(19)

DANMARK (10 DK/EP 2793567 T3

(12) Oversaettelse af
europeeisk patentskrift

Patent- og
Varamegerkestyrelsen

(51)
(45)

(80)

(74)
(54)

(56)

Int.Cl.: A 01 K 67/027 (2006.01) C 07 K 16/46 (2006.01) C12N 9/64 (2006.01)
Oversaettelsen bekendtgjort den: 2019-04-15

Dato for Den Europaeiske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2019-02-27

Europaeisk ansggning nr.: 12809955.3

Europaeisk indleveringsdag: 2012-12-17

Den europaeiske ansggnings publiceringsdag: 2014-10-29
International ansggning nr.: US2012069981

Internationalt publikationsnr.: WO2013096142

Prioritet: 2011-12-20 US 201161578097 P

Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE S| SK SM TR

Patenthaver: Regeneron Pharmaceuticals, Inc., 777 Old Saw Mill River Road, Tarrytown, NY 10591, USA

Opfinder: MACDONALD, Lynn, 16 Gedney Way, White Plains, NY 10605, USA
GURER, Cagan, 8 Pamela Lane, Valhalla, NY 10595, USA

HOSIAWA, Karolina, A., 14 Church Street 2nd Floor, Tarrytown, NY 10591, USA
STEVENS, Sean, 355 Berry Street 413, San Francisco, CA 94158, USA
MURPHY, Andrew, J., 10 Newton Court, Croton-On-Hudson, NY 10520, USA

Fuldmaegtig i Danmark: Zacco Denmark A/S, Arne Jacobsens Allé 15, 2300 Kebenhavn S, Danmark
Benaevnelse: Humaniserede letkeedemus

Fremdragne publikationer:

WO-A1-2011/004192

WO-A1-2011/163311

WO-A1-2012/141798

US-A1- 2006 015 957

US-A1- 2012 167 237

CECIL HAN ET AL: "Comprehensive analysis of reproductive ADAMs: relationship of ADAM4 and ADAM6 with
an ADAM complex required for fertilization in mice"”, BIOLOGY OF REPRODUCTION, NEW YORK, NY [U.A.] :
ACADEM. PRESS, US, vol. 80, no. 5, 1 May 2009 (2009-05-01), pages 1001-1008, XP002677427, ISSN: 0006-3363,
DOI: 10.1095/BIOLREPROD.108.073700 [retrieved on 2009-01-07]

KAREN FEATHERSTONE ET AL: "The Mouse Immunoglobulin Heavy Chain V-D Intergenic Sequence Contains
Insulators That May Regulate Ordered V(D)J Recombination™, JOURNAL OF BIOLOGICAL CHEMISTRY,
AMERICAN SOCIETY FOR BIOCHEMISTRY AND MOLECULAR BIOLOGY, vol. 285, no. 13, 26 March 2010 (2010-
03-26), pages 9327-9338, XP002677428, ISSN: 0021-9258, DOI: 10.1074/JBC.M109.098251 [retrieved on 2010-01-
25]

LONBERG NILS: "Human antibodies from transgenic animais", NATURE BIOTECHNOLOGY, NATURE

Fortsaettes ...



DK/EP 2793567 T3

PUBLISHING GROUP, NEW YORK, NY, US, vol. 23, no. 9, 1 September 2005 (2005-09-01), pages 1117-1125,
XP002442149, ISSN: 1087-0156, DOI: 10.1038/NBT1135 cited in the application



DK/EP 2793567 T3

DESCRIPTION

FIELD OF INVENTION

[0001] Genetically modified fertile mice that express human immunoglobulin A light chain
variable sequences cognate with human heavy chain variable sequences are described.
Genetically modified mice, cells, embryos, and tissues that comprise a nucleic acid sequence
encoding an ADAM6a functional in a mouse ADAMG6 locus are described, wherein the mice,
cells, embryos, and tissues comprise human immunoglobulin lambda light chain gene
segments that are capable of rearranging to form a functional immunoglobulin light chain
variable domain. Modifications include human and/or humanized immunoglobulin loci. Mice
that comprise ADAMG6 function are described, including mice that comprise an ectopic nucleic
acid sequence that encodes an ADAM6 protein. Genetically modified male mice that comprise
a genetic modification of an endogenous mouse immunoglobulin Vy region locus, and that

further comprise ADAM6 activity are described, including mice that comprise an ectopic nucleic
acid sequence that restores fertility to the male mouse.

[0002] Genetically modified fertile mice are described that comprise a deletion or a
modification of an endogenous ADAM6 gene or homolog or ortholog thereof, and that
comprise a genetic modification that restores ADAMG6 (or homolog or ortholog thereof) function
in whole or in part, wherein the mice express a human immunoglobulin A variable sequence in
the context of a k light chain constant sequence.

BACKGROUND

[0003] Pharmaceutical applications for antibodies in the last two decades has fueled a great
deal of research into making antibodies that are suitable for use as human therapeutics. Early
antibody therapeutics, based on mouse antibodies, were not ideal as human therapeutics
because repeatedly administering mouse antibodies to humans results in immunogenicity
problems that can confound long-term treatment regimens. Solutions based on humanizing
mouse antibodies to make them appear more human and less mouse-like were developed.
Methods for expressing human immunoglobulin sequences for use in antibodies followed,
mostly based on in vitro expression of human immunoglobulin libraries in phage, bacteria, or
yeast. Finally, attempts were made to make useful human antibodies from human lymphoctyes
in vitro, in mice engrafted with human hematopoietic cells, and in transchromosomal or
transgenic mice with disabled endogenous immunoglobulin loci. In the transgenic mice, it was
necessary to disable the endogenous mouse immunoglobulin genes so that the randomly
integrated fully human transgenes would function as the source of immunoglobulin sequences
expressed in the mouse. Such mice can make human antibodies suitable for use as human
therapeutics, but these mice display substantial problems with their immune systems. These
problems (1) make the mice impractical for generating a sufficiently diverse antibody
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repertoire, (2) require the use of extensive re-engineering fixes, (3) provide a suboptimal clonal
selection process likely due to incompatibility between human and mouse elements, and (4)
render these mice an unreliable source of large and diverse populations of human variable
sequences needed to be truly useful for making human therapeutics.

[0004] Transgenic mice that contain fully human antibody transgenes contain randomly
inserted transgenes that contain unrearranged human immunoglobulin heavy chain variable
sequences (V, D, and J sequences) linked to human heavy chain constant sequences, and
unrearranged human immunoglobulin light chain variable sequences (V and J) linked to human
light chain constant sequences. The mice therefore generate rearranged antibody genes from
loci other than endogenous mouse loci, where the rearranged antibody genes are fully human.
In general, the mice contain human heavy chain sequences and human k light chain
sequences, although mice with at least some human A sequences have also been reported.
The transgenic mice generally have damaged and nonfunctional endogenous immunoglobulin
loci, or knockouts of endogenous immunoglobulin loci, so that the mice are incapable of
rearranging human antibody sequences at an endogenous mouse immunoglobulin locus. The
vagaries of such transgenic mice render them less than optimal for generating a sufficiently
diverse human antibody repertoire in mice, likely due at least in part to a suboptimal clonal
selection process that interfaces fully human antibody molecules within an endogenous mouse
selection system.

[0005] There remains a need in the art for making improved genetically modified mice that are
useful in generating immunoglobulin sequences, including human antibody sequences, and
that are useful in generating a sufficiently diverse human antibody repertoire. There also
remains a need for mice that are capable of rearranging immunoglobulin gene segments to
form useful rearranged immunoglobulin genes, including human heavy chain variable domains
that are cognate with human A or human « variable domains, or that are capable of making
proteins from altered immunoglobulin loci, including loci that contain a sufficiently diverse
selection of human A and/or human «k light chain variable sequences. There is a need for mice
that can generate antibody variable regions from both human k and human A segments,
wherein the human k and human A segments are cognate with human heavy chain variable
domains. There is also a need for increased usage in genetically modified mice of human A
sequences.

SUMMARY OF INVENTION

[0006] Genetically modified mice are described that comprise a modification that eliminates
activity of an endogenous ADAM6 gene, wherein the modification results in a loss of fertility,
and the mice further comprise a sequence that encodes an activity that complements or
rescues the lost or reduced ADAMG6 activity (or homolog or ortholog activity), and the mice
further comprise modifications that enable them to express human immunoglobulin heavy
chain variable regions that are cognate with human immunoglobulin A light chain variable
regions. Hence, a mouse is provided comprising (a) one or more unrearranged human VA



DK/EP 2793567 T3

gene segments and one or more unrearranged human JA gene segments at an endogenous
immunoglobulin kappa light chain locus of the mouse, wherein the immunoglobulin kappa light
chain locus comprises a mouse Ck region: (b) one or more human Vy gene segments, one or

more human Dy gene segments and one or more human Jy gene segments at an

endogenous immunoglobulin heavy chain locus of the mouse; and (c) a modification of an
immunoglobulin heavy chain locus, wherein the modification eliminates endogenous ADAM6
function, which is associated with a reduction in fertility in male mice, the mouse further
comprising a nucleic acid sequence encoding a mouse ADAM6a protein or an ortholog or
homolog or functional fragment thereof, each of which is functional to improve or restore said
reduction in fertility in a male mouse, and a nucleic acid sequence encoding a mouse ADAM6b
protein, or an ortholog or homolog or functional fragment thereof, each of which is functional to
improve or restore said reduction in fertility in a male mouse, wherein the nucleic acid
sequences encoding the ADAMG6 proteins, orthologs, homologs, or functional fragments
thereof is present within the human heavy chain gene segments. The human immunoglobulin A
light chain variable regions are expressed fused to mouse k constant regions.

[0007] In various aspects, the sequence that encodes ADAMG6 activity is contiguous with a
human immunoglobulin sequence. In various aspects, the sequence that encodes ADAM6
activity is contiguous with a non-human immunoglobulin sequence. The sequence is present
on the same chromosome as the endogenous non-human immunoglobulin heavy chain locus
of the mouse, present within the human heavy chain gene segments.

[0008] Genetically modified mice are described that comprise a modification that maintains
activity of an ADAM6 gene or homolog or ortholog thereof, wherein the modification includes
insertion of one or more human immunoglobulin heavy chain gene segments upstream of a
non-human immunoglobulin heavy chain constant region, and the mice further comprise
modifications that enable them to express human immunoglobulin A light chain variable regions
cognate with human immunoglobulin heavy chain variable regions. The human
immunoglobulin A light chain variable regions are expressed fused to mouse k constant
regions.

[0009] Exemplary disruptions, deletions and/or functionally silencing modifications include any
modifications that result in an elimination of activity of the ADAM6 protein(s) encoded by the
ADAMG6 gene(s) of the mouse.

[0010] Also disclosed are nucleic acid constructs, cells, embryos, mice, and methods for
making mice that comprise a modification that results in a nonfunctional endogenous mouse
ADAMG6 protein or ADAMG6 gene (e.g., a knockout of or a deletion in an endogenous ADAMG6
gene), wherein the mice comprise a nucleic acid sequence that encodes an ADAM6 protein or
ortholog or homolog or fragment thereof that is functional in a male mouse.

[0011] Also disclosed are nucleic acid constructs, cells, embryos, mice, and methods for
making mice that comprise a modification of an endogenous mouse immunoglobulin locus,
wherein the mice comprise an ADAM6 protein or ortholog or homolog or fragment thereof that



DK/EP 2793567 T3

is functional in a male mouse. The endogenous mouse immunoglobulin locus is an
immunoglobulin heavy chain locus, and the modification eliminates ADAM6 activity of a cell or
tissue of a male mouse.

[0012] Also disclosed are mice that comprise an ectopic nucleotide sequence encoding a
mouse ADAMG6 or ortholog or homolog or functional fragment thereof; mice are also disclosed
that comprise an endogenous nucleotide sequence encoding a mouse ADAM6 or ortholog or
homolog or fragment thereof, and at least one genetic modification of a heavy chain
immunoglobulin locus.

[0013] Also disclosed are methods making mice that comprise a modification of an
endogenous mouse immunoglobulin locus, wherein the mice comprise an ADAM6 protein or
ortholog or homolog or fragment thereof that is functional in a male mouse.

[0014] Also disclosed are methods for making mice that comprise a genetic modification of a
heavy chain immunoglobulin locus, wherein application of the methods result in male mice that
comprise a modified heavy chain immunoglobulin locus (or a deletion thereof), and the male
mice are capable of generating offspring by mating. In one instance, the male mice are
capable of producing sperm that can transit from a mouse uterus through a mouse oviduct to
fertilize a mouse egg.

[0015] Also disclosed are methods for making mice that comprise a genetic modification of an
immunoglobulin heavy chain locus and an immunoglobulin light chain locus, wherein
application of the methods to modify the heavy chain locus result in male mice that exhibit a
reduction in fertility, and the mice comprise a genetic modification that restores in whole or in
part the reduction in fertility. In various embodiments, the reduction in fertility is characterized
by an inability of the sperm of the male mice to migrate from a mouse uterus through a mouse
oviduct to fertilize a mouse egg. In various embodiments, the reduction in fertility is
characterized by sperm that exhibit an in vivo migration defect. In various embodiments, the
genetic modification that restores in whole or in part the reduction in fertility is a nucleic acid
sequence encoding a mouse ADAM6 gene or ortholog or homolog or fragment thereof that is
functional in a male mouse.

[0016] In one embodiment, the genetic modification comprises replacing endogenous
immunoglobulin heavy chain variable loci with human immunoglobulin heavy chain variable
loci. In one embodiment, the genetic modification comprises insertion of human
immunoglobulin heavy chain variable loci into endogenous immunoglobulin heavy chain
variable loci. In one embodiment, the genetic modification comprises deletion of an
endogenous immunoglobulin heavy chain variable locus in whole or in part, wherein the
deletion results in a loss of endogenous ADAMG6 function. In a specific embodiment, the loss of
endogenous ADAM6 function is associated with a reduction in fertility in male mice.

[0017] Also disclosed is a genetic modification that comprises inactivation of an endogenous
non-human immunoglobulin heavy chain variable locus in whole or in part, wherein the
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inactivation does not result in a loss of endogenous ADAM6 function. Inactivation may include
replacement or deletion of one or more endogenous mouse gene segments resulting in an
endogenous mouse immunoglobulin heavy chain locus that is substantially incapable of
rearrangement to encode a heavy chain of an antibody that comprises endogenous mouse
gene segments. Inactivation may include other modifications that render the endogenous
immunoglobulin heavy chain locus incapable of rearranging to encode the heavy chain of an
antibody, wherein the modification does not include replacement or deletion of endogenous
gene segments. Exemplary modifications include chromosomal inversions and/or
translocations mediated by molecular techniques, e.g., using precise placement of site-specific
recombination sites (e.g., Cre-lox technology). Other exemplary modifications include disabling
the operable linkage between the mouse immunoglobulin variable gene segments and the
non-human immunoglobulin constant regions.

[0018] In one embodiment, the genetic modification comprises inserting into the genome of the
mouse a DNA fragment containing one or more human V gene segments, one or more

human Dy gene segments and one or more human Jy gene segments operably linked to one

or more constant region sequences (e.g., an IgM and/or an IgG gene). In one embodiment,
the DNA fragment is capable of undergoing rearrangement in the genome of the mouse to
form a sequence that encodes a human heavy chain variable domain of an antibody.

[0019] Disclosed are mice that comprise a modification that reduces or eliminates mouse
ADAMG6 expression from an endogenous ADAMG6 allele such that a male mouse having the
modification exhibits a reduced fertility (e.g., a highly reduced ability to generate offspring by
mating), or is essentially infertile, due to the reduction or elimination of endogenous ADAM6
function, wherein the mice further comprise an ectopic ADAM6 sequence or homolog or
ortholog or functional fragment thereof. The modification that reduces or eliminates mouse
ADAMSG expression may be a modification (e.g., an insertion, a deletion, a replacement, efc.) in
a mouse immunoglobulin locus.

[0020] Disclosed is that the reduction or loss of ADAM6 function may comprise an inability or
substantial inability of the mouse to produce sperm that can travel from a mouse uterus
through a mouse oviduct to fertilize a mouse egg. At least about 95%, 96%, 97%, 98%, or 99%
of the sperm cells produced in an ejaculate volume of the mouse may be incapable of
traversing through an oviduct in vivo following copulation and fertilizing a mouse ovum.

[0021] Disclosed is that the reduction or loss of ADAM6 function comprises an inability to form
or substantial inability to form a complex of ADAM2 and/or ADAM3 and/or ADAM6 on a surface
of a sperm cell of the mouse. In one embodiment, the loss of ADAM6 function comprises a
substantial inability to fertilize a mouse egg by copulation with a female mouse.

[0022] Also disclosed is a mouse that lacks a functional endogenous ADAM6 gene, and
comprises a protein (or an ectopic nucleotide sequence that encodes a protein) that confers
ADAMG6 functionality on the mouse. The mouse may be a male mouse and the functionality
comprises enhanced fertility as compared with a mouse that lacks a functional endogenous
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ADAMG6 gene.

[0023] The protein is encoded by a genomic sequence located within an immunoglobulin locus
in the germline of the mouse. The immunoglobulin locus is a heavy chain locus. The heavy
chain locus comprises at least one human Vy, at least one human Dy and at least one human

JH gene segment.

[0024] In one embodiment, the mouse comprises a human or chimeric human/mouse or
chimeric human/rat light chain (e.g., human variable, mouse or rat constant) and a chimeric
human variable/mouse or rat constant heavy chain. In a specific embodiment, the mouse
comprises a transgene that comprises a chimeric human variable/rat or mouse constant light
chain gene operably linked to a transcriptionally active promoter, e.g., a ROSA26 promoter. In
a further specific embodiment, the chimeric human/mouse or rat light chain transgene
comprises a rearranged human light chain variable region sequence in the germline of the
mouse.

[0025] The ectopic nucleotide sequence is located within an immunoglobulin locus in the
germline of the mouse. The immunoglobulin locus is a heavy chain locus. The heavy chain
locus comprises at least one human Vy, at least one human Dy and at least one human Jy

gene segment.

[0026] Also disclosed is a mouse that lacks a functional endogenous ADAM6 gene, wherein
the mouse comprises an ectopic nucleotide sequence that complements the loss of mouse
ADAMS6 function. The ectopic nucleotide sequence may confer upon the mouse an ability to
produce offspring that is comparable to a corresponding wild-type mouse that contains a
functional endogenous ADAM6 gene. The sequence may confer upon the mouse an ability to
form a complex of ADAM2 and/or ADAM3 and/or ADAM6 on the surface of sperm cell of the
mouse. The sequence may confer upon the mouse an ability to travel from a mouse uterus
through a mouse oviduct to a mouse ovum to fertilize the ovum.

[0027] [Deleted]
[0028] [Deleted]

[0029] In one embodiment, the mouse lacking the functional endogenous ADAM6 gene and
comprising the ectopic nucleotide sequence produces an average of at least about 2-fold, 3-
fold, or 4-fold higher number of pups per litter in a 4- or 6-month breeding period than a mouse
that lacks the functional endogenous ADAM6 gene and that lacks the ectopic nucleotide
sequence, and that is bred for the same period of time.

[0030] In one embodiment, the mouse lacking the functional endogenous ADAM6 gene and
comprising the ectopic nucleotide sequence is a male mouse, and the male mouse produces
sperm that when recovered from oviducts at about 5-6 hours post-copulation reflects an
oviduct migration that is at least 10-fold, at least 20-fold, at least 30-fold, at least 40-fold, at
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least 50-fold, at least 60-fold, at least 70-fold, at least 80-fold, at least 90-fold, 100-fold, 110-
fold, or 120-fold or higher than a mouse that lacks the functional endogenous ADAM6 gene
and that lacks the ectopic nucleotide sequence.

[0031] In one embodiment, the mouse lacking the functional endogenous ADAM6 gene and
comprising the ectopic nucleotide sequence when copulated with a female mouse generates
sperm that is capable of traversing the uterus and entering and traversing the oviduct within
about 6 hours at an efficiency that is about equal to sperm from a wild-type mouse.

[0032] In one embodiment, the mouse lacking the functional endogenous ADAM6 gene and
comprising the ectopic nucleotide sequence produces about 1.5-fold, about 2-fold, about 3-
fold, or about 4-fold or more litters in a comparable period of time than a mouse that lacks the
functional ADAM6 gene and that lacks the ectopic nucleotide sequence.

[0033] In one aspect, the mouse provided comprises, in its germline, a non-mouse nucleic acid
sequence that encodes an immunoglobulin protein is provided, wherein the non-mouse
immunoglobulin sequence comprises an insertion of a mouse ADAM6 gene or homolog or
ortholog or functional fragment thereof. The non-mouse immunoglobulin sequence comprises
a human immunoglobulin sequence. The sequence comprises one or more human V gene
segments, one or more human D gene segments, and one or more human J gene segments.
In one embodiment, the one or more V, D, and J gene segments are unrearranged. In one
embodiment, the one or more V, D, and J gene segments are rearranged. In one embodiment,
following rearrangement of the one or more V, D, and J gene segments the mouse comprises
in its genome at least one nucleic acid sequence encoding a mouse ADAM6 gene or homolog
or ortholog or functional fragment thereof. In one embodiment, following rearrangement the
mouse comprises in its genome at least two nucleic acid sequences encoding a mouse ADAM6
gene or homolog or ortholog or functional fragment thereof. In one embodiment, following
rearrangement the mouse comprises in its genome at least one nucleic acid sequence
encoding a mouse ADAM6 gene or homolog or ortholog or functional fragment thereof. In one
embodiment, the mouse comprises the ADAM6 gene or homolog or ortholog or functional
fragment thereof in a B cell. In one embodiment, the mouse comprises the ADAM6 gene or
homolog or ortholog or functional fragment thereof in a non-B cell.

[0034] In one aspect, the mice provided express a human immunoglobulin heavy chain
variable region or functional fragment thereof from an endogenous mouse immunoglobulin
heavy chain locus, wherein the mice comprise an ADAM6 activity that is functional in a male
mouse.

[0035] [Deleted]
[0036] Also disclosed are male mice that comprise an ectopic mouse ADAM6 sequence or

homolog or ortholog or functional fragment thereof that encodes a protein that confers ADAM6
function.
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[0037] In one embodiment, the male mice comprise an ADAM6 sequence or homolog or
ortholog or functional fragment thereof at a location in the mouse genome that approximates
the location of the endogenous mouse ADAMS6 allele, e.g., 3' of a V gene segment sequence
and 5' of an initial D gene segment. In the embodiments described herein reference to
"ADAM6" means "ADAM6 and ADAM6b".

[0038] Disclosed are male mice which comprise an ADAM6 sequence or homolog or ortholog
or functional fragment thereof flanked upstream, downstream, or upstream and downstream
(with respect to the direction of transcription of the ADAM6 sequence) of a nucleic acid
sequence encoding an immunoglobulin variable gene segment. In a specific embodiment, the
immunoglobulin variable gene segment is a human gene segment. In one embodiment, the
immunoglobulin variable gene segment is a human gene segment, and the sequence
encoding the mouse ADAM®6 or ortholog or homolog or fragment thereof functional in a mouse
is between human V gene segments; in one embodiment, the mouse comprises two or more
human V gene segments, and the sequence is at a position between the final V gene segment
and the penultimate V gene segment; in one embodiment, the sequence is at a position
following the final V gene segment and the first D gene segment.

[0039] In one embodiment, the male mice comprise an ADAM6 homolog or ortholog or
functional fragment thereof that is located at a position in an endogenous immunoglobulin
locus that is the same or substantially the same as in a wild type male mouse. In a specific
embodiment, the endogenous locus is incapable of encoding the heavy chain variable region
of an antibody, wherein the variable region comprises or is derived from an endogenous
mouse gene segment. In a specific embodiment, the endogenous locus is positioned at a
location in the genome of the male mouse that renders it incapable of encoding the heavy
chain variable region of an antibody. The male mice comprise an ADAM6 sequence located on
the same chromosome as human immunoglobulin gene segments and the ADAM6 sequence
encodes a functional ADAM6 protein.

[0040] Also disclosed is a male mouse that comprises a nonfunctional endogenous ADAMG6
gene, or a deletion of an endogenous ADAM6 gene, in its germline; wherein sperm cells of the
mouse are capable of transiting an oviduct of a female mouse and fertilizing an egg.

