We claim:

1. Anin vitro method for modifying a target genomic locus in@mmalian
cell, comprising:

(a) introducing into the cell a nuclease agent thakes a single or double-
strand break within the target genomic locus;

(b) introducing into the cell a first large targetivector (LTVEC) that is at
least 10 kb in length and comprises a first nuckeid insert flanked by a first 5’ homology arm
and a first 3 homology arm, and a second LTVEQ ihat least 10 kb in length and comprises
a second nucleic acid insert flanked by a secorfiology arm and a second 3’ homology
arm,

wherein the combined size of the first nucleic angert and the second nucleic
acid insert is at least 100 kb,

wherein the first 3’ homology arm of the first LT\ZCEhas a first overlapping
sequence homologous to the second 5’ homology &thesecond LTVEC, and the first 5°
homology arm of the first LTVEC and the second &mology arm of the second LTVEC are
homologous to corresponding genomic segments wiki@riarget genomic locus,

wherein the first overlapping sequence is at lg¢ddi, and

wherein the target genomic locus is modified bggnation of the first nucleic
acid insert and the second nucleic acid insert éetvthe corresponding genomic segments; and

(c) selecting a targeted cell comprising the fnstleic acid insert and the

second nucleic acid insert integrated into thegiaggnomic locus.
2. The method of claim 1, wherein the targetingcefhcy is at least 1.6%.

3. The method of claim 1 or 2, wherein the firstleic acid insert and the
first 3 homology arm and the second nucleic angkrt and second 5’ homology arm are
overlapping fragments of a contiguous nucleic agttich is reformed by integration of the first

nucleic acid insert and the second nucleic acidrinato the target genomic locus.

4. The method of any one of claims 1-3, whereinfitlsé nucleic acid insert

and/or the second nucleic acid insert comprise gendONA.
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5. The method of claim 4, wherein the genomic DNA®mologous or

orthologous to a sequence being targeted for deleti the target genomic locus.

6. The method of any one of claims 1-5, whereinfitlsé nucleic acid insert
and/or the second nucleic acid insert comprisenditional allele, a polynucleotide encoding a
selection marker, a reporter gene, one or moreessfn cassettes, or a nucleic acid flanked by

site-specific recombination target sequences.

7. The method of any one of claims 1-6, whereieiritisn of the first nucleic
acid insert and the second nucleic acid inserttsesureplacement of a non-human nucleic acid

sequence with a homologous or orthologous humaleicuercid sequence.

8. The method of any one of claims 1-7, wherein:

() the first nucleic acid insert, the second nigccleid insert, or both are from
a species that is different from the species ot#ie and/or

(I the first nucleic acid insert, the second miclacid insert, or both are
human nucleic acids.

9. The method of any one of claims 1-8, wherein:

() the combined size of the first nucleic acidarisand the second nucleic
acid insert is from 100 kb to 125 kb, from aboub kb to about 150 kb, from about 150 kb to
about 175 kb, from about 175 kb to about 200 kimfabout 200 kb to about 225 kb, from about
225 kb to about 250 kb, from about 250 kb to al23& kb, from about 275 kb to about 300 kb,
from about 300 kb to about 350 kb, from about 3b@dkabout 400 kb, from about 400 kb to
about 450 kb, or from about 450 kb to about 500 kb;

(I the combined size of the first nucleic acidént and the second nucleic
acid insert is at least 200 kb; or

(1 the targeted cell comprises genomic DNA corsing the first nucleic acid
insert and the second nucleic acid insert togethieich have a combined size ranging from 100
kb to about 500 kb.

10. The method of claim 9, wherein the combined sizthe first nucleic acid

insert and the second nucleic acid insert is aBoQtkb.
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11.  The method of any one of claims 1-10, wherein:

() the first overlapping sequence of the first LH¥ is identical to the first
overlapping sequence of the second LTVEC; and/or

(I)  the size of the first overlapping sequencé&asn 1 kb to about 70 kb;
and/or

(1)  the size of the first overlapping sequencatiseast 10 kb.

12. The method of claim 11, wherein the size offtfs overlapping sequence
is at least 20 kb.

13. The method of any one of claims 1-12, wheneiegration of the first
nucleic acid insert, the second nucleic acid inggrboth into the target genomic locus results in
one or more of:

() an addition of an exogenous sequence at tigetgenomic locus;

(I)  adeletion of an endogenous sequence at tiyettgenomic locus,
optionally wherein the deletion is from about 5tatabout 10 kb, from about 10 kb to about 20
kb, from about 20 kb to about 40 kb, from aboukBQo about 60 kb, from about 60 kb to about
80 kb, from about 80 kb to about 100 kb, from alififd kb to about 150 kb, from about 150 kb
to about 200 kb, from about 200 kb to about 300fkdm about 300 kb to about 400 kb, from
about 400 kb to about 500 kb, from about 500 khltout 600 kb, from about 600 kb to about
700 kb, or from about 700 kb to about 800 kb; and

(1 a knock-in, a knockout, a point mutation, @alain swap, an exon swap,

an intron swap, a regulatory sequence swap, ageag, or a combination thereof.

