineered zinc finger

binding domain.

94.  The kit of claim 93, wherein the TypellfS restriction endonuclease is selected from

the group consis‘tingr of HO endonuclease and Fok JYendonuclease.

95.  The kit of claim 93, wherein the/zinc finger binding domain comprises 3, 5 or 6

zinc fingers.

96.  The kit of claim 92, whegfin the endonuclease is a homing endonuclease selected
from the group consisting of: an LAGLIDADG homing endonuclease, an HNH homing
endonuclease, a His-Cys box homjfig endonuclease, a GIY-YIG homing endonuclease, and a

cyanobacterial homing endonuglease.

97.  The kit of clgfm 92, wherein the endonuclease is selected from the group consisting
of: H-Drel, I-Scel, I-SceHd, I-Scelll, I-ScelV, I-SceV, I-Sce V1, I-SceVII, I-Ceul, I-CeuAlIP, I-
Crel, I-CrepsbIP, I-CrfpsblIIP, I-CrepsbIIIP, I-CrepsbIVP, I-Tlil, I-Ppol, Pi-Pspl, F-Scel, F-Scell,

3

SthPAiSTe3bP, I-TdelP, I-Tevl, I-Tevll, I-Tevll], i-UarAP, i-UarHGPAIP, I-UarHGPA13P, I-
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VinIP, I-ZbilP, PI-Mgal, PI-Mtul, PI-MtuHIP PI-MtuHIIP, PI-Pful, PI-Pfull, PI-Pkol, PI-Pkoll,
PI-Rma43812IP, PI-SpBetalP, P1-Scel, PI-Tful, PI-Tfull, PI-Thyl, PI-Tlil, or PI-THIL

98.  The kit of claim 92, wherein the endonuclease is modified to specifically bind
éndogenous yeast genomic sequence, wherein the modified endonuclease no longer binds tgfits
wild typé endonuclease recognition sequence. |

99.  The kit of claim 98, wherein the modified endonuclease is derived frofh a homing
endonuclease selected from the group consisting of: an LAGLIDADG homing engonuclease, an
HNH homing endonuclease, a His-Cys box homing endonuclease, a GIY-YIG foming

endonuclease, and a cyanobacterial homing endonuclease.

derived from an

cell, I-Scelll, I-ScelV, I-

100. The kit of claim 99, wherein the modified endonuclease i
endonuclease selected from the group consisting of:. H-Drel, I-Scel,
SceV, I-SceV1, I-SceVII, I—C‘éul, I-CeuAllP, I-Crel, I-CrepsblIP, 1LrepsbIIP, I-CrepsblIIIP, I-
CrepsbIVP, I-Tlil, I-Ppol, Pi-Pspl, F-Scel, F-Scell, F-Suvl, F-Gphl, F-Tevl, F-TevIl, I-Amal, I-
Anil, I-Chul, I-Cmoel, I-Cpal, I-Cpall, I-Csml, I-Cvul, I-CyAIP, I-Ddil, I-Ddill, I-Dirl, I-Dmol,
I-Hmul, I-Hmull, I-HsNIP, I-Llal, I-Msol, I-Naal, I-Nan}{ I-NclIP, I-NgrIP, I-Nitl, I-Njal, I~
Nsp236IP, I-Pakl, I-PbolP, I-PculP, I-PcuAl, I-PcuVlI , -PgrIP, I-PoblP, I-Porl, I-PorIIP, I-PbpIP,
I-SpBetalP, I-Scal, I-SexIP, I-SnelP, I-Spoml, I-SpgmCP, I-SpomIP, I-SpomlIP, 1-SqulP, I-

| Ssp68031, 1-SthPhiJP, I-SthPhiST3P, I-SthPhiSPe3bP, I-TdelP, I-Tevl, I-Tevll, I-TevIll, I-
UarAP, I-UarHGPAIP, I-UatHGPA13P, I-ViglP, I-ZbilP, PI-Mgal, PI—MtuI; PI-MtuHIP PI-
MtuHIIP, PI-Pful, PI-PfuII,,VPI-PkoI, PI-PL6II, PI-Rma438121P, PLSpBetaIP, PI-Scel, PI-Tful, PI-
Tfull, PI-Thyl, PI-Tlil, or PI-THIL

101. A method for markepfess integration of an exogenous nucleic acid into a target site

of a yeast cell genome, the methgll comprising:

(a) ntacting a yeast cell with:

1)  an exogenous nucleic acid (ES); comprising a first homology
region (HR1); and #second homology region (HR2);, wherein (HR1); and (HR2); are capable
of initiating host/£ell mediated homologous recombination at said target site (TS);; and

(i)  anuclease (N); capable of cleaving at (TS);, whereupon said

cleaving rg€ults in homologous recombination of (ES); at (TS);;
and

(b) recovering a yeast cell having (ES); integrated at (TS), wherein said

covering does not require integration of a selectable marker.
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102. A yeast cell comprising:

(a) an exogenous nucleic acid (ES); comprising a first homology regfon
(HR1); and a second homology region (HR2);, wherein (HR1); and (HR2), are capablf of
initiating host cell mediated homologous recombination at a target site (TS); of the feast cell

genome; and

(b) a nuclease (N); capable of cleaving at (TS);, whereugon said cleaving

results in homologous re‘combinavtion of (ES); at (TS)y;

wherein (ES); does not comprise a selectable marker.

» 103. A method for integrating a plurality of exogenoussucleic acids into a host cell
genome, the method comprising:
(a) contacting a host cell with:
(1 a plurality of libraries, wjferein each library (L)« comprises a
plurality of exogenous nucleic acids, wherein a seleg d exogenous nucleic acid comprises, in a
5’ to 37 orientation, a first homology region (HR 1), any nucleic acid of interest selected from
the group (D), and a second homology region #HR2),, wherein (HR 1)y and (HR2), are capable
of initiating host cell mediated homologous #combination of said selectéd exogenous nucleic
acid at a target site (TS)y of said host cellgenome; and , | ,

(i1) h for eachgaid target site (TS)y, a ﬁuclease (N)x capable of
cleavirig at (TS)y, whereupon said ¢feaving results in homologous recombination of said
selected exogenous nucleic acid 4t (TS)y;

and
(b) regovering a host cell wherein an exogenous nucleic acid from each
library (L) has integratgd at cach selected target sequence (TS‘)X,

whergfn x is any integer from 1 to n wherein n is at least 2.

104. host cell comprising:

(a) a plurality of libraries, wherein each library (L), comprises a plurality
of exogenbus nucleic acids, wherein a selected exogenous nucleic acid comprises, in a 5° to 3
orientafion, a first homology region (HR1)y, any nucleic acid of interest selected from the

(D)x, and a second homology region (HR2)y, wherein (HR1), and (HR2), are capable of
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initiating host cell mediated homologous recombination of said selected exogenous nucleic
acid at a target site (TS)x of said host cell genome; and

(b) for each said target site (TS), a nuclease (N)y capable of cleaving
(TS), whereupon said cleaving results in homologous recombination of said selected

exogenous nucleic acid at (TS)y,

wherein x is any integer from 1 to n wherein n is at least 2.

105. A composition comprising:

(a) a yeast cell;

(b) a plurality of exogenous nucleic acids, whergf each exogenous

- nucleic acid (ES), comprises:

(1) a first homology region (HR1),And a second homology region
(HR2)x, wherein (HR1), and (HR2)x are capable of initiating host cell mediated homologous

recombination of (ES), at a selected target site (TS)y of gfycast cell genome; and

(i)  anucleic acid of inter (D)X positioned 3’ of (HR1), and 5’ of
(HR2),;

(c) a plurality of nucleasgf, wherein each nuclease (N), capable of

cleaving at (TS),, whereupon said cleavingfesults in homologous recombination of (ES)y at
(TS)x;

wherein x is any integlr from 1 to n wherein n is at least 2.
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WHAT IS CLAIMED:

1. A method for simultaneously integrating a plurality of (n) exogenous nucleic
acids into a plurality of (n) target sites of a host cell genome, wherein n is at least two, the
method comprising:

(a) simultaneously contacting a host cell with:
® said plurality of exogenous nucleic acids, wherein:
X is an integer that varies from 1 to n, and for each integer x, each
exogenous nucleic acid (ES), comprises a first homology region (HR 1),
and a second homology region (HR2),, wherein (HR1), and (HR2), are
capable of initiating host cell mediated homologous recombination of
(ES) at a target site (TS)y selected from said plurality of (n) target sites of
said host cell genome; and
(i) for each said target site (TS)y, a nuclease (N)y capable of cleaving
at (TS)x, whereupon said cleaving resu/lts in homologous recombination of
(ES)x at (TS)y;

and

(b) recovering a host cell wherein each exogenous nucleic acid (ES), has

integrated at its selected target site (TS)x.

