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:
(1) 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
(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), selected from said
plurality of (n) target sites of said host cell genome; and
(i1) for each said target site (TS)y, a nuclease (N), capable of
cleaving at (TS)y, whereupon said cleaving results in homologous
recombination of (ES)y at (TS)y;

and

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

integrated at its selected target site (TS)y.

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)s comprises a
first homology region (HR1), and a second homology region (HR2)y, wherein (HR1), and
(HR2), are capable of initiating host cell mediated homologous recombination of (ES)y at a
target site (TS)y selected from said plurality of (n) genomic target sites; and

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

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

3. The method of claim 1, or the host cell of claim 2, wherein (HR1), is
homologous to a 5° region of (TS)y, and (HR2),, is homologous to a 3’ region of (TS)y.
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4. The method of claim 1, or the host cell of claim 2, wherein (N)y is capable of

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

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

capable of cleaving each (TS)y.

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

9or 10.

7. The method of any one of claims 1 and 3 to 6, wherein said recovering does

not require integration of a selectable marker.

8. The method of any one of claims 1 and 3 to 6, 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.

9. The method of any one of claims 1 and 3 to 6, 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.

10.  The method or host cell of any one of claims 1, 2, and 3 to 9, wherein (N), is

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

11. The method or host cell of any one of claims 1, 2, and 3 to 9, wherein (N)y is

capable of cleaving an exogenous sequence within (TS),.

12. The method or host cell of claim 11, wherein the exogenous sequence is a

recognition sequence for a homing endonuclease.

13.  The method or host cell of claim 12, wherein the homing endonuclease is F-

cphl.
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14. The method or host cell of any one of claims 1 to 13, wherein (ES)y further
comprises a nucleic acid of interest (D) positioned 3” of (HR 1), and 5° of (HR2).

15. The method or host cell of claim 14, 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.

16. The method or host cell of any one of claims 1 to 15, wherein (ES), is linear.

17. The method or host cell of any one of claims 1, 2, and 3 to 16, wherein (N), is

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

18.  The method or host cell of any one of claims 1, 2, and 3 to 17, wherein (N)y 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.

19, The method or host cell of claim 18, 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.

20. The method or host cell of claim 18 or 19, 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.

21. The method of or host cell of claim 18 or 19, 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-SceVI, I-SceVIl, [-Ceul, I-CeuAllP, I-Crel, I-CrepsblP, I-
CrepsblIP, [-CrepsbllIP, I-CrepsbIVP, I-Tlil, I-Ppol, Pi-Pspl, F-Scel, F-Scell, F-Suvl, F-
Cphl, F-Tevl, F-Tevll, I-Amal, I-Anil, [-Chul, I-Cmoel, I-Cpal, I-Cpall, I-CsmlI, I-Cvul, I-
CvuAlIP, 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-NgrIP, I-Nitl, I-Njal, [-Nsp236IP, I-Pakl, I-PbolP, I-PculP, I-PcuAl, I-
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PcuVI, [-PgrlP, 1-PoblP, I-Porl, I-PorlIP, I-PbplP, I-SpBetalP, I-Scal, I-SexIP, I-SnelP, I-
Spoml, I-SpomCP, [-SpomIP, I-SpomlIP, I-SqulP, I-Ssp68031, I-SthPhiJP, [-SthPhiST3P, I-
SthPhiSTe3bP, I-TdelP, I-Tevl, I-Tevll, I-TevlIll, i-UarAP, i-UarHGPAIP, I-UarHGPA13P,
I-VinIP, 1-ZbilP, PI-Mgal, PI-Mtul, PI-MtuHIP PI-MtuHIIP, PI-Pful, PI-Pfull, PI-Pkol, PI-
Pkoll, PI-Rma438121P, PI-SpBetalP, PI-Scel, PI-Tful, PI-Tfull, PI-Thyl, PI-Tll, or PI-TIhill.

22.  The method or host cell of any one of claims 1 to 21, wherein the host cell is

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

cell.

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

24.  The method or host cell of claim 23, wherein the yeast cell is a Saccharomyces

cerevisiae cell.

25. 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 n, 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 (HR1),, any nucleic acid of interest selected from the group (D), and a
second homology region (HR2),, wherein (HR1), and (HR2), 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
(i1) for each said target site (TS)x, a nuclease (N), capable of
cleaving at (TS);, whereupon said cleaving results in homologous recombination of an
exogenous nucleic acid from (L) at (TS)y;
and
(b) recovering a host cell wherein an exogenous nucleic acid from each

library (L) has integrated at each selected target sequence (TS)y.
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26. 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 exogenous nucleic acid comprises, in a 5’ to 3’ orientation, a first homology
region (HR1)y, any nucleic acid of interest selected from the group (D), and a second
homology region (HR2)s, wherein (HR1)y and (HR2) 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
for each said target site (TS)y, a nuclease (N), 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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1. A method for simultaneously integrating a plurality of (n) exogenous nuclei
acids into a plurality of (n) target sites of a host cell genome, wherein n is at least two, t
method comprising:
(a) simultaneously contacting a host cell with:
(1) said plurality of exogenous nucleic acids, wherejs:
X is an integer that varies from 1 to n, and for each intéger x, each
exogenous nucleic acid (ES), comprises a first hormgblogy region (HR1),
and a second homology region (HR2),, wherein/{HR 1), and (HR2), are
capable of initiating host cell mediated homglogous recombination of
(ES)XV at a target site (T'S), selected from gdid plurality of (n) target sites of
said host cell genome; and

(i1) for each said target site (T )y, a nuclease (N); capable of cleaving

at (TS),, whereupon said cleavi

(ES)y at (TS)y;

results in homologous recombination of

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

integrated at its selected target site (TS),.