14. The method of any one of claims 1-13, wherein:

() the sum total of the 5’ and the 3' homology araf the first LTVEC or the
second LTVEC is from about 10 kb to about 20 kbirfrabout 20 kb to about 40 kb, from about
40 kb to about 60 kb, from about 60 kb to aboukB0from about 80 kb to about 100 kb, from
about 100 kb to about 120 kb, or from about 12@dkabout 150 kb; and/or

(1)  thefirst LTVEC is at least 50 kb and the sedd.TVEC is at least 50 kb.

15. The method of claim 14, wherein the first LTVEGit least 100 kb and
the second LTVEC is at least 100 kb.
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16.  Aninvitro method for modifying a target genomic locus in@mmalian
cell, comprising:

(a) introducing into the cell a nuclease agent thakes a single or double-
strand break within the target genomic locus;

(b) introducing into the cell a first large targetivector (LTVEC) that is at
least 10 kb in length and comprises a first nuckeid insert flanked by a first 5 homology arm
and a first 3 homology arm, a second LTVEC thadtiteast 10 kb in length and comprises a
second nucleic acid insert flanked by a secondBidlogy arm and a second 3’ homology arm,
and a third LTVEC that is at least 10 kb in lengtid comprises a third nucleic acid insert
flanked by a third 5° homology arm and a third 8nfmology arm,

wherein the combined size of the first nucleic aogert, the second nucleic acid
insert, and the third nucleic acid insert is asteiD0 kb,

wherein the first 3’ homology arm of the first LT\ZCEhas a first overlapping
sequence homologous to the second 5’ homology &thesecond LTVEC, the second 3’
homology arm of the second LTVEC has a second appithg sequence homologous to the third
5" homology arm of the third LTVEC, and the firstt®mology arm of the first LTVEC and the
third 3' homology arm of the third LTVEC are homgtius to corresponding genomic segments
within the target genomic locus,

wherein the first overlapping sequence is at l@ddi and the second overlapping
sequence is at least 1 kb, and

wherein the target genomic locus is modified bggnation of the first nucleic
acid insert, the second nucleic acid insert, ardhird nucleic acid insert between the
corresponding genomic segments; and

(c) selecting a targeted cell comprising the fmstleic acid insert, the second

nucleic acid insert, and the third nucleic aciceimsntegrated into the target genomic locus.
17.  The method of claim 16, wherein the targetiffigiency is at least 0.4%.

18.  The method of claim 16 or 17, wherein the finstleic acid insert and the
first 3 homology arm and the second nucleic angert and second 5’ homology arm are
overlapping fragments of a contiguous nucleic aam] the second nucleic acid insert and the

second 3’ homology arm and the third nucleic asgkrt and third 5’ homology arm are
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overlapping fragments of the contiguous nucleid aghich is reformed by integration of the
first nucleic acid insert, the second nucleic acgert, and the third nucleic acid insert into the

target genomic locus.

19.  The method of any one of claims 16-18, whetigénfirst nucleic acid
insert and/or the second nucleic acid insert artiothird nucleic acid insert comprise genomic
DNA.

20.  The method of claim 19, wherein the genomic DblAomologous or

orthologous to a sequence being targeted for deleti the target genomic locus.

21.  The method of any one of claims 16-20, whette@first nucleic acid
insert and/or the second nucleic acid insert artiothird nucleic acid insert comprise a
conditional allele, a polynucleotide encoding a&stbn marker, a reporter gene, one or more

expression cassettes, or a nucleic acid flankesitbyspecific recombination target sequences.

22.  The method of any one of claims 16-21, wheirgsertion of the first
nucleic acid insert, the second nucleic acid inserd the third nucleic acid insert results in
replacement of a non-human nucleic acid sequenteatomologous or orthologous human

nucleic acid sequence.

23. The method of any one of claims 16-22, wherein:

() one or more of the first nucleic acid inselig second nucleic acid insert,
and the third nucleic acid insert are from a spettiat is different from the species of the cell;
and/or

(I one or more of the first nucleic acid insehg second nucleic acid insert,

and the third nucleic acid insert are human nudcleids.