2. A host cell comprising:
(a) a plurality of (n) genomic target sites, wherein n is at least two;
(b) a plurality of (n) exogenous nucleic acids, wherein x is an integer that

varies from 1 to n, and for each integer x, each exogenous nucleic acid (ES)x comprises a first
homology region (HR1), and a second homology region (HR2),, wherein (HR1)4 and (HR2), are
capable of initiating host cell mediated homologous recombination of (ES)y at a target site‘(TS)x
selected from séid plurality of (n) genomic target sites; and

(c) ~ for each said target site (TS)y, a nuclease (N) capable of cleaving at

(TS)x, whereupon said cleaving results in homologous recombination of (ES)y at (TS)y.

3. A host cell comprising;
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(a) a plurality of (n) genomic target sites, wherein n is at least two; and

(b) a plurality of (n) exogenous nucleic acids, wherein x is an integer that
varies from 1 to n, and for each integer x, each exogenous nucleic acid (ES), comprises a first
homology region (HR1) and a second homology region (HR2),, wherein (HR1), and (HR2), are
capable of initiating host cell mediated homologous recombination of (ES), at a target site (TS)y
selected from said plurality of (n) genomic target sites;

wherein each said genomic target site (TS), comprises a double-strand break.

4, The 1/neth0d of claim 1, or the host cell of claim 2 or 3, wherein (HR1), is

homologous to a 5” region of (TS)y, and (HR2)y, is homologous to a 3’ region of (TS);.

5. The method of claim 1, or the host cell of claim 2, wherein (N) is capable of

cleaving at a region positioned between said 5’ and 3’ regions of (TS),.

6. The method of claim 1, or the host cell of claim 2, wherein a single nuclease is

capable of cleaving each (TS);.

7. The method or host cell of any one of claims 1 to 6, whereinn=3,4,5,6,7, 8,9
or 10.

8. The method of any one of claims 1 and 4 to 7, wherein said recovering does not

require integration of a selectable marker.

9, The method of any one of claims 1 and 4 to 7, wherein said recovering occurs at a
higher frequency as compared to not contacting the host cell with a nuclease capable of cleaving

at said target site.

10. -~ The method of any one of claims 1 and 4 to 7, wherein said recovering occurs at a
frequency of about one every 10, 9, 8,7, 6, 5, 4, 3, or 2 contacted host cells, or clonal

populations thereof, screened.
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11, The method or host cell of any one of claims 1, 2, and 4 to 10, wherein (N)y is

capable of cleaving an endogenous genomic sequence within (TS),.

12. The method or host cell of any one of claims 1, 2, and 4 to 10, wherein (N) is

capable of cleaving an exogenous sequence within (TS).

13. The method or host cell of claim 12, wherein the exogenous sequence is a

recognition sequence for a homing endonuclease.
14. The method or host cell of claim 13, wherein the homing endonuclease is F-cphl.

15. The method or host cell of any one of claims 1 to 14, wherein (ES)y further

comprises a nucleic acid of interest (D), positioned 3* of (HR 1), and 5* of (HR2),.

16. The method or host cell of claim 15, wherein (D)y is selected from the group
consisting of a selectable marker, a promoter, a nucleic acid sequence encoding an epitope tag, a

gene of interest, a reporter gene, and a nucleic acid sequence encoding a termination codon.
17. The method or host cell of any one of claims 1 to 16, wherein (ES)y is linear.

18. The method or host cell of any one of claims 1, 2, and 4 to 17, wherein (N), is

provided as an expression vector comprising a nucleic acid sequence encoding (N)x.

19. The method or host cell of any one of claims 1, 2, and 4 to 18, wherein (N), is
selected from the group consisting of an endonuclease, a zinc finger nuclease, a TAL-effector
DNA binding domain-nuclease fusion protein (TALEN), a transposase, and a site-specific

recombinase.

20. The method or host cell of claim 19, wherein the endonuclease is modified to
specifically bind an endogenous genomic sequence, wherein the modified endonuclease no

longer binds to its wild type endonuclease recognition sequence.
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21.  The method or host cell of claim 19 or 20, wherein the endonuclease is a homing
endonuclease selected from the group consisting of: an LAGLIDADG homing endonuclease, an
HNH homing endonuclease, a His-Cys box homing endonuclease, a GIY-YIG homing

endonuclease, and a cyanobacterial homing endonuclease.