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

varies from 1 to n, and for gach 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)y at a target site (TS)y
selected from saidplurality of (n) genomic target sites; and

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

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

3. A host cell comprising:




(a) a-plurality-of-(n)-genomic-target-sites; wherein-n-is-at-least-tworand————;

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

selected from said plurality of (n) genomic target sites;

wherein each said genomic target site (TS)x, comprises a double-strand br

4, The method of claim 1, or the host cell of claim 2 or 3, Wtyﬂn (HR1), is
homologous to a 5’ region of (TS),, and (HR2),, is homologous to a 3’ region of (TS),.

5. The method of claim 1, or the host cell of claim 2, yherein (N)y 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 ¢laim 2, wherein a single nuclease is

capable of cleaving each (TS);.

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

8. The method of any ong/0f claims 1 and 4 to 7, wherein said recovering does not

require integration of a selectable pdarker.

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

at said target site.

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

populatjéns thereof, screened.
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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

capable of cleaving an exogenous sequence within (TS)y.

13. The method or host cell of claim 12, wherein the exogenous sequénce is a
recognition sequence for a homing endonuclease.
14. The method or host cell of claim 13, wherein the homi

endonuclease is F-cphl.

15. The method or host cell of any one of claims 1 to/14, wherein (ES), further
comprises a nucleic acid of interest (D) positioned 3* of (HBA), and 5° of (HR2),.

16. The method or host cell of claim 15, whérein (D)y is selected from the group
consisting of a selectable marker, a promoter, a nucj€ic 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 ahy one of claims 1 to 16, wherein (ES) is linear.

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

provided as an expression vector domprising a nucleic acid sequence encoding (N);.

19. The method/6r 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 domaip-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
specificglly bind an endogenous genomic sequence, wherein the modified endonuclease no

longex binds to its wild type endonuclease recognition sequence.
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—————2t———The-method-or-hostcel-of-elaim-19-0r-20;-wherein-the-endonuclease-is-a-homing,

endonuclease selected from the group consisting of: an LAGLIDADG homing endonuclease,4An
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—ScéI, LAScell, I-Scelll, I-
ScelV, I-SceV, I-SceVI, I-SceVIL, I-Ceul, I-CeuAllP, 1-Crel, I-CrepsbIP, I repsblIP, I-
CrepsblIIP, I-CrepsbIVP, I-Tlil, I-Ppol, Pi-Pspl, F-Scel, F-Scell, F-Suv¥, F-Cphl, F-Tevl, F-
Tevll, I-Amal, I-Anil, I-Chul, I-Cmoel, I-Cpal, I-Cpall, I-Csml, I-Cyul, I-CvuAIP, I-Ddil, I-
Ddill, I-Dirl, I-Dmol, I-Hmul, I-Hmull, I-HsNIP, I-Llal, I-Msol, ¥*Naal, I-Nanl, I-NclIP, I-
NgrIP, I-Nitl, I-Njal, I-Nsp236IP, I-Pakl, I-PboIP, I-PculP, I-B¢uAl, [-PcuV], I-PgrIP, I-PoblIP,
I-Porl, I-PorIIP, 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-UarHGPAY3P, I-VinIP, I-ZbilP, PI-Mgal, PI-Mtul,
PI-MtuHIP PI-MtuHIIP, PI-Pful, PI-Pfull, PI-Pko}/ PI-Pkoll, PI-Rma43812IP, PI-SpBetalP, PI-
Scel, PI—Tfui, PI-Tfull, PI-Thyl, PI-Tlil, or PI-PlIL

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 g/fungal cell, a bacterial cell, a plant cell, and an animal

cell.

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

yeast cell.

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

cerevisiae cell.
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20 A method-tor-simultaneousty-integrating-a-plarality-of-(n)-exogenous-nu

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:
@) a plurality of libraries, wherein x is an integer that varigs from 1 to
n, and for each integer x, each library (L)x comprises a plurality of exogenous nucléic acids,
wherein each exogenous nucleic acid comprises, in a 5° to 3” orientation, a firsthomology region
(HR1)y, any nucleic acid of interest selected from the group (D), and a secodd homology region
(HR2)y, wherein (HR1), and (HR2), are capable of initiating host cell mediated homologous

recombination of said selected exogenous nucleic acid at a target site (I'S), of said host cell

genome; and
(i1) for each said target site (TS)y, a nyclease (N), capable of cleaving
at (TS)y, whereupon said cleaving results in homologous recombination of an exogenous nucleic
acid from (L), at (TS),;
and
(b) recovering a host cell wherein an exogenous nucleic acid from each

library (L), has integrated at each selected target gequence (TS)y.

27. Ahost cell comprising:

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

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

cleaving resylts in homologous recombination of an exogenous nucleic acid from (L), at (TS)y.