[0041] Also disclosed is a male mouse that comprises a functional endogenous ADAM6 gene
and a modification to an endogenous immunoglobulin heavy chain locus. The modification may
be made downstream, or 3', of the endogenous ADAM6 gene. The modification may be a
replacement of one or more endogenous immunoglobulin heavy chain gene segments with
one or more human immunoglobulin heavy chain gene segments. The modification may be an
insertion of one or more human immunoglobulin heavy chain gene segments upstream of an
endogenous immunoglobulin heavy chain constant region gene.

[0042] Also disclosed are mice that comprise a genetic modification that reduces endogenous
mouse ADAMG6 function, wherein the mouse comprises at least some ADAMG6 functionality
provided either by an endogenous unmodified allele that is functional in whole or in part (e.g., a
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heterozygote), or by expression from an ectopic sequence that encodes an ADAM6 or an
ortholog or homolog or functional fragment thereof that is functional in a male mouse.

[0043] In one embodiment, the mice comprise ADAM6 function sufficient to confer upon male
mice the ability to generate offspring by mating, as compared with male mice that lack a
functional ADAM6. ADAM6 homologs or orthologs or fragments thereof that are functional in a
male mouse include those that restore, in whole or in part, the loss of ability to generate
offspring observed in a male mouse that lacks sufficient endogenous mouse ADAM6 activity,
e.g., the loss in ability observed in an ADAM6 knockout mouse. In this sense ADAM6 knockout
mice include mice that comprise an endogenous locus or fragment thereof, but that is not
functional, i.e., that does not express ADAM6 (ADAM6a and/or ADAMG6b) at all, or that
expresses ADAM6 (ADAM6a and/or ADAM6b) at a level that is insufficient to support an
essentially normal ability to generate offspring of a wild-type male mouse. The loss of function
can be due, e.g., to a modification in a structural gene of the locus (i.e., in an ADAM6a or
ADAMG6b coding region) or in a regulatory region of the locus (e.g., in a sequence 5' to the
ADAM®6a gene, or 3' of the ADAM6a or ADAMG6b coding region, wherein the sequence controls,
in whole or in part, transcription of an ADAM6 gene, expression of an ADAM6 RNA, or
expression of an ADAMG6 protein). In various embodiments, orthologs or homologs or
fragments thereof that are functional in a male mouse are those that enable a sperm of a male
mouse (or majority of sperm cells in the ejaculate of a male mouse) to transit a mouse oviduct
and fertilize a mouse ovum.

[0044] In one embodiment, male mice that express the human immunoglobulin variable region
or functional fragment thereof comprise sufficient ADAM6 activity to confer upon the male mice
the ability to generate offspring by mating with female mice and, in one embodiment, the male
mice exhibit an ability to generate offspring when mating with female mice that is in one
embodiment at least 25%, in one embodiment, at least 30%, in one embodiment at least 40%,
in one embodiment at least 50%, in one embodiment at least 60%, in one embodiment at least
70%, in one embodiment at least 80%, in one embodiment at least 90%, and in one
embodiment about the same as, that of mice with one or two endogenous unmodified ADAM6
alleles.

[0045] In one embodiment male mice express sufficient ADAMG6 (or an ortholog or homolog or
functional fragment thereof) to enable a sperm cell from the male mice to traverse a female
mouse oviduct and fertilize a mouse egg.

[0046] [Deleted]

[0047] Disclosed are genetically modified mice and cells that comprise a modification of an
endogenous immunoglobulin heavy chain locus, wherein the mice express at least a portion of
an immunoglobulin heavy chain sequence, e.g., at least a portion of a human sequence,
wherein the mice comprise an ADAM6 activity that is functional in a male mouse. The
modification may reduce or eradicate an ADAM6 activity of the mouse. The mouse may be
modified such that both alleles that encode ADAM6 activity are either absent or express an
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ADAM6 that does not substantially function to support normal mating in a male mouse. The
mouse may further comprise an ectopic nucleic acid sequence encoding a mouse ADAM6 or
ortholog or homolog or functional fragment thereof. The modification may maintain ADAM6
activity of the mouse and renders an endogenous immunoglobulin heavy chain locus incapable
of encoding a heavy chain variable region of an antibody. The modification may include
chromosomal inversions and or translocations that render the endogenous immunoglobulin
heavy chain variable gene segments incapable of rearranging to encode a heavy chain
variable region of antibody that is operably linked to a heavy chain constant region.

[0048] Disclosed are modified mice and cells that comprise a modification of an endogenous
immunoglobulin heavy chain locus, wherein the modification reduces or eliminates ADAM6
activity expressed from an ADAM6 sequence of the locus, and wherein the mice comprise an
ADAMG6 protein or ortholog or homolog or functional fragment thereof. The ADAM6 protein or
fragment thereof may be encoded by an ectopic ADAM6 sequence. The ADAM6 protein or
fragment thereof may be expressed from an endogenous ADAMG6 allele. The mouse may
comprise a first immunoglobulin heavy chain allele comprises a first modification that reduces
or eliminates expression of a functional ADAM6 from the first immunoglobulin heavy chain
allele, and the mouse may comprise a second immunoglobulin heavy chain allele that
comprises a second modification that does not substantially reduce or does not eliminate
expression of a functional ADAMG6 from the second immunoglobulin heavy chain allele.

[0049] The modification may be the insertion of one or more human immunoglobulin heavy
chain gene segments upstream, or 5', of an endogenous immunoglobulin heavy chain constant
region gene. The modification may maintain the endogenous ADAM6 gene located at the
endogenous immunoglobulin heavy chain locus.

[0050] The second modification may be located 3' (with respect to the transcriptional
directionality of the mouse V gene segment) of a final mouse V gene segment and located 5'
(with respect to the transcriptional directionality of the constant sequence) of a mouse (or
chimeric human/mouse) immunoglobulin heavy chain constant gene or fragment thereof (e.g.,
a nucleic acid sequence encoding a human and/or mouse: Cy1 and/or hinge and/or Cy2

and/or CH3).

[0051] The modification may be at a first immunoglobulin heavy chain allele at a first locus that
encodes a first ADAM6 allele, and the ADAM6 function results from expression of an
endogenous ADAM6 at a second immunoglobulin heavy chain allele at a second locus that
encodes a functional ADAMG6, wherein the second immunoglobulin heavy chain allele
comprises at least one modification of a V, D, and/or J gene segment. The at least one
modification of the V, D, and or J gene segment may be a deletion, a replacement with a
human V, D, and/or J gene segment, a replacement with a camelid V, D, and/or J gene
segment, a replacement with a humanized or camelized V, D, and/or J gene segment, a
replacement of a heavy chain sequence with a light chain sequence, and a combination
thereof. The at least one modification may be the deletion of one or more heavy chain V, D,
and/or J gene segments and a replacement with one or more light chain V and/or J gene
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segments (e.g., a human light chain V and/or J gene segment) at the heavy chain locus.
[0052] [Deleted]
[0053] [Deleted]

[0054] In one embodiment, the modification is at a first immunoglobulin heavy chain allele at a
first locus and a second immunoglobulin heavy chain allele at a second locus, and the ADAM6
function results from expression of an ectopic ADAM6 sequence at the first immunoglobulin
heavy chain allele. In one embodiment, the modification is at a first immunoglobulin heavy
chain allele at a first locus and a second immunoglobulin heavy chain allele at a second locus,
and the ADAMG6 function or activity results from expression of an ectopic ADAM6 at the second
immunoglobulin heavy chain allele.

[0055] Disclosed is a mouse comprising a heterozygous or a homozygous knockout of ADAM6
The mouse may further comprise a modified immunoglobulin sequence that is a human or a
humanized immunoglobulin sequence, or a camelid or camelized human or mouse
immunoglobulin sequence. The modified immunoglobulin sequence may be present at the
endogenous heavy chain immunoglobulin locus. The modified immunoglobulin sequence may
comprise a human heavy chain variable gene sequence at an endogenous heavy chain
immunoglobulin locus. The human heavy chain variable gene sequence may replace an
endogenous heavy chain variable sequence at the endogenous immunoglobulin heavy chain
locus.

[0056] Also disclosed is a mouse incapable of expressing a functional endogenous mouse
ADAM6 from an endogenous mouse ADAMG6 locus. The mouse may comprise an ectopic
nucleic acid sequence that encodes an ADAMG6, or functional fragment thereof, that is
functional in the mouse. The ectopic nucleic acid sequence may encode a protein that rescues
a loss in the ability to generate offspring exhibited by a male mouse that is homozygous for an
ADAMG6 knockout. The ectopic nucleic acid sequence may encode a mouse ADAM6 protein.

[0057] Described is a mouse that lacks a functional endogenous ADAMS6 locus, and that
comprises an ectopic nucleic acid sequence that confers upon the mouse ADAM6 function.
The nucleic acid sequence may comprise an endogenous mouse ADAMG6 sequence or
functional fragment thereof. The endogenous mouse ADAM6 sequence comprises ADAM6a-
and ADAM6b-encoding sequence located in a wild-type mouse between the 3'-most mouse
immunoglobulin heavy chain V gene segment (Vy) and the 5'-most mouse immunoglobulin

heavy chain D gene segment (D).

[0058] Described is a nucleic acid sequence encoding mouse ADAM6a or functional fragment
thereof and/or a sequence encoding mouse ADAM6b or functional fragment thereof, wherein
the ADAM6a and/or ADAM6b or functional fragment(s) thereof is operably linked to a
promoter. The promoter may be a human promoter. The promoter may be the mouse ADAM6
promoter. The ADAM6 promoter comprises sequence may be located between the first codon
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of the first ADAMG6 gene closest to the mouse 5'-most Dy gene segment and the recombination
signal sequence of the 5'-most Dy gene segment, wherein &' is indicated with respect to

direction of transcription of the mouse immunoglobulin genes. The promoter may be a viral
promoter. The viral promoter may be a cytomegalovirus (CMV) promoter. The promoter may
be a ubiquitin promoter.

[0059] The promoter may be an inducible promoter. The inducible promoter may regulate
expression in non-reproductive tissues. The inducible promoter may regulate expression in
reproductive tissues. The expression of the mouse ADAM6a and/or ADAM6b sequences or
functional fragment(s) thereof may be developmentally regulated by the inducible promoter in
reproductive tissues.

[0060] In one embodiment, the mouse ADAM6a and/or ADAM6b are selected from the
ADAM6a of SEQ ID NO:1 and/or ADAM6b of sequence SEQ ID NO:2. In one embodiment, the
mouse ADAM6 promoter is a promoter of SEQ ID NO:3. In a specific embodiment, the mouse
ADAMG6 promoter comprises the nucleic acid sequence of SEQ ID NO:3 directly upstream (with
respect to the direction of transcription of ADAM6a) of the first codon of ADAM6a and
extending to the end of SEQ ID NO:3 upstream of the ADAM6 coding region. In another
specific embodiment, the ADAM6 promoter is a fragment extending from within about 5 to
about 20 nucleotides upstream of the start codon of ADAM6a to about 0.5kb, 1kb, 2kb, or 3kb
or more upstream of the start codon of ADAM6a.

[0061] In one embodiment, the nucleic acid sequence comprises SEQ ID NO:3 or a fragment
thereof that when placed into a mouse that is infertile or that has low fertility due to a lack of
ADAMG6, improves fertility or restores fertility to about a wild-type fertility. In one embodiment,
SEQ ID NO:3 or a fragment thereof confers upon a male mouse the ability to produce a sperm
cell that is capable of traversing a female mouse oviduct in order to fertilize a mouse egg.

[0062] In one embodiment, the nucleic acid sequence is any sequence encoding an ADAMG6
gene or homolog or ortholog or functional fragment thereof that when placed into or
maintained in @ mouse yields a level of fertility that is the same or comparable to a wild-type
mouse. An exemplary level of fertility may be demonstrated by the ability of a male mouse to
produce a sperm cell that is capable of traversing a female mouse oviduct in order to fertilize a
mouse egg.

[0063] Also disclosed is a mouse that comprises a deletion of an endogenous nucleotide
sequence that encodes an ADAM6 protein, a replacement of an endogenous mouse Vi gene

segment with a human Vy gene segment, and an ectopic nucleotide sequence that encodes a

mouse ADAMG protein or ortholog or homolog or fragment thereof that is functional in a male
mouse.

[0064] In one instance, the mouse comprises an immunoglobulin heavy chain locus that
comprises a deletion of an endogenous immunoglobulin locus nucleotide sequence that
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comprises an endogenous ADAM6 gene, comprises a nucleotide sequence encoding one or
more human immunoglobulin gene segments, and wherein the ectopic nucleotide sequence
encoding the mouse ADAMG protein is within or directly adjacent to the nucleotide sequence
encoding the one or more human immunoglobulin gene segments.

[0065] In one embodiment, the mouse comprises a replacement of all or substantially all
endogenous VH gene segments with a nucleotide sequence encoding one or more human Vy

gene segments, and the ectopic nucleotide sequence encoding the mouse ADAMG protein is
within the nucleotide sequence encoding the one or more human Vy gene segments. In one

embodiment, the mouse further comprises a replacement of one or more endogenous Dy
gene segments with one or more human Dy gene segments at the endogenous Dy gene

locus. In one embodiment, the mouse further comprises a replacement of one or more
endogenous Jy gene segments with one or more human Jy gene segments at the

endogenous Jy gene locus. In one embodiment, the mouse comprises a replacement of all or
substantially all endogenous Vy, Dy, and Jyq gene segments and a replacement at the
endogenous Vi, Dy, and Jy gene loci with human Vg, Dy, and Jy gene segments, wherein the

mouse comprises an ectopic sequence encoding a mouse ADAMG6 protein. In one
embodiment, the mouse comprises an insertion of human Vy, Dy and J4 gene segments at an

endogenous immunoglobulin heavy chain locus, wherein the mouse comprises an ADAMG6
gene that is functional in the mouse. In a specific embodiment, the ectopic sequence encoding
the mouse ADAMG6 protein is placed between the penultimate 3'-most Vi gene segment of the
human V4 gene segments present, and the ultimate 3' V gene segment of the human Vy
gene segments present. In a specific embodiment, the mouse comprises a deletion of all or
substantially all mouse Vy gene segments, and a replacement with all or substantially all
human V gene segments, and the ectopic nucleotide sequence encoding the mouse ADAM6
protein is placed downstream of human gene segment Vy1-2 and upstream of human gene

segment VH6-1.

[0066] In a specific embodiment, the mouse comprises a replacement of all or substantially all
endogenous VH gene segments with a nucleotide sequence encoding one or more human Vy

gene segments, and the ectopic nucleotide sequence encoding the mouse ADAMG protein is
within the nucleotide sequence encoding the one or more human Vy gene segments.

[0067] [Deleted]

[0068] Described is a mouse that comprises a modification of an endogenous immunoglobulin
heavy chain locus, wherein the mouse expresses a B cell that comprises a rearranged
immunoglobulin sequence operably linked to a heavy chain constant region gene sequence,
and the B cell comprises in its genome (e.g., on a B cell chromosome) a gene encoding an
ADAMG6 or ortholog or homolog or fragment thereof that is functional in a male mouse. The
rearranged immunoglobulin sequence may be operably linked to the heavy chain constant
region gene sequence comprises a human heavy chain V, D, and/or J sequence; a mouse
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heavy chain V, D, and/or J sequence; a human or mouse light chain V and/or J sequence. In
one embodiment, the heavy chain constant region gene sequence comprises a human or a
mouse heavy chain sequence selected from the group consisting of a C41, a hinge, a Cy2, a

CH3, and a combination thereof.

[0069] In one aspect, the mouse provided comprises a functionally silenced endogenous
immunoglobulin heavy chain variable gene locus, wherein ADAM6 function is maintained in the
mouse, and further comprises an insertion of one or more human immunoglobulin gene
segments upstream or 5' of one or more mouse heavy chain constant region. The one or more
human immunoglobulin gene segments include one or more human Vi gene segments, one or

more human Dy gene segments and one or more human Jy gene segments. In a specific

embodiment, the mouse further comprises a functionally silenced endogenous light chain
locus, wherein the mouse comprises an ADAMG6 activity that is the same or comparable to a
wild-type mouse, and further comprises an insertion of one or more human A light chain gene
segments upstream or 5' of a mouse light chain constant region. In one embodiment, the
human A light chain gene segments comprise 12 human VA gene segments and one or more
human JA gene segments. In one embodiment, the human A light chain gene segments
comprise 12 human VA gene segments and four human JA gene segments. In one
embodiment, the human A light chain gene segments comprise 28 human VA gene segments
and one or more human JA gene segments. In one embodiment, the human A light chain gene
segments comprises 28 human VA gene segments and four human JA gene segments. In one
embodiment, the human A light chain gene segments comprises 40 human VA gene segments
and one or more human JA gene segments. In one embodiment, the human A light chain gene
segments comprise 40 human VA gene segments and four human JA gene segments. In
various embodiments, the four human JA gene segments include JA1, JA2, JA3 and JA7. The
mouse light chain constant region is a mouse CK.

[0070] In one aspect, in the genetically modified mouse provided, the mouse comprises a
functionally silenced immunoglobulin light chain gene, and further comprises a replacement of
one or more endogenous immunoglobulin heavy chain variable region gene segments with
one or more human immunoglobulin heavy chain variable region gene segments, wherein the
mouse lacks a functional endogenous ADAM6 locus, and wherein the mouse comprises an
ectopic nucleotide sequence that expresses a mouse ADAMG6 protein or an ortholog or
homolog or fragment thereof that is functional in a male mouse.

[0071] In one aspect, the mouse provided lacks a functional endogenous mouse ADAM6 locus
or sequence and comprises an ectopic nucleotide sequence encoding a mouse ADAM6 locus
or functional fragment of a mouse ADAMG6 locus or sequence, wherein the mouse is capable of
mating with a mouse of the opposite sex to produce a progeny that comprises the ectopic
ADAMG6 locus or sequence. In one embodiment, the mouse is male. In one embodiment, the
mouse is female.

[0072] In one aspect, the genetically modified mouse provided comprises a human
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immunoglobulin heavy chain variable region gene segment at an endogenous mouse
immunoglobulin heavy chain variable region gene locus, the mouse lacks an endogenous
functional ADAM6 sequence at the endogenous mouse immunoglobulin heavy chain variable
region gene locus, and wherein the mouse comprises an ectopic nucleotide sequence that
expresses a mouse ADAMG6 protein or an ortholog or homolog or fragment thereof that is
functional in a male mouse.

[0073] [Deleted] In one embodiment, the ectopic nucleotide sequence that expresses the
mouse ADAMG protein is integrated at one or more loci in a genome of the mouse which is a
heavy chain immunoglobulin locus.

[0074] Described is a mouse that expresses an immunoglobulin heavy chain sequence from a
modified endogenous mouse immunoglobulin heavy chain locus, wherein the heavy chain is
derived from a human V gene segment, a D gene segment, and a J gene segment, wherein
the mouse comprises an ADAMG6 activity that is functional in the mouse.

[0075] In one embodiment, the mouse comprises a plurality of human V gene segments, a
plurality of human D gene segments, and a plurality of human J gene segments. In one
embodiment, the mouse further comprises a humanized heavy chain constant region
sequence, wherein the humanization comprises replacement of a sequence selected from a
Cu1, hinge, Ch2, C3, and a combination thereof. In a specific embodiment, the heavy chain is
derived from a human V gene segment, a human D gene segment, a human J gene segment,
a human CH1 sequence, a human or mouse hinge sequence, a mouse CH2 sequence, and a

mouse Cp3 sequence. In another specific embodiment, the mouse further comprises a human

light chain constant sequence.

[0076] In one embodiment, the mouse comprises an ADAM6 gene that is flanked 5' and 3' by
endogenous immunoglobulin heavy chain gene segments. In a specific embodiment, the
endogenous immunoglobulin heavy chain gene segments are incapable of encoding a heavy
chain of an antibody.

[0077] In one embodiment, the V gene segment is flanked 5' (with respect to transcriptional
direction of the V gene segment) by a sequence encoding an ADAM6 activity that is functional
in the mouse.

[0078] In one embodiment, the V gene segment is flanked 3' (with respect to transcriptional
direction of the V gene segment) by a sequence encoding an ADAM6 activity that is functional
in the mouse.

[0079] In one embodiment, the D gene segment is flanked 5' (with respect to transcriptional
direction of the D gene segment) by a sequence encoding an ADAM6 activity that is functional

in the mouse.

[0080] In one embodiment, the ADAMG6 activity that is functional in the mouse results from
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expression of a nucleotide sequence located 5' of the 5'-most D gene segment and 3' of the 3'-
most V gene segment (with respect to the direction of transcription of the V gene segment) of
the modified endogenous mouse heavy chain immunoglobulin locus.

[0081] In one embodiment, the ADAMG6 activity that is functional in the mouse results from
expression of a nucleotide sequence located between two human V gene segments in the
modified endogenous mouse heavy chain immunoglobulin locus. In one embodiment, the two
human V gene segments are a human Vy1-2 gene segment and a V46-1 gene segment.

[0082] The nucleotide sequence comprises a sequence selected from a mouse ADAM6b
sequence or functional fragment thereof and a mouse ADAM6a sequence or functional
fragment thereof.

[0083] In one embodiment, the nucleotide sequence between the two human V gene
segments is placed in opposite transcription orientation with respect to the human V gene
segments. In a specific embodiment, nucleotide sequence encodes, from 5' to 3' with respect
to the direction of transcription of ADAM6 genes, and ADAM6a sequence followed by an
ADAMG6b sequence.

[0084] In one embodiment, the mouse comprises a replacement of a human ADAMG6
pseudogene sequence between human V gene segments Vy1-2 and VH6-1 with a mouse

ADAMG6 sequence or a functional fragment thereof.

[0085] In one embodiment, the sequence encoding the ADAM6 activity that is functional in the
mouse is a mouse ADAM6 sequence or functional fragment thereof.

[0086] Disclosed is a mouse comprising an endogenous mouse DFL16.1 gene segment (e.g.,
in a mouse heterozygous for the modified endogenous mouse immunoglobulin heavy chain
locus), or a human Dy1-1 gene segment. The D gene segment of the immunoglobulin heavy

chain expressed by the mouse may be derived from an endogenous mouse DFL16.1 gene
segment or a human Dy1-1 gene segment.

[0087] Described is a mouse that comprises a nucleic acid sequence encoding a mouse
ADAMG6 (or homolog or ortholog or functional fragment thereof) in a DNA-bearing cell of non-
rearranged B cell lineage, but does not comprise the nucleic acid sequence encoding the
mouse ADAMG6 (or homolog or ortholog or functional fragment thereof) in a B cell that comprise
rearranged immunoglobulin loci, wherein the nucleic acid sequence encoding the mouse
ADAMG6 (or homolog or ortholog or functional fragment thereof) occurs in the genome at a
position that is different from a position in which a mouse ADAM6 gene appears in a wild-type
mouse. The nucleic acid sequence encoding the mouse ADAM6 (or homolog or ortholog or
functional fragment thereof) may be present in all or substantially all DNA-bearing cells that are
not of rearranged B cell lineage; the nucleic acid sequence may be present in germline cells of
the mouse, but not in a chromosome of a rearranged B cell.
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[0088] Described is a mouse that comprises a nucleic acid sequence encoding a mouse
ADAMG6 (or homolog or ortholog or functional fragment thereof) in all or substantially all DNA-
bearing cells, including B cells that comprise rearranged immunoglobulin loci, wherein the
nucleic acid sequence encoding the mouse ADAM6 (or homolog or ortholog or functional
fragment thereof) occurs in the genome at a position that is different from a position in which a
mouse ADAM6 gene appears in a wild-type mouse. The nucleic acid sequence encoding the
mouse ADAM6 (or homolog or ortholog or functional fragment thereof) may be on a nucleic
acid that is contiguous with the rearranged immunoglobulin locus. The nucleic acid that may be
contiguous with the rearranged immunoglobulin locus is a chromosome. The chromosome
may be a chromosome that is found in a wild-type mouse and the chromosome comprises a
modification of a mouse immunoglobulin locus.

