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IDENTIFICATION AND PRODUCTION OF ANTIGEN-SPECIFIC ANTIBODIES

CROSS REFERENCE TO RELATED APPLICATIONS
i0801} This application claims the benefit of U.S. Provisional Patent Application No.
63/077133, filed September 11, 2020 and U.S. Provisional Patent Application No. 63/077140,
filed September 11, 2020, the contents of both of which are incorporated herein by reference in

their entirety.

FIELD OF THE INVENTION
[6082] Methods for obtaining nucleic acids encoding antibody aminoe acid sequences, such as
variable domain amino acid sequences, which are specific for an antigen are provided. Methods
are disclosed that include obtaining, trom an immunized host, nueleic acid sequences encoding
antibody sequences from a first sample, and a plurality of antibodies from a second sample that
are directed against the antigen of interest, in order to obtain nucleotide sequences encoding a
human immunoeglobulin variable domain specific for the antigen or portion thereof. Methods of

making antibodies directed against an antigen of interest are also disclosed.

BACKGROURD
{6003} Antibodies typically comprise a heavy chain component, wherein each heavy chain
monomer is associated with a light chain, with the variable domains of these chains combining to
form an antigen-binding site. Antibodies, particularly monoclonal antibodies, have a wide range
of uses in diagnostics and therapeutics.
[6084] Two traditional approaches have been used for monoclonal antibody preparation:
hybridomwa technology and DNA display {(e.g., in phage, yeast or bacterial systems). In
hybridoma technology, B cells from immunized animals are typically fused with myeloma cell
fines to produce antigeu-secreting hybridoma lines. Cells producing monoclonal antibodies of
interest are isolated, grown in culture, and the resultant desired antibodies purified. High-quality
purification is critical in order to remove contaminants. Thus, isolation of antibodies through
hybridoma technology is not efficient because of throughput limitations of hvbridoma culture.

{6085] Display technology involves production of a lead antibody candidate from a phage,
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veast or mammalian library. Though direct DNA isolation from B cells expressing antibodies
may be utilized, DNA libraries are expressed in cell expression systems, such as phage, yeast, or
bacterial systems, then “panned” or titrated to select for the antibodies having high affinities.
Display technologies can provide high-quality protein libraries, although they provide limited
diversity. Consequently, i vifro mutagenesis-based affinity maturation is frequently a next step
in generating high affinity antibodies derived from such libraries.

{6006} Further, antibodies are often expressed and isolated from plasma, serum, ascites fluid,
cell culture medium, and bacterial cultures. These are all sources containing numerous
contaminants. Therefore, efficient purification of antibodies from such sources is necessary.
Thus, there rerains a need o the art for efficient generation and isolation of antibodies with a

requisite specificity and binding affinity for a target antigen.

SUMMARY
10067} The current disclosure describes, among other things, methods for obtaining
antibodies using a combivation of mass spectrometry (“MS”) and vext generation sequencing
{("NGS"). Also disclosed are methods for making antibodies.
{0608} Provided methods enable efficient identification and/or selection of sequences of
human immunoglobulin variable domains and/or complementarity-determining region (CDR)
sequences of antibodies, and in particular, antibodies from a host {e.g., a genetically modified
non-human animal, e.g., a rodent} that has been immunized with an antigen of interest. In some
embodiments, provided methods include a step of comparing and/or interrogating a plurality of
antibody sequences of a host {e.g., 3 library of antibody sequences generated by NGS) with
and/or against an MS analysis of antibody peptides from of the host. A “database” as used
herein can be an exemplary “library.”
{6009} In some embodiments, provided methods comprise obtaining and/or producing a
plurality of imrounoglobuliv varigble domain and/or CDR sequences (e.g., a library) from a host
immunized with an antigen of interest {e.g., from B cells of a non-human animal, e g., a rodent}.
In some embodiments, a library of antibody sequences comprises a plurality of nucleic acid
sequences oblained by NGS. In some embodiments, a library of antibody sequences comprises a

plurality of CDR3 sequences.

A
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{0010} In some embodiments, provided methods include MS analysis of a sample of
antibodies obtained from a host {e.g, rodent) that has been immunized with an antigen of
interest. The present disclosure encompasses a recognition that a sample of antibodies for MS
analysis can be enriched for desired characteristics i viveo and/or ex vive. For example, a sample
of antibodies may be enriched based on in vivo localization.  Accordingly, in some embodiments
a sample of antibodies can be obtained from any desired source within the host, e.g., serum,
plasma, lymphoid organs, gut, cerebrospinal fluid, brain, spinal cord, placenta, or a combination
thereof. In some embodiments, a sample of antibodies may be evriched ex vivo for one or more
desired characteristics (e.g., antigen binding, binding to a cell, etc.}. The present disclosure
provides the insight that such enrichment in combination with provided methods enables
identification of antibodies that may be difficult to identifv by other methods (e g, because
present at low titer). In some embodiments, the disclosure provides a method of obtaining a
human immunogiobulin variable domain or a complementarity-determining region {CDR) of an
antibody specific for an antigen. In some embodiments, a method described herein comprises
interrogating arvino acid sequences of a plurality of human immunoglobulin variable domains
fron a first sample with peptide sequences of heavy and/or light chain variable domains of a
popuiation of antibodies from a second sample. In sore instances, performing an interrogation
step thereby obtains a human immunoglobulin variable domain or a CDR sequence of an
antibody specific for the antigen. In some embodiments, interrogation comprises aligning
peptide sequences of heavy and/or light chain variable domains of the population of antibodies to
each other and to amino acid sequences of the plurality of immunoglobulin variable domains.
{0011} In some embodiments, a human immunoglobulin variable domain or a CDR (e.g,,
CDR3) of an antibody specific for an antigen is obtained from a host immunized with a
particular antigen. In some embodiments, a bost is a genetically modified non-human mammal.
in some embodiments, a host comprises in its genome, such as its germline genome, an
immunoglobulin heavy chain variable region comprising oue or roore human heavy chain V gene
segments (also referred to as human Vi gene segments), one or more human B} gene segments
(also referred to as human Dy gene segments), and one or more human heavy chain J gene

segments {also referred to as buman Ju gene segments). In some embodiments, a heavy chain
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variable region is operably linked to a coustant region {e.g., av irnmwunoglobuliv heavy chain
constant region).

{6012 In some embodiments, a host comprises in its genome, such as its germline genome,
an immunoglobulin light chain variable region comprising one or more human light chain V
gene segments (also referred to has human Vi gene segments) and one or more human light
chain J gene segments (also referred to has human Ji. gene segments). In some embodiments, a
tight chain is operably linked to a constant region {e.g., an immunoglobulin light chain constant
region).

10013} In some embodiments, a methed described herein comprises obtaining, from a first
sample from an immunized host, a plurality of nucleic acids encoding a plurality of human
immunoglobulin variable domains and determining amino acid sequences of the encoded
plurality of immunoglobulin variable domains. In some embodiments, a method described
hersin comprises obtaining, from the immunized host, a second sample comprising a population
of antibodies directed against the antigen and determining therefrom peptide sequences of heavy
and/or light chain variable domaings of the population of antibodies.

{6014} In some embodiments, a host is a rodent such as a rat or a mouse.

{0015} In some embodiments, the disclosure provides a method of identifying a human
immunoglobulin variable domain or CDR sequence (e.g., CDR3 sequence) of an antibody
specific for an antigen, comprising: (1) obtaining or determing a plurality of peptide sequences of
human immunogicbulin heavy chain and/or light chain variable domains that were cbtained from
a sample comprising a population of antibodies produced by a rodent iromunized with the
antigen, and (it) interrogating a library of human immunoglobuiin heavy chain and/or light chain
variable domain sequences with the plurality of peptide sequences determined by MS, wherein
the library comprises a plurality of buman immuvoglobulin heavy chain and/or light chain
variable domain sequences encoded by B cells of the immunized rodent, thereby obtaining a
human rorounoglobulin variable domain or CDR sequence of an antibody specific for the
antigen.

j6016] In some embodiments, the disclosure provides a method of identifying a human
immunoglobulin variable domain or CDR sequence {e.g., CBR3 sequence) of an antibody

specific for an antigen, comprising: (i) obtaining a library of human immunoglobulin heavy
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chain and/or hight chain variable domain sequences coroprising a plurality of buman
immunogleobulin heavy chain and/or light chain variable domain sequences encoded by B cells of
a rodent immunized with the antigen, and (ii) interrogating the library with a plurality of peptide
sequences of buman immunoglobulin heavy chain and/or light chain variable domains that were
obtained from a sample comprising a population of antibodies produced by the rodent
immunized with the antigen.

{6017} In some embodiments, the immunized rodent comprises in its germline genome: an
immunoglobulin heavy chain variable region comprising ouve or roore human heavy chain V gene
segments, one or more human D gene segments, and one or moere human heavy chain J gene
segments, wherein the heavy chain variable region is operably linked to a constant region, and an
immunoglobulin light chain variable region comprising one or more human light chain V gene
segments and one or more human light chain J gene segments, wherein the light chain s
operably linked to a constant region.

10018} In some embodiments, the immunized rodent comprises in its germline genome a
Hited immunoglobulin light chain repertoire. In some embodiments, the immunized rodent
comprises in its germline genome a single rearranged human light chain V/J. In some
embodiments, the immunized rodent comprises in its germline genome two human light chain V
gene segments and one or more human light chain J segments.

j00319] In some embodiments, the immunized rodent produces antibodies comprising two
immunoglobulin heavy chains and two immunoglobulin light chains. In some embodiments,

the immunized rodent does not produce single domain antibodies, heavy chain only antibodies,
and/or nancbodies. In some embodiments, the immunized rodent comprises in its germline
genome a limited immunoglobulin heavy chain repertoire, for example, a universal heavy chain.
{6620 In some ermbodiments, immunized rodent comprises in its germline genome a CHI
delete modification. In some embodiments, the immunized rodent produces single domain
antibodies, a heavy chain only antibodies, and/or nanobodies.