22. The method of or host cell of claim 19 or 20, wherein the endonuclease is derived
from an endonuclease selected from the group consisting of: H-Drel, I-Scel, I-Scell, I-Scelll, I-
ScelV, I-SceV, I~Sc£eVI, [-SceVII, I-Ceul, I-CeuAllIP, 1-Crel, I-CrepsbIP, I-CrepsblIP, I-
CrepsbllIIP, I-CrepsbIVP, I-Tlil, I-Ppol, Pi-Pspl, F-Scel, F-Scell, F-Suvl, F-Cphl, F-Tevl, F-
Tevll, I-Amal, I-Anil, I-Chul, I-Cmoel, I-Cpal, I-Cpall, I-Csml, I-Cvul, I-CvuAIP, I-Ddil, I-
Ddill, I-Dirl, I-Dmol, I-Hmul, I-Hmull, I-HsNIP, I-Llal, I-Msol, I-Naal, I-Nanl, I-NclIP, I-
NegrlP, I-Nitl, [-Njal, I-Nsp236IP, I-Pakl, I-PbolP, I-PculP, I-PcuAl, I-PcuVI, I-PgrIP, I-PobIP,
I-Porl, I-PorIIP, I-PbplP, I-SpBetalP, I-Scal, I-SexIP, [-SnelP, [-SpomlI, I-SpomCP, I-SpomlP, I-
SpomlIIP, I-SqulP, I-Ssp68031, I-SthPhiJP, I-SthPhiST3P, I-SthPhiSiTﬁe‘3brP,‘ I-TdeIP, I-Tev], I-
Tevll, I-TevIll, i-UarAP, i-UarHGPAIP, [-UarHGPA13P, [-VinlP, [-ZbilP, PI-Mgal, PI-MtuI,
PI-MtuHIP PI-MtuHIIP, PI-Pful, PI-Pfull, PI-Pkol, PI-Pkoll, PI-Rma43812IP, PI-SpBetalP, PI-
Scel, PI-Tful, PI-Tfull, PI-Thyl, PI-Tlil, or PI-THIL

23. The method or host cell of any one of claims 1 to 22, wherein the host cell is

selected from the group consisting of a fungal cell, a bacterial cell, a plant cell, and an animal

cell.

24, The method or host cell of any one of claims 1 to 23, wherein the host cell is a
yeast cell.

25.  The method or host cell of claim 24, wherein the yeast cell is a Saccharomyces

cerevisiae cell.
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26. A method for simultaneously integrating a plurality of (n) exogenous nucleic
acids into a plurality of (n) target sites of a host cell genome, wherein n is at least two, the
method comprising:

(a) simultaneously contacting a host cell with:
(1) a plurality of libraries, wherein x is an integer that varies from 1 to
-1, and for each integer x, each library (L), comprises a plurality of exogenous nucleic acids,
wherein each exogenous nucleic acid comprises, in a 5 to 3” orientation, a first homology region
(HR 1)y, any nucleic acid of interest selected from the group (D), and a second homology region
(HR2)y, wherein (H,Rl)X and (HR2)y are capable of initiating host cell mediated homologous
recombination of said selected exogenous nucleic acid at a target site (TS)x of said host cell
genome; and
(i) for each said target site (TS)x, a nuclease (N)4 capable of cleaving
at (TS), whereupon said cleaving results in homologous recombination of an exogenous nucleic
acid from (L), at (TS),;
~ and V
(b) recovering a host cell wherein an exogenous nucleic acid from each

library (L), has integrated at each selécted target sequence (TS)x.

27. A host cell comprising:

(a) a plurality of (n) genomic target sites, wherein n is at least two;

(b) a plurality of libraries, wherein x is an integer that varies from 1 to n,
and for each integer x, each library (L) comprises a plurality of exogenous nucleic acids,
wherein each exdgenous nucleic acid cobmprises, ina 5’ to 3’ orientation, a first homology region
(HRT),, any nucleic acid of interest selected from the group (D)y, and a second homology region
(HR2)y, wherein (HR1)x and (HR2), are capable of initiating host cell mediated homologous
recombination of said selected exogenous nucleic acid at a target site (TS), of said host cell
genome; and
for each said target site (TS)x, a nuclease (N)x capable of cleaving at (TS),, whereupon said

cleaving results in homologous recombination of an exogenous nucleic acid from (L) at (TS)x.
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