[0089] Described is a genetically modified mouse, wherein the mouse comprises a B cell that
comprises in its genome an ADAM6 sequence or ortholog or homolog thereof. The ADAM6
sequence or ortholog or homolog thereof may be at an immunoglobulin heavy chain locus. The
ADAMG6 sequence or ortholog or homolog thereof may be at a locus that is not an
immunoglobulin locus. The ADAM6 sequence may be on a transgene driven by a heterologous
promoter. The heterologous promoter may be a non-immunoglobulin promoter. Described is a
B cell which expresses an ADAMG6 protein or ortholog or homolog thereof.

[0090] 90% or more of the B cells of the mouse may comprise a gene encoding an ADAM6
protein or an ortholog thereof or a homolog thereof or a fragment thereof that is functional in
the mouse. The mouse may be a male mouse.

[0091] Described is a B cell genome comprising a first allele and a second allele comprising
the ADAM6 sequence or ortholog or homolog thereof. The B cell genome may comprise a first
allele but not a second allele comprising the ADAM6 sequence or ortholog or homolog thereof.

[0092] Described is a mouse that comprises a modification at one or more endogenous
immunoglobulin heavy chain alleles, wherein the modification maintains one or more
endogenous ADAM6 alleles and the mouse further comprises an insertion of one or more
human VA gene segments and one or more human JA gene segments upstream of a mouse
light chain constant region. The mouse light chain constant region is a mouse Ck.

[0093] The modification may render the mouse incapable of expressing a functional heavy
chain that comprises rearranged endogenous heavy chain gene segments from at least one
heavy chain allele and maintains an endogenous ADAMG6 allele located within the at least one
endogenous immunoglobulin heavy chain allele.

[0094] The mice may be incapable of expressing a functional heavy chain that comprises
rearranged endogenous heavy chain gene segments from at least one of the endogenous
immunoglobulin heavy chain alleles, and the mice express and ADAM6 protein from an
endogenous ADAMG allele. The mice may be incapable of expressing a functional heavy chain
that comprises rearranged endogenous heavy chain gene segments from two endogenous
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immunoglobulin heavy chain alleles, and the mice may express an ADAM6 protein from one or
more endogenous ADAMG alleles.

[0095] The mice may be incapable of expressing a functional heavy chain from each
endogenous heavy chain allele, and the mice comprise an functional ADAM6 allele located
within 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, or 120 or more Mbp upstream
(with respect to the direction of transcription of the mouse heavy chain locus) of a mouse
immunoglobulin heavy chain constant region sequence. The functional ADAM6 allele is at the
endogenous immunoglobulin heavy chain locus (e.g., in an intergenic V-D region, between two
V gene segments, between a V and a D gene segment, between a D and a J gene segment,
etc.). In a specific embodiment, the functional ADAM6 allele is located within a 90 to 100 kb
intergenic sequence between the final mouse V gene segment and the first mouse D gene
segment.

[0096] Described is a mouse that comprises a modification at one or more endogenous
ADAMG alleles.

[0097] The modification may render the mouse incapable of expressing a functional ADAM6
protein from at least one of the one or more endogenous ADAM6 alleles. The mouse may be
incapable of expressing a functional ADAM6 protein from each of the endogenous ADAM6
alleles.

[0098] The mice may be incapable of expressing a functional ADAM6 protein from each
endogenous ADAMG allele, and the mice comprise an ectopic ADAM6 sequence.

[0099] The mice may be incapable of expressing a functional ADAM6 protein from each
endogenous ADAMG allele, and the mice comprise an ectopic ADAM6 sequence located within
1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, or 120 or more kb upstream (with
respect to the direction of transcription of the mouse heavy chain locus) of a mouse
immunoglobulin heavy chain constant region sequence. The ectopic ADAM6 sequence may be
at the endogenous heavy chain locus (e.g., in an intergenic V-D region, between two V gene
segments, between a V and a D gene segment, between a D and a J gene segment, etc.). The
ectopic ADAM6 sequence may be located within a 90 to 100 kb intergenic sequence between
the final mouse V gene segment and the first mouse D gene segment. The endogenous 90 to
100 kb intergenic V-D sequence may be removed, and the ectopic ADAM6 sequence is placed
between the final V and the first D gene segment.

[0100] Described is an infertile male mouse, wherein the mouse comprises a deletion of two or
more endogenous ADAM6G alleles. Also described is a female mouse that is a carrier of a male
infertility trait, wherein the female mouse comprises in its germline a nonfunctional ADAM6
allele or a knockout of an endogenous ADAMG allele.

[0101] Described is a mouse comprising an endogenous immunoglobulin heavy chain V, D,
and or J gene segment that are incapable of rearranging to encode an heavy chain of an
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antibody, wherein the majority of the B cells of the mouse comprise an functional ADAM6 gene.
The majority of the B cells of the mouse may further comprise one or more human VA gene
segments and one or more human JA gene segments upstream of a mouse immunoglobulin
light chain constant region. The mouse immunoglobulin light chain constant region is a mouse
CK.

[0102] In one embodiment, the mouse comprises an intact endogenous immunoglobulin heavy
chain V, D, and J gene segments that are incapable of rearranging to encode a functional
heavy chain of an antibody. In one embodiment, the mouse comprises at least one and up to
89 V gene segments, at least one and up to 13 D gene segments, at least one and up to four J
gene segments, and a combination thereof; wherein the at least one and up to 89 V gene
segments, at least one and up to 13 D gene segments, at least one and up to four J gene
segments are incapable of rearranging to encode a heavy chain variable region of an antibody.
In a specific embodiment, the mouse comprises a functional ADAM6 gene located within the
intact endogenous immunoglobulin heavy chain V, D, and J gene segments. In one
embodiment, the mouse comprises an endogenous heavy chain locus that includes an
endogenous ADAM6 locus, wherein the endogenous heavy chain locus comprises 89 V gene
segments, 13 D gene segments, and four J gene segments, wherein the endogenous heavy
chain gene segments are incapable of rearranging to encode a heavy chain variable region of
an antibody and the ADAM6 locus encodes an ADAMG6 protein that is functional in the mouse.

[0103] Described is a mouse that lacks an endogenous immunoglobulin heavy chain V, D, and
J gene segment, wherein a majority of the B cells of the mouse comprise an ADAM6 sequence
or ortholog or homolog thereof. The majority of the B cells of the mouse may express a
immunoglobulin light chain comprising a human lambda variable domain and an endogenous
immunoglobulin light chain constant region.

[0104] In one embodiment, the mouse lacks endogenous immunoglobulin heavy chain gene
segments selected from two or more V gene segments, two or more D gene segments, two or
more J gene segments, and a combination thereof. In one embodiment, the mouse lacks
immunoglobulin heavy chain gene segments selected from at least one and up to 89 V gene
segments, at least one and up to 13 D gene segments, at least one and up to four J gene
segments, and a combination thereof. In one embodiment, the mouse lacks a genomic DNA
fragment from chromosome 12 comprising about three megabases of the endogenous
immunoglobulin heavy chain locus. In a specific embodiment, the mouse lacks all functional
endogenous heavy chain V, D, and J gene segments. In a specific embodiment, the mouse
lacks 89 VH gene segments, 13 Dy gene segments and four J4 gene segments.

[0105] Described is a mouse wherein the mouse has a genome in the germline comprising a
modification of an immunoglobulin heavy chain locus, wherein the modification to the
immunoglobulin heavy chain locus comprises the replacement of one or more mouse
immunoglobulin variable region sequences with one or more human immunoglobulin variable
region sequences, and wherein the mouse comprises a nucleic acid sequence encoding a
mouse ADAMG protein. The Dy and Jy sequences and at least 3, at least 10, at least 20, at
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least 40, at least 60, or at least 80 Vy sequences of the immunoglobulin heavy chain locus may
be replaced by human immunoglobulin variable region sequences. The Dy, Jy, and all Vy

sequences of the immunoglobulin heavy chain locus may be replaced by human
immunoglobulin variable region sequences. The human immunoglobulin variable region
sequences can be non-rearranged. The human immunoglobulin variable region sequences
may comprise complete non-rearranged Dy and Jy regions and at least 3, at least 10, at least
20, at least 40, at least 60, or at least 80 non-rearranged Vi sequences which are human. In a

further preferred embodiment, the non-mouse immunoglobulin variable region sequences
comprise the complete human variable region, including all Vy, Dy, and Jy regions.

[0106] Described is a mouse that expresses an antibody that comprises at least one human
variable domain/non-human constant domain immunoglobulin polypeptide, wherein the mouse
expresses a mouse ADAMG6 protein or ortholog or homolog thereof from a locus other than an
immunoglobulin locus.

[0107] The ADAMG6 protein or ortholog or homolog thereof may be expressed in a B cell of the
mouse, wherein the B cell comprises a rearranged immunoglobulin sequence that comprises a
human variable sequence and a non-human constant sequence.

[0108] In one embodiment, the non-human constant sequence is a rodent sequence. In one
embodiment, the rodent is selected from a mouse, a rat, and a hamster.

[0109] Described is a method for making an infertile male mouse, comprising rendering an
endogenous ADAMG6 allele of a donor ES cell nonfunctional (or knocking out said allele),
introducing the donor ES cell into a host embryo, gestating the host embryo in a surrogate
mother, and allowing the surrogate mother to give birth to progeny derived in whole or in part
from the donor ES cell. The method may further comprise breeding progeny to obtain an
infertile male mouse.

[0110] Described is a method for making a mouse with a genetic modification of interest,
wherein the mouse is infertile, the method comprising the steps of (a) making a genetic
modification of interest in a genome; (b) modifying the genome to knockout an endogenous
ADAM6G allele, or render an endogenous ADAM6 allele nonfunctional; and, (c) employing the
genome in making a mouse. The genome may be from an ES cell or used in a nuclear transfer
experiment.

[0111] Described is a mouse made using a targeting vector, nucleotide construct, or cell as
described herein.

[0112] Described is a progeny of a mating of a mouse as described herein with a second
mouse that is a wild-type mouse or genetically modified.

[0113] Described is a method for maintaining a mouse strain, wherein the mouse strain
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comprises a replacement of a mouse immunoglobulin heavy chain sequence with one or more
heterologous immunoglobulin heavy chain sequences which are human immunoglobulin heavy
chain sequences.

[0114] In one embodiment, the mouse strain comprises a deletion of one or more mouse Vg,
Du, and/or Jy gene segments. The mouse further comprises one or more human Vy gene
segments, one or more human Dy gene segments, and/or one or more human Jy gene

segments. In one embodiment, the mouse comprises at least 3, at least 10, at least 20, at least
40, at least 60, or at least 80 human V segments, at least 27 human Dy gene segments, and

at least six Jy gene segments. In a specific embodiment, the mouse comprises at least 3, at
least 10, at least 20, at least 40, at least 60, or at least 80 human Vi segments, the at least 27
human Dy gene segments, and the at least six Jy gene segments are operably linked to a

constant region gene. In one embodiment, the constant region gene is a mouse constant
region gene. In one embodiment, the constant region gene comprises a mouse constant
region gene sequence selected from a Cy1, a hinge, a C42, a Cx3, and/or a Cy4 or a

combination thereof.

[0115] Described is a method comprising generating a male mouse heterozygous for the
replacement of the mouse immunoglobulin heavy chain sequence, and breeding the
heterozygous male mouse with a wild-type female mouse or a female mouse that is
homozygous or heterozygous for the human heavy chain sequence. The method may
comprise maintaining the strain by repeatedly breeding heterozygous males with females that
are wild type or homozygous or heterozygous for the human heavy chain sequence.

[0116] The method may comprise obtaining cells from male or female mice homozygous or
heterozygous for the human heavy chain sequence, and employing those cells as donor cells
or nuclei therefrom as donor nuclei, and using the cells or nuclei to make genetically modified
animals using host cells and/or gestating the cells and/or nuclei in surrogate mothers.

[0117] [Deleted]

[0118] In one embodiment, the mouse further comprises a replacement of A and/or k light
chain variable sequences at an endogenous immunoglobulin light chain locus with
heterologous immunoglobulin light chain sequences. The heterologous immunoglobulin light
chain sequences are human immunoglobulin A light chain variable sequences and may also
include « light chain variable sequences.

[0119] [Deleted]

[0120] Described is a nucleic acid construct, comprising an upstream homology arm and a
downstream homology arm, wherein the upstream homology arm comprises a sequence that
is identical or substantially identical to a human immunoglobulin heavy chain variable region
sequence, the downstream homology arm comprises a sequence that is identical or
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substantially identical to a human or mouse immunoglobulin variable region sequence, and
disposed between the upstream and downstream homology arms is a sequence that
comprises a nucleotide sequence encoding a mouse ADAM6 protein. The sequence may
encode the mouse ADAMG6 gene is operably linked with a mouse promoter with which the
mouse ADAMSG is linked in a wild type mouse.

[0121] Described is a targeting vector, comprising (a) a nucleotide sequence that is identical or
substantially identical to a human variable region gene segment nucleotide sequence; and, (b)
a nucleotide sequence encoding a mouse ADAMG6 or ortholog or homolog or fragment thereof
that is functional in a mouse.

[0122] The targeting vector may further comprise a promoter operably linked to the sequence
encoding the mouse ADAMG6. In a specific embodiment, the promoter is a mouse ADAMG6
promoter.

[0123] Described is a nucleotide construct for modifying a mouse immunoglobulin heavy chain
variable locus, wherein the construct comprises at least one site specific recombinase
recognition site and a sequence encoding an ADAM6 protein or ortholog or homolog or
fragment thereof that is functional in a mouse.

[0124] In one aspect, mouse cells and mouse embryos are provided, including but not limited
to ES cells, pluripotent cells, and induced pluripotent cells, that comprise genetic modifications
as described herein. Cells that are XX and cells that are XY are provided. Cells that comprise a
nucleus containing a modification as described herein are also provided, e.g., a modification
introduced into a cell by pronuclear injection. Cells, embryos, and mice that comprise a virally
introduced ADAM6 gene are also described, e.g., cells, embryos, and mice comprising a
transduction construct comprising an ADAM6 gene that is functional in the mouse are also
described.

[0125] Described is a genetically modified mouse cell, wherein the cell lacks a functional
endogenous mouse ADAMG locus, and the cell comprises an ectopic nucleotide sequence that
encodes a mouse ADAMG6 protein or functional fragment thereof. The cell may further
comprises a modification of an endogenous immunoglobulin heavy chain variable gene
sequence. The modification of the endogenous immunoglobulin heavy chain variable gene
sequence may comprise a deletion selected from a deletion of a mouse Vy gene segment, a

deletion of a mouse Dy gene segment, a deletion of a mouse Jy gene segment, and a

combination thereof. In a specific embodiment, the mouse comprises a replacement of one or
more mouse immunoglobulin Vy, Dy, and/or Jy sequences with a human immunoglobulin

sequence. The human immunoglobulin sequence may be selected from a human Vy, a human

V(, a human Dy, a human Jy, a human Ji, and a combination thereof.

[0126] In one embodiment, the cell is a totipotent cell, a pluripotent cell, or an induced
pluripotent cell. In a specific embodiment, the cell is a mouse ES cell.
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[0127] In one aspect, a mouse B cell is provided, wherein the B cell is isolated from the mouse
provided, where the mouse B cell comprises a rearranged immunoglobulin heavy chain gene,
wherein the B cell comprises on a chromosome of the B cell a nucleic acid sequence encoding
an ADAM6 protein or ortholog or homolog or fragment thereof that is functional in a male
mouse. In one embodiment, the mouse B cell comprises two alleles of the nucleic acid
sequence.

[0128] In one embodiment, the nucleic acid sequence is on a nucleic acid molecule (e.g., a B
cell chromosome) that is contiguous with the rearranged mouse immunoglobulin heavy chain
locus.

[0129] [Deleted]

[0130] In one embodiment, the mouse B cell comprises a rearranged non-mouse
immunoglobulin variable gene sequence operably linked to a mouse or human immunoglobulin
constant region gene, wherein the B cell comprises a nucleic acid sequence that encodes an
ADAM®G protein or ortholog or homolog or fragment thereof that is functional in a male mouse.

[0131] In one aspect, a somatic mouse cell is provided, where the cell has been isolated from
the mouse provided, the cell comprising a chromosome that comprises a modified
immunoglobulin heavy chain locus, and a nucleic acid sequence encoding a mouse ADAM6 or
ortholog or homolog or fragment thereof that is functional in a male mouse. The nucleic acid
sequence is on the same chromosome as the modified immunoglobulin heavy chain locus. In
one embodiment, the somatic cell comprises a single copy of the nucleic acid sequence. In one
embodiment, the somatic cell comprises at least two copies of the nucleic acid sequence. In a
specific embodiment, the somatic cell is a B cell. In a specific embodiment, the cell is a germ
cell. In a specific embodiment, the cell is a stem cell.

[0132] In one aspect, a mouse germ cell is provided, where the cell has been isolated from the
mouse provided, the cell comprising a nucleic acid sequence encoding a mouse ADAM®6 (or
homolog or ortholog or functional fragment thereof) on a chromosome of the germ cell,
wherein the nucleic acid sequence encoding the mouse ADAM6 (or homolog or ortholog or
functional fragment thereof) is at a position in the chromosome that is different from a position
in a chromosome of a wild-type mouse germ cell. The nucleic acid sequence is at a mouse
heavy chain immunoglobulin locus. In one embodiment, the mouse immunoglobulin locus
comprises a replacement of at least one mouse immunoglobulin sequence with at least one
human immunoglobulin sequence.

[0133] In one aspect, a pluripotent, induced pluripotent, or totipotent cell derived from a mouse
as described herein is provided. In a specific embodiment, the cell is a mouse embryonic stem
(ES) cell.

[0134] In one aspect, a cell or tissue derived from a mouse as described herein is provided. In
one embodiment, the cell or tissue is derived from spleen, lymph node or bone marrow of a
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mouse as described herein. In one embodiment, the cell is a B cell. In one embodiment the cell
is an embryonic stem cell. In one embodiment, the cell is a germ cell.

[0135] In one embodiment, the tissue is selected from connective, muscle, nervous and
epithelial tissue. In a specific embodiment, the tissue is reproductive tissue.

[0136] In one embodiment, the cell and/or tissue derived from a mouse as described herein is
isolated for use in one or more ex vivo assays. In various embodiments, the one or more ex
vivo assays include measurements of physical, thermal, electrical, mechanical or optical
properties, a surgical procedure, measurements of interactions of different tissue types, the
development of imaging techniques, or a combination thereof.

[0137] In aspect, use of cell or tissue derived from a mouse as described herein to make an
antibody is provided. In one aspect, use of a cell or tissue derived from a mouse as described
herein to make a hybridoma or quadroma is provided.

[0138] In one aspect, a mouse cell comprising a chromosome or fragment thereof of a mouse
as described herein. In one embodiment, the mouse cell comprises a nucleus of a mouse as
described herein. In one embodiment, the mouse cell comprises the chromosome or fragment
thereof as the result of a nuclear transfer.

[0139] Described is a nucleus derived from a mouse as described herein. The nucleus may be
from a diploid cell that is not a B cell.

[0140] Described is a nucleotide sequence encoding an immunoglobulin variable region made
in @ mouse as described.

[0141] Described is an immunoglobulin heavy chain or immunoglobulin light chain variable
region amino acid sequence of an antibody made in a mouse as described herein.

[0142] Described is an immunoglobulin heavy chain or immunoglobulin light chain variable
region nucleotide sequence encoding a variable region of an antibody made in a mouse as
described herein.

[0143] Described is an antibody or antigen-binding fragment thereof (e.g., Fab, F(ab),, scFv)

made in a mouse as described herein.

[0144] Described is a method for making a genetically modified mouse, comprising replacing
one or more immunoglobulin heavy chain gene segments upstream (with respect to
transcription of the immunoglobulin heavy chain gene segments) of an endogenous ADAMG6
locus of the mouse with one or more human immunoglobulin heavy chain gene segments, and
replacing one or more immunoglobulin gene segments downstream (with respect to
transcription of the immunoglobulin heavy chain gene segments) of the ADAM6 locus of the
mouse with one or more human immunoglobulin heavy chain or light chain gene segments.
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The one or more human immunoglobulin gene segments replacing one or more endogenous
immunoglobulin gene segments upstream of an endogenous ADAM6 locus of the mouse may
include V gene segments. The human immunoglobulin gene segments replacing one or more
endogenous immunoglobulin gene segments upstream of an endogenous ADAMG6 locus of the
mouse may include V and D gene segments. The one or more human immunoglobulin gene
segments may replace one or more endogenous immunoglobulin gene segments downstream
of an endogenous ADAMG6 locus of the mouse include J gene segments. The one or more
human immunoglobulin gene segments may replace one or more endogenous immunoglobulin
gene segments downstream of an endogenous ADAM6 locus of the mouse include D and J
gene segments. The one or more human immunoglobulin gene segments may replace one or
more endogenous immunoglobulin gene segments downstream of an endogenous ADAM6
locus of the mouse include V, D and J gene segments.

[0145] The one or more immunoglobulin heavy chain gene segments upstream and/or
downstream of the ADAM6 gene may be replaced in a pluripotent, induced pluripotent, or
totipotent cell to form a genetically modified progenitor cell; the genetically modified progenitor
cell is introduced into a host; and, the host comprising the genetically modified progenitor cell is
gestated to form a mouse comprising a genome derived from the genetically modified
progenitor cell. In one embodiment, the host is an embryo. The host may be selected from a
mouse pre-morula (e.g., 8- or 4-cell stage), a tetraploid embryo, an aggregate of embryonic
cells, or a blastocyst.

[0146] Described is a method for making a genetically modified mouse, comprising replacing a
mouse nucleotide sequence that comprises a mouse immunoglobulin gene segment and a
mouse ADAMG6 (or ortholog or homolog or fragment thereof functional in a male mouse)
nucleotide sequence with a sequence comprising a human immunoglobulin gene segment to
form a first chimeric locus, then inserting a sequence comprising a mouse ADAM6-encoding
sequence (or a sequence encoding an ortholog or homolog or functional fragment thereof) into
the sequence comprising the human immunoglobulin gene segment to form a second chimeric
locus.

[0147] The second chimeric locus may comprise a human immunoglobulin heavy chain
variable (Vy) gene segment. The second chimeric locus may comprise a human

immunoglobulin light chain variable (V) gene segment. In a specific embodiment, the second
chimeric locus comprises a human Vy gene segment or a human V| gene segment operably
linked to a human Dy gene segment and a human Jy gene segment. The second chimeric
locus may be operably linked to a third chimeric locus that comprises a human Cy1 sequence,

or a human Cx1 and human hinge sequence, fused with a mouse Cp2 + Cx3 sequence.

[0148] Described is the use of a mouse that comprises an ectopic nucleotide sequence
comprising a mouse ADAMG locus or sequence to make a fertile male mouse, wherein the use
comprises mating the mouse comprising the ectopic nucleotide sequence that comprises the
mouse ADAMG6 locus or sequence to a mouse that lacks a functional endogenous mouse
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ADAMG locus or sequence, and obtaining a progeny that is a female capable of producing
progeny having the ectopic ADAMG6 locus or sequence or that is a male that comprises the
ectopic ADAM6 locus or sequence, and the male exhibits a fertility that is approximately the
same as a fertility exhibited by a wild-type male mouse.

[0149] In one aspect, use of a mouse as described herein to make an immunoglobulin variable
region nucleotide sequence is provided.

[0150] In one aspect, use of a mouse as described herein to make a fully human Fab or a fully
human F(ab); is provided.

[0151] Described is the use of a mouse as described herein to make an immortalized cell line.

[0152] Described is the use of a mouse as described herein to make a hybridoma or
quadroma.

[0153] Described is the use of a mouse as described herein to make a phage library
containing human heavy chain variable regions and human light chain variable regions.

[0154] In one aspect, use of a mouse as described herein to generate a variable region
sequence for making a human antibody is provided, comprising (a) immunizing a mouse as
described herein with an antigen of interest, (b) isolating a lymphocyte from the immunized
mouse of (a), (c) exposing the lymphocyte to one or more labeled antibodies, (d) identifying a
lymphocyte that is capable of binding to the antigen of interest, and (e) amplifying one or more
variable region nucleic acid sequence from the lymphocyte thereby generating a variable
region sequence.