24. The method of any one of claims 16-23, wherein:

() the combined size of the first nucleic acidaristhe second nucleic acid
insert, and the third nucleic acid insert is fro8® kb to 125 kb, from about 125 kb to about 150
kb, from about 150 kb to about 175 kb, from aboti kb to about 200 kb, from about 200 kb to
about 225 kb, from about 225 kb to about 250 kimfabout 250 kb to about 275 kb, from about
275 kb to about 300 kb, from about 300 kb to al3&it kb, from about 350 kb to about 400 kb,
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from about 400 kb to about 450 kb, from about 4b@dkabout 500 kb, from about 500 kb to
about 550 kb, from about 550 kb to about 600 kimfabout 600 kb to about 650 kb, or from
about 650 kb to about 700 kb;

(I)  the combined size of the first nucleic acident, the second nucleic acid
insert, and the third nucleic acid insert is ast&00 kb; or

(1)  the targeted cell comprises genomic DNA corsing the first nucleic acid
insert, the second nucleic acid insert, and tiré thiicleic acid insert together, which have a
combined size ranging from 100 kb to 700 kb.

25. The method of claim 24, wherein the combined sf the first nucleic

acid insert, the second nucleic acid insert, ardhird nucleic acid insert is about 400 kb.

26. The method of any one of claims 16-25, wherein:

() the first overlapping sequence of the first LH¥ is identical to the first
overlapping sequence of the second LTVEC, andesétond overlapping sequence of the
second LTVEC is identical to the second overlapgiaguence of the third LTVEC; and/or

(I)  the size of the first overlapping sequencé&asn 1 kb to about 70 kb,
and/or the size of the second overlapping sequierfcem 1 kb to about 70 kb; and/or

(i) the size of the first overlapping sequencatiseast 10 kb, and/or the size
of the second overlapping sequence is at leasb10 k

27.  The method of claim 26, wherein the size offitst overlapping sequence

is at least 20 kb, and/or the size of the secomdlapping sequence is at least 20 kb.

28. The method of any one of claims 16-27, wheirgggration of one or
more of the first nucleic acid insert, the secoandleic acid insert, and the third nucleic acid
insert into the target genomic locus results in onmore of:

() an addition of an exogenous sequence at tigetgenomic locus;

(I adeletion of an endogenous sequence at tiyettgenomic locus,
optionally wherein the deletion is from about 5tatabout 10 kb, from about 10 kb to about 20
kb, from about 20 kb to about 40 kb, from aboukB@o about 60 kb, from about 60 kb to about
80 kb, from about 80 kb to about 100 kb, from alififd kb to about 150 kb, from about 150 kb
to about 200 kb, from about 200 kb to about 300fkdm about 300 kb to about 400 kb, from
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about 400 kb to about 500 kb, from about 500 kaltout 600 kb, from about 600 kb to about
700 kb, or from about 700 kb to about 800 kb; or
(1) aknock-in, a knockout, a point mutation, @adain swap, an exon swap,

an intron swap, a regulatory sequence swap, ageag, or a combination thereof.

29.  The method of any one of claims 16-28, wherein:

() the sum total of the 5" and the 3’ homology araf the first LTVEC, the
second LTVEC, or the third LTVEC is from about Itk about 20 kb, from about 20 kb to
about 40 kb, from about 40 kb to about 60 kb, fiedmut 60 kb to about 80 kb, from about 80 kb
to about 100 kb, from about 100 kb to about 1200kldrom about 120 kb to about 150 kb;
and/or

(I thefirst LTVEC is at least 50 kb, the secdnitVEC is at least 50 kb, and
the third LTVEC is at least 50 kb.

30. The method of claim 29, wherein the first LTVIEGit least 100 kb, the
second LTVEC is at least 100 kb, and the third LTVE at least 100 kb.

31. The method of any one of claims 1-30, wherearuclease agent is a
zinc finger nuclease (ZFN), a Transcription Activakike Effector Nuclease (TALEN), or a

meganuclease.

32.  The method of any one of claims 1-30, wheregrtuclease agent is a
Clustered Regularly Interspaced Short Palindrongpdats (CRISPR)-associated (Cas) protein
and a guide RNA (gRNA).

33.  The method of claim 32, wherein the Cas prage®as9.

34. The method of any one of claims 1-33, whereedell is:
() a human cell;

(I anon-human cell;

(1)  arodent cell;

(IvV)  apluripotent cell;

(V) ahematopoietic stem cell;

(V) aneuronal stem cell; or
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(VII) afibroblast cell.

35.  The method of claim 34, wherein the cell iarbryonic stem (ES) cell

or an induced pluripotent stem (iPS) cell.
36. The method of claim 34, wherein the cell isause cell or a rat cell.

37. The method of claim 36, wherein the cell isause ES cell or arat ES

cell.

38.  The method of claim 37, further comprisinganiucing the mouse ES cell
or rat ES cell into a mouse or rat host embryogestating the mouse or rat host embryo in a
mouse or rat surrogate mother, wherein the mousa surrogate mother produce a FO

generation mouse or rat comprising the modifiegetagenomic locus.
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