10021} In some embodiments, a first sample {i.e., a sample for sequence analysis) comprises
a population of B cells from primary or secondary lymphoid organs, ¢ g., B cells from a bone
marrow sample and/or a spleen sample, B cells from lymph nodes, B cells from Pever’s patches,

etc. In some embodiments, the obtaining, from a first sample, a plurality of nucleic acid
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sequences that encode a plurality of rmmunoglobulin variable domains comprises preparing
cDNA from the nucleic acid sequences and sequencing rearranged heavy chain VDI sequences
and/or rearranged light chain VI sequences in the first sample. In some embodiments, obtaining
a plurality of nucleic acid sequences that encode 3 plurality of immunoglobulin variable domains
from the first sample comprises using DNA sequencing technology such as next generation DNA
sequencing,

{6022} In some embodiments, a second sample (i.e., a sample for analysis of peptide
sequences) is or comprises any bodily fluid comprising antibodies. In some embodiments, a
second sample is or comprises serum, plasma, lymphoid organs, gut, cerebrospinal fluid, brain,
spinal cord, placenta, or a combivation thereof. In some embodiments, a second sample peptide
sequences are obtained via mass spectrometric (MS) analysis {e.g., by combining liquid
chromatography and mass spectrometry {(LC-MS)) of the heavy and/or light chain variable
domains of the population of antibodies in the second sample. Additionally, in some
embodiments, prior to mass spectrometric analysis, a proteolytic digest of the heavy and/or light
chain variable domains of the population of antibodies can be performed.

{6023] In some embodiments, a sample of antibodies for analysis of peptide sequences, may
have been enriched ex vivo for one or more desired characteristics {e.g., prior to MS analysis). In
some embodiments, obtaining a second sample further comprises depleting the second sample of
antibodies vot directed against the particular antigen. In some embodiments, obtaining a second
sample further comprises enriching the second sample for antibodies directed against the
particular antigen.

{0024} In some embodiments, interrogating the amino acid sequences of a plurality of
immunoglobulin variable domains from a first sample with peptide sequences of heavy and/or
Hight chain variable domains of a population of antibodies from a second sample comprises
aligning the peptide sequences of heavy and/or light chain variable domains of the population of
antibodies to the amino acid sequences of the plurality of immwunoglobulin variable domains and,
optionally, to each other.

j6025] In some embodiments, a method described herein comprises expressing an obtained
nucleotide sequence encoding a human immunoglobulin variable domain in a second,

recombinant antibody. In some embodiments, a nucleotide sequence encoding a human variable
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domain can be expressed in a cell fine v operable linkage with a human immunoglobulin
constant region. More specifically, in some embodiments, a human variable domain is a human
heavy chain variable domain expressed in operable linkage with a human immunoglobulin heavy
chain constant region to generate a human immunocglobulin heavy chain. In some embodiments,
a human immunoglobulin heavy chain is expressed in a cell line with a human immunoglobulin
light chain. [n an embodiment where the human variable domain is a human light chain variable
domain, it can be expressed in operable linkage with a human immunoglobulin light chain
constant region to generate a human immunoglobulin light chain. In some embodiments, a
human immunogiobulin light chain is expressed in a cell line with a human immunoglobulin
heavy chain.

[6026] o some embodiments, a method described herein further comprises expressing an
obtained nucleotide sequence encoding a human immunoeglebulin variable domain in a
recombinant antigen-binding protein.

{0627} In some embodiments, a recombinant antigen-binding protein is a human antibody,
e.g., ahuman bispecific antibody.

{6023] In some embodiments, a recombinant antigen-binding protein is purified. In some
embodiments, the affinity and/or specificity of a purified recombinant antigen-binding protein
for the particular antigen is determined.

{6029] o some embodiments, a host is a genetically modified mouse that comprises in its
genome {&.g., its germline genome) an immunoglobulin heavy chain variable region comprising
one or more hurnan heavy chain V gene segments, one or more human D gene segments, and one
or more human heavy chain § gene segments, wherein the heavy chain variable region is
operably linked to a murine constant region, and an immunoglobulin light chain variable region
comprising one or more humau light chain V gene segments and one or more human light chain
} gene segments, wherein the light chain is operably linked to a murine constant region. In some
embodiments, the immunoglobulin heavy chain variable region is operably linked to a mouse
heavy chain constant region, and/or the immunoglobulin ight chain variable region is operably
linked to a mouse light chain constant region.  Still further, an immunoglobulin heavy chain
variable region may be operably linked to a mouse heavy chain constant region at the

endogenous mouse heavy chain locus, and/or an immunoglobulin light chain variable region
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operably linked to a wouse light chain coustant region is at the endogenous mouse light chain
locus.

{6030} In some embodiments, a host is a genetically modified mouse that comprises in its
genome, including in its germline genome, an immunocglobulin heavy chain variable region
comprising a plurality of human heavy chain V gene segments, a plurality of human D gene
segments, and a plurality of human heavy chain I gene segments, wherein the heavy chain
variable region is operably linked to a nrine heavy chain constant region, and an
immunoglobulin light chain variable region comprising exactly two unrearranged human Vx
gene segments and five unrearranged human Jk gene segments operably linked to a murine light
chain constant region. In some embodiments, the exactly two unrearranged human Vi gene
segments are a human Vr1-39 gene segment and a buman Vk3-20 gene segment.

{0031} In some embodiments, a host may be a genetically modified mouse whose genome
{(e.g., germline genome) comprises at an endogenous heavy chain locus: (i) an immunoglobulin
heavy chain variable region comprising a plurality of unrearranged human Vi gene segments, a
plurality of unrearranged human Dy gene segments, and a plurality of unrearranged human Jn
gene segments operably linked to a mouse heavy chain constant region; (ii} a restricted
unrearranged heavy chain variable region, comprising a single human Vy gene segment, one or
more unrearranged human Dy gene segments, and one or more unrearranged human Jr gene
segments, operably linked to a mouse heavy chain counstant region; {iit) a universal heavy chain
encoding sequence comprising a single rearranged human heavy chain variable region operably
finked to a mouse heavy chain constant region; (iv) a histidine modified unrearranged heavy
chain variable region, comprising one or more unrearranged human Vi gene segments, one or
more unrearranged human Dy gene segments, and one or more unrearranged human Ju gene
segments, further comprising substitution or insertion of at least one histidine for a von-histidine
residue, operably linked to a mouse heavy chain constant region; (v} a heavy chain only
immunoglobulin encoding sequence coruprising an inmmuvoglobulin heavy chain variable region,
comprising one or more unrearranged human Vi gene segments, one or more unrearranged
human Dy gene segments, and one or more unrearranged human Ju gene segments, operably
hinked to a heavy chain constant region wherein a non-1gM gene, e.g., an 1gG gene, facks a

sequence that encodes a functional CH1 domain; or (vi) an engineered endogenous rodent
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imrounoglobuliv beavy chain locus corprisivg ove or more unrearranged human Vi gene
segments and one or more unrearranged human Jo gene segments, operably linked to a mouse
immunoglobulin heavy chain constant region gene. In some embodiments, a host may be a
genetically modified mouse whose genome (e.g., germline genome) comprises at an endogenous
light chain lecus: (i) an immunoglobulin light chain variable region comprising a plurality of
unrearranged human Vx gene segments and a plurality of unrearranged human Jx gene segments
operably linked to a mouse light chain constant region; (ii} a universal light chain encoding
sequence comprising a single rearranged human light chain variable region, operably linked to
mouse Hght chain constant region; (i) a restricted light chain variable region, comprising two
unrearranged human Vx geve segments and one or more unrearranged human Jx gene segments,
operably linked to mouse light chain constant region; or (iv) a histidine modified light chain
variable region comprising one or more human light chain V gene segruents and one or more
human light chain ] gene segments, further comprising substitution or insertion of at least one
histidine for a non-histidine residue, operably linked to mouse hight chain constant region.
[0032] o some embodiments, a host comprises a functional ADAMG gene, optionally
wherein a host is a genetically modified mouse and a functional ADAMO gene is a mouse
ADAMS gene. In some embodiments, a host way comprise and/or express an exogenous
terminal deoxynucleotidyl transferase {TdT) gene.

{6033} The present disclosure also provides roethods of obtaining an immunoglobulin
variable domain or a CDR of an antibody specific for an antigen, comprising: interrogating
peptide sequences of heavy and/or light chain variable domains of a population of antibodies
from a sample obtained from a host immunized with the antigen, against a library of amino acid
sequences comprising a plurality of human immunoglobulin variable domains, thereby obtaining
a buroan immwunoglobulin variable domain or CDR sequence of an antibody specific for the
antigen. In some embodiments, the method comprises obtaining a sample comprising a
population of antibodies directed against an antigen froro a host trununized with the antigen. In
some embodiments, the methed comprises determining peptide sequences of heavy and/or light
chain variable domains of the population of antibodies.

{6034} The present disclosure also provides methods for identifying a human

immunoglobulin variable domain or CDR of an antibody specific for a particular antigen, the
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method comprising: comparing a plurality of amino acid sequences encoded by a plurality of
nucleic acids that encode a plurality of human immunoglobulin variable domains produced by an
animal immunized with said antigen with amino acid sequences comprising peptide fragments
from light chain and/or heavy chain variable domains produced from a population of antibodies
directed against the antigen; and thereby identifying a human immunoglobulin variable domain
or TR sequence of an antibody specific for said antigen.

{6035} In some embodiments, the immunized host is a genetically modified non-human
mammal that comprises in its germline genome: avn irmwunoglobulio beavy chain variable region
comprising one of more human heavy chain V gene segments, one or more human D gene
segments, and one or more human beavy chain I gene segments, wherein the heavy chain
variable region is operably linked to a constant region, and an immunoglobulin light chain
variable region comprising one or more human light chain V gene segruents and one or more
human light chain ] gene segments; wherein the immunoglobulin light chain variable region is
operably linked to a constant region.

[0036] In some embodiments, the present disclosure also provides methods of obtaining,
fromy a host immunized with a particular antigen, 2 human immunoglobulin heavy chain variable
domain or a CDR of an antibody specific for said antigen, comprising: obtaining amino acid
sequences of a plurality of human immunoglobulin variable domains encoded by a plurality of
nucleic acid sequences obtained from the host; determining peptide sequences of human heavy
chain variable domains of a population of antibodies obtained from the immunized host;
mterrogating the amino acids sequences of the encoded plurality of human immunoglobulin
heavy chain variable domains with the peptide sequences of the human heavy chain variable
domains of the population of antibodies, thereby obtaining a human imnmunoglobulin heavy
chain variable domain or a CDR of an antibody specific for the antigen. In some embodiments,
the host is a genetically modified mouse that comprises in its genome, including in its germline
genome: au immunoglobulin beavy chain variable region comprising a plurality of humaun heavy
chain V gene segments, a plurality of human heavy chain [} gene segments, and a plurality of
human heavy chain J gene segments, wherein the heavy chain variable region is operably linked
to a murine constant region, and an immunoglobulin light chain variable region which is a single

rearranged human light chain variable region comprising a single human light chain V gene
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segment and a single human light chain J geve segment, wherein the human imrounoglobulin
hight chain variable region is operably linked to a murine light chain constant region.