[0155] In one embodiment, the lymphocyte is derived from the spleen of the mouse. In one
embodiment, the lymphocyte is derived from a lymph node of the mouse. In one embodiment,
the lymphocyte is derived from the bone marrow of the mouse.

[0156] In one embodiment, the labeled antibody is a fluorophore-conjugated antibody. In one
embodiment, the one or more fluorophore-conjugated antibodies are selected from an IgM, an
IgG, and/or a combination thereof.

[0157] In one embodiment, the lymphocyte is a B cell.

[0158] In one embodiment, the one or more variable region nucleic acid sequence comprises
a heavy chain variable region sequence. In one embodiment, the one or more variable region
nucleic acid sequence comprises a light chain variable region sequence. In a specific
embodiment, the light chain variable region sequence is an immunoglobulin kK light chain
variable region sequence. In one embodiment, the one or more variable region nucleic acid
sequence comprises a heavy chain and a k light chain variable region sequence.
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[0159] In one embodiment, use of a mouse as described herein to generate a heavy and a k
light chain variable region sequence for making a human antibody is provided, comprising (a)
immunizing a mouse as described herein with an antigen of interest, (b) isolating the spleen
from the immunized mouse of (a), (c) exposing B lymphocytes from the spleen to one or more
labeled antibodies, (d) identifying a B lymphocyte of (c) that is capable of binding to the antigen
of interest, and (e) amplifying a heavy chain variable region nucleic acid sequence and a K light
chain variable region nucleic acid sequence from the B lymphocyte thereby generating the
heavy chain and k light chain variable region sequences.

[0160] In one embodiment, use of a mouse as described herein to generate a heavy and a k
light chain variable region sequence for making a human antibody is provided, comprising (a)
immunizing a mouse as described herein with an antigen of interest, (b) isolating one or more
lymph nodes from the immunized mouse of (a), (c) exposing B lymphocytes from the one or
more lymph nodes to one or more labeled antibodies, (d) identifying a B lymphocyte of (c) that
is capable of binding to the antigen of interest, and (e) amplifying a heavy chain variable region
nucleic acid sequence and a k light chain variable region nucleic acid sequence from the B
lymphocyte thereby generating the heavy chain and k light chain variable region sequences.

[0161] In one embodiment, use of a mouse as described herein to generate a heavy and a «
light chain variable region sequence for making a human antibody is provided, comprising (a)
immunizing a mouse as described herein with an antigen of interest, (b) isolating bone marrow
from the immunized mouse of (a), (c) exposing B lymphocytes from the bone marrow to one or
more labeled antibodies, (d) identifying a B lymphocyte of (c¢) that is capable of binding to the
antigen of interest, and (e) amplifying a heavy chain variable region nucleic acid sequence and
a k light chain variable region nucleic acid sequence from the B lymphocyte thereby generating
the heavy chain and k light chain variable region sequences. In various embodiments, the one
or more labeled antibodies are selected from an IgM, an IgG, and/or a combination thereof.

[0162] In various embodiments, use of a mouse as described herein to generate a heavy and
K light chain variable region sequence for making a human antibody is provided, further
comprising fusing the amplified heavy and light chain variable region sequences to human
heavy and light chain constant region sequences, expressing the fused heavy and light chain
sequences in a cell, and recovering the expressed heavy and light chain sequences thereby
generating a human antibody.

[0163] In various embodiments, the human heavy chain constant regions are selected from
IgM, IgD, IgA, IgE and IgG. In various specific embodiments, the IgG is selected from an 1gG1,
an 1gG2, an IgG3 and an IgG4. In various embodiments, the human heavy chain constant
region comprises a CHq1, a hinge, a CH2, a Cn3, a Cnd, or a combination thereof. In various
embodiments, the light chain constant region is an immunoglobulin k constant region. In
various embodiments, the cell is selected from a HelLa cell, a DU145 cell, a Lncap cell, a MCF-
7 cell, a MDA-MB-438 cell, a PC3 cell, a T47D cell, a THP-1 cell, a U87 cell, a SHSY5Y (human
neuroblastoma) cell, a Saos-2 cell, a Vero cell, a CHO cell, a GH3 cell, a PC12 cell, a human
retinal cell (e.g., a PER.C6™ cell), and a MC3T3 cell. In a specific embodiment, the cell is a
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CHO cell.

[0164] In one aspect, a method for generating a reverse-chimeric rodent-human antibody
specific against an antigen of interest is provided, comprising the steps of immunizing a mouse
as described herein with the antigen, isolating at least one cell from the mouse producing a
reverse-chimeric mouse-human antibody specific against the antigen, culturing at least one cell
producing the reverse-chimeric mouse-human antibody specific against the antigen, and
obtaining said antibody.

[0165] In one embodiment, the reverse-chimeric mouse-human antibody comprises a human
heavy chain variable domain fused with a mouse or rat heavy chain constant gene, and a
human light chain variable domain fused with a mouse or rat or human light chain constant
gene.

[0166] In one embodiment, culturing at least one cell producing the reverse-chimeric rodent-
human antibody specific against the antigen is performed on at least one hybridoma cell
generated from the at least one cell isolated from the mouse.

[0167] In one aspect, a method for generating a fully human antibody specific against an
antigen of interest is provided, comprising the steps of immunizing a mouse as described
herein with the antigen, isolating at least one cell from the mouse producing a reverse-chimeric
rodent-human antibody specific against the antigen, generating at least one cell producing a
fully human antibody derived from the reverse-chimeric rodent-human antibody specific
against the antigen, and culturing at least one cell producing the fully human antibody, and
obtaining said fully human antibody.

[0168] In various embodiments, the at least one cell isolated from the mouse producing a
reverse-chimeric rodent-human antibody specific against the antigen is a splenocyte or a B
cell.

[0169] In various embodiments, the antibody is a monoclonal antibody.

[0170] In various embodiments, immunization with the antigen of interest is carried out with
protein, DNA, a combination of DNA and protein, or cells expressing the antigen.

[0171] In one aspect, use of a mouse as described herein to make a nucleic acid sequence
encoding an immunoglobulin variable region or fragment thereof is provided. In one
embodiment, the nucleic acid sequence is used to make a human antibody or antigen-binding
fragment thereof. In one embodiment, the mouse is used to make an antigen-binding protein
selected from an antibody, a multi-specific antibody (e.g., a bi-specific antibody), an scFv, a bi-
specific scFv, a diabody, a triabody, a tetrabody, a V-NAR, a Vyn, a V|, a F(ab), a F(ab),, a
DVD (i.e., dual variable domain antigen-binding protein), a an SVD (i.e., single variable domain
antigen-binding protein), or a bispecific T-cell engager (BiTE).
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[0172] Described is use of a mouse as described herein to introduce an ectopic ADAM6
sequence into a mouse that lacks a functional endogenous mouse ADAM6 sequence wherein
the use comprises mating a mouse as described herein with the mouse that lacks the
functional endogenous mouse ADAMG6 sequence.

[0173] Described is the use of genetic material from a mouse as described herein to make a
mouse having an ectopic ADAM6 sequence. The use may comprise nuclear transfer using a
nucleus of a cell of a mouse as described herein. The use may comprise cloning a cell of a
mouse as described herein to produce an animal derived from the cell. The use may comprise
employing a sperm or an egg of a mouse as described herein in a process for making a mouse
comprising the ectopic ADAM6 sequence.

[0174] Described is a method for making a fertile male mouse comprising a modified
immunoglobulin heavy chain locus, comprising fertilizing a first mouse germ cell that comprises
a modification of an endogenous immunoglobulin heavy chain locus with a second mouse
germ cell that comprises an ADAM6 gene or ortholog or homolog or fragment thereof that is
functional in a male mouse; forming a fertilized cell; allowing the fertilized cell to develop into
an embryo; and, gestating the embryo in a surrogate to obtain a mouse.

[0175] The fertilization may be achieved by mating a male mouse and a female mouse. The
female mouse may comprise the ADAM6 gene or ortholog or homolog or fragment thereof.
The male mouse may comprise the ADAM6 gene or ortholog or homolog or fragment thereof.

[0176] Described is the use of a nucleic acid sequence encoding a mouse ADAM6 protein or
an ortholog or homolog thereof or a functional fragment of the corresponding ADAM6 protein
for restoring or enhancing the fertility of a mouse having a genome comprising a modification
of an immunoglobulin heavy chain locus, wherein the modification reduces or eliminates
endogenous ADAMG function.

[0177] The nucleic acid sequence is integrated into the genome of the mouse at an
endogenous immunoglobulin locus which is a heavy chain locus.

[0178] Described herein is the use of the mouse as described herein for the manufacture of a
medicament (e.g., an antigen-binding protein), or for the manufacture of a sequence encoding
a variable sequence of a medicament (e.g., an antigen-binding protein), for the treatment of a
human disease or disorder.

[0179] Described is a genetically modified mouse cell, wherein the cell is incapable of
expressing a heavy chain comprising rearranged endogenous immunoglobulin heavy chain
gene segments, and the cell comprises a functional ADAM6 gene that encodes a mouse
ADAMG6 protein or functional fragment thereof. The cell may further comprise an insertion of
human immunoglobulin gene segments. The human immunoglobulin gene segments may be
heavy chain gene segments that are operably linked to mouse heavy chain constant regions
such that upon rearrangement encode a functional heavy chain of an antibody that comprises
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a human variable region.

[0180] Described are genetically mice, embryos, cells, tissues, as well as nucleic acid
constructs for modifying the mice, and methods and compositions for making and using them.
Also described are mice and cells that generate lambda (A) variable regions (human or non-
human) in the context of a kappa (k) light chain, wherein the mice and cells comprise a
modification of a heavy chain immunoglobulin locus that eliminates or reduces activity of an
ADAMG6 protein or homolog or ortholog thereof, wherein the mice further comprise a genetic
modification that restores in whole or in part ADAM6 activity (or the activity of the homolog or
ortholog thereof). Also described are mice that are fertile and express a human A variable
domain cognate with a human heavy chain variable domain, wherein the human A variable
domain is expressed in the mouse contiguous with a mouse k constant region, and in various
embodiments the k constant region is an endogenous (mouse) constant region. Also described
are mice and cells that generate human A variable regions in the context of a mouse k light
chain, e.g., from an endogenous mouse light chain locus. Also described are methods for
making antibodies that comprise lambda variable regions. Methods for selecting heavy chains
that express with cognate lambda variable regions are also described.

[0181] Described are chimeric and human antigen-binding proteins (e.g., antibodies), and
nucleic acids encoding them, that comprise somatically mutated variable regions, including
antibodies that have light chains comprising a variable domain derived from a human VA and a
human JA gene segment fused to a mouse « light chain constant domain.

[0182] Described is a mouse that expresses a human A variable region sequence on a light
chain that comprises a k constant region. Described is a mouse is that expresses from an
endogenous mouse light chain locus a light chain that comprises a human A variable region
sequence. Described is a mouse that comprises a rearranged light chain gene that comprises
a human A variable sequence linked to a mouse k constant sequence.

[0183] Described is a genetically modified mouse, wherein the mouse comprises an
unrearranged human A light chain variable gene segment (hVA) and a human A joining gene
segment (hJA). The unrearranged hVA and hJA are at a mouse k light chain locus. The mouse
may be capable of making an immunoglobulin that comprises a light chain that is derived from
an unrearranged hVA sequence and a hJA sequence and a mouse K light chain constant region
(Ck) nucleic acid sequence. Methods and compositions for making and using genetically
modified mice are also described. Antibodies are described that comprise (a) a human heavy
chain variable domain (hVy) fused to a mouse heavy chain constant region, and (b) a human
VL fused to a mouse Ck domain; including wherein one or more of the variable domains are
somatically mutated, e.g., during antibody or immune cell selection in a mouse of the invention.
The unrearranged hVA and unrearranged hJA are operably linked with a mouse k constant
region (CK).

[0184] Described is a mouse that comprises in its germline, at an endogenous mouse K light
chain locus, a human A light chain variable region sequence, wherein the human lambda
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variable region sequence is expressed in a light chain that comprises a mouse immunoglobulin
K light chain constant region gene sequence.

[0185] [Deleted]

[0186] In one embodiment, the mouse lacks an endogenous light chain variable sequence at
the endogenous mouse light chain locus.

[0187] In one embodiment, all or substantially all endogenous mouse light chain variable
region gene segments are replaced with one or more human A variable region gene segments.

[0188] In one embodiment, the human A light chain variable region sequence comprises a
human JA sequence. In one embodiment, the human JA sequence is selected from the group
consisting of JA1, JA2, JA3, JA7, and a combination thereof.

[0189] In one embodiment, the human A light chain variable region sequence comprises a
fragment of cluster A of the human light chain locus. In a specific embodiment, the fragment of
cluster A of the human A light chain locus extends from hVA3-27 through hVA3-1.

[0190] In one embodiment, the human A light chain variable region sequence comprises a
fragment of cluster B of the human light chain locus. In a specific embodiment, the fragment of
cluster B of the human A light chain locus extends from hVA5-52 through hVA1-40.

[0191] In one embodiment, the human A light chain variable region sequence comprises a
genomic fragment of cluster A and a genomic fragment of cluster B. In a one embodiment, the
human A light chain variable region sequence comprises at least one gene segment of cluster
A and at least one gene segment of cluster B.

[0192] In one embodiment, more than 10% of the light chain naive repertoire of the mouse is
derived from at least two hVA gene segments selected from 2-8, 2-23, 1-40, 5-45, and 9-49. In
one embodiment, more than 20% of the light chain naive repertoire of the mouse is derived
from at least three hVA gene segments selected from 2-8, 2-23, 1-40, 5-45, and 9-49. In one
embodiment, more than 30% of the light chain naive repertoire of the mouse is derived from at
least four hVA gene segments selected from 2-8, 2-23, 1-40, 5-45, and 9-49.

[0193] Described is a mouse that expresses an immunoglobulin light chain that comprises a
human A variable sequence fused with a mouse k constant region, wherein the mouse exhibits
a K usage to A usage ratio of about 1:1.

[0194] The immunoglobulin light chain is expressed from an endogenous mouse light chain
locus.

[0195] Described is a mouse that comprises a A light chain variable region sequence (VA) and
at least one J sequence (J), contiguous with a mouse « light chain constant region sequence.
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[0196] The mouse may lack a functional mouse Vk and/or mouse Jk gene segment.

[0197] The VA is a human VA (hVA), and the J is a human JA (hJA). The hVA and the hJA are
unrearranged gene segments.

[0198] In one embodiment, the mouse comprises a plurality of unrearranged human hVA gene
segments and at least one human hJA gene segment. In a specific embodiment, the plurality of
unrearranged hVA gene segments are at least 12 gene segments, at least 28 gene segments,
or at least 40 gene segments.

[0199] In one embodiment, the at least one hJA gene segment is selected from the group
consisting of JA1, JA2, JA3, JA7, and a combination thereof.

[0200] In one embodiment, an endogenous mouse A light chain locus is deleted in whole or in
part.

[0201] The mouse K light chain constant region sequence is at an endogenous mouse K light
chain locus.

[0202] In one embodiment, about 10% to about 45% of the B cells of the mouse express an
antibody that comprises a light chain comprising a human A light chain variable (VA) domain
and a mouse K light chain constant (Ck) domain.

[0203] In one embodiment, the human A variable domain is derived from a rearranged hVA/hJA
sequence selected from the group consisting of 3-1/1, 3-1/7, 4-3/1, 4-3/7, 2-8/1, 3-9/1, 3-10/1,
3-10/3, 3-10/7, 2-14/1, 3-19/1, 2-23/1, 3-25/1, 1-40/1, 1-40/2, 1-40/3, 1-40/7, 7-43/1, 7-43/3, 1-
44/1,1-44/7, 5-45/1, 5-45/2, 5-45/7, 7-46/1, 7-46/2, 7-46/7, 9-49/1, 9-49/2, 9-49/7 and 1-51/1.

[0204] In one embodiment, the mouse further comprises a human Vk-Jk intergenic region from
a human « light chain locus, wherein the human Vk-Jk intergenic region is contiguous with the
VA sequence and the J sequence. In a specific embodiment, the human Vk-Jk intergenic
region is placed between the VA sequence and the J sequence.

[0205] Described is a mouse that comprises (a) at least 12 to at least 40 unrearranged human
A light chain variable region gene segments and at least one human JA gene segment at an
endogenous mouse light chain locus; (b) a human Vk-Jk intergenic sequence located between
the at least 12 to at least 40 human light chain variable region gene segments and the at least
one human JA sequence; wherein the mouse express an antibody that comprises a light chain
comprising a human VA domain and a mouse Ck domain.

[0206] Described is a mouse that expresses an antibody comprising a light chain that
comprises a A variable sequence and a mouse K constant sequence.
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[0207] In one embodiment, the mouse exhibits a k usage to A usage ratio of about 1:1.

[0208] In one embodiment, a population of immature B cells obtained from bone marrow of the
mouse exhibits a kK usage to A usage ratio of about 1:1.

[0209] Described is a genetically modified mouse, wherein the mouse comprises an
unrearranged immunoglobulin VA and a JA gene segment operably linked to a mouse « light
chain locus that comprises a mouse Ck gene.

[0210] The VA and JA gene segments are human gene segments.
[0211] The endogenous mouse light chain locus is a Kk light chain locus.

[0212] The unrearranged VA and JA gene segments are at an endogenous mouse K light chain
locus.

[0213] [Deleted]

[0214] In one embodiment, the mouse further comprises a replacement of one or more heavy
chain V, D, and/or J gene segments with one or more human V, D, and/or J gene segments at
an endogenous mouse heavy chain immunoglobulin locus.

[0215] In one embodiment, the mouse comprises an unrearranged immunoglobulin VA and a
JA gene segment at an endogenous mouse K light chain locus that comprises a mouse Ck
gene.

[0216] In one embodiment, the mouse further comprises an unrearranged human
immunoglobulin A light chain variable gene segment (VA) and a A joining gene segment (JA) at
an endogenous mouse A light chain locus that comprises a mouse CA gene.

[0217] The light chain variable gene locus (the "V locus") comprises at least one human VA
(hVA) gene segment. The V| locus comprises at least one human JA (hJA) gene segment. In
another embodiment, V| locus comprises up to four hJA

gene segments. In one embodiment, the V| locus comprises a contiguous sequence

comprising human A and human k genomic sequence.

[0218] The K light chain variable gene locus (the "k locus") comprises at least one human VA
(hVA) gene segment. The k locus comprises at least one human JA (hJA) gene segment. In
one embodiment, the k locus comprises up to four hJA gene segments. In one embodiment,
the k locus comprises at least one human hVA and at least one human hJA, and lacks or
substantially lacks a functional Vk region gene segment and lacks or substantially lacks a
functional Jk region gene segment. In one embodiment, the mouse comprises no functional Vk
region gene segment. In one embodiment, the mouse comprises no functional Jk region gene
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segment.

[0219] In one embodiment, the A light chain variable gene locus (the "A locus") comprises at
least one hVA gene segment. In one embodiment, the A locus comprises at least one human JA
(hJA) gene segment. In another embodiment, the A locus comprises up to four hJA gene
segments.

[0220] In one embodiment, the V| locus comprises a plurality of hVAs. In one embodiment, the

plurality of hVAs are selected so as to result in expression of a A light chain variable region
repertoire that reflects about 10%, about 20%, about 30%, about 40%, about 50%, about 60%,
about 70%, about 80%, or about 90% or more of the VA usage observed in a human. In one
embodiment, the V| locus comprises gene segments hVA 1-40, 1-44, 2-8, 2-14, 3-21, and a

combination thereof.

[0221] In one embodiment, the hVAs include 3-1, 4-3, 2-8, 3-9, 3-10, 2-11, and 3-12. In a
specific embodiment, the V| locus comprises a contiguous sequence of the human A light chain

locus that spans from VA3-12 to VA3-1. In one embodiment, the V|_locus comprises at least 2,

3,4,5,6,7,8,9,10, 11 or 12 hVAs. In a specific embodiment, the hVAs include 3-1, 4-3, 2-8,
3-9, 3-10, 2-11, and 3-12. In a specific embodiment, the V| locus comprises a contiguous

sequence of the human A locus that spans from VA3-12 to VA3-1. In one embodiment, the V|
locus is at the endogenous k locus. In a specific embodiment, the V| locus is at the

endogenous K locus and the endogenous A light chain locus is deleted in part or completely. In
one embodiment, the V|_locus is at the endogenous A locus. In a specific embodiment, the V|

locus is at the endogenous A locus and the endogenous K locus is deleted in part or
completely.

[0222] In one embodiment, the V| locus comprises 13 to 28 or more hVAs. In a specific

embodiment, the hVAs include 2-14, 3-16, 2-18, 3-19, 3-21, 3-22, 2-23, 3-25, and 3-27. In a
specific embodiment, the k locus comprises a contiguous sequence of the human A locus that
spans from VA3-27 to VA3-1. In one embodiment, the V|_locus is at the endogenous k locus. In

a specific embodiment, the V| locus is at the endogenous k locus and the endogenous A light
chain locus is deleted in part or completely. In another embodiment, the V| locus is at the
endogenous A locus. In a specific embodiment, the V| locus is at the endogenous A locus and

the endogenous k locus is deleted in part or completely.

[0223] In one embodiment, the V| locus comprises 29 to 40 hVAs. In a specific embodiment,

the k locus comprises a contiguous sequence of the human A locus that spans from VA3-29 to
VA3-1, and a contiguous sequence of the human A locus that spans from VA5-52 to VA1-40. In
a specific embodiment, all or substantially all sequence between hVA1-40 and hVA3-29 in the
genetically modified mouse consists essentially of a human A sequence of approximately 959
bp found in nature (e.g., in the human population) downstream of the hVA1-40 gene segment
(downstream of the 3' untranslated portion), a restriction enzyme site (e.g., PI-Scel), followed
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by a human A sequence of approximately 3,431 bp upstream of the hVA3-29 gene segment
found in nature. In one embodiment, the V| locus is at the endogenous mouse K locus. In a

specific embodiment, the V| locus is at the endogenous mouse Kk locus and the endogenous
mouse A light chain locus is deleted in part or completely. In another embodiment, the V| locus
is at the endogenous mouse A locus. In a specific embodiment, the V_ locus is at the

endogenous mouse A locus and the endogenous mouse K locus is deleted in part or
completely.

[0224] The V| locus comprises at least one hJA. In one embodiment, the V| locus comprises a
plurality of hJAs. In one embodiment, the V|_locus comprises at least 2, 3, 4, 5,6, 0or 7 hJA. In a
specific embodiment, the V| locus comprises four hJA. In a specific embodiment, the four hJAs
are hJA1, hJA2, hJA3, and hJA7. In one embodiment, the V| locus is a Kk locus. In a specific
embodiment, the V| locus is at the endogenous k locus and the endogenous A light chain locus
is deleted in part or completely. In one embodiment, the V| locus comprises one hJA. In a
specific embodiment, the one hJA is hJA1. In one embodiment, the V| locus is at the
endogenous K locus. In a specific embodiment, the V| locus is at the endogenous k locus and

the endogenous A light chain locus is deleted in part or completely. In another embodiment, the
V| locus is at the endogenous A locus. In a specific embodiment, the V| locus is at the

endogenous A locus and the endogenous K locus is deleted in part or completely.
[0225] The Vk locus comprises at least one hVA, at least one hJA, and a mouse Ck gene.

[0226] In one embodiment, the mouse comprises a replacement at the endogenous mouse K
locus of endogenous mouse Vk gene segments with one or more hVA gene segments, wherein
the hVA gene segments are operably linked to an endogenous mouse Ck region gene, such
that the mouse rearranges the human VA gene segments and expresses a reverse chimeric
immunoglobulin light chain that comprises a human VA domain and a mouse Ck. In one
embodiment, 90-100% of unrearranged mouse VK gene segments are replaced with at least
one unrearranged hVA gene segment. In a specific embodiment, all or substantially all of the
endogenous mouse VK gene segments are replaced with at least one unrearranged hVA gene
segment. In one embodiment, the replacement is with at least 12, at least 28, or at least 40
unrearranged hVA gene segments. In one embodiment, the replacement is with at least 7
functional unrearranged hVA gene segments, at least 16 functional unrearranged hVA gene
segments, or at least 27 functional unrearranged hVA gene segments. In one embodiment, the
mouse comprises a replacement of all mouse Jk gene segments with at least one
unrearranged hJA gene segment. In one embodiment, the at least one unrearranged hJA gene
segment is selected from JA1, JA2, JA3, JA4, JA5, JA6, JA7, and a combination thereof. In a
specific embodiment, the one or more hVA gene segment is selected from a 3-1, 4-3, 2-8, 3-9,
3-10, 2-11, 3-12, 2-14, 3-16, 2-18, 3-19, 3-21, 3-22, 2-23, 3-25, 3-27, 1-40, 7-43, 1-44, 5-45,
7-46, 1-47, 5-48, 9-49, 1-50, 1-51, a 5-52 hVA gene segment, and a combination thereof. In a
specific embodiment, the at least one unrearranged hJA gene segment is selected from JA1,
JA2, JA3, JA7, and a combination thereof.
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[0227] In one embodiment, the mouse further comprises a replacement of endogenous mouse
VA gene segments at the endogenous mouse A locus with one or more human VA gene
segments at the endogenous mouse A locus, wherein the hVA gene segments are operably
linked to a mouse CA region gene, such that the mouse rearranges the hVA gene segments
and expresses a reverse chimeric immunoglobulin light chain that comprises a hVA domain
and a mouse CA. In a specific embodiment, the mouse CA gene is CA2. In a specific
embodiment, the mouse CA gene is at least 60%, at least 70%, at least 80%, at least 90%, at
least 95%, or at least 98% identical to mouse CA2. In one embodiment, 90-100% of
unrearranged mouse VA gene segments are replaced with at least one unrearranged hVA
gene segment. In a specific embodiment, all or substantially all of the endogenous mouse VA
gene segments are replaced with at least one unrearranged hVA gene segment. In one
embodiment, the replacement is with at least 12, at least 28, or at least 40 unrearranged hVA
gene segments. In one embodiment, the replacement is with at least 7 functional unrearranged
hVA gene segments, at least 16 functional unrearranged hVA gene segments, or at least 27
functional unrearranged hVA gene segments. In one embodiment, the mouse comprises a
replacement of all mouse JA gene segments with at least one unrearranged hJA gene
segment. In one embodiment, the at least one unrearranged hJA gene segment is selected
from JA1, JA2, JA3, JA4, JAS, JA6, JA7, and a combination thereof. In a specific embodiment,
the one or more hVA gene segment is selected from a 3-1, 4-3, 2-8, 3-9, 3-10, 2-11, 3-12, 2-
14, 3-16, 2-18, 3-19, 3-21, 3-22, 2-23, 3-25, 3-27, 1-40, 7-43, 1-44, 5-45, 7-46, 1-47, 5-48, 9-
49, 1-50, 1-51, a 5-52 hVA gene segment, and a combination thereof. In a specific
embodiment, the at least one unrearranged hJA gene segment is selected from JA1, JA2, JA3,
JA7, and a combination thereof.

[0228] In one aspect, a genetically modified mouse is provided that comprises a human Vk-Jk
intergenic region sequence located at an endogenous mouse K light chain locus.

[0229] In one embodiment, the human Vk-JK intergenic region sequence is at an endogenous
K light chain locus of a mouse that comprises a hVA and hJA gene segment, and the human
Vk-JK intergenic region sequence is disposed between the hVA and hJA gene segments. In a
specific embodiment, the hVA and hJA gene segments are capable of recombining to form a
functional human A light chain variable domain in the mouse.

[0230] In one embodiment, a mouse is provided that comprises a plurality of hVA's and one or
more hJA's, and the human Vk-Jk intergenic region sequence is disposed, with respect to
transcription, downstream of the proximal or 3' most hVA sequence and upstream or 5' of the
first hJA sequence.

[0231] In one embodiment, the human Vk-Jk intergenic region is a region located about 130
bp downstream or 3' of a human Vk4-1 gene segment, about 130 bp downstream of the 3'
untranslated region of the human Vk4-1 gene segment, and spans to about 600 bp upstream
or 5' of a human Jk1 gene segment. In a specific embodiment, the human Vk-Jk intergenic
region is about 22.8 kb in size. In one embodiment, the Vk-Jk intergenic region is about 90% or
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more, 91% or more, 92% or more, 93% or more, 94% or more, or about 95% or more identical
with a human Vk-Jk intergenic region extending from the end of the 3' untranslated region of a
human Vk4-1 gene segment to about 600 bp upstream of a human Jk1 gene segment. In one
embodiment, the Vk-Jk intergenic region comprises SEQ ID NO:158. In a specific embodiment,
the Vk-Jk intergenic region comprises a functional fragment of SEQ ID NO:158. In a specific
embodiment, the Vk-Jk intergenic region is SEQ ID NO:158.

[0232] Described is a non-human animal, a non-human cell (e.g., an ES cell or a pluripotent
cell), a non-human embryo, or a non-human tissue that comprise the recited human Vk-Jk
intergenic region sequence, wherein the intergenic region sequence is ectopic. The ectopic
sequence may be placed at a humanized endogenous non-human immunoglobulin locus. The
non-human animal is a mouse.

[0233] Described is an isolated nucleic acid construct that comprises the recited human Vk-Jk
intergenic region sequence. The nucleic acid construct may comprise targeting arms to target
the human Vk-Jk intergenic region sequence to a mouse light chain locus. The mouse light
chain locus may be a k locus. The targeting arms may target the human Vk-Jk intergenic
region to a modified endogenous mouse k locus, wherein the targeting is to a position between
a hVA sequence and a hJA sequence.

[0234] Described is a genetically modified mouse, wherein the mouse comprises no more than
two light chain alleles, wherein the light chain alleles comprise (a) an unrearranged
immunoglobulin human VA and a JA gene segment at an endogenous mouse k light chain
locus that comprises a mouse Ck gene; and, (b) an unrearranged immunoglobulin V| and a Ji

gene segment at an endogenous mouse light chain locus that comprises a mouse C| gene.

[0235] In another embodiment, the endogenous mouse light chain locus that comprises a
mouse C|_gene is a A locus.

[0236] The no more than two light chain alleles may be selected from a k allele and a A allele,
two K alleles, and two A alleles. In a specific embodiment, one of the two light chain alleles is a
A allele that comprises a CA2 gene.

[0237] The mouse may comprise one functional immunoglobulin light chain locus and one
nonfunctional light chain locus, wherein the functional light chain locus comprises an
unrearranged immunoglobulin human VA and a JA gene segment at an endogenous mouse K
light chain locus that comprises a mouse Ck gene.

[0238] Also disclosed is a mouse that comprises one functional immunoglobulin light chain
locus and one nonfunctional light chain locus, wherein the functional light chain locus
comprises an unrearranged immunoglobulin human VA and a JA gene segment at an
endogenous mouse A light chain locus that comprises a mouse CA gene. The CA gene may be
CA2. The mouse CA gene may be at least 60%, at least 70%, at least 80%, at least 90%, at
least 95%, or at least 98% identical to mouse CA2.
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[0239] The mouse further comprises at least one immunoglobulin heavy chain allele. In one
embodiment, the at least one immunoglobulin heavy chain allele comprises a human Vy gene

segment, a human Dy gene segment, and a human Jy gene segment at an endogenous

mouse heavy chain locus that comprises a human heavy chain gene that expresses a
human/mouse heavy chain. In a specific embodiment, the mouse comprises two
immunoglobulin heavy chain alleles, and the mouse expresses a human/mouse heavy chain.

[0240] In one embodiment, the mouse comprises a first light chain allele that comprises an
unrearranged hVk and an unrearranged hJk, at an endogenous mouse K locus that comprises
an endogenous Ck gene; and a second light chain allele that comprises an unrearranged hVA
and an unrearranged hJA, at an endogenous mouse K locus that comprises an endogenous Ck
gene. In a specific embodiment, the first and the second light chain alleles are the only
functional light chain alleles of the genetically modified mouse. In a specific embodiment, the
mouse comprises a nonfunctional A locus. In one embodiment, the genetically modified mouse
does not express a light chain that comprises a A constant region.

[0241] In one embodiment, the mouse comprises a first light chain allele that comprises an
unrearranged hVk and an unrearranged hJk, at an endogenous mouse K locus that comprises
an endogenous Ck gene; and a second light chain allele that comprises an unrearranged hVA
and an unrearranged hJA, at an endogenous mouse A locus that comprises an endogenous CA
gene. In a specific embodiment, the first and the second light chain alleles are the only
functional light chain alleles of the genetically modified mouse. In one embodiment, the
endogenous CA gene is CA2. In a specific embodiment, the mouse CA gene is at least 60%, at
least 70%, at least 80%, at least 90%, at least 95%, or at least 98% identical to mouse CA2.

[0242] In one embodiment, the mouse comprises six immunoglobulin alleles, wherein the first
allele comprises an unrearranged immunoglobulin VA and JA gene segment at an endogenous
mouse K light chain locus that comprises a mouse Ck gene, the second comprises an
unrearranged immunoglobulin Vk and Jk gene segment at an endogenous mouse K light chain
locus that comprises a mouse Ck gene, the third comprises an unrearranged immunoglobulin
VA and JA gene segment at an endogenous mouse A light chain locus that comprises a mouse
CA gene, the fourth and fifth each independently comprise an unrearranged Vy and Dy and Jy
gene segment at an endogenous mouse heavy chain locus that comprises a mouse heavy
chain gene, and the sixth comprises either (a) an unrearranged immunoglobulin VA and JA
gene segment at an endogenous mouse A light chain locus that comprises a mouse CA gene,
(b) a A locus that is nonfunctional, or (c) a deletion in whole or in part of the A locus.

[0243] In one embodiment, the first allele comprises an unrearranged hVA and hJA. In one
embodiment, the second allele comprises an unrearranged hVk and hJk. In one embodiment,
the third allele comprises an unrearranged hVA and hJA. In one embodiment, the fourth and
fifth each independently comprise an unrearranged hVy and hDy and hJy. In one embodiment,

the sixth allele comprises an endogenous mouse A locus that is deleted in whole or in part.
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[0244] In one embodiment, the mouse comprises six immunoglobulin alleles, wherein the first
allele comprises an unrearranged immunoglobulin VA and JA gene segment at an endogenous
mouse A light chain locus that comprises a mouse CA gene, the second comprises an
unrearranged immumoglobulin VA and JA gene segment at an endogenous mouse A light chain
locus that comprises a mouse CA gene, the third comprises an unrearranged immunoglobulin
Vk and Jk gene segment at an endogenous mouse K light chain locus that comprises a mouse
Ck gene, the fourth and fifth each independently comprise an unrearranged Vy and Dy and Jy
gene segment at an endogenous mouse heavy chain locus that comprises a mouse heavy
chain gene, and the sixth comprises either (a) an unrearranged immunoglobulin Vk and Jk
gene segment at an endogenous mouse «k light chain locus that comprises a mouse Ck gene,
(b) a k locus that is nonfunctional, or (c) a deletion of one or more elements of the k locus.

[0245] In one embodiment, the first allele comprises an unrearranged hVA and hJA gene
segment. In one embodiment, the second allele comprises an unrearranged hVA and hJA gene
segment. In one embodiment, the third allele comprises an unrearranged hVk and hJk gene
segment. In one embodiment, the fourth and fifth each independently comprise an
unrearranged hVy and hDy and hJy gene segment. In one embodiment, the sixth allele

comprises an endogenous mouse K locus that is functionally silenced.

[0246] In one embodiment, the genetically modified mouse comprises a B cell that comprises a
rearranged antibody gene comprising a rearranged hVA domain operably linked to a mouse C

domain. In one embodiment, the mouse C| domain is selected from a mouse Ck and a mouse
CA domain. In a specific embodiment, the mouse CA domain is derived from a CA2 gene. In a

specific embodiment, the mouse CA domain is derived from a CA domain that is at least 60%,
at least 70%, at least 80%, at least 90%, at least 95%, or at least 98% identical to mouse CA2.

[0247] Described is a genetically modified mouse that expresses a VA region on a C| thatis a
Ck. Described is a genetically modified mouse that expresses a hVA region on a C| selected

from a human Ck, a human CA, or a mouse Ck. Described is a genetically modified mouse that
expresses a hVA region on a mouse Ck.

[0248] In one embodiment, about 10-50% of the splenocytes of the mouse are B cells (i.e.,
CD19-positive), or which about 9-28% express an immunoglobulin light chain comprising a hVA
domain fused to a mouse Ck domain.

[0249] In a specific embodiment, about 23-34% of the splenocytes of the mouse are B cells
(i.e., CD19-positive), or which about 9-11% express an immunoglobulin light chain comprising
a hVA domain fused to a mouse Ck domain.

[0250] In a specific embodiment, about 19-31% of the splenocytes of the mouse are B cells
(i.e., CD19-positive), or which about 9-17% express an immunoglobulin light chain comprising
a hVA domain fused to a mouse Ck domain.
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[0251] In a specific embodiment, about 21-38% of the splenocytes of the mouse are B cells
(i.e., CD19-positive), or which about 24-27% express an immunoglobulin light chain comprising
a hVA domain fused to a mouse Ck domain.

[0252] In a specific embodiment, about 10-14% of the splenocytes of the mouse are B cells
(i.e., CD19-positive), or which about 9-13% express an immunoglobulin light chain comprising
a hVA domain fused to a mouse Ck domain.

[0253] In a specific embodiment, about 31-48% of the splenocytes of the mouse are B cells
(i.e., CD19-positive), or which about 15-21% express an immunoglobulin light chain comprising
a hVA domain fused to a mouse Ck domain. In a specific embodiment, about 30-38% of the
splenocytes of the mouse are B cells (i.e., CD19-positive), of which about 33-48% express an
immunoglobulin light chain comprising a hVA domain fused to a mouse Ck domain.

[0254] In one embodiment, about 52-70% of the bone marrow of the mouse are B cells (i.e.,
CD19-positive), or which about 31-47% of the immature B cells (i.e., CD19-positive/B220-
intermediate positive/lgM-positive) express an immunoglobulin light chain comprising a hVA
domain fused to a mouse Ck domain.

[0255] In one embodiment, about 60% of the bone marrow of the mouse are B cells (i.e.,
CD19-positive), or which about 38.3% of the immature B cells (i.e., CD19-positive/B220-
intermediate positive/lgM-positive) express an immunoglobulin light chain comprising a hVA
domain fused to a mouse Ck domain.

[0256] In one embodiment, the mouse expresses an antibody comprising a light chain that
comprises a variable domain derived from a human V and a human J gene segment, and a
constant domain derived from a mouse constant region gene. In one embodiment, the mouse
constant region gene is a Ck gene. In another embodiment, the mouse constant region gene is
a CA gene. In a specific embodiment, the CA region is CA2. In a specific embodiment, the
mouse CA gene is derived from a CA gene that is at least 60%, at least 70%, at least 80%, at
least 90%, at least 95%, or at least 98% identical to mouse CA2. In a specific embodiment, the
antibody further comprises a heavy chain comprising a variable domain derived from a human
V, a human D and a human J gene segment, and a heavy chain constant domain derived from
a mouse heavy chain constant region gene. In one embodiment, the mouse heavy chain
constant region gene comprises a hinge-CH2-CH3 sequence of a heavy chain constant
domain. In another embodiment, the mouse heavy chain constant region gene comprises a
CH1-hinge-CH2-CH3 sequence of a heavy chain constant domain. In another embodiment, the
mouse heavy chain constant region gene comprises a CH1-CH2-CH3-CH4 sequence of a
heavy chain constant domain. In another embodiment, the mouse heavy chain constant region
gene comprises a CH2-CH3-CH4 sequence of a heavy chain constant domain.

[0257] In one embodiment, the mouse expresses an antibody comprising a light chain that
comprises a rearranged human VA-JA sequence and a mouse Ck sequence. In one
embodiment, the rearranged human VA-JA sequence is derived from a rearrangement of hVA
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gene segments selected from a 3-1, 4-3, 2-8, 3-9, 3-10, 2-14, 3-19, 2-23, 3-25, 1-40, 7-43, 1-
44, 5-45, 7-46, 1-47, 9-49, and a 1-51 gene segment. In one embodiment, the rearranged
human VA-JA sequence is derived from a rearrangement of hJA gene segments selected from
JA1, JA2, JA3, and a JA7 gene segment.

[0258] In one embodiment, the mouse expresses an antibody comprising a light chain that
comprises a rearranged immunoglobulin A light chain variable region comprising a human
VAJA sequence selected from 3-1/1, 3-1/7, 4-3/1, 4-3/7, 2-8/1, 3-9/1, 3-10/1, 3-10/3, 3-10/7, 2-
14/1, 3-19/1, 2-23/1, 3-25/1, 1-40/1, 1-40/2, 1-40/3, 1-40/7, 7-43/1, 7-43/3, 1-44/1, 1-44/7, 5-
45/1, 5-45/2, 5-45/7, 7-46/1, 7-46/2, 7-46/7, 9-49/1, 9-49/2, 9-49/7 and 1-51/1. In a specific
embodiment, the B cell expresses an antibody comprising a human immunoglobulin heavy
chain variable domain fused with a mouse heavy chain constant domain, and a human
immunoglobulin A light chain variable domain fused with a mouse k light chain constant
domain.

[0259] Described is a mouse that expresses an antibody comprising (a) a heavy chain
comprising a heavy chain variable domain derived from an unrearranged human heavy chain
variable region gene segment, wherein the heavy chain variable domain is fused to a mouse
heavy chain constant (Cy) region; and, (b) a light chain comprising a light chain variable

domain derived from an unrearranged hVA and a hJA, wherein the light chain variable domain
is fused to a mouse C| region.

[0260] In one embodiment, the mouse comprises (i) a heavy chain locus that comprises a
replacement of all or substantially all functional endogenous mouse V, D and J gene segments
with all or substantially all functional human V, D, and J gene segments, a mouse CyH gene, (ii)

a first k light chain locus comprising a replacement of all or substantially all functional
endogenous mouse VK and Jk gene segments with all, substantially all, or a plurality of,
functional hVA and hJA gene segments, and a mouse C| gene, (iii) a second « light chain locus
comprising a replacement of all or substantially all functional endogenous mouse Vk and Jk
gene segments with all, substantially all, or a plurality of, functional hVk and hJk gene
segments, and a mouse Ck gene. In one embodiment, the mouse does not express an
antibody that comprises a CA region. In one embodiment, the mouse comprises a deletion of a
CA gene and/or a VA and/or a JA gene segment. In one embodiment, the mouse comprises a
nonfunctional A light chain locus. In a specific embodiment, the A light chain locus is deleted in
whole or in part.

[0261] In one embodiment, the mouse comprises (i) a heavy chain locus that comprises a
replacement of all or substantially all functional endogenous mouse V, D and J gene segments
with all or substantially all functional human V, D, and J gene segments, a mouse Cp gene, (ii)
a first A light chain locus comprising a replacement of all or substantially all functional
endogenous mouse VA and JA gene segments with all, substantially all, or a plurality of,
functional hVA and hJA gene segments, and a mouse CA gene, (iii) a second A light chain locus
comprising a replacement of all or substantially all functional endogenous mouse VA and JA
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gene segments with all, substantially all, or a plurality of, functional hVA and hJA gene
segments, and a mouse CA gene. In a specific embodiment, the mouse CA gene is CA2. In a
specific embodiment, the mouse CA gene is derived from a CA gene that is at least 60%, at
least 70%, at least 80%, at least 90%, at least 95%, or at least 98% identical to mouse CA2.

[0262] In one embodiment, the mouse comprises a deletion of a Ck gene and/or a Vk and/or a
Jk gene segment. In one embodiment, the mouse comprises a nonfunctional k light chain
locus.

[0263] Described is a genetically modified mouse that expresses an antibody, wherein greater
than 10%, greater than 15%, greater than 20%, greater than 25%, greater than 30%, greater
than 35%, greater than 40%, greater than 60%, greater than 70%, greater than 80%, or
greater than 90% of total IgG antibody produced by the mouse comprises a A-derived variable
domain, and wherein the mouse expresses antibodies comprising a k-derived variable domain
fused with a mouse Ck region. About 15-40%, 20-40%, 25-40%, 30-40%, or 35-40% of total
antibody produced by the mouse may comprise a A-derived variable domain.

[0264] The A-derived variable domain is derived from a hVA and a hJA. The A-derived variable
domain is in a light chain that comprises a mouse Ck region. In one embodiment, the k-derived
variable domain is derived from a hVk and a hJk, and in a specific embodiment is in a light
chain that comprises a mouse Ck region.

[0265] Described is an isolated DNA construct that comprises an upstream homology arm and
a downstream homology arm, wherein the upstream and the downstream homology arms
target the construct to a mouse k locus, and the construct comprises a functional unrearranged
hVA segment and a functional unrearranged hJA segment, and a selection or marker
sequence.

[0266] Described is an isolated DNA construct, comprising, from 5' to 3' with respect to the
direction of transcription, a targeting arm for targeting a mouse A sequence upstream of mouse
VA2, a selection cassette flanked 5' and 3' with recombinase recognition sites, and a targeting
arm for targeting a mouse A sequence 3' of mouse JA2. In one embodiment, the selection
cassette is a Frt'ed Hyg-TK cassette. The 3' targeting arm may comprise mouse CA2. JA4,
CA4, and mouse enhancer 2.4.

[0267] Described is an isolated DNA construct, comprising, from 5' to 3' with respect to the
direction of transcription, a targeting arm for targeting the mouse A locus 5' with respect to VA1,
a selection cassette flanked 5' and 3' with recombinase recognition sites, and a 3' targeting
arm for targeting a mouse A sequence 3' with respect to mouse CA1. The selection cassette
may be a loxed neomycin cassette. The 3' targeting arm may comprise the mouse A 3'
enhancer and mouse A 3' enhancer 3.1.

[0268] Described is an isolated DNA construct, comprising from &' to 3' with respect to the
direction of transcription, a targeting arm for targeting the mouse A locus 5' with respect to VA2,
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a selection cassette flanked 5' and 3' with recombinase recognition sites, and a 3' targeting
arm for targeting a mouse A sequence 3' with respect to mouse JA2 and 5' with respect to
mouse CA2. The selection cassette may be a Frt'ed hygromycin-TK cassette. The 3' targeting
arm may comprise the mouse CA2-JA4-CA4 gene segments and mouse A enhancer 2.4.

[0269] Described is an isolated DNA construct, comprising, from 5' to 3' with respect to the
direction of transcription, a targeting arm for targeting the mouse A locus 5' with respect to VA2,
a selection cassette flanked 5' and 3' with recombinase recognition sites, a human genomic
fragment comprising a contiguous region of the human A light chain locus from hVA3-12
downstream to the end of hJA1, and a 3' targeting arm for targeting a mouse A sequence 3'
with respect to mouse JA2. The selection cassette is a Frt'ed neomycin cassette. The 3'
targeting arm comprises the mouse CA2-JA4-CA4 gene segments and mouse A enhancer 2.4.

[0270] Described is an isolated DNA construct, comprising a contiguous region of the human A
light chain locus from hVA3-12 downstream to the end of hJA1.

[0271] Described is an isolated DNA construct, comprising, from 5' to 3' with respect to the
direction of transcription, a targeting arm for targeting the mouse A locus ' with respect to VA2,
a selection cassette flanked 5' and 3' with recombinase recognition sites and a human genomic
fragment comprising a contiguous region of the human A light chain locus from hVA3-27
downstream to the end of hVA2-8. The selection cassette may be a Frt'ed hygromycin
cassette. The human genomic fragment may comprise a 3' targeting arm. The 3' targeting arm
may comprise about 53 kb of the human A light chain locus from hVA3-12 downstream to the
end of hVA2-8.

[0272] Described is an isolated DNA construct, comprising a contiguous region of the human A
light chain locus from hVA3-27 downstream to the end of hVA3-12.