{6037} In some embodiments, a single rearranged human light chain variable region is a
single rearranged human kappa light chain variable region comprising 2 single human light chain
Vi gene segment and a single human light chain Jx gene segment. In some embodiments, a
single human Hght chain Vi gene segment 18 a Vx1-39 or Vk3-20 gene segment, and a single
human light chain Jx gene segment is a Jx or a Jx5 gene segment. In some embodiments, a
single rearranged human kappa hight chain variable region comprises a Vk1-39 gene segment
and a Jx5 gene segrent. In some embodiments, a single rearranged human kappa light chain
variable region comprises a Vx3-20 gene segment and a Jx1 gene segment.

160338} o sowe embodiments, a murine light chaiu constant region is a mouse kappa light
chain constant region. In some embodiments, a single rearranged human light chain variable
region is operably liked to a mouse kappa light chain constant region. In some embodiments, a
single rearranged human light chain variable region is operably liked to a mouse kappa light
chain constant region is at the endogenous mouse kappa light chain locus.

{0039 o some embodiments, a host comprises a functional ADAMS gene or fragment
thereot, optionally wherein a host is a genetically modified mouse and a functional ADAMG6
gene is a mouse ADAMO gene.

{0640} In some embodiments, a first sample comprises a population of B cells from primary
or secondary lymphoid organs, e.g., B celis from a bone marrow sample and/or a spleen sample,
B cells from lymph nodes, B cells from Peyer’s patches, eic.

{0041} In some embodiments, obtaining from a first sample a plurality of nucleic acid
sequences encoding a plurality of human immunoglobulin heavy chain variable domains
comprises preparing cDNA from the nucleic acid sequences and sequencing rearranged heavy
chain VDI sequences in the first sarople.

{6042 In certain embodiments, the plurality of mucleic acid sequences that encode a plurality
of ummmunoglobulin variable domains obtained from the first sample is determined using DNA
sequencing technology.

10043} In some embodiments, a second sample is or comprises any bodily fluid comprising

antibodies. In some embodiments, a second sample is or comprises serum, plasma, lymphoid
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organs, gui, cerebrospinal fluid, brain, spival cord, or placenta. lv sowe embodiments,
determining peptide sequences from a second sample comprises mass spectrometric, e.g.,
including liquid chromatography and mass spectrometry (LC-MS), analysis of the heavy chain
variable domains of the population of antibodies in the second sample. A method described
herein may comprise, prior {0 mass spectrometric analysis, a proteolytic digest of the heavy
chain variable domains of the population of antibodies.

{6044} In some embodiments, a method described herein comprises depleting the second
sample of antibodies not directed agaiust a particular antigen. v sorve embodiments, a method
described herein comprises depleting the second sample of antibodies directed to a different
antigen and/or a different epitope of the same antigen (e.g., that was used to immunize a host).
in some embodiments, a method described herein comprises enriching a second sample for
antibodies directed against the antigen of interest {e.g , that was used to tmmunize a host).
{0045} In some embodiments, interrogating amine acid sequences of a plurality of human
immunoglobulin heavy chain variable domaing with peptide sequences of human heavy chain
variable domains of a population of antibodies comprises aligning the peptide sequences of
heavy and/or light chain variable domains of the population of antibodies to the amino acid
sequences of the plurality of iromunoglobulin variable domains and, optionally, to each other.
0046} In some embodiments, the present disclosure provides methods of identifying a
human immunoglobulin variable domain or CDR sequence (e.g., CDR3 sequence) of an
antibody specific for an antigen, comprising: (i} obtaining a plurality of peptide sequences of
human immunoglobulin heavy chain and/or light chain variable dormains that were obtained from
a sample comprising a population of antibodies produced by a rodent immunized with the
variable domain sequences with the plurality of peptide sequences, wherein the ibrary comprises
a plurality of human immunoglobulin heavy chain and/or light chain variable domain sequences
encoded by B cells of the immunized rodent, thereby obtaining a human immunoglobulin
variable domain or CDR sequence of an antibody specific for the antigen.

j6047] In some embodiments, the present disclosure provides methods of identifying a
human immunoglobulin variable domain or CDR sequence {e.g., CDR3 sequence) of an

antibody specific for an antigen, comprising: (1) obtaining a library of human immunoglobulin
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heavy chain and/or light chain variable domain sequences comprising a plurality of human
immunogleobulin heavy chain and/or light chain variable domain sequences encoded by B cells of
a rodent immunized with the antigen, and (ii) interrogating the library with a plurality of peptide
sequences of buman immunoglobulin heavy chain and/or light chain variable domains that were
obtained from a sample comprising a population of antibodies produced by the rodent
immunized with the antigen.

{6048} In some embodiments, an immunized rodent comprises in its germline genome an
immunoglobulin heavy chain variable region comprising a plurality of human heavy chain V
gene segments, a plurality of human D gene segments, and a plurality of human heavy chain }
gene segments, and an immunoglobulio light chain variable region comprising: (i) a universal
light chain encoding sequence comprising a rearranged human light chain variable region
comprising a single human Vo gene segment and single human light JL gene segment, operably
linked to a mouse light chain constant region; (ii} a restricted light chain variable region,
comprising two unrearranged human Vo gene segments and one or more unrearranged hurnan Jo
gene segments, operably linked to a mouse light chain constant region; or (i) a histidine
modified light chain variable region comprising one or more human light chain V gene segments
and one or more human light chain J gene segments, further comprising substitution or insertion
of at least one histidine for a non-histidine residue, operably linked to a mouse light chain
constant region. In some embodiments, provided methods comprise obtaining a hibrary of
human immunoglobulin heavy chain variable domain sequences comprising a plurality of human
immunoglobulin heavy chain variable domain sequences encoded by B cells of a rodent
immunized with the antigen, and (it} interrogating the library with a plurality of peptide
sequences of human immunoglobulin heavy chain variable domains that were obtained from a
sample comprising a population of antibodies produced by the rodent immunized with the
antigen.

{6049} In some embodiments, an immunized rodent coroprises v its gerline genome av
immunoglobulin light chain variable region comprising a plurality of unrearranged human Vi
gene segments and a plurality of unrearranged human b gene segments operably linked to a
mouse Hight chain constant region and an immunogiobulin heavy chain variable region

comprising: (i} a restricted unrearranged heavy chain variable region, comprising a single
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human Vy gene segment, oue or more unrearranged human Da gene segments, and oue of roore
unrearranged human Ju gene segments, operably linked to a mouse heavy chain constant region;
(it} a universal heavy chain encoding sequence comprising a single rearranged human heavy
chain variable region comprising a single human Va gene segment, a single human Da gene
segment, and a single human Ju gene segment, operably linked to a mouse heavy chain constant
region; or (1i1) a histidine modified unrearranged heavy chain variable region, comprising one or
more unrearranged human Vg gene segments, one or more unrearranged human Dy gene
segments, and one or more unrearranged human Ji gene segments, further comprising
substitution or insertion of at least one histidine for a non-histidine residue, operably linked to a
mouse heavy chain constant region. o some embodiments, provided methods comprise
obtaining 3 library of human immunoglobulin light chain variable domain sequences comprising
a plurality of hurnan immunoglobulin light chain variable domain sequences encoded by B cells
of a rodent immunized with the antigen, and (i) interrogating the library with a plurality of
peptide sequences of human immunoglobulin light chain variable domains that were obtained
from a sample comprising a population of antibodies produced by the rodent imrounized with the
antigen.

{0050} In some embodiments, a method described herein can comprise obtaining a
nucleotide sequence of a human heavy chain variable domain of an antibody specific for the
antigen and expressing the obtained nucleotide sequence encoding the human immunoglobulin
heavy chain variable domain in an antigen-binding protein. In some embodiments, an antigen-
binding protein is a second (e.g., recombinant) antibody.

{0051} In some embodiments, a nucleotide sequence encoding a human heavy chain variable
domain is expressed in a cell line in operable linkage with a human immunoglobulin heavy
constant region to generate a human romunoglobulin beavy chain. In some embodiments, a
human immuneglobulin heavy chain may be expressed in a cell line with a human
immunoglobulin light chain. In some embodiments, a human immunoglobulin light chain may
be derived from the same single rearranged variable region sequence as present in the mouse, or
a somatically mutated version thereof.

j6052] In some embodiments, a method described herein comprises expressing an obtained

nucleotide sequence encoding a human immunoglobulin variable domain in a recombinant
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antigen-bindivg protein. In some embodinents, a recombinant antigen-binding protein is a
second, recombinant antibody. In some embodiments, a second antibody is a human antibody
and may be a bispecific antibody. A second antibody may be purified and affinity and/or
specificity of the purified second antibody determined for the particular antigen.

{6053} In some embodiments, a sample for determining peptide sequences of heavy and/or
light chain variable domains is or comprises any bodily fluid comprising antibodies. in some
embodiments, a second sample is or comprises serum, plasma, lymphoid organs, gut,
cerebrospinal fluid, braiv, spinal cord, or placenta, or a combination thereof. In some
embodiments, determining peptide sequences of heavy and/or light chain variable domains
comprises MS avalysis (e.g., LC/MS analysis). In some embodiments, determining peptide
sequences of heavy and/or light chain variable domains comprises MS analysis (e.g., LC/MS
analysis) of a sample comprising antibodies obtained from a host immunized with an antigen.
{0054} In some embodiments, a library of amino acid sequences comprising a plurality of
human immunoglobulin variable domains is encoded by a plurality of nucleic acids obtained
from the host iromunized with the antigen. In some embodiments, a library of amino acid
sequences comprising a plurality of human immunoglobulin variable domains is encoded by a
plurality of nucleic acids obtained from a B cells sample such as a bone marrow and/or a spleen
sample.

{0055] These and other features and advantages provided 1n the present disclosure will be
more fully understood from the following detailed description taken together with the
accompanying claims. ¥t is noted that the scope of the claims is defined by the recitations therein

and not by the specific discussion of features and advantages set forth in the present deseription.

BRIEF DESCRIPTIONS OF THE DRAWINGS
{6056] Figure § includes a schematic overview of an exemplary method for obtaining
antibodies using LC-MS in tandem with next generation sequencing for an exemplary antigen of
interest.
[6057] Figures 24 and 2B include graphs showing diversity, depicted as % sequences {Y
axis), in human heavy chain V (Figure 24) and § (Figure 2B) gene usage in 1gGs obtained from

spleen and bone marrow of a mouse donor immunized with CD22.
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16058} Figuvres 34 and 3B show HCDR3 overlap 10 (Figure 34) spleens from different mice
{(~2% overlap) and in (Figure 3B) bone marrow and spleen from the same mouse {10-14%
overlap) as determined by Next Generation Sequencing analysis.