[0273] Described is an isolated DNA construct, comprising, from 5' to 3' with respect to the
direction of transcription, a targeting arm for targeting the mouse A locus 5' with respect to VA2,
a selection cassette flanked 5' and 3' with recombinase recognition sites, a first human
genomic fragment comprising a contiguous region of the human A light chain locus from hVA5-
52 downstream to the end of hVA1-40, a restriction enzyme site, and a second human genomic
fragment comprising a contiguous region of the human A light chain locus from hVA3-29
downstream to the end of hVA82K. The selection cassette may be a Frt'ed neomycin cassette.
The restriction enzyme site may be a site for a homing endonuclease. The homing
endonuclease may be PI-Scel. The second human genomic fragment may be a 3' targeting
arm. The 3' targeting arm may comprise about 27 kb of the human A light chain locus from
hVA3-29 downstream to the end of hVA82K.

[0274] Described is an isolated DNA construct, comprising a contiguous region of the human A
light chain locus from hVA5-52 downstream to the end of hVA1-40.

[0275] Described is an isolated DNA construct, comprising, from 5' to 3' with respect to the
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direction of transcription, a targeting arm for targeting the mouse « locus 5' with respect to the
endogenous VK gene segments, two juxtaposed recombinase recognition sites, a selection
cassette 3' to the juxtaposed recombinase recognition sites, and a 3' targeting arm for
targeting a mouse k sequence 5' with respect to the « light chain variable gene segments. The
juxtaposed recombinase recognition sites may be in opposite orientation with respect to one
another. The recombinase recognition sites may be different. The recombinase recognition
sites may be a loxP site and a /ox511 site. The selection cassette may be a neomycin cassette.

[0276] Described is an isolated DNA construct, comprising, from 5' to 3' with respect to the
direction of transcription, a targeting arm for targeting the mouse « locus 5' with respect to the
mouse JK gene segments, a selection cassette, a recombinase recognition site 3' to the
selection cassette, and a 3' targeting arm for targeting a mouse k sequence 3' with respect to
the mouse Jk gene segments and 5' to the mouse k intronic enhancer. The selection cassette
may be a hygromycin-TK cassette. The recombinase recognition site may be in the same
direction with respect to transcription as the selection cassette. The recombinase recognition
site may be a JoxP site.

[0277] Described is an isolated DNA construct, comprising, from 5' to 3' with respect to the
direction of transcription, a first mouse genomic fragment comprising sequence 5' of the
endogenous mouse VK gene segments, a first recombinase recognition site, a second
recombinase recognition site, and a second mouse genomic fragment comprising sequence 3'
of the endogenous mouse Jk gene segments and 5' of the mouse k intronic enhancer.

[0278] Described is a genetically modified mouse, wherein the genetic modification comprises
a modification with one or more of the DNA constructs described above or herein.

[0279] Described is use of an isolated DNA construct to make a mouse as described herein.
Described is use of an isolated DNA construct as described herein in a method for making an
antigen-binding protein.

[0280] Described is a non-human stem cell that comprises a targeting vector that comprises a
DNA construct as described above and herein. In one aspect, a non-human stem cell is
provided, wherein the non-human stem cell is derived from a mouse described herein.

[0281] In one embodiment, the non-human stem cell is an embryonic stem (ES) cell. In a
specific embodiment, the ES cell is a mouse ES cell.

[0282] Described is use of a non-human stem cell as described herein to make a mouse as
described herein. Described is use of a non-human stem cell as described herein to make an
antigen-binding protein.

[0283] In one aspect, a mouse embryo is provided, wherein the mouse embryo comprises a
genetic modification as provided herein. In one embodiment, a host mouse embryo that
comprises a donor ES cell is provided, wherein the donor ES cell comprises a genetic
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modification as described herein. In one embodiment, the mouse embryo is a pre-morula
stage embryo. In a specific embodiment, the pre-morula stage embryo is a 4-cell stage embryo
or an 8-cell stage embryo. In another specific embodiment, the mouse embryo is a blastocyst.

[0284] Described is use of a mouse embryo as described herein to make a mouse as
described herein. Described is use of a mouse embryo as described herein to make an
antigen-binding protein.

[0285] Described is a non-human cell, wherein the non-human cell comprises a rearranged
immunoglobulin light chain gene sequence derived from a genetically modified mouse as
described herein. The cell may be a B cell. The cell may be a hybridoma. The cell may encode
an immunoglobulin light chain variable domain and/or an immunoglobulin heavy chain variable
domain that is somatically mutated.

[0286] Described is a non-human cell, wherein the non-human cell comprises a rearranged
immunoglobulin light chain gene sequence derived from a genetically modified mouse as
described herein. The cell may be a B cell. The cell may be a hybridoma. The cell may encode
an immunoglobulin light chain variable domain and/or an immunoglobulin heavy chain variable
domain that is somatically mutated.

[0287] Described is use of a non-human cell as described herein to make a non-human animal
as described herein. Described is use of a non-human cell as described herein to make an
antigen-binding protein. The non-human animal is a mouse.

[0288] Described is a mouse B cell that expresses an immunoglobulin light chain that
comprises (a) a variable region derived from a hVA gene segment and a hJA gene segment;
and, (b) a mouse Ck gene. The mouse B cell may further express a cognate heavy chain that
comprises (c) a variable region derived from a hVy, a hDy, and (d) a hJy segment. In one
embodiment, the B cell does not comprise a rearranged A gene. The B cell may not comprise a
rearranged K gene.

[0289] Described is a method for making an antibody in a genetically modified non-human
animal, comprising: (a) exposing a genetically modified non-human animal to an antigen,
wherein the animal has a genome comprising at least one hVA and at least one hJA at an
endogenous mouse K light chain locus, wherein the endogenous « light chain locus comprises
a mouse Ck gene; (b) allowing the genetically modified animal to develop an immune response
to the antigen; and, (c) isolating from the animal of (b) an antibody that specifically recognizes
the antigen, or isolating from the animal of (b) a cell comprising an immunoglobulin domain
that specifically recognizes the antigen, wherein the antibody comprises a light chain derived
from a hVA a hJA and a mouse Ck gene. The non-human animal is a mouse.

[0290] Described is a method for making an antibody in a genetically modified non-human
animal, comprising: (a) exposing a genetically modified animal to an antigen, wherein the
animal has a genome comprising at least one hVA at an endogenous k locus and at least one
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hJA at the k locus, wherein the k locus comprises a mouse Ck gene; (b) allowing the genetically
modified animal to develop an immune response to the antigen; and, (c) isolating from the
animal of (b) an antibody that specifically recognizes the antigen, or isolating from the mouse
of (b) a cell comprising an immunoglobulin domain that specifically recognizes the antigen,
wherein the antibody comprises a light chain derived from a hVA a hJA and a mouse CK gene.

[0291] [Deleted].

[0292] Described is, a method for making an antibody in a genetically modified non-human
animal, comprising: (a) exposing a genetically modified non-human animal to an antigen,
wherein the animal has a genome comprising at least one hVA at a A light chain locus and at
least one JA at the A light chain locus, wherein the A light chain locus comprises a non-human
CA gene; (b) allowing the genetically modified animal to develop an immune response to the
antigen; and, (c) isolating from the animal of (b) an antibody that specifically recognizes the
antigen, or isolating from the animal of (b) a cell comprising an immunoglobulin domain that
specifically recognizes the antigen, or identifying in the animal of B a nucleic acid sequence
encoding a heavy and/or light chain variable domain that binds the antigen, wherein the
antibody comprises a light chain derived from a hVA, a hJA and a non-human CA gene. The
non-human animal is a mouse.

[0293] The A light chain constant gene may be selected from a human CA gene and a non-
human CA gene. The A light chain constant gene may be a human CA gene. The human CA
gene may be selected from CA1, CA2, CA3 and CA7. The A light chain constant gene may be a
mouse or rat CA gene. The mouse CA gene may be selected from CA1, CA2 and CA3. The
mouse CA gene may be CA2. The mouse CA gene may be derived from a CA gene that is at
least 60%, at least 70%, at least 80%, at least 90%, at least 95%, or at least 98% identical to
mouse CA2.

[0294] Described is a method for making a rearranged antibody gene in a genetically modified
mouse, comprising: (a) exposing a genetically modified mouse to an antigen, wherein the
genetic modification comprises a hVA and a hJA at an endogenous « light chain locus, wherein
the endogenous « light chain locus comprises a mouse Ck gene or functional fragment thereof;
and, (b) identifying a rearranged immunoglobulin gene in said mouse, wherein the rearranged
immunoglobulin gene comprises a A light chain variable region gene segment and a mouse Ck
gene or functional fragment thereof.

[0295] The method may further comprise cloning a nucleic acid sequence encoding a heavy
and/or light chain variable region from the mouse, wherein the heavy and/or light chain
variable region is from an antibody that comprises a human VA and a mouse Ck.

[0296] [Deleted)].

[0297] Described is a method for making a rearranged antibody gene in a genetically modified
mouse, comprising: (a) exposing a genetically mouse to an antigen, wherein the genetic
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modification comprises a hVA and a hJA at a « light chain locus, wherein the k light chain locus
comprises a mouse Ck gene or functional fragment thereof; and, (b) identifying a rearranged
immunoglobulin gene in said mouse, wherein the rearranged immunoglobulin gene comprises
a A light chain variable region gene segment and a mouse Ck gene or functional fragment
thereof.

[0298] [Deleted)].

[0299] The method may further comprise cloning a nucleic acid sequence encoding a heavy
and/or light chain variable region from the mouse, wherein the heavy and/or light chain
variable region is from an antibody that comprises a human VA and a mouse Ck.

[0300] Described is a method for making a rearranged antibody gene in a genetically modified
mouse, comprising: (a) exposing a genetically modified mouse to an antigen, wherein the
genetic modification comprises a hVA and a hJA at a non-human A light chain locus, wherein
the A light chain locus comprises a non-human CA gene or functional fragment thereof; and, (b)
identifying a rearranged immunoglobulin gene in said mouse, wherein the rearranged
immunoglobulin gene comprises a A light chain variable region gene segment and a CA gene
or functional fragment thereof.

[0301] The A light chain constant gene or functional fragment thereof may be selected from a
human CA gene and a mouse or rat CA gene, or a functional fragment thereof. The A light
chain constant gene may be a mouse or rat CA gene, or a functional fragment thereof.

[0302] The method may further comprise cloning a nucleic acid sequence encoding a heavy
and/or light chain variable region from the mouse, wherein the heavy and/or light chain
variable region is from an antibody that comprises a human VA and a non-human (e.g., mouse
or rat) CA.

[0303] In one aspect, a method for making an antibody is provided, comprising exposing a
mouse as described herein to an antigen, allowing the mouse to mount an immune response
that comprises making an antibody that specifically binds the antigen, identifying a rearranged
nucleic acid sequence in the mouse that encodes heavy chain and a rearranged nucleic acid
sequence in the mouse that encodes a cognate light chain variable domain sequence of an
antibody, wherein the antibody specifically binds the antigen, and employing the nucleic acid
sequences of the heavy and light chain variable domains fused to human constant domains to
make a desired antibody, wherein the desired antibody comprises a light chain that comprises
a VA domain fused to a mouse Ck domain..

[0304] In one embodiment, a method for making an antibody is provided, comprising exposing
a mouse as described herein to an antigen, allowing the mouse to mount an immune response
that comprises making an antibody that specifically binds the antigen, identifying a rearranged
nucleic acid sequence in the mouse that encodes a heavy chain and a rearranged nucleic acid
sequence in the mouse that encodes a cognate light chain variable domain sequence of an
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antibody, wherein the antibody specifically binds the antigen, and employing the nucleic acid
sequences of the heavy and light chain variable domains fused to nucleic acid sequences of
human constant domains to make a desired antibody, wherein the desired antibody comprises
a light chain that comprises a VA domain fused to a Ck domain.

[0305] In one embodiment, a method for making an antibody is provided, comprising exposing
a mouse as described herein to an antigen, allowing the mouse to mount an immune response
that comprises making an antibody that specifically binds the antigen, identifying a rearranged
nucleic acid sequence in the mouse that encodes a heavy chain variable domain and a
rearranged nucleic acid sequence that encodes a cognate light chain variable domain
sequence of an antibody, wherein the antibody specifically binds the antigen, and employing
the nucleic acid sequences fused to nucleic acid sequences that encode a human heavy chain
constant domain and a human light chain constant domain to make an antibody derived from
human sequences, wherein the antibody that specifically binds the antigen comprises a light
chain that comprises a human VA domain fused to a non-human (e.g., mouse or rat) CA
region.

[0306] In one embodiment, the CA region is mouse, and in one embodiment is selected from
CA1, CA2 and CA3. In a specific embodiment, the mouse CA region is CA2.

[0307] In one aspect, a method for making a rearranged antibody light chain variable region
gene sequence is provided, comprising (a) exposing a mouse as described herein to an
antigen; (b) allowing the mouse to mount an immune response; (c) identifying a cell in the
mouse that comprises a nucleic acid sequence that encodes a rearranged human VA domain
sequence fused with a mouse Ck domain, wherein the cell also encodes a cognate heavy
chain comprising a human Vy domain and a non-human Cy domain, and wherein the cell

expresses an antibody that binds the antigen; (d) cloning from the cell a nucleic acid sequence
encoding the human VA domain and a nucleic acid sequence encoding the cognate human Vy
domain; and, (e) using the cloned nucleic acid sequence encoding the human VA domain and
the cloned nucleic acid sequence encoding the cognate human Vy domain to make a fully

human antibody.

[0308] In one embodiment, a method for making a rearranged antibody light chain variable
region gene sequence is provided, comprising (a) exposing a mouse as described in this
disclosure to an antigen; (b) allowing the mouse to mount an immune response; (c) identifying
a cell in the mouse that comprises a nucleic acid sequence that encodes a rearranged human
VA domain sequence contiguous on the same nucleic acid molecule with a nucleic acid
sequence encoding a Ck domain of the mouse, wherein the cell also encodes a cognate heavy
chain comprising a human V domain and a C domain of the mouse, and wherein the cell
expresses an antibody that binds the antigen; (d) cloning from the cell a nucleic acids
sequence encoding the human VA domain and a nucleic acid sequence encoding the cognate
human Vi domain; and, (e) using the cloned nucleic acid sequence encoding the human VA

domain and the cloned nucleic acid sequence encoding the cognate human Vy domain to
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make a fully human antibody.

[0309] In one embodiment, a method for making a rearranged antibody light chain variable
region gene sequence is provided, comprising (a) exposing a mouse as described herein to an
antigen; (b) allowing the mouse to mount an immune response to the antigen; (c) identifying a
cell in the mouse that comprises DNA that encodes a rearranged human VA domain sequence
fused with a non-human CA domain of the mouse, wherein the cell also encodes a cognate
heavy chain comprising a human Vy domain and a non-human Cy domain of the mouse, and
wherein the cell expresses an antibody that binds the antigen; (d) cloning from the cell a
nucleic acid sequence encoding the rearranged human VA domain and a nucleic acid
sequence encoding the cognate human Vy domain; and, (e) using the cloned nucleic acid

sequence encoding the human VA domain and the cloned nucleic acid sequence encoding the
cognate human Vy domain to make a fully human antibody. In one embodiment, the non-

human animal is mouse and the CA domain is mouse CA2. In a specific embodiment, the
mouse CA domain is derived from a CA gene that is at least 60%, at least 70%, at least 80%, at
least 90%, at least 95%, or at least 98% identical to mouse CA2.

[0310] Described is a genetically modified non-human animal that expresses a human A-
derived light chain fused to an endogenous light chain constant region (Cp), wherein the
animal, upon immunization with antigen, makes an antibody comprising a human VA domain
fused to a non-human C_ domain of the animal. The non-human C| domain may be selected

from a Ck domain and a CA domain. The C domain may be a Ck domain. The animal is a
mouse. The mouse C| domain may be a CA domain. The CA domain may be CA2. The mouse

CA domain may be derived from a CA gene that is at least 60%, at least 70%, at least 80%, at
least 90%, at least 95%, or at least 98% identical to mouse CA2.

[0311] Described is a genetically modified non-human animal comprising a modified
endogenous Kk light chain locus as described herein that expresses a plurality of
immunoglobulin A light chains associated with a plurality of immunoglobulin heavy chains. The
heavy chain may comprise a human sequence. The human sequence may be selected from a
variable sequence, a Cy1, a hinge, a Cy2, a CH3, and a combination thereof. The plurality of
immunoglobulin A light chains may comprise a human sequence. The human sequence may
be selected from a variable sequence, a constant sequence, and a combination thereof. The
animal may comprise a disabled endogenous immunoglobulin locus and expresses the heavy
chain and/or the A light chain from a transgene or extrachromosomal episome. The animal
may comprise a replacement at an endogenous (non-human) locus of some or all endogenous
non-human heavy chain gene segments (i.e., V, D, J), and/or some or all endogenous non-
human heavy chain constant sequences (e.g., Cyq1, hinge, CH2, Cy3, or a combination
thereof), and/or some or all endogenous non-human light chain sequences (e.g., V, J,
constant, or a combination thereof), with one or more human immunoglobulin sequences. The
non-human animal is a mouse.

[0312] Described is a non-human animal suitable for making antibodies that have a human A-
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derived light chain, wherein all or substantially all antibodies made in the non-human animal
are expressed with a human A-derived light chain. The human A-derived light chain may be
expressed from an endogenous light chain locus. The endogenous light chain locus may be a
K light chain locus. The animal is a mouse and the « light chain locus may be a mouse k light
chain locus.

[0313] In one aspect, a method for making a A-derived light chain for a human antibody is
provided, comprising obtaining from a mouse as described herein a light chain sequence and a
heavy chain sequence, and employing the light chain sequence and the heavy chain sequence
in making a human antibody.

[0314] In one aspect, a method for making an antigen-binding protein is provided, comprising
exposing a mouse as described herein to an antigen; allowing the mouse to mount an immune
response; and obtaining from the mouse an antigen-binding protein that binds the antigen, or
obtaining from the mouse a sequence to be employed in making an antigen-binding protein
that binds the antigen.

[0315] In one aspect, a cell derived from a mouse as described herein is provided. In one
embodiment, the cell is selected from an embryonic stem cell, a pluripotent cell, an induced
pluripotent cell, a B cell, and a hybridoma.

[0316] In one aspect, a cell is provided that comprises a genetic modification as described
herein. In one embodiment, the cell is a mouse cell. In one embodiment, the cell is selected
from a hybridoma and a quadroma. In one embodiment, the cell expresses an immunoglobulin
light chain that comprises a human A variable sequence fused with a mouse Kk constant
sequence. In a specific embodiment, the mouse constant sequence is a mouse k constant
sequence.

[0317] In one aspect, a tissue derived from a mouse as described herein is provided.

[0318] In one aspect, use of a mouse or a cell as described herein to make an antigen-binding
protein is provided. In one embodiment, the antigen-binding protein is a human protein. In one
embodiment, the human protein is a human antibody.

[0319] Described is an antigen-binding protein made by a mouse animal, cell, tissue, or
method as described herein. The antigen-binding protein may be a human protein. The human
protein may be a human antibody.

[0320] Any of the embodiments and aspects described herein can be used in conjunction with
one another, unless otherwise indicated or apparent from the context. Other embodiments will
become apparent to those skilled in the art from a review of the ensuing description.

BRIEF DESCRIPTION OF THE FIGURES
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[0321]

FIG. 1A shows a general illustration, not to scale, of direct genomic replacement of about three
megabases (Mb) of a mouse immunoglobulin heavy chain variable gene locus (closed
symbols) with about one megabase (Mb) of the human immunoglobulin heavy chain variable
gene locus (open symbols).

FIG. 1B shows a general illustration, not to scale, of direct genomic replacement of about three
megabases (Mb) of a mouse immunoglobulin k light chain variable gene locus (closed
symbols) with about 0.5 megabases (Mb) of the first, or proximal, of two nearly identical
repeats of the human immunoglobulin k light chain variable gene locus (open symbols).

FIG. 2A shows a detailed illustration, not to scale, of three initial steps (A-C) for direct genomic
replacement of a mouse immunoglobulin heavy chain variable gene locus that results in
deletion of all mouse Vy, Dy and Jy gene segments and replacement with three human V, all

human Dy and Jy gene segments. A targeting vector for a first insertion of human
immunoglobulin heavy chain gene segments is shown (3hVy BACvec) with a 67 kb 5' mouse

homology arm, a selection cassette (open rectangle), a site-specific recombination site (open
triangle), a 145 kb human genomic fragment and an 8 kb 3' mouse homology arm. Human
(open symbols) and mouse (closed symbols) immunoglobulin gene segments, additional
selection cassettes (open rectangles) and site-specific recombination sites (open triangles)
inserted from subsequent targeting vectors are shown.

FIG. 2B shows a detailed illustration, not to scale, of six additional steps (D-1) for direct
genomic replacement of a mouse immunoglobulin heavy chain variable gene locus that results
in the insertion of 77 additional human Vi gene segments and removal of a final selection

cassette. A targeting vector for insertion of additional human Vy gene segments (18hVy
BACvec) to the initial insertion of human heavy chain gene segments (3hVy-CRE Hybrid Allele)

is shown with a 20 kb 5' mouse homology arm, a selection cassette (open rectangle), a 196 kb
human genomic fragment and a 62 kb human homology arm that overlaps with the 5' end of
the initial insertion of human heavy chain gene segments which is shown with a site-specific
recombination site (open triangle) located 5' to the human gene segments. Human (open
symbols) and mouse (closed symbols) immunoglobulin gene segments and additional
selection cassettes (open rectangles) inserted by subsequent targeting vectors are shown.

FIG. 2C shows a detailed illustration, not to scale, of three initial steps (A-C) for direct genomic
replacement of a mouse immunoglobulin k light chain variable gene locus that results in
deletion of all mouse VK, and Jk gene segments (Igk-CRE Hybrid Allele). Selection cassettes
(open rectangles) and site-specific recombination sites (open triangles) inserted from the
targeting vectors are shown.

FIG. 2D shows a detailed illustration, not to scale, of five additional steps (D-H) for direct
genomic replacement of a mouse immunoglobulin k light chain variable gene locus that results
in the insertion of all human Vk and Jk gene segments in the proximal repeat and deletion of
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the final selection cassette (40hVkdHyg Hybrid Allele). Human (open symbols) and mouse
(closed symbols) immunoglobulin gene segments and additional selection cassettes (open
rectangles) inserted by subsequent targeting vectors are shown.

FIG. 3A shows a general illustration, not to scale, of a screening strategy including the
locations of quantitative PCR (qPCR) primer/probe to detect insertion of human heavy chain
gene sequences and loss of mouse heavy chain gene sequences in targeted embryonic stem
(ES) cells. The screening strategy in ES cells and mice for a first human heavy gene insertion
is shown with qPCR primer/probe sets for the deleted region ("loss" probes C and D), the
region inserted ("higH" probes G and H) and flanking regions ("retention" probes A, B, E and F)
on an unmodified mouse chromosome (top) and a correctly targeted chromosome (bottom).

FIG. 3B shows a representative calculation of observed probe copy number in parental and
modified ES cells for a first insertion of human immunoglobulin heavy chain gene segments.
Observed probe copy number for probes A through F were calculated as 2/2AACt. AACt is
calculated as ave[ACt(sample) - medACt(control)] where ACt is the difference in Ct between
test and reference probes (between 4 and 6 reference probes depending on the assay). The
term medACt(control) is the median ACt of multiple (>60) non-targeted DNA samples from
parental ES cells. Each modified ES cell clone was assayed in sextuplicate. To calculate copy
numbers of IgH probes G and H in parental ES cells, these probes were assumed to have copy
number of 1 in modified ES cells and a maximum Ct of 35 was used even though no
amplification was observed.

FIG. 3C shows a representative calculation of copy numbers for four mice of each genotype
calculated using only probes D and H. Wild-type mice: WT Mice; Mice heterozygous for a first
insertion of human immunoglobulin gene segments: HET Mice; Mice homozygous for a first
insertion of human immunoglobulin gene segments: Homo Mice.

FIG. 4A shows a detailed illustration, not to scale, of the three steps employed for construction
of a 3hVy BACvec by bacterial homologous recombination (BHR). Human (open symbols) and

mouse (closed symbols) immunoglobulin gene segments, selection cassettes (open
rectangles) and site-specific recombination sites (open triangles) inserted from targeting
vectors are shown.

FIG. 4B shows pulse-field gel electrophoresis (PFGE) of three BAC clones (B1, B2 and B3)
after Notl digestion. Markers M1, M2 and M3 are low range, mid range and lambda ladder
PFG markers, respectively (New England BiolLabs, Ipswich, MA).

FIG. 5A shows a schematic illustration, not to scale, of sequential modifications of the mouse
immunoglobulin heavy chain locus with increasing amounts of human immunoglobulin heavy
chain gene segments. Homozygous mice were made from each of the three different stages of
heavy chain humanization. Open symbols indicate human sequence; closed symbols indicate
mouse sequence.

FIG. 5B shows a schematic illustration, not to scale, of sequential modifications of the mouse
immunoglobulin k light chain locus with increasing amounts of human immunoglobulin k light
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chain gene segments. Homozygous mice were made from each of the three different stages of
K light chain humanization. Open symbols indicate human sequence; closed symbols indicate
mouse sequence.

FIG. 6 shows FACS dot plots of B cell populations in wild type and VELOCIMMUNE®
humanized mice. Cells from spleen (top row, third row from top and bottom row) or inguinal
lymph node (second row from top) of wild type (wt), VELOCIMMUNE® 1 (V1),
VELOCIMMUNE® 2 (V2) or VELOCIMMUNE® 3 (V3) mice were stained for surface IgM
expressing B cells (top row, and second row from top), surface immunoglobulin containing
either k or A light chains (third row from top) or surface IgM of specific haplotypes (bottom row),
and populations separated by FACS.

FIG. 7A shows representative heavy chain CDR3 sequences of randomly selected
VELOCIMMUNE® antibodies around the Vy-Dy-Jy (CDR3) junction, demonstrating junctional

diversity and nucleotide additions. Heavy chain CDR3 sequences are grouped according to Dy
gene segment usage, the germline of which is provided above each group in bold. V4 gene

segments for each heavy chain CDR3 sequence are noted within parenthesis at the 5' end of
each sequence (e.g., 3-72 is human VK3-72). Jy gene segments for each heavy chain CDR3

are noted within parenthesis at the 3' end of each sequence (e.g., 3 is human Jy3). SEQ ID

NOs for each sequence shown are as follows proceeding from top to bottom: SEQ ID NO:21;
SEQ ID NO:22; SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27;
SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30; SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33;
SEQ ID NO:34; SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39.

FIG. 7B shows representative light chain CDR3 sequences of randomly selected
VELOCIMMUNE® antibodies around the Vk-Jk (CDR3) junction, demonstrating junctional
diversity and nucleotide additions. Vk gene segments for each light chain CDR3 sequence are
noted within parenthesis at the 5' end of each sequence (e.g., 1-6 is human Vk1-6). Jk gene
segments for each light chain CDR3 are noted within parenthesis at the 3' end of each
sequence (e.g., 1 is human Jk1). SEQ ID NOs for each sequence shown are as follows
proceeding from top to bottom: SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43;
SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49;
SEQ ID NO:50; SEQ ID NO:51; SEQ ID NO:52; SEQ ID NO:53; SEQ ID NO:54; SEQ ID NO:55;
SEQ ID NO:56; SEQ ID NO:57; SEQ ID NO:58.

FIG. 8 shows somatic hypermutation frequencies of heavy and light chains of
VELOCIMMUNE® antibodies scored (after alignment to matching germline sequences) as
percent of sequences changed at each nucleotide (NT; left column) or amino acid (AA; right
column) position among sets of 38 (unimmunized IgM), 28 (unimmunized 1gG), 32
(unimmunized Igk from 1gG), 36 (immunized I1gG) or 36 (immunized Igk from IgG) sequences.
Shaded bars indicate the locations of CDRs.

FIG. 9A shows levels of serum immunoglobulin for IgM and IgG isotypes in wild type (open
bars) or VELOCIMMUNE® mice (closed bars).
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FIG. 9B shows levels of serum immunoglobulin for IgA isotype in wild type (open bars) or
VELOCIMMUNE® mice (closed bars).

FIG. 9C shows levels of serum immunoglobulin for IgE isotype in wild type (open bars) or
VELOCIMMUNE® mice (closed bars).

FIG. 10A shows antigen-specific IgG titers against interleukin-6 receptor (IL-6R) of serum from
seven VELOCIMMUNE® (VI) and five wild type (WT) mice after two (bleed 1) or three (bleed 2)
rounds of immunization with ectodomain of IL-6R.

FIG. 10B shows IL-6R-specific IgG isotype-specific titers from seven VELOCIMMUNE® (VI)
and five wild type (WT) mice.

FIG. 11A shows the affinity distribution of anti-interleukin-6 receptor monoclonal antibodies
generated in VELOCIMMUNE® mice.

FIG. 11B shows the antigen-specific blocking of anti-interleukin-6 receptor monoclonal
antibodies generated in VELOCIMMUNE® (VI) and wild type (WT) mice.

FIG. 12 shows a schematic illustration, not to scale, of mouse ADAM6a and ADAM6b genes in
a mouse immunoglobulin heavy chain locus. A targeting vector (mMADAMG6 Targeting Vector)
used for insertion of mouse ADAM6a and ADAM6b into a humanized endogenous heavy chain
locus is shown with a selection cassette (HYG: hygromycin) flanked by site-specific
recombination sites (Frt) including engineered restriction sites on the 5' and 3' ends.

FIG. 13 shows a schematic illustration, not to scale, of a human ADAM6 pseudogene
(hADAMG6Y) located between human heavy chain variable gene segments 1-2 (Vy1-2) and 6-1
(VH6-1). A targeting vector for bacterial homologous recombination (hADAM6Y Targeting
Vector) to delete a human ADAM6 pseudogene and insert unique restriction sites into a human
heavy chain locus is shown with a selection cassette (NEO: neomycin) flanked by site-specific
recombination sites (loxP) including engineered restriction sites on the §' and 3' ends. An
illustration, not to scale, of the resulting targeted humanized heavy chain locus containing a
genomic fragment that encodes for the mouse ADAM6a and ADAM6b genes including a
selection cassette flanked by site-specific recombination sites is shown.

FIG. 14A shows FACS contour plots of lymphocytes gated on singlets for surface expression of
IgM and B220 in the bone marrow for mice homozygous for human heavy and human « light

chain variable gene loci (H*"*k*/*) and mice homozygous for human heavy and human « light
chain variable gene loci having an inserted mouse genomic fragment comprising mouse

ADAM6 genes (H**A6™Sk**). Percentage of immature (B220™igM*) and mature

(B220M8higM*) B cells is noted in each contour plot.

FIG. 14B shows the total number of immature (B220'™igM*) and mature (B220M9NIgM™*) B cells
in the bone marrow isolated from femurs of mice homozygous for human heavy and human k

light chain variable gene loci (H**k**) and mice homozygous for human heavy and human k
light chain variable gene loci having an ectopic mouse genomic fragment encoding mouse
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ADAMG genes (H*/*AgreskH*).

FIG. 15A shows FACS contour plots of CD19*-gated B cells for surface expression of c-kit and
CD43 in the bone marrow for mice homozygous for human heavy and human «k light chain

variable gene loci (H**k**) and mice homozygous for human heavy and human « light chain
variable gene loci having an ectopic mouse genomic fragment encoding mouse ADAM6 genes

(W**ABresk*/*). Percentage of pro-B (CD19*CD43*ckit*) and pre-B (CD19*CD43" ckit') cells is
noted in the upper right and lower left quadrants, respectively, of each contour plot.

FIG. 15B shows the total number of pro-B cells (CD19*CD43*ckit*) and pre-B cells
(CD19*CD43ckit") in the bone marrow isolated from femurs of mice homozygous for human

heavy and human k light chain variable gene loci (H**k**) and mice homozygous for human
heavy and human « light chain variable gene loci having an ectopic mouse genomic fragment

comprising mouse ADAM6 genes (H*/*A6resk*/*).

FIG. 16A shows FACS contour plots of lymphocytes gated on singlets for surface expression of
CD19 and CD43 in the bone marrow for mice homozygous for human heavy and human k light

chain variable gene loci (H**k*/*) and mice homozygous for human heavy and human k light
chain variable gene loci having an ectopic mouse genomic fragment encoding mouse ADAM6

genes (H**A6™Sk*/*). Percentage of immature B (CD19*CD43"), pre-B (CD19*CD43/™) and
pro-B (CD19*CD43™) cells is noted in each contour plot.

FIG. 16B shows histograms of immature B (CD19*CD43") and pre-B (CD19+CD43im) cells in
the bone marrow of mice homozygous for human heavy and human «k light chain variable gene

loci (H*"*k*/*) and mice homozygous for human heavy and human k light chain variable gene

loci having an ectopic mouse genomic fragment encoding mouse ADAM6 genes (H*/*A6"k
+/+).

FIG. 17A shows FACS contour plots of lymphocytes gated on singlets for surface expression of
CD19 and CD3 in splenocytes for mice homozygous for human heavy and human « light chain

variable gene loci (H**k**) and mice homozygous for human heavy and human « light chain
variable gene loci having an ectopic mouse genomic fragment encoding mouse ADAM6 genes

(H*"*A6"eSk*/*). Percentage of B (CD19*CD3") and T (CD19°CD3*) cells is noted in each
contour plot.

FIG. 17B shows FACs contour plots for CD19*-gated B cells for surface expression of IgA and
Igk light chain in the spleen of mice homozygous for human heavy and human k light chain

variable gene loci (H**k*/*) and mice homozygous for human heavy and human k light chain
variable gene loci having an ectopic mouse genomic fragment encoding mouse ADAM6 genes

(H**A6"esKk**). Percentage of IgA* (upper left quadrant) and
lgK"”
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(lower right quadrant) B cells is noted in each contour plot.

FIG. 17C shows the total number of CD19* B cells in the spleen of mice homozygous for

human heavy and human « light chain variable gene loci (H*/*k*/*) and mice homozygous for
human heavy and human «k light chain variable gene loci having an ectopic mouse genomic

fragment encoding mouse ADAM6 genes (H*/*A6"eSk*/*).

FIG. 18A shows FACs contour plots of CD19*-gated B cells for surface expression of IgD and
IgM in the spleen of mice homozygous for human heavy and human « light chain variable gene

loci (H**k**) and mice homozygous for human heavy and human « light chain variable gene
loci having an ectopic mouse genomic fragment encoding mouse ADAM6 genes (H*/*A6"sk

+/’“). Percentage of mature B cells (CD19+IgDhi9hIgMi”t) is noted for each contour plot. The
arrow on the right contour plot illustrates the process of maturation for B cells in relation to IgM
and IgD surface expression.

FIG. 18B shows the total number of B cells in the spleen of mice homozygous for human

heavy and human « light chain variable gene loci (H**k*/*) and mice homozygous for human
heavy and human « light chain variable gene loci having an ectopic mouse genomic fragment

encoding mouse ADAM6 genes (H**A6"Sk*/*) during maturation from CD19*IgMNighigDin to
CD19*IgMintigDhigh,

FIG. 19 shows a detailed illustration, not to scale, of the human A light chain locus including the
clusters of VA gene segments (A, B and C) and the JA and CA region pairs (J-C pairs)

FIG. 20 shows a general illustration, not to scale, of a targeting strategy used to inactivate the
endogenous mouse A light chain locus.

FIG. 21 shows a general illustration, not to scale, of a targeting strategy used to inactivate the
endogenous mouse K light chain locus.

FIG. 22A shows a general illustration, not to scale of an initial targeting vector for targeting the
endogenous mouse A light chain locus with human A light chain sequences including 12 hVA
gene segments and hJA1 gene segment (12/1-A Targeting Vector).

FIG. 22B shows a general illustration, not to scale, of four initial targeting vectors for targeting
the endogenous mouse K light chain locus with human A light chain sequences including 12
hVA gene segments and hJA1 gene segment (12/1-k Targeting Vector), 12 hVA gene segments
and hJA1, 2, 3 and 7 gene segments (12/4-k Targeting Vector), 12 hVA gene segments, a
human Vk-Jk genomic sequence and hJA1 gene segment (12(k)1-k Targeting Vector) and 12
hVA gene segments, a human Vk-Jk genomic sequence and hJA1, 2, 3 and 7 gene segments
(12(k)4-x Targeting Vector).

FIG. 23A shows a general illustration, not to scale, of a targeting strategy for progressive
insertion of 40 hVA gene segments and a single hJA gene segment into the mouse A light chain
locus.



DK/EP 2793567 T3

FIG. 23B shows a general illustration, not to scale, of a targeting strategy for progressive
insertion of 40 hVA gene segments and a single hJA gene segment into the mouse k locus.

FIG. 24 show a general illustration, not to scale, of the targeting and molecular engineering
steps employed to make unique human A-k hybrid targeting vectors for construction of a hybrid
light chain locus containing a human «k intergenic sequence, multiple hJA gene segments or
both.

FIG. 25A shows a general illustration, not to scale, of the locus structure for a modified mouse
A light chain locus containing 40 hVA gene segments and a single hJA gene segment operably
linked to the endogenous CA2 gene.

FIG. 25B shows a general illustration, not to scale, of the locus structure for four independent,
modified mouse k light chain loci containing 40 hVA gene segments and either one or four hJA
gene segments with or without a contiguous human Vk-Jk genomic sequence operably linked
to the endogenous Ck gene.

FIG. 26A shows contour plots of IgA* and Igk™ splenocytes gated on CD19* from a wild type
mouse (WT), a mouse homozygous for 12 hVA and four hJA gene segments including a human
Vk-Jk genomic sequence (12hVA-VkJk-4hJA) and a mouse homozygous for 40 hVA and one
hJA gene segment (40hVA-1hJA).

FIG. 26B shows the total number of CD19" B cells in harvested spleens from wild type (WT),
mice homozygous for 12 hVA and four hJA gene segments including a human Vk-Jk genomic
sequence (12hVA-VkJk-4hJA) and mice homozygous for 40 hVA, and one hJA gene segment
(40hVA-1hJA).

FIG. 27A, in the top panel, shows contour plots of splenocytes gated on singlets and stained

for Band T cells (CD19* and CD3*, respectively) from a wild type mouse (WT) and a mouse
homozygous for 40 hVA, and four JA gene segments including a human Vk-Jk genomic
sequence (40hVA-VkJk-4hJA). The bottom panel shows contour plots of splenocytes gated on

CD19* and stained for IgA* and Igk* expression from a wild type mouse (WT) and a mouse
homozygous for 40 hVA, and four JA gene segments including a human Vk-Jk genomic
sequence (40hVA-VkJk-4hJA).

FIG. 27B shows the total number of CD19*, CD19%Igk* and CD19+IgA* B cells in harvested
spleens from wild type mice (WT) and mice homozygous for 40 hVA, and four JA gene
segments including a human Vk-Jk genomic sequence (40hVA-VkJk-4hJA).

FIG. 27C shows contour plots of splenocytes gated on CD19* and stained for immunoglobulin
D (IgD) and immunoglobulin M (IgM) from a wild type mouse (WT) and a mouse homozygous
for 40 hVA, and four JA gene segments including a human Vk-Jk genomic sequence (40hVA-
VkJk-4hJA). Mature (72 for WT, 51 for 40hVA-VkJk-4hJA) and transitional (13 for WT, 22 for
40hVA-VkJk-4hJA) B cells are noted on each of the contour plots.
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FIG. 27D shows the total number of CD19* B cells, transitional B cells (CD19+IthiIgD'°) and

mature B cells (CD19*IgM!°IgD") in harvested spleens from wild type mice (WT) and mice
homozygous for 40 hVA, and four JA gene segments including a human Vk-Jk genomic
sequence (40hVA-VKJk-4hJA).

FIG. 28A, in the top panel, shows contour plots of bone marrow stained for B and T cells

(CD19* and CD3*, respectively) from a wild type mouse (WT) and a mouse homozygous for
40 hVA, and four JA gene segments including a human Vk-Jk genomic sequence (40hVA-

VkJk-4hJA). The bottom panel shows contour plots of bone marrow gated on CD19* and

stained for ckit* and CD43* from a wild type mouse (WT) and a mouse homozygous for 40
hVA, and four JA gene segments including a human Vk-JKk genomic sequence (40hVA-
VkJk-4hJA). Pro and Pre B cells are noted on the contour plots of the bottom panel.

FIG. 28B shows the number of Pro (CD19*CD43*ckit*) and Pre (CD19*CD43 ckit") B cells in
bone marrow harvested from the femurs of wild type mice (WT) and mice homozygous for 40
hVA, and four JA gene segments including a human Vk-Jk genomic sequence (40hVA-
VKJK-4hJA).

FIG. 28C shows contour plots of bone marrow gated on singlets stained for immunoglobulin M
(IgM) and B220 from a wild type mouse (WT) and a mouse homozygous for 40 hVA, and four
JA gene segments including a human Vk-Jk genomic sequence (40hVA-VkJk-4hJA). Immature,
mature and pro/pre B cells are noted on each of the contour plots.

FIG. 28D shows the total number of immature (B220"igM*) and mature (B220NIgM*) B cells
in bone marrow isolated from the femurs of wild type mice (WT) and mice homozygous for 40
hVA and four JA gene segments including a human Vk-Jk genomic sequence (40hVA-
VKJK-4hJA).

FIG. 28E shows contour plots of bone marrow gated on immature (B220"igM*) and mature

(B220NiIgM*) B cells stained for IgA and Igk expression isolated from the femurs of a wild type
mouse (WT) and a mouse homozygous for 40 hVA and four JA gene segments including a
human Vk-Jk genomic sequence (40hVA-VkJk-4hJA).

FIG. 29 shows a nucleotide sequence alignment of the VA-JA-Ck junction of eighteen
independent RT-PCR clones amplified from splenocyte RNA of mice bearing human A light
chain gene sequences at an endogenous mouse K light chain locus. A6 = SEQ ID NO:115; B6
= SEQ ID NO:116; F6 = SEQ ID NO:117; B7 = SEQ ID NO:118; E7 = SEQ ID NO:119; F7 = SEQ
ID NO:120; C8 = SEQ ID NO:121; E12 = SEQ ID NO:122; 1-4 = SEQ ID NO:123; 1-20 = SEQ
ID NO:124; 3B43 = SEQ ID NO:125; 5-8 = SEQ ID NO:126; 5-19 = SEQ ID NO:127; 1010 =
SEQ ID NO:128; 11A1 = SEQ ID NO:129; 7A8 = SEQ ID NO:130; 3A3 = SEQ ID NO:131; 2-7 =
SEQ ID NO:132. Lower case bases indicate non-germline bases resulting from either mutation
and/or N addition during recombination. Consensus amino acids within the Framework 4
region (FWR4) encoded by the nucleotide sequence of hJA1 and mouse Ck are noted at the
bottom of the sequence alignment.
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FIG. 30 shows a nucleotide sequence alignment of the VA-JA-CKk junction of twelve
independent RT-PCR clones amplified from splenocyte RNA of mice bearing human A light
chain gene sequences including a contiguous human Vk-JK genomic sequence at an
endogenous mouse K light chain locus. 5-2 = SEQ ID NO:145; 2-5 = SEQ ID NO:146; 1-3 =
SEQ ID NO:147; 4B-1 = SEQ ID NO:148; 3B-5 = SEQ ID NO:149; 7A-1 = SEQ ID NO:150; 5-1
= SEQ ID NO:151; 4A-1 = SEQ ID NO:152; 11A-1 = SEQ ID NO:153; 5-7 = SEQ ID NO:154; 5-4
= SEQ ID NO:155; 2-3 = SEQ ID NO:156. Lower case bases indicate non-germline bases
resulting from either mutation and/or N addition during recombination. Consensus amino acids
within the Framework 4 region (FWR4) encoded by the nucleotide sequence of each human JA
and mouse Ck are noted at the bottom of the sequence alignment.

FIG. 31 shows a nucleotide sequence alignment of the VA-JA-CA junction of three independent
RT-PCR clones amplified from splenocyte RNA of mice bearing human A light chain gene
sequences at an endogenous mouse A light chain locus. 2D1 = SEQ ID NO:159; 2D9 = SEQ ID
NO:160; 3E15 = SEQ ID NO:161. Lower case bases indicate non-germline bases resulting
from either mutation and/or N addition during recombination. Consensus amino acids within
the Framework 4 region (FWR4) encoded by the nucleotide sequence of hJA1 and mouse CA2
are noted at the bottom of the sequence alignment.

DETAILED DESCRIPTION

[0322] This disclosure is not limited to particular methods, and experimental conditions
described, as such methods and conditions may vary. It is also to be understood that the
terminology used herein is for the purpose of describing particular embodiments only, and is
not intended to be limiting, since the scope of the present invention is defined by the claims.

[0323] Unless defined otherwise, all terms and phrases used herein include the meanings that
the terms and phrases have attained in the art, unless the contrary is clearly indicated or
clearly apparent from the context in which the term or phrase is used. Although any methods
and materials similar or equivalent to those described herein can be used in the practice or
testing of the present invention, particular methods and materials are now described.

[0324] The phrase "substantial" or "substantially" when used to refer to an amount of gene
segments (e.g., "substantially all" V gene segments) includes both functional and non
functional gene segments and include, in various embodiments, e.g., 80% or more, 85% or
more, 90% or more, 95% or more 96% or more, 97% or more, 98% or more, or 99% or more
of all gene segments; in various embodiments, "substantially all" gene segments includes, e.g.,
at least 95%, 96%, 97%, 98%, or 99% of functional (i.e., non-pseudogene) gene segments.

[0325] The term "replacement” includes wherein a DNA sequence is placed into a genome of a
cell in such a way as to replace a sequence within the genome with a heterologous sequence



DK/EP 2793567 T3

(e.g., a human sequence in a mouse), at the locus of the genomic sequence,. The DNA
sequence so placed may include one or more regulatory sequences that are part of source
DNA used to obtain the sequence so placed (e.g., promoters, enhancers, 5'- or 3'-untranslated
regions, appropriate recombination signal sequences, efc.). For example, in various
embodiments, the replacement is a substitution of an endogenous sequence for a
heterologous sequence that results in the production of a gene product from the DNA
sequence so placed (comprising the heterologous sequence), but not expression of the
endogenous sequence; the replacement is of an endogenous genomic sequence with a DNA
sequence that encodes a protein that has a similar function as a protein encoded by the
endogenous genomic sequence (e.g., the endogenous genomic sequence encodes an
immunoglobulin gene or domain, and the DNA fragment encodes one or more human
immunoglobulin genes or domains). In various embodiments, an endogenous gene or
fragment thereof is replaced with a corresponding human gene or fragment thereof. A
corresponding human gene or fragment thereof is a human gene or fragment that is an
ortholog of, a homolog of, or is substantially identical or the same in structure and/or function,
as the endogenous gene or fragment thereof that is replaced.

[0326] The term "contiguous" includes reference to occurrence on the same nucleic acid
molecule, e.g., two nucleic acid sequences are "contiguous" if they occur on the same nucleic
molecule but are interrupted by another nucleic acid sequence. For example, a rearranged
V(D)J sequence is "contiguous" with a constant region gene sequence, although the final
codon of the V(D)J sequence is not followed immediately by the first codon of the constant
region sequence. In another example, two V gene segment sequences are "contiguous" if they
occur on the same genomic fragment, although they may be separated by sequence that does
not encode a codon of the V region, e.g., they may be separated by a regulatory sequence,
e.g., a promoter or other noncoding sequence. In one embodiment, a contiguous sequence
includes a genomic fragment that contains genomic sequences arranged as found in a wild-
type genome.

[0327] The phrase "derived from" when used concerning a variable region "derived from" a
cited gene or gene segment includes the ability to trace the sequence back to a particular
unrearranged gene segment or gene segments that were rearranged to form a gene that
expresses the variable domain (accounting for, where applicable, splice differences and
somatic mutations).

[0328] The phrase "functional" when used concerning a variable region gene segment or
joining gene segment refers to usage in an expressed antibody repertoire; e.g., in humans VA
gene segments 3-1, 4-3, 2-8, efc. are functional, whereas VA gene segments 3-2, 3-4, 2-5, etc.
are nonfunctional.

[0329] A "heavy chain locus" includes a location on a chromosome, e.g., a mouse
chromosome, wherein in a wild-type mouse heavy chain variable (Vy), heavy chain diversity

(D), heavy chain joining (J4), and heavy chain constant (Cy) region DNA sequences are

found.
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[0330] A "k locus" includes a location on a chromosome, e.g., a mouse chromosome, wherein
in a wild-type mouse kvariable (Vk), k joining (JK), and k constant (CK) region DNA sequences
are found.