{0059] Figure 4 shows an example of the selection of anti-CD22 antibody based on the mass
spectra match and the NGS count from a group of Abs containing homologous CDR3 sequence.
At the top of Figure 4 is a sequence of an anti-CD22 antibody heavy chain variable domain;
dashed boxes delineate the CDR1Y, CDRZ and CDR3 sequences {respectively, from left to right).
Underlining indicates the sequence coverage from wass spectrometry analysis, with 100%
coverage of CDR1, 0% coverage of CDR2, and 100% coverage of CDR3.

{6060} Figure § shows diversification of antibodies based on the depicted CDR3 sequences

CDR3 sequences, and diverse repertoire was selected for further cloning and characterization.

DETAILED DESCRIPTION
j0061] The disclosure provides methods for obtaining antibodies with human variable
domwains using a combination of mass spectrometry and next generation sequencing. The

disclosure further provides methods for making antibodies,

Certain Definitions

j6062]) As utilized in accordance with the present disclosure, the following terms, unless
otherwise indicated, shall be understood to have the following meanings. Unless otherwise
required by context, singular terms shall include pluralities and plural terms shall include the
singular.

{6063} Additionally, singular forms “a”, “an”, and “the” include plural references unless the
context clearly dictates otherwise. Thus, for example, a reference to “a method” includes one or
more methods, and/or steps of the type described herein and/or which will become apparent to
those persens skilled in the art upon reading this disclosure.

j6064] The term “about” or “approximately” includes being within a meaningful range of a
value. The allowable variation encompassed by the term “about” or “approximately” depends on

the particular system under study, and can be readily appreciated by one of ordinary skill in the
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art.

[6065] The term “antigen” refers to any agent {e.g., protein, peptide, polysaccharide, lipid,
glycoprotein, glycolipid, nucleotide, nucleic acid, polymer, and/or portions or combinations
thereof) that, when introduced into an immunocompetent host is recognized by the immune
systemn of the host and elicits an immune response by the host. In some embodiments, an antigen
elicits a humoral response {(e.g,, including production of antigen-specific antibodies).

{6066} The terms “antibody”, “antigen-binding protein” or “epitope binding protein” and
the like, refer to monoclonal antibodies, IgA, Ig(, IgE or IgM antibodies, multi-specific
antibodies, human antibodies, humanized antibodies, chimeric antibodies, reverse chimeric
antibodies, antibodies with light chain variable gene segments on heavy chain, antibodies with
heavy chain variable gene segments on light chain, as well as, single~chain Fvs {scFv), single
chain antihodies, Fab fragments, F(ab') fragments, disulfide-linked Fvs {(sdFv), intrabodies,
minibodies, diabodies and anti-idiotypic (anti-1d)} antibodies (including, e.g., anti-Id antibodies to
antigen-specific TCR), and epitope-binding fragments of any of the above. Thus, “antigen
binding fragment” and “antigen-binding portion” and “epitope-binding fragment” of an antigen
binding molecule are also encompassed herein, and refer to fragments that retain the ability to
bind to an antigen. The term “antigen-binding protein” also includes, for exarple, single
domain antibodies, heavy chain only antibodies, covalent diabodies such as those disclosed in
U.S. Pat. Appl. Pub. 20070004909, incorporated herein by reference ju i3 entirety, and lg-
DARTS such as those disclosed in U.S. Pat. Appl Pub. 200900609190, incorporated herein by
reference in its entirety. In some certain embodiments, an antibody is a canonical antibody that
includes at least two heavy (H) chains and two light (L) chains {e.g., inter-connected by disulfide
bonds}.

[6067] The term “specifically binds,” “binds in a specific manner,

2 L,

antigen-specific” or the
tike, indicates that the molecules involved in the specific binding are (1) able to stably bind to
each othet {e.g., associate, e.g., form intermolecular non-covalent bonds), under phystological
conditions, and are (2} unable to stably bind under physiclogical conditions to other molecules
outside the specified binding pair. Specific binding may also be characterized by an equilibrium
dissociation constant {Kp) from the low micromolar to the picomelar range. High specificity may

be in the low nanomolar range, with very high specificity being in the picomolar range. Methods

[
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for determining whether two molecules specifically bind are well known in the art and include,
for example, equilibrium dialysis, and surface plasmon resonance.

{6068} “Host” refers to an animal or non-human mammal that produces immune system
proteins in response to foreign molecules or antigens introduced into the host via injection or
other suitable route. Introduction of an antigen or other foreign matter into the host elicits
antibody production and associated immune responses.

{6069} The term “non-human mammal” and the like refer to any vertebrate organism that is
not a human, In some embodiments, a non-human animal is a cyclostome, a bony fish, a
cartilaginous fish {e.g., a shark or a ray), an amphibian, a reptile, a mammal, and a bird. In some
embodiments, 3 non-human animal s a mammal. In some embodiments, a non-human mammal
is a primate, a goat, a sheep, a pig, a dog, a cow, or a rodent. Various non-human animals are
additionally described herein below. Further, the term “genetically modified non-human
mammal” as used herein refers to a “non-buman mammal” as described above wherein the
genetic material of the non-human mammal has been altered using genetic engineering
techniques, for example, to introduce, delete, enhance, suppress, or nuiate the genetic sequence
of the non-human mammal.

{0676} The terms “humanized,” “chimeric,” “human/non-human,” and the like, are
commonly used to refer to antibodies {or antigen-binding proteins, or antibody components) that
include a sequence (e.g., a nucleic acid, proten, etc.} wherein at least a portion of the sequence is
derived from a buman or where at least a portion of the sequence was non-human in origin {e.g.,
of a rodent, e.g., of a mouse), has been replaced with a corresponding portion of a corresponding
human antibody {or antigen-binding proteins, or antibody components) sequence in such a
manner that the modified (e g, humanized, chimeric, human/non-human, etc.) molecule retains
its biological function and/or maintains the structure that performs the retained biological
function. For example, a chimeric antibody includes Vg and Vi region sequences that are found
in g first species (e.g., a human) and counstant region sequences that are found in a second,
different species {e.g., a non-human anmimal, e g, arodent, e.g., a mouse). In some embodiments,
an antibody with human Vg and Vi regions linked to non-human constant regions {e.g., a mouse
constant region) is referred to as a “reverse chimeric antibody”. In contrast, “human” antibodies

and the like encompass sequences having only a human origin {e.g., human nucleotide and/or
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protein sequences).

{6071} The terms “genetically modified non-human animal” and “genetically engineered
non-human animal” are used interchangeably herein and refer to any non-naturally occurring
non-human animal {e.g., a rodent, e.g., a rat or a mouse) in which one or more of the cells of the
non-human animal contain heterologous nucleic acid and/or a gene or genes encoding a
polypeptide of interest, in whole or in part. For example, in some embodiments, a “genetically
modified non-human animal” or “genetically engineered non-human animal” refers to non-
human animal that contains a transgene or transgene construct as described herein. In some
embodiments, a heterologous nucleic acid and/or gene is introduced into the cell, directly or
indirectly by introduction into a precursor cell, by way of deliberate genetic manipulation, such
as by microinjection or by infection with a recombinant virus. The term genetic manipulation
dees not include classic breeding techniques, but rather s directed to introduction of recombinant
DNA molecule(s). This molecule may be integrated within a chromosome. The phrases
“genetically modified non-hurman animal” or “genetically engineered non-human animal” refers
to animals that are heterozygous or homozygous for a heterologous nucleic acid and/or gene,
and/or animals that have single or multiple copies of a heterologous nucleic acid and/or gene.
{0072} The term “germiine configuration” as used berein, refers to an arrangement of
sequences {e.g., gene segments) as found in an endogenous germline genome of a wild-type
anirual {e.g., mouse, tat, or human). Examples of gerruline configurations of immunoglobulin
gene segments can be found, e.g, in LeFranc, M-P, The Immunoglcbulin FactsBook, Academic
Press, May, 23, 2001 {(referred to herein as “LeFrane 20017y

® An exemplary configuration of human heavy chain variable region gene segments
and human heavy chain constant region genes can be found at p. 47 of LeFranc 2001,

® An exemplary configuration of human A light chain variable region gene segments
and human A light chain consiant region genes can be found at p. 61 of LeFranc 2001,

® An exemplary configuration of buman « light chain variable region gene segments
and human x light chain constant region genes can be found at p. 53 of LeFranc 2001,

® An exemplary configuration of mouse heavy chain variable region gene segments and

mouse heavy chain constant region genes can be found at Lucas, 1. et al,, Chapter 1: The

9
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Structure and Regulation of the Immunoglobulin Loci, Molecular Biology of B Cells, 2
Hdition, Academic Press, 2015 (Lucas);

® An exemplary configuration of mouse A light chain variable region gene segments
and mouse A Hight chain constant region genes can be found at LeFranc, M-P et al., Chapter 4
Immunoglobulin Lambda (IGL) Genes of Human and Mouse, Molecular Biology of B Cells, 1¥
Bdition, Academic Press, 2004 (LeFranc 2004); and

® An exemplary configuration of mouse x light chain variable region gene segments
and mouse « light chain constant region genes can be found at Christele, M-J, et al |
Nomenclature and Overview of the Mouse (Mus muiscufus and Aus sp.) Immunoglobulin Kappa
{(IGK) Genes, Bxp Clin Immunogenet 2001, 18:255-279 (Christele).

{6073] Fach of the cited sections of LeFranc 2001, Lucas, LeFranc 2004, and Christele listed
above are incorporated herein by reference.

{8074} The term “germline genome” as used herein, refers to the genome found in a germ
cell (e.g., a gamete, e.g., a sperm or egg) used in the formation of an animal. A germline genome
is a source of genomic DNA for cells in an animal. As such, an animal {e.g., a mouse or rat}
having a modification in its germiine genome 18 considered to have the modification in the
genomic DNA of all of its cells.

[8075] The term “germline sequence” as used herein, refers to a DNA sequence as found in
an endogenous germline genome of a wild-type animal {e.g., mouse, rat, or human), or an RNA
or amino acid sequence encoded by a DNA sequence as found in an endogenous germline
genome of an animal (e g, mouse, rat, ot human). Representative germiine sequences of
immunoglobulin gene segments can be found, e g, in LeFranc 2001:

® Representative germline nucleotide sequences of human Va gene segments and
representative germline amino acid sequences of human Vu gene segments, which can be
ulilized in some embodiments as described herein, can be found pages 107-234 of LeFranc 2001,
8 Representative germline nucleotide sequences of human D gene segments and
representative gerrline amino acid sequences of bursan D gene segroents, which can be utilized

in some embodiments as described herein, can be found pages 98-100 of LeFranc 2001,
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® Representative germline nucleotide sequences of human Ju gene segments and
representative germline aming acid sequences of human Ju gene segments, which can be utilized
in some embodiments as described herein, can be found page 104 of LeFrance 2001,

8 Representative gerndline nucleotide sequences of human VA gene segments and
representative germline amine acid sequences of human VA gene segments, which can be
utilized in some embodiments of a non-human animal as described herein, can be found pages
350-428 of LeFranc 2001, and

® Representative germitne nucleotide sequences of human JA gene segments and
representative germling amine acid sequences of human JA gene segments, which can be uiilized
in some embodiments of a non-human animal as described herein, can be found pages 346 of
LeFranc 2001

{6676]  Hach of the cited sections of LeFranc 2001 listed above are incorporated herein by
reference.

{0077§ 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 (e, 1o a wild-type animal) appears between two frarsework (FR) regions in
a variable domain of a light or a heavy chain of an immunoglobulin molecule (e g, an antibody).
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 B cell. A CDR can be somatically mutated
(e.g., vary from a sequence encoded in an animal's germline}, humanized, and/or modified with
aming acid substitutions, additions, or deletions. In some circumstances (e.g., for a CIDR3),
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 connecting the sequences {e.g., V-D-J recombination to form
a heavy chain CDR3). Certain systems have been established in the art for defining CDR
boundaries (e.g., Kabat, Chothia, etc.}; those skilled in the art appreciate the differences between
and among these systems and are capable of understanding CDR boundaries to the extent
required to understand and to practice the claimed invention.

10078} The phrase “gene segment,” or “segment” inchudes reference to a variable (V) gene

segment {e.g., an immunoglobulin light chain variable {V1.} gene segment or an immunoglobulin
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heavy chain variable (Vy) gene segment), an inununoglobulin heavy chain diversity (D) gene
segment, or a joining (J) gene segment, e g., an immunogiobulin light chain joining {J1) gene
segment or an immunoglobulin heavy chain joining (Ju) gene segment, which includes
unrearranged sequences at immunoglobulin loci that can participate in rearrangement {mediated
by, e.g., endogenous recombinases) to form a rearranged light chain Vu/Jo or rearranged heavy
chain Vi/D¥/Jy sequence. Unless indicated otherwise, the unrearranged V, D3, and [ segments are
associated with recombination signal sequences (RSS}) that allow for Vi/k recombination or
Vu/Da/la recombination according to the 12/23 rule.

j6079] The term “rearranged” as used herein, describes a DNA sequence that includes two or
more immunoglobulin gene segments joined {directly or indirectly) together, such that the joined
gene segments together have a DNA sequence that encodes a variable region of an
immunogiobulin. The two or more imnunoglobulin gene segments of a rearranged DNA
sequence are no longer associated with functioning recombination signal sequences (RSS), and
as such cannot undergo further rearrangement. Those of skill in the art will recognize that, while
two or more immunogiobulin gene segments of a rearranged DNA sequence may not be able to
rearrange further, it does not mean that other immunoglobulin gene segments within the same
focus cannot undergo, e.g., secondary rearrangement. Those of skill in the art will appreciate
that rearranged gene segments {(e.g., in a rearranged immunoglobulin variable region) can be
joined together vig a natural VI recombination process. Those of skill 1o the art will also
appreciate that rearranged gene segments {e.g., in a rearranged immunoglobulin variable region)
can be engineered to be joined together, e.g., by joining the gene segments using standard
recombinant technigues. Rearranged immunoglobulin variable regions typically include two or
more joined immunoglobulin gene segments. For example, a rearranged immunoglobulin & light
chain variable region can include a VA gene segment joined with a I gene segment. A
rearranged immunoglobulin heavy chain variable region can include a Vi gene segment, a D
gene segment, a Ji gene segment that are joined. Those of skill in the art will also appreciate
that all or substantially all intergenic sequence is generally removed between immunoglobulin
gene segments in a rearranged immunoglobulin variable region. Those of skill in the art will
further appreciate that a rearranged sequence can include, among other things, introns in the gene

segments.
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{6080] The term “unrearranged” as used herein, describes a DNA sequence that includes two
or more immunoglobulin gene segments that have not undergone a recombination event or
otherwise been joined, and therefore, include intergenic sequence(s) between them. Those of
skill in the art will appreciate that unrearranged V gene segments and J gene segments can be
associated with an intact recombination signal sequence (R8S). Unrearranged D gene segments
can be flanked by two intact recombination signal sequences (R8S8s). Those of skill in the art
will further appreciate that unrearranged gene segments {e.g., unrearranged V gene segments)
can include, among other things, introns.

10081} The term “protein” or interchangeably, “polypeptide” is used herein encompasses all
kinds of naturally occurring and synthetic proteins, including protein fragments of all lengths,
peptides, fusion proteins and modified proteins, including without limitation, glycoproteins, as
well as all other types of modified proteins {e.g., including but not limited to proteins resulting
from phosphorylation, acetylation, myristoylation, palmitoylation, glycosylation, oxidation,
formylation, amidation, polyglutamylation, ADP ribosylation, pegylation, and biotinylation)}.
{6082 The terms “nucleic acid” and “nucleotide” encompass both BNA and RNA unless
specified otherwise. In particular, the terms “nucleic acid” and “nucleotide sequence” are used
herein interchangeably.

{0083} The term “operably linked” or the like refers to a juxtaposition wherein the
components described are in a relationship permitting them to function in their intended manner.
For example, unrearranged variable region gene segments are “operably linked” to a contiguous
constant region gene if the unrearranged variable region gene segments are capable of
rearranging to form a rearranged variable region gene that 1s expressed in a B cell or its
progenitor cells in conjunction with the constant region gene as a polypeptide chain of an antigen
binding protein. A conirol sequence “operably linked” 1o a coding sequence is positioned in
such a way that expression of the coding sequence is achieved under conditions compatible with
the control sequences. “Operably linked” sequences inchude both expression control sequences
that are contiguous with a gene of interest and expression control sequences that act in trans or at
a distance to control a gene of interest {or sequence of interest). The term “expression control
sequence” includes polynuclectide sequences, which are necessary to affect the expression and

processing of coding sequences to which they are Ligated. “Expression control sequences”
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include: appropriate transcription initiation, termination, promoter and eshaucer sequences;
efficient RNA processing signals such as splicing and polyadenylation signals; sequences that
stabilize cytoplasmic mRNA; sequences that enhance translation efficiency (i.e., Kozak
consensus sequence); sequences that enhance polypeptide stability; and when desired, sequences
that enhance polypeptide secretion. The nature of such control sequences differs depending upon
the host organism. For example, in prokaryotes, such control sequences generally include
promoter, ribosomal binding site and transcription termination sequence, while in eukaryotes
typically such control sequences include promoters and transcription termination sequeuces. The
term “control sequences” is intended to include components whose presence is essential or
beneficial for expression and processing and can also include additional components whose
presence is advantageous, for example, leader sequences.

{0084} The term “heterologous” refers to an agent or entity from a different source. For
example, when used in reference to a polypeptide, gene, or gene product present in a particular
cell or organism, the term clarifies that the relevant polypeptide, gene, or gene product: 1) was
engineered by the hand of man; 2) was introduced into the cell or organism {or a precursor
thereot) through the hand of man {e.g., via genetic engineering}; and/or 3} is not naturally
produced by or present in the relevant cell or organism {e.g., the relevant cell type or organism
type}. “Heterologous™ also includes a polypeptide, gene or gene product that is normally present
in a particular vative cell or organism, but has been altered or modified, for example, by
mutation or placement under the control of non-naturally associated and, in some embodiments,
non-endogenous regulatory elements {e.g., a promoter).

{0085} An antibody “heavy chain” typically includes an immunoglobulin heavy chain
variable domain and an immuneglobulin heavy chain constant domain. A variable domain can
be further subdivided into regions of hypervariability, termed complementarity determining
regions {CDR), interspersed with regions that are more conserved, termed framework regions
(FR). Heavy chain variable domains include three heavy chain CDRs and four FR regions {e.g,,
FRI-CDRI-FR2-CDRZ-FR3-CDR3-FR4), unless otherwise specified. Fragments of heavy
chains include CDRs, CDRs and FRs, and combinations thereof. Generally, a full-length heavy
chain comprises, from N-terminal to C-terminal, the following: a heavy chain variable domain

that includes FR1I-CDR1-FR2-CDR2-FR3-CDR3-FR4, a CH1 domain, a hinge, a CH2 domain,
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and a CH3 dorain. In some embodiments, a full-length heavy chain also comprises a CH4
domain {e. g, IgE and IgM isotype antibodies). A functional fragment of a heavy chain includes
a fragment that is capable of specifically recognizing an epitope {e.g., recognizing the epitope
with 3 Kp in the micromolar, nanomolar, or picomolar range), that is capable of expressing and
secreting from a cell, and that comprises at least one CDR.

{0086] The phrase “light chain” includes an immunoglobulin light chain sequence from any
organism, and unless otherwise specified, includes human « and A light chains, as well as
surrogate light chains (e.g., comprising VpreB, A5, etc.) Light chain variable domains typically
include three light chain CDRs and four framework (FR) regions, unless otherwise specified.
Generally, a full-length light chain includes, from amino terminus to carboxyl terminus, a Vi
domain that includes FRI1-CDRI1-FR2-CDR2Z-FR3-CDR3-FRA4, and a light chain constant
domain. Light chains include those, e.g., that do not selectively bind either a first or a second
epitope selectively bound by the epitope-binding protein in which they appear. Light chains also
include those that bind and recognize, or assist the heavy chain with binding and recognizing,
one or more epitopes selectively bound by the epitope-binding protein in which they appear.
Examples of light chains include universal or common light chains, e.g., those derived from a
single rearranged human light chain variable region such as a human YV 1-39Jx5 or a human
Vie3-20)k1, as described herein, and include somatically mutated (e.g., affinity matured)
versions of the same.

[6087] The phrase “derived from” when used concerning a rearranged variable region gene
or a variable domain “derived from” an unrearranged variable region and/or unrearranged
variable region gene segments refers to the ability to trace the sequence of the rearranged
variable region gene or variable domain back to a set of unrearranged variable region gene
segments that were rearranged to form the rearranged variable region gene that expresses the
variable domain {accounting for, where applicable, splice differences and somatic mutations).
For example, a rearranged variable region gene that has undergone somatic hypermutation does
not change the fact that it ts derived from the unrearranged variable region gene segmeuts. In
addition, the phrase “derived from” in the context of universal light chain can refer to ability to
trace back the expressed antibody sequence to the universal or single rearranged light chain

present in the genome of the mouse; such light chain derived from the single rearranged light
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chain sequence 1o the genome roay differ from the single rearranged light chaiv sequence
through somatic hypermutations.

10038} As used herein, the term “locus” refers to a region on a chromosome that contains a
set of related genetic elements {e.g., genes, gene segments, or regulatory elements). For example,
an unrearranged immunoglobulin locus may include immunoglebulin variable region gene
segments, one or more immunoglobulin constant region genes and associated regulatory
elements {e.g., promoters, enhancers, switch elements, ete.) that direct V(D) recombination and
immunoglobulin expression. A locus can be endogenous or non-endogenous. The term
“endogenous locus” refers to a location on a chromosome at which a particular genetic element
is naturally found

{6089 In accordance with the disclosure herein, there can be employed conventional
molecular biology, microbiology, and recombinant DNA techniques within the skill of the art.
Such techniques are explained fully in the literature. See, e.g., Sambrook, Fritsch & Maniatis,
Molecular Cloning: A Laboratory Manual, Second Edition. Cold Spring Harbor, NY: Cold
Spring Harbor Laboratory Press, 1989 (herein “Sambrook et al., 19897}, DNA Cloning: A
Practical Approach, Volumes I and H (D.N. Glover ed. 1985); Oligonucleotide Synthesis
{(M.J.Gait ed. 1984); Nucleic Acid Hybnidization [B.B. Hames & 8.1 Higgins eds. (198S}];
Transcription And Translation [B D. Hames & S.J. Higgins, eds. (1984)]; Animal Cell Culture
[R.1 Freshney, ed. (1986}, Immobilized Cells And Enzymes [IRL Press, (1986)]; B. Perbal, A
Practical Guide To Molecular Cloning (1984); Ausubel, F.M. er al. (eds. ). Current Protocols in
Molecular Biology. John Wiley & Sons, Inc., 1994, each of which publications is incorporated
herein in its entirety by reference. These techniques include site directed mutagenesis, see, e.g.,
in Kunkel, Proc. Natl. Acad. Sci. USA 82: 488~ 492 (1983), U. S. Patent No. 5,071, 743,
Fukuoka et al, Biochemy. Biophys. Res. Commun. 263 357-360 (1999); Kum and Maas,
BioTech. 28: 196-198 (2000); Parikh and Guengerich, BicTech. 24: 4 28-431 (1998); Ray and
Nickoloff, BioTech. 13: 342-346 (1992); Wang ef oo/, BioTech. 19 556-559 (1995); Wang and
Malcolm, BioTech. 26: 680-082 (1999}; Xu and Gong, BioTech. 26: 639-641 (1999}, U.S.
Patents Nos. 5,789, 166 and 5,932, 419, Hogrefe, Strategies 14, 3: 74-75 (2001}, U. S. Patents
Nos. 5,702,931, 5,780,270, and 6,242,222, Angag and Schutz, Biotech. 30: 486-48& (2001},
Wang and Wilkinson, Biotech. 29: 976-978 (2000}, Kang et al., Biotech. 20: 44-46 (1996), Ogel
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and McPherson, Protein Engineer. 5: 467-468 (1992), Kirsch and Joly, Nucl. Acids. Res.
26:1848-1850 (1998), Rhem and Hancock, J. Bacteriol. 178: 3346-3349 {1996}, Boles and
Miogsa,Curr. Genet. 28; 197-198 (19935), Barrenttino et al., Nuc. Acids. Res. 22 541-542
(1993}, Tessier and Thomas, Meths. Molec. Biol. §7: 229-237, and Pons ef /., Meth. Molec.

Biol. 67: 209-218; each of which publications is incorporated herein in its entirety by reference.

Methaods for Idemtification of Antigen-Specific Antibodies

{6090 The present disclosure provides methods for identifying and/or selecting a sequence
of an antigen-binding protein {e.g., an antibody} with a human variable domain. Varicus
methods described herein utilize nucleic acid sequencing and mass spectroscopy (MS) to select
antibody sequences (2.g., variable domain sequences or CDR sequences) that bind a particular
antigen. In exemplary embodiments, LC-MS and next generation sequencing (NGS) are used to
select antibody or variable domain sequences from a plurality of variable domain sequences. In
some erbodiments, the LC-MS and NGS utilize information about a human immunoglobulin
variable domain to identify and obiain antibodies directed against a given antigen. In some
embodiments, a complementarity determining region 3 {CDR3) of the antibodies of interest is
wdentified and obtained.

j00%1] In various embodiments, methods described herein alow identification of antigen-
specific antibody sequences from genetically modified non-human animals that may not be
easily detected, e.g., via conventional methods. Known methods for antibody identification from
genctically modified animals commounly rely on the presence of viable B cells, and/or expression
of antibodies on the surface of a B cell {e.g., via hybridoma technology). Methods provided
herein allow for identification/isolation of antibodies in the absence of viable cells {e. g, B cells).
In some embodiments, methods provided herein allow for identification/isolation of secreted
antibodies, e.g , in serum. Methods provided herein also allow identification of antibodies from
antibody sources that are not typically used in conventional auntibody identification methods.
{0092} In some embodiments, methods provided herein can be used in conjunction with
conventional antibody identification/isolation methods in order to enrich and/or increase the pool
of antibodies obtained against the antigen of interest from a genetically modified animal. For

example, methods described herein may be used in conjunction with hybridoma technology, or
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in conjunction with a method that involves direct isolation from antigen-positive B cells, see,
e.g., UK Patent No. 7,582,298, incorporated herein by reference in its entirety.

{6093} The adaptive immune response is highly specific and serves as a long-term immune
defense that retains memory for future antigen encounters. The adaptive immune response is
antigen specific and mediated, in-part, by V{D)J recombination or rearrangement.
Immunoglobulin V{3 recombination occurs in developing B cells of the bone marrow and
allows for recognition of a wide array of antigens. VDI rearrangement is the rearrangement of
variable (V), joining (J), and diversity (ID) gene segments in the heavy chain of
immunoglobulins. The process is similar for the light chain, however the light chain lacks D
gene segments, and thus only undergoes VI rearrangement.

{6094} Importantly V(DM recombination, and other processes of antibody diversification
such as junctional nucleotide addition/subtraction and somatic hypermutation, generate a large
repertoire of antibodies from a limited number of genes. These processes allow for generation of
specific high affinity antibodies against a variety of antigens. This ability to generate antibodies
has been harvessed in genetically modified aniroals to generate therapeutic antibodies against
human targets. Genetically modified mice comprising human V() gene segments (e.g., those
described in UK. Pat. Nos. 5,633,425, 5,770,429, S 814,318, 6,075,181, 6,114,598, 6,150,584,
6,998,514, 7,795,494, 7,010,798, 8,232,449, 8,703,485, 8,907,157, and ©,145,588, each of which
is hereby incorporated by reference in its entirety, as well as in U.5. Pat. Pub. Nos.
2008/0098490, 2010/0146647, 2013/0145484, 2012/0167237, 2013/0167256, 2013/0219535,
2012/0207278, and 2015/0113668, each of which is hereby incorporated by reference in its
entirety, and in PCT Pub. Nos. WOZ007117410, WO2008151081, WOR2009157771,
WO2010039900, WO2011004192, WO201 1123708, WO2014093908, W(2014093908,
WO2006008548, WO2010109165, W2016062990, WO2018(39180, W(2011158009,
WO2013041844, WO2013041846, WO2013079953, WO2013061098, W2013144567,
W{32013144566, WOR013171505, WO2019008123, and W(32020169022, each of which are
hereby incorporated by reference in its entirety) are immunized against the antigen of interest,
and antigen-specific antibodies are identified, purified and then screened for desired therapeutic
properties. Other genetically modified mice comprising human V(D) gene segments (¢.g., those

described in 1.8, Pat. Nos. 6,596,541, 6,586,251, 8,642,835, 9,706,759, 10,238,093, 8,754,287
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10,143,186, 9,796,788, 10,130,081, 9,226,484, 9,012,717, 10,246,509, 9,204,624, and 9,686,070,
and each of which is hereby incorporated by reference in ifs entirety, as well as in U.S. Pat. Pub.
Nos. 2013/0212719, 2015/5289489, 2017/0347633, 2019/0223418, 2018/0125043,
2019/0261612, and 2019/03803 16, each of which is hereby incorporated by reference in its
entirety, in PCT Pub. Nos. WO2013138680, WO2013138712, WO2013138681,
WO2015042250, WOZ012148873, WOR2013134263, W2013184701, W(32014160179,
WO2017214089, WO2016149678, and WO2017123808, and Murphy, A., “Velocimmune:
Iromunoglobulin Variable Region Humanized Mouse,” in Recombinant Antibodies for
Immunotherapy, New York, NY, Cambridge University Press, 101-107 (2009}, each of which
are hereby incorporated by reference 1o its entirety) are immunized against the antigen of
interest, and antigen-specific antibodies are identified, purified and then screened for desired
therapeutic properties. Detailed embodiments of certain exemplary genetically engineered non-
human animals, e.g., rodents, €.g., rats or mice, that may be used in the methods described
herein, are further detailed in a separate section below. Various embodiments of the present
invention allow obtaining therapeutic antibodies with desired properties from secreted antibody
molecules obtained directly from the immunized animal. Obtaining secreted antibody molecules
does not require presence of viable cells that express antibodies on the cell surface. As described
herein, obtaining the antibodies with desired properties, from the population of antibodies, can be
achieved using mass spectrometry, as discussed herein.

j6095] n various embodiments described herein, the antibody obtained/identified by the
methods can be an antibody of any isotype, e.g., IgM, Igh, I¢G, IgA and IgE. In some
embodiments, the antibody obtained/identified by the methods 1s of Ig( isotype. In other
embodiments, the antibody obtained/identified by the methods is of IgM isotype.

j0396] fn some ermbodiments, an antibody or antigen-binding protein obtained/identified by
the methods provided herein is not a single domain antibody, a heavy chain only antibody and/or
a nanobody.

{0697} In various embodiments, provided herein are methods of obtaining a human
immunoglobulin variable domain of an antibody specific for said antigen, comprising. obtaining
a plurality of nucleic acid sequences that encode a plurality of immunoglobulin variable domains

obtained from a first sample from a host immunized with a particular antigen; determining
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peptide sequences of heavy and/or light chain variable domains of a population of antibodies
obtained from a second sample from the host comprising a population of antibodies directed
against the antigen; interrogating the amino acid sequences of the encoded plurality of
immunoglobulin variable domains with the peptide sequences of heavy and/or light chain
variable domains of the population of antibodies, thereby obtaining a human immunoglobulin
variable domain of an antibody specific for the antigen. In some embodiments, interrogation
comprises aligning peptide sequences of heavy and/or light chain variable domains of the
population of antibodies to each other and to amino acid sequences of the plurality of
immunoglobulin variable domains.

{6098} In various embodiments, the method further comprises obtaining a nucleotide
sequence of the buman variable domain of the antibody specific for the antigen. Due to the
degeneracy of the genetic code, muktiple nucleotide sequences may encode the human variable
domain of the antibody specific for the antigen, and in some embodiments describe herein, a
nucleotide sequence may be optimized, e.g., for expression in a cell, e.g., for expressionina
mammalian cell.

Samples for Sequencing

j0099] The present disclosure encompasses a recognition that information about particular
antibodies that have certain binding propesties can be identified using NGS and MS techniques,
as described further herein. While the source of nucleic acids encoding antibodies and
antibodies themselves for use in methods described herein is not restricted to animals, methods
disclosed herein are particularly advantageous when an animal {e.g., a genetically modified
animal as described herein) is the source of both the nucleic acid sample and the antibody
sample. Nonetheless, methods described berein can also be used with other antibody platform
technologies or other antibody expression technologies, including those using, e.g., phage
display or intelligent design approaches.

100160}  Moreover, the present disclosure provides the recognition that antibodies derived
from a restricted heavy or light chain variable sequence allow simplification of NGS and MS
analyses, as the analyses can be focused on variable domain or CDR, ¢.g., CDR3, repertoire

determination of solely the nonrestricted immunoglobulin chain. The present disclosure also
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recognizes that antibodies derived from a restricted heavy or light chain variable sequence can be
obtained from genetically modified non-human animals, e g, those non-human animals
comprising a restricted heavy or light chain variable sequence. Such animals provide, eg., a
benefit in that the antibodies they produce have gone through natural immune system processes,
and therefore, among other things, can have an increased chance of exhibiting high-affinity and
specific binding while also having a decreased chance of being immunogenic.

{00101}  In some embodiments, antibody sequences analyzed by NGS comprise a population
of antibodies with a restricted light chain repertoire, e.g., a population of universal light chaio
antibodies. In some embodiments, antibody sequences analyzed by NGS comprise a population
of antibodies with a restricted heavy chain repertoire, e.g., a population of universal heavy chain
antibodies.

[00102] Even so, current technology allows identification of full length heavy and light chains
in a plurality of immunoglobulin molecules using single cell sequencing approaches (see, e.g.,
DeKosky et al. (2015) Nat. Med. 21(1):85-91; Goldstein et al. {2019) Commun. Biol. 2:304; and
Singh et al. (2019) Nat. Commun. 16{1):3120; incorporated herein by reference in their entirety);
therefore, in some embodiments, a plurality of nucleic acid sequences that encode a plurality of
immunoglobulin heavy and hght chain variable domains may be obtained simultaneously from
the first sample using single B celi next generation sequencing approaches, and thus, the method
may encompass identitication frorn a non-human animal host without restriction of a light or
heavy chain sequence.

{60103]  In some embodiments, the antigen of interest is a disease-associated antigen. In some
embodiments, the disease-associated antigen is a tumor antigen.  Various tumor aniigens are
listed in the database of T cell defined tumor antigens (van der Bruggen P, Stroobant V|
VYigneron N, Van den Eynde B, Peptide database: T cell-defined tumor antigens. Cancer Imroun
2013). 1n some other embodiments, the antigen of interest is an infectious disease antigen, .2, a
viral autigen or a bacterial antigen. A non-buman animal mway be imyounized with an antigen of
interest in a DNA or protein form, using techniques known in the art,

[60104]  In some embodiments, a first sample comprises a population of B cells. In some

embodiments, the population of B cells is isolated from a bone marrow sample and/or a spleen
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sample. In additional embodiments, the first sarople may be obtained from other lymphoid
organs, ¢.g., lymph nodes, Peyer’s patches in the gut, etc.

[60105] One of skill in the art will understand that “B cell” may refer to a wide range of B-
cell subtypes including, but not limited to, plasmablasts, plasma cells {e.g., long-lived plasma
cells), memory B-cells, and B-2 cells, FO B cells, and MZ B cells. One of skill in the art would
understand that depending on the desired source of the antibody to be obtained in the method

described herein, a different source of the B cells may be used for the first sample.

Sequencing Analysis

Sample Preparation

[601906]  In some embodiments, methods provided herein can comprise producing a nucleic
acid library comprising a plurality of nucleic acid molecules. In some embodiments, producing a
nucleic acid library comprises isclating a plurality of nucleic acids from a host. 1n some
embodiments, a plurality of nucleic acids is a plurality of RNA molecules, e g, mRNA
molecules.

{60107}  In some embodiments, producing a nucleic acid library comprises producing a cDNA
fibrary. In some embodiments, a ¢cBNA library comprises a plurality of cDNA molecules that
correspond to a plurality of mRNA molecules isolated from a host. In some embodiments, a
plurality of ¢cDNA molecules are double-stranded ¢cDNA molecules.

{60108]  In various embodiments of the invention, a plurality of nucleic acid sequences that
encode a plurality of immunoglobulin variable domains or CDRs are obtained from a sample
obtatned from an immunized host (1.e., a sample for sequencing or first sample, as described
above).

j0610%] Io sowe ewmbodiments, a plurality of nucleic acid sequences that encode a plurality of
immunoglobulin variable domains or CDRs are obtained from said first sample afier obtaining a
first sample from an immunized host. Tn some embodiments, & plurality of nucleic acids
obtained from the first sample encoding a plurality of immunoglobulin variable domains
comprises preparing cDNA from the nucleic acid sequences and sequencing rearranged heavy
chain VDI sequences and/or rearranged light chain VI sequences in the first sample.

{60118] In some embodiments, producing a nucleic acid library comprises enriching for the
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plurality of nucleic acid molecules. 1o some embodiments, enriching for a plurality of vucleic
acid molecules comprises amplifying the plurality of nucleic acid melecules, e.g, by PCR, e 2.,
nested PCR. In some embodiments, enriching for a plurality of nucleic acid molecules
comprises capturing the plurality of nucleic acid molecules. Capture techniques can include,
e.g. hybrid capture techniques.

[e0i11]  In some embodiments, methods provided herein comprise attaching an index to each
nucleic acid molecule of a nucleic acid library. An index can be sample specific. In some
embodiments, an index is between 1-25 nucleotides long. In some embodiments, an index is
between 1-10 nucleoctides long.

[00112] 1o some embodiments, methods provided herein comprise attaching a sequencing
primer and/or its complementary sequence to each nucleic acid molecule of a nucleic acid
ibrary.

{60113] In some embodiments, a plurality of nucleic acid molecules in a nucleic acid librasy
are fragmented. In some embodiments, nucleic acid molecules are fragmented by mechanical
{e.g., sonication) or chemical (e.g., enzymes) methods.

{60114] In some embodiments, methods provided herein comprise performing a size-selection
on nucleic acid molecules in a nucleic acid library. Size-selection parameters can be determined
based on the type of sequencing to be performed. In an exemplary size-selection, nucleic acids
are size selected for lengths in the range of 200-1000 bp, e.g., 400-900 bp, e.g., 406-70¢ bp.
[6011S]  In some embodiments, methods provided herein comprise quantifying the amount of
nucleic acid in a nucleic acid library. In some embodiments, an amount can be a total amount,
e.g., nanograms of nucleic acid. In some embodiments, an amount can be a concentration, .2,
nanograms of nucleic acid per nulliliter.

j08116] Io sowe ewmbodiments, a plurality of nucleic acid sequences that encode a plurality of
immunoglobulin variable domains is determined using next generation sequencing technology.
In some embodiments, a plurality of nucleic acid sequences encode a sufficient number of amino
acid sequences for identifying an immunoglobulin variable domain that binds to a particular
antigen. Exemplary representative numbers of amino acid sequences can comprise tens,
hundreds, thousands, or tens of thousands of sequences. In some embodiments, a final reference

sequence database constructed from a plurality of immunoglobulin variable regions determined
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using next generation sequencing technology will likely exclude single read sequences {e.g.,
sequences for which only a single sequence read is produced during a sequencing run} in order to
reduce imapact of sequencing errors. Therefore, in some embodiments, the number of unique
amino acid sequences encoded by nucleic acid sequences maybe determined after excluding such
single read sequences.

Next Generation Sequencing (NGS)

{00117} Methods provided herein can comprise performing NGS sequencing. In some
embodiments, methods provided herein can include performing one or more NGS technigues.
j00118] "Next generation sequencing” {NGS), also referred to as massively parallel or deep
sequencing, as used herein, relates to sequencing technologies that can sequence millions of
small fragments of BNA in parallel and detect variants in the nucleic acid sequence. In some
embodiments, nucleic acids are sequenced multiple times in order to provide high fidelity and
depth of the results. NGS sequencing can be performed without physical separation of
individual reactions. Not wishing to be bound by theory, following nucleic acid extraction, NGS
sequencing can be performed using a wide range of instrurvents and techniques that include
targeted sequencing, whole exome sequencing, and whole genome sequencing followed by
fibrary or template generation, and data analysis using bioinformatics. Generally, a wide range
of platforms and bioinformatics tools exist for performing NGS and data analysis. See e.g. Levy
S.E. and Myers R M., 2016 A, Rev. Genom. Hum. Gened 17. 95-115; Behjati S. and Tarpey
P.S., 2013 Arch Dis Child Pract Fid, 98(6): 236-238; Alekseyev, ef al. 2018 Academic
Pathology 5. 1-11. In some embodiments of methods described herein, deeper sequencing will
increase coverage of the antibody repertoire.

[60119] Exemplary NGS methods for use in accordance with the present disclosure include

EEINA3

sequencing technigues including “second-generation sequencing,” “third-generation
sequencing,” and “fourth-generation sequencing” techniques.

{60128 In some embodiments, methods provided herein include sequencing by techniques
that include, but are not limited to, 454 pyrosequencing, fon Torrent sequencing, and Humina
sequencing.

{60121 In some embodiments, methods provided herein include sequencing by 454

pyrosequencing. 454 pyrosequencing detects pyrophosphate, a byproduct of nucleotide
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incorporation, to report whether a particular base was incorporated in a growing DNA chain
{{Ronaghi, Karamohamed, Pettersson, Uhlen, & Nyren, Anal. Biochem. 1996 Nov 1;242(1}1:84~
9.}, see also Slatko, Gardner, & Ausubel, Curr. Protoc. Mol Biol 2018;122(1:e59}, both of
which are incorporated herein by reference in their entirety. In a typical 454 sequencing method,
individual DNA fragments, e.g., 400 — 900 bp, e.g., 400-700 bp long, are ligated to adapters and
amplified by PCR in an individual emulsion “bead” {emPCR) reaction. DNA sequences on the
beads can be complementary to sequences on the adaptors, allowing the DNA fragments to bind
ditectly to the beads, ideally one fragment to each bead. DNA synthesis followed by chemical
detection of the DNA synthesis reactions then occurs and pyrophosphate release is measured.
Picoliter-sized chambers including the samples are flooded with sequencing reagents containing
one of the 4 nucleotides. When the correct nucleotide is incorporated in the synthesized sirand,
pyrophosphate release 1s measured utilizing a hght-generating reaction. Homopolymer “runs” of
nucleotides in the sequence can be detected by measuring the intensity of the light produced by
the reaction. Historically, 454 sequencing technology has been used for genome sequencing and
metagenome samples because of the long read lengths (up to 600-800 nt) that are typically
achieved and relatively high throughput (25 million bases, at 99% or better accuracy in a 4 hour
run}, facilitating genome assembly.

j00122]  In some embodiments, methods provided herein include sequencing by {on Torrent
sequencing. lon Torrent™ technology divectly converts nucleotide sequence into digital
information on a semiconductor chip (Rothberg et al., Nature 475, 348-352 (2011}, which is
incorporated by reference in its entirety). In a DNA synthesis reaction, when a correct nucleotide
is mcorporated across from its complementary base in a growing DNA chain, a hydrogen ion is
released. The release of a hydrogen ion changes the pH of the solution, which can be recorded as
a voltage change by an fon sensor, rouch like a pH meter. If no nucleotide is incorporated, no
voltage spike occurs. By sequentially flooding and washing out a “sequencing chamber” with
sequencing regents that include only one of the 4 nucleotides at a time, voliage changes occur
when the appropriate nucleotide is incorporated. When two adjacent nucleotides incorporate the
same nucleotide, two hydrogens are released and the voltage doubles. Thus “runs” of a single
nucleotide can also be determined.

{00123} Ion Torrent sequencing begins by fragmenting DNA into 200-1500 base fragments,
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which are ligated to adapters. The DNA fragments are attached to a bead by complementary
sequences on the beads and adapters and are then amplified on the bead by emulision PCR
{emPCR). Beads are then flowed across a chip containing wells so that only one bead can enter
an individual well. Seguencing reagents are then flowed across the wells, and when the
appropriate nucleotide is incorporated, a hydrogen ion is given off and the signal recorded.
{60124]  In some embodiments, methods provided herein include sequencing by Ulumina
sequencing. IHumina sequencing is based on a technique known as “bridge amplification” in
which BNA molecules {about 500 bp) with appropriate adapters ligated on each end are used as
substrates for repeated amplification synthesis reactions on a solid support that contains
oligonucleotide sequences complementary to a Hgated adapter. Oligonucleotides on the support
are spaced such that the DNA, which is then subjected 1o repeated rounds of amplification,
creates clonal “clusters” consisting of about 1000 copies of each oligonucleotide fragment. Each
support can include millions of parallel cluster reactions. During the synthesis reactions,
modified nucleotides, corresponding to each of the four bases, each with a different fluorescent
label, are incorporated and then detected. The nuclectides also act as terminators of synthesis for
each reaction, which are unblocked after detection for the next round of synthesis. The reactions
are repeated for 300 or more rounds. The use of fluorescent detection increases the speed of
detection due to direct imaging, in contrast to camera-based imaging.

j06128]  Io sowe embodiments, wethods provided herein include sequencing by single
molecule real time (SMRT) sequencing. SMRT sequencing can enable very long fragments to
be sequenced, up to 30-50 kb, or longer. SMRT sequencing involves binding an engineered
DNA polymerase, with bound BNA to be sequenced, to the botiom of 3 well (zero~-mode
waveguide (ZMW) in a SMRT flow cell. A ZMW is small chamber that guides light energy into
an area whose dimensions are small, relative to the wavelength of the Hluminating light. Because
of the ZMW design and wavelength of hight utilized, imaging often occurs only at the bottom of
the ZMW where the DNA polymerase, bound to the DNA, incorporates each base in a growing
chain. The four nucleotides are labeled with different phospho-linked fluorophores for
differential detection. When a nucleotide is incorporated into the growing chain, imaging occurs
on the millisecond time scale as the correct flucrescently-labeled nucleotide is bound. After

incorporation, the phosphate-hinked fluorescent motety is released and can no longer be detected.
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The vext nucleotide can then be incorporated. Imaging is timed with the rate of nucleotide
incorporation so that each base is identified as it is incorporated into the growing DNA chain.
This simultaneously occurs in parallel in up to one million zeptoliter ZMWSs, present on a single
chip within the SMRT cells.

[80126)  Template preparation with SMRT sequencing involves production of a “SMRTbell,”
a circular double-stranded BNA molecule with a known adapter sequence complementary to the
primers used to initiate the DNA synthesis on the template. This configuration enables the
polyroerase to read through large templates numerous times by traversing the circular molecule
in each ZMW, until the polymerase stops, to build up a consensus sequence (CCS, circnlar
consensus sequence). As the adapters ligated to each side of the insert each have DNA synthesis
priming sites, the sequencing polymerase can traverse the circular SMRTbell in the 5't0 3
direction on either DINA strand, providing complementary information from both strands of the
ds “SMRThell”.

[00127)  In some embodiments, methods provided herein include sequencing by nanopore
sequencing. In some embodiments, methods provided herein juclude sequencing by in sita
sequencing (ISS).

Bioinformatics

j00128] In some embediments, bicinformatics is used to analyze the data produced by
sequencing. For example, in some embodiments, bioinformatics can be used to delineate
particular regions of an antibody or antigen-binding protein to be analyzed, e.g., a nucleic acid
sequence of immunoglobulin variable region, an amino acid sequence of immunoglobulin
variable domain, a nucleic acid sequence encoding a framework region or a complementarity
determuining region, or an amino acid sequence of a framework region or a complementarity
determining region.

{60129)  NGS sequencing typically produces large amounts of sequencing data. In some
embodiments, sequence reads can be de~-multiplexed. In some embodiments, de-multiplexing
comprises in silico sorting of sequence reads based on the sample or source from which the
sequenced nucleic acid was obtained. De-multiplexing can be performed by in silico sorting of
sequence reads based on an associated index. In some embodiments, after de-multiplexing has

been performed, the sequence of the index can be removed from the sequence read. In some
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embodiments, the identification of the index, source or sample can be added to sequence
information associated with the sequence read.

[60138] In some embodiments, sequence reads are removed from further analysis (“filtered
out”) based on a quality score {e.g,, a Phred score}. [n some embodiments, a quality score
represents the probability that one or more nucleotides in a sequence read is called incorrectly.
In some embodiments, a quality score is a way to assign confidence to a particular base within a
read.

{80131] In some embodiments, sequence reads are removed from further analysis (“filiered
out”} based on sequence read length. For example, a sequence read that is either too short or too
long cau be removed from the analysis.

[60132]  In some embodiments, sequence reads are removed from further analysis (“filtered
out”) based on the identity of a portion of the sequence read to a known sequence. For example,
in some embodiments, a sequence read can be removed from further analysis if a portion of the
sequence read corresponding to a primer {¢.¢., an IgG constant region primer) has less than 90%,
less than 95%, less than 100% identity to the known sequence of the primer.

[60133] In some embodiments, sequence reads are removed from further analysis because a
fow number of reads was detected for a particular nucleic acid sequence.

j00134] In some embodiments, nonproductive rearrangements {e.g., those with stop codons or
out~of-frame rearrangements) may be removed prior to analysis,

{00135]  In some embodiments, a method described herein comprises performing NGS that
includes performing paired-end sequencing and the method comprises rmerging overlapping
paired-end reads.

[60136]  In some embodiments, duplicate reads can be removed. Duplicate reads are reads
that correspond to the same original DNA fragment. Duplicate reads can be generated, e.g., due
to an amplification step in sequencing technique. In some embodiments, removal of duplicate
reads occurs prior to determining amino acid sequences encoded by a plurality of nucleic acid
sequences in a nucleic acid sequence library.

j60137] In some embodiments, sequencing information obtained by performing NGS is used
to determine consensus sequences corresponding to the original DNA fragments sequenced.

[60138] In some embodiments, nucleotide sequences obtained from the NGS are ranked. In
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sorue embodiments, nucleotide sequences are ranked based on ¢DNA abundance, read length,
and/or contidence of the nucleotide sequence. In some embodiments, the top 1,000 sequences of
the NGS analysis are ranked. In some embodiments, the top 500 sequences of the NGS analysis
are ranked. In some embodiments, the top 400 peptides obtained by MS are ranked. In some
embodiments, the top 300 sequences of the NGS analysis are ranked. In some embodiments, the
top 200 sequences of the NGS analysis are ranked. In some embodiments, the top 100 sequences
of the NGS analysis are ranked.

[66139%] In some embodiments, the plurality of nucleic acid sequences (e.g., those encoding
immunoglobulin variable domains) obtained via NGS 15 aligned to germline V{D}J sequences.
In some embodiments, the plurality of nucleic acid sequences (e.g., those encoding
immunoglobulin variable domains) obtained via NGS is aligned to germline V(D)) sequences,
and further analyzed to extract information about, e.g., variable region sequences, variable
domain sequences, framework sequences, and/or CDR sequences {e.g.,, CIDR3 sequences).
[00146] In some embodiments, sequencing reads are analyzed to determine the amino acid
sequences they encode (e.g., by in sifico translation) and collapsing the sequences into unique
full length in frame amino acid sequences. In some embodiments, methods provided comprise
generating a hbrary of arino acid sequences by in sifico translating sequencing reads, e.g., of the
sequence read library.

{00141] Io some embodiments, the amino acid sequences of these extracted nucleic acid
sequences or CDR3 sequences are analyzed to determine their amino acid sequences by
obtaining amino acid sequences of the corresponding nucleic acid or CDR3 sequences {e.g., by
in sifico translation) and collapsing the sequences into unique full length in frame amino acid
sequences. In some embodiments, these unique amino acid sequences are used to construct a
Hibrary of amino acid sequences representing a plurality of immunoglobulin variable domains or
immunoglobulin CDRs.

[60142]  As used herein, nucleic acid sequences that encode a plurality of inununoglobulin
variable domains encompass nucleic acid sequences that encode about 10,000 — 500,000 unique
amino acid sequences including about 10,000, about 15,000, about 20,000, about 25,000, about
30,000, about 35,000, about 40,000, about 45,000, about 50,000, about 55,000, about 60,000,
about 65,000, about 70,000, about 75,000, about 80,000, about 85,000, about 90,000, about
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95,000, about 100