[0331] A"A locus" includes a location on a chromosome, e.g., a mouse chromosome, wherein
in a wild-type mouse A variable (VA), A joining (JA), and A constant (CA) region DNA sequences
are found.

[0332] The term "cell," when used in connection with expressing a sequence includes any cell
that is suitable for expressing a recombinant nucleic acid sequence. Cells include those of
prokaryotes and eukaryotes (single-cell or multiple-cell), bacterial cells (e.g., strains of E. coli,
Bacillus spp., Streptomyces spp., etc.), mycobacteria cells, fungal cells, yeast cells (e.g., S.
cerevisiae, S. pombe, P. pastoris, P. methanolica, etc.), plant cells, insect cells (e.g., SF-9, SF-
21, baculovirus-infected insect cells, Trichoplusia ni, etc.), non-human animal cells, human
cells, B cells, or cell fusions such as, for example, hybridomas or quadromas. In some
embodiments, the cell is a human, monkey, ape, hamster, rat, or mouse cell. In some
embodiments, the cell is eukaryotic and is selected from the following cells: CHO (e.g., CHO
K1, DXB-11 CHO, Veggie-CHO), COS (e.g., COS-7), retinal cell, Vero, CV1, kidney (e.g.,
HEK293, 293 EBNA, MSR 293, MDCK, HaK, BHK), HeLa, HepG2, WI38, MRC 5, Colo205, HB
8065, HL-60, (e.g., BHK21), Jurkat, Daudi, A431 (epidermal), CV-1, U937, 3T3, L cell, C127
cell, SP2/0, NS-0, MMT 060562, Sertoli cell, BRL 3A cell, HT1080 cell, myeloma cell, tumor
cell, and a cell line derived from an aforementioned cell. In some embodiments, the cell
comprises one or more viral genes, e.g. a retinal cell that expresses a viral gene (e.g., a
PER.C6™ cell).

[0333] The phrase "complementarity determining region," or the term "CDR," includes an
amino acid sequence encoded by a nucleic acid sequence of an organism's immunoglobulin
genes that normally (i.e., in a wild-type animal) appears between two framework regions in a
variable region of a light or a heavy chain of an immunoglobulin molecule (e.g., an antibody or
a T cell receptor). A CDR can be encoded by, for example, a germline sequence or a
rearranged or unrearranged sequence, and, for example, by a naive or a mature Bcellora T
cell. In some circumstances (e.g., for a CDR3), CDRs can be encoded by two or more
sequences (e.g., germline sequences) that are not contiguous (e.g., in an unrearranged
nucleic acid sequence) but are contiguous in a B cell nucleic acid sequence, e.g., as the result
of splicing or connecting the sequences (e.g., V-D-J recombination to form a heavy chain
CDR3).

[0334] The phrase "gene segment," or "segment" includes reference to a V (light or heavy) or
D or J (light or heavy) immunoglobulin gene segment, which includes unrearranged sequences
at immunoglobulin loci (in e.g., humans and mice) that can participate in a rearrangement
(mediated by, e.g., endogenous recombinases) to form a rearranged V/J or V/D/J sequence.
Unless indicated otherwise, the V, D, and J segments comprise recombination signal
sequences (RSS) that allow for V/J recombination or V/D/J recombination according to the



DK/EP 2793567 T3

12/23 rule. Unless indicated otherwise, the segments further comprise sequences with which
they are associated in nature or functional equivalents thereof (e.g., for V segments
promoter(s) and leader(s)).

[0335] The term "unrearranged" includes the state of an immunoglobulin locus wherein V gene
segments and J gene segments (for heavy chains, D gene segments as well) are maintained
separately but are capable of being joined to form a rearranged V(D)J gene that comprises a
single V,(D),J of the V(D)J repertoire.

[0336] The phrase "micromolar range" is intended to mean 1-999 micromolar; the phrase
"nanomolar range" is intended to mean 1-999 nanomolar; the phrase "picomolar range" is
intended to mean 1-999 picomolar.

[0337] The term "non-human animals" is intended to include any non-human animals such as
cyclostomes, bony fish, cartilaginous fish such as sharks and rays, amphibians, reptiles,
mammals, and birds. Suitable non-human animals include mammals. Suitable mammals
include non-human primates, goats, sheep, pigs, dogs, cows, and rodents. Suitable non-
human animals are selected from the rodent family including rat and mouse. The non-human
animals provided by the invention are mice.

[0338] The mouse as a genetic model has been greatly enhanced by transgenic and knockout
technologies, which have allowed for the study of the effects of the directed over-expression or
deletion of specific genes. Despite all of its advantages, the mouse still presents genetic
obstacles that render it an imperfect model for human diseases and an imperfect platform to
test human therapeutics or make them. First, although about 99% of human genes have a
mouse homolog (Waterston, R.H. et al. (2002) Initial sequencing and comparative analysis of
the mouse genome. Nature 420, 520-562.), potential therapeutics often fail to cross-react, or
cross-react inadequately, with mouse orthologs of the intended human targets. To obviate this
problem, selected target genes can be "humanized," that is, the mouse gene can be eliminated
and replaced by the corresponding human orthologous gene sequence (e.g., US 6,586,251,
US 6,596,541 and US 7,105,348). Initially, efforts to humanize mouse genes by a "knockout-
plus-transgenic humanization" strategy entailed crossing a mouse carrying a deletion (i.e.,
knockout) of the endogenous gene with a mouse carrying a randomly integrated human
transgene (see, e.g., Bril, W.S. et al. (2006) Tolerance to factor VIl in a transgenic mouse
expressing human factor VIII cDNA carrying an Arg(593) to Cys substitution. Thromb Haemost
95, 341-347; Homanics, G.E. et al. (2006) Production and characterization of murine models of
classic and intermediate maple syrup urine disease. BMC Med Genet 7, 33; Jamsai, D. et al.
(2006) A humanized BAC transgenic/knockout mouse model for HbE/beta-thalassemia.
Genomics 88(3):309-15; Pan, Q. et al. (2006) Different role for mouse and human
CD3delta/epsilon heterodimer in  preT cell receptor (preTCR) function: human
CD3delta/epsilon heterodimer restores the defective preTCR function in CD3gamma- and
CD3gammadelta-deficient mice. Mol Immunol 43, 1741-1750). But those efforts were
hampered by size limitations; conventional knockout technologies were not sufficient to directly
replace large mouse genes with their large human genomic counterparts. A straightforward
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approach of direct homologous replacement, in which an endogenous mouse gene is directly
replaced by the human counterpart gene at the same precise genetic location of the mouse
gene (i.e., at the endogenous mouse locus), is rarely attempted because of technical
difficulties. Until now, efforts at direct replacement involved elaborate and burdensome
procedures, thus limiting the length of genetic material that could be handled and the precision
with which it could be manipulated.

[0339] Exogenously introduced human immunoglobulin transgenes rearrange in precursor B-
cells in mice (Alt, F.W., Blackwell, T.K., and Yancopoulos, G.D. (1985). Immunoglobulin genes
in transgenic mice. Trends Genet 1, 231-236). This finding was exploited by engineering mice
using the knockout-plus-transgenic approach to express human antibodies (Green, L.L. et al.
(1994) Antigen-specific human monoclonal antibodies from mice engineered with human Ig
heavy and light chain YACs. Nat Genet 7, 13-21; Lonberg, N. (2005). Human antibodies from
transgenic animals. Nat Biotechnol 23, 1117-1125; Lonberg, N. et al. (1994) Antigen-specific
human antibodies from mice comprising four distinct genetic modifications. Nature 368, 856-
859; Jakobovits, A. et al. (2007) From XenoMouse technology to panitumumab, the first fully
human antibody product from transgenic mice. Nat Biotechnol 25, 1134-1143). The
endogenous mouse immunoglobulin heavy chain and «k light chain loci were inactivated in
these mice by targeted deletion of small but critical portions of each endogenous locus,
followed by introducing human immunoglobulin gene loci as randomly integrated large
transgenes, as described above, or minichromosomes (Tomizuka, K. et al. (2000) Double
trans-chromosomic mice: maintenance of two individual human chromosome fragments
containing Ig heavy and kappa loci and expression of fully human antibodies. Proc Natl Acad
Sci U SA97, 722-727). Such mice represented an important advance in genetic engineering;
fully human monoclonal antibodies isolated from them yielded promising therapeutic potential
for treating a variety of human diseases (Gibson, T.B. et al. (2006) Randomized phase Il trial
results of panitumumab, a fully human anti-epidermal growth factor receptor monoclonal
antibody, in metastatic colorectal cancer. Clin Colorectal Cancer 6, 29-31; Jakobovits et al,,
2007; Kim, Y.H. et al. (2007) Clinical efficacy of zanolimumab (HuMax-CD4): two Phase Il
studies in refractory cutaneous T-cell lymphoma. Blood 109(11):4655-62; Lonberg, 2005;
Maker, A.V. et al. (2005) Tumor regression and autoimmunity in patients treated with cytotoxic
T lymphocyte-associated antigen 4 blockade and interleukin 2: a phase I/l study. Ann Surg
Oncol 12, 1005-1016; McClung, M.R., Lewiecki, E.M. et al. (2006) Denosumab in
postmenopausal women with low bone mineral density. N Engl J Med 354, 821-831). But, as
discussed above, these mice exhibit compromised B cell development and immune
deficiencies when compared to wild type mice. Such problems potentially limit the ability of the
mice to support a vigorous humoral response and, consequently, generate fully human
antibodies against some antigens. The deficiencies may be due to: (1) inefficient functionality
due to the random introduction of the human immunoglobulin transgenes and resulting
incorrect expression due to a lack of upstream and downstream control elements (Garrett, F.E.
et al. (2005) Chromatin architecture near a potential 3' end of the igh locus involves modular
regulation of histone modifications during B-Cell development and in vivo occupancy at CTCF
sites. Mol Cell Biol 25, 1511-1525; Manis, J.P. et al. (2003) Elucidation of a downstream
boundary of the 3' IgH regulatory region. Mol Immunol 39, 753-760; Pawlitzky, I. et al. (2006)
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Identification of a candidate regulatory element within the §' flanking region of the mouse Igh
locus defined by pro-B cell-specific hypersensitivity associated with binding of PU.1, Pax5, and
E2A. J Immunol 176, 6839-6851); (2) inefficient interspecies interactions between human
constant domains and mouse components of the B-cell receptor signaling complex on the cell
surface, which may impair signaling processes required for normal maturation, proliferation,
and survival of B cells (Hombach, J. et al. (1990) Molecular components of the B-cell antigen
receptor complex of the IgM class. Nature 343, 760-762); and (3) inefficient interspecies
interactions between soluble human immunoglobulins and mouse Fc receptors that might
reduce affinity selection (Rao, S.P. et al. (2002) Differential expression of the inhibitory IgG Fc
receptor FcgammaRIIB on germinal center cells: implications for selection of high-affinity B
cells. J Immunol 169, 1859-1868) and immunoglobulin serum concentrations (Brambell, F.W.
et al. (1964). A Theoretical Model of Gamma-Globulin Catabolism. Nature 203, 1352-1354;
Junghans, R.P,, and Anderson, C.L. (1996). The protection receptor for IgG catabolism is the
beta2-microglobulin-containing neonatal intestinal transport receptor. Proc Natl Acad Sci U S A
93, 5512-5516; Rao et al., 2002; Hjelm, F. et al. (2006) Antibody-mediated regulation of the
immune response. Scand J Immunol 64, 177-184; Nimmerjahn, F., and Ravetch, J.V. (2007).
Fc-receptors as regulators of immunity. Adv Immunol 96, 179-204). These deficiencies can be
corrected by in situ humanization of only the variable regions of the mouse immunoglobulin loci
within their natural locations at the endogenous heavy and light chain loci. This would
effectively result in mice that make "reverse chimeric" (i.e., human V: mouse C) antibodies
which would be capable of normal interactions and selection with the mouse environment
based on retaining mouse constant regions. Further such reverse chimeric antibodies may be
readily reformatted into fully human antibodies for therapeutic purposes.

[0340] Genetically modified animals that comprise a replacement at the endogenous
immunoglobulin  heavy chain locus with heterologous (e.g., from another species)
immunoglobulin sequences can be made in conjunction with replacements at endogenous
immunoglobulin light chain loci or in conjunction with immunoglobulin light chain transgenes
(e.g., chimeric immunoglobulin light chain transgenes or fully human fully mouse, etc.). The
species from which the heterologous immunoglobulin heavy chain sequences are derived can
vary widely; as with immunoglobulin light chain sequences employed in immunoglobulin light
chain sequence replacements or immunoglobulin light chain transgenes.

[0341] Immunoglobulin variable region nucleic acid sequences, e.g., V, D, and/or J segments,
are obtained from a human or a non-human animal. Non-human animals suitable for providing
V, D, and/or J segments include, for example bony fish, cartilaginous fish such as sharks and
rays, amphibians, reptiles, mammals, birds (e.g., chickens). Non-human animals include, for
example, mammals. Mammals include, for example, non-human primates, goats, sheep, pigs,
dogs, bovine (e.g., cow, bull, buffalo), deer, camels, ferrets and rodents and non-human
primates (e.g., chimpanzees, orangutans, gorillas, marmosets, rhesus monkeys baboons).
Suitable non-human animals are selected from the rodent family including rats, mice, and
hamsters. In one embodiment, the non-human animals are mice. As clear from the context,
various non-human animals can be used as sources of variable domains or variable region
gene segments (e.g., sharks, rays, mammals (e.g., camels, rodents such as mice and rats).



DK/EP 2793567 T3

[0342] According to the context, non-human animals are also used as sources of constant
region sequences to be used in connection with variable sequences or segments, for example,
rodent constant sequences can be used in transgenes operably linked to human or non-
human variable sequences (e.g., human or non-human primate variable sequences operably
linked to, e.g., rodent, e.g., mouse or rat or hamster, constant sequences). Thus, in various
embodiments, human V, D, and/or J segments are operably linked to rodent (e.g., mouse or
rat or hamster) constant region gene sequences. In some embodiments, the human V, D,
and/or J segments (or one or more rearranged VDJ or VJ genes) are operably linked or fused
to a mouse, rat, or hamster constant region gene sequence in, e.g., a transgene integrated at
a locus that is not an endogenous immunoglobulin locus.

[0343] Also disclosed is a mouse that comprises a replacement of Vy, Dy, and Jy gene
segments at an endogenous immunoglobulin heavy chain locus with one or more human Vy,
Dy, and Jy segments, wherein the one or more human Vg, Dy, and J4q segments are operably

linked to an endogenous immunoglobulin heavy chain constant gene; wherein the mouse
comprises a transgene at a locus other than an endogenous immunoglobulin locus, wherein
the transgene comprises an unrearranged or rearranged human V| and human J| segment

operably linked to a mouse or rat or human constant region.

[0344] In a specific embodiment, a mouse is provided that comprises an insertion of on or
more human Vy, Dy and Jy gene segments at an endogenous immunoglobulin heavy chain

locus. In one embodiment, the insertion is upstream of an endogenous immunoglobulin heavy
chain constant gene; in one embodiment, the insertion is downstream of an endogenous
variable (V) gene segment; in one embodiment, the insertion is downstream of an endogenous
diversity (D) gene segment; in one embodiment, the insertion is downstream of an
endogenous joining (J) gene segment. In various embodiments, the insertion is such that the
one or more human Vi, Dy and J4 gene segments are positioned in operable linkage with one

or more endogenous heavy chain constant genes.

[0345] A method for a large in situ genetic replacement of the mouse germline immunoglobulin
variable gene loci with human germline immunoglobulin variable gene loci while maintaining
the ability of the mice to generate offspring is described. Specifically, the precise replacement
of six megabases of both the mouse heavy chain and k light chain immunoglobulin variable
gene loci with their human counterparts while leaving the mouse constant regions intact is
described. As a result, mice have been created that have a precise replacement of their entire
germline immunoglobulin variable repertoire with equivalent human germline immunoglobulin
variable sequences, while maintaining mouse constant regions. The human variable regions
are linked to mouse constant regions to form chimeric human-mouse immunoglobulin loci that
rearrange and express at physiologically appropriate levels. The antibodies expressed are
"reverse chimeras," i.e., they comprise human variable region sequences and mouse constant
region sequences. These mice having humanized immunoglobulin variable regions that
express antibodies having human variable regions and mouse constant regions are called
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VELCOIMMUNE® mice.

[0346] VELOCIMMUNE® humanized mice exhibit a fully functional humoral immune system
that is essentially indistinguishable from that of wild-type mice. They display normal cell
populations at all stages of B cell development. They exhibit normal lymphoid organ
morphology. Antibody sequences of VELOCIMMUNE® mice exhibit normal V(D)J
rearrangement and normal somatic hypermutation frequencies. Antibody populations in these
mice reflect isotype distributions that result from normal class switching (e.g., normal isotype
cis-switching). Immunizing VELOCIMMUNE® mice results in robust humoral immune
responses that generate a large, diverse antibody repertoires having human immunoglobulin
variable domains suitable as therapeutic candidates. This platform provides a plentiful source
of naturally affinity-matured human immunoglobulin variable region sequences for making
pharmaceutically acceptable antibodies and other antigen-binding proteins.

[0347] It is the precise replacement of mouse immunoglobulin variable sequences with human
immunoglobulin variable sequences that allows for making VELOCIMMUNE® mice. Yet even a
precise replacement of endogenous mouse immunoglobulin sequences at heavy and light
chain loci with equivalent human immunoglobulin sequences, by sequential recombineering of
very large spans of human immunoglobulin sequences, may present certain challenges due to
divergent evolution of the immunoglobulin loci between mouse and man. For example,
intergenic sequences interspersed within the immunoglobulin loci are not identical between
mice and humans and, in some circumstances, may not be functionally equivalent. Differences
between mice and humans in their immunoglobulin loci can still result in abnormalities in
humanized mice, particularly when humanizing or manipulating certain portions of endogenous
mouse immunoglobulin heavy chain loci. Some modifications at mouse immunoglobulin heavy
chain loci are deleterious. Deleterious modifications can include, for example, loss of the ability
of the modified mice to mate and produce offspring. In various embodiments, engineering
human immunoglobulin sequences in the genome of a mouse includes methods that maintain
endogenous sequences that when absent in modified mouse strains are deleterious.
Exemplary deleterious effects may include inability to propagate modified strains, loss of
function of essential genes, inability to express polypeptides, etc. Such deleterious effects may
be directly or indirectly related to the modification engineered into the genome of the mouse.

[0348] A precise, large-scale, in situ replacement of six megabases of the variable regions of
the mouse heavy and light chain immunoglobulin loci (Vy-Dy-Jy and Vk-Jk) with the
corresponding 1.4 megabases human genomic sequences was performed, while leaving the
flanking mouse sequences intact and functional within the hybrid loci, including all mouse
constant chain genes and locus transcriptional control regions (FIG. 1A and FIG. 1B).
Specifically, the human Vy, Dy, Jy, VK and Jk gene sequences were introduced through
stepwise insertion of 13 chimeric BAC targeting vectors bearing overlapping fragments of the
human germline variable loci into mouse ES cells using VELOCIGENE® genetic engineering
technology (see, e.g., US Pat. No. 6,586,251 and Valenzuela, D.M. et al. (2003). High-
throughput engineering of the mouse genome coupled with high-resolution expression
analysis. Nat Biotechnol 21, 652-659).
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[0349] Humanization of the mouse immunoglobulin genes represents the largest genetic
modification to the mouse genome to date. While previous efforts with randomly integrated
human immunoglobulin transgenes have met with some success (discussed above), direct
replacement of the mouse immunoglobulin genes with their human counterparts dramatically
increases the efficiency with which fully-human antibodies can be efficiently generated in
otherwise normal mice. Further, such mice exhibit a dramatically increased diversity of fully-
human antibodies that can be obtained after immunization with virtually any antigen, as
compared with mice bearing disabled endogenous loci and fully human antibody transgenes.
Multiple versions of replaced, humanized loci exhibit completely normal levels of mature and
immature B cells, in contrast to mice with randomly integrated human transgenes, which exhibit
significantly reduced B cell populations at various stages of differentiation. While efforts to
increase the number of human gene segments in human transgenic mice have reduced such
defects, the expanded immunoglobulin repertoires have not altogether corrected reductions in
B cell populations as compared to wild-type mice.

[0350] Notwithstanding the near wild-type humoral immune function observed in mice with
replaced immunoglobulin loci (i.e., VELOCIMMUNE® mice), there are other challenges
encountered when employing a direct replacement of the immunoglobulin that is not
encountered in some approaches that employ randomly integrated transgenes. Differences in
the genetic composition of the immunoglobulin loci between mice and humans has lead to the
discovery of sequences beneficial for the propagation of mice with replaced immunoglobulin
gene segments. Specificallyy, mouse ADAM genes located within the endogenous
immunoglobulin locus are optimally present in mice with replaced immunoglobulin loci, due to
their role in fertility.

Genomic Location and Function of Mouse ADAMG6

[0351] Male mice that lack the ability to express any functional ADAM6 protein surprisingly
exhibit a defect in the ability of the mice to mate and to generate offspring. The mice lack the
ability to express a functional ADAMG6 protein by virtue of a replacement of all or substantially
all mouse immunoglobulin variable region gene segments with human variable region gene
segments. The loss of ADAM6 function results because the ADAMG6 locus is located within a
region of the endogenous mouse immunoglobulin heavy chain variable region gene locus,
proximal to the 3' end of the Vy gene segment locus that is upstream of the Dy gene

segments. In order to breed mice that are homozygous for a replacement of all or substantially
all endogenous mouse heavy chain variable gene segments with human heavy chain variable
gene segments, it is generally a cumbersome approach to set up males and females that are
each homozygous for the replacement and await a productive mating. Successful litters are
low in frequency and size. Instead, males heterozygous for the replacement have been
employed to mate with females homozygous for the replacement to generate progeny that are
heterozygous for the replacement, then breed a homozygous mouse therefrom. The inventors
have determined that the likely cause of the loss in fertility in the male mice is the absence in
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homozygous male mice of a functional ADAM6 protein.

[0352] In various aspects, male mice that comprise a damaged (i.e., nonfunctional or
marginally functional) ADAM6 gene exhibit a reduction or elimination of fertility. Because in
mice (and other rodents) the ADAM6 gene is located in the immunoglobulin heavy chain locus,
the inventors have determined that in order to propagate mice, or create and maintain a strain
of mice, that comprise a replaced immunoglobulin heavy chain locus, various modified
breeding or propagation schemes are employed. The low fertility, or infertility, of male mice
homozygous for a replacement of the endogenous immunoglobulin heavy chain variable gene
locus renders maintaining such a modification in a mouse strain difficult. Maintaining the strain
comprises avoiding infertility problems exhibited by male mice homozygous for the
replacement.

[0353] Disclosed is a method for maintaining a strain of mouse as described herein. The strain
of mouse need not comprise an ectopic ADAM6 sequence, and in various embodiments the
strain of mouse is homozygous or heterozygous for a knockout (e.g., a functional knockout) of
ADAMG6.

[0354] The mouse strain may comprise a modification of an endogenous immunoglobulin
heavy chain locus that results in a reduction or loss in fertility in a male mouse. The
modification may comprise a deletion of a regulatory region and/or a coding region of an
ADAMG6 gene. The modification may comprise a modification of an endogenous ADAM6 gene
(regulatory and/or coding region) that reduces or eliminates fertility of a male mouse that
comprises the modification; the modification may reduce or eliminate fertility of a male mouse
that is homozygous for the modification.

[0355] The mouse strain may be homozygous or heterozygous for a knockout (e.g., a
functional knockout) or a deletion of an ADAM6 gene.

[0356] The mouse strain may be maintained by isolating from a mouse that is homozygous or
heterozygous for the modification a cell, and employing the donor cell in host embryo, and
gestating the host embryo and donor cell in a surrogate mother, and obtaining from the
surrogate mother a progeny that comprises the genetic modification. In one embodiment, the
donor cell is an ES cell. The donor cell may be a pluripotent cell, e.g., an induced pluripotent
cell.

[0357] The mouse strain may be maintained by isolating from a mouse that is homozygous or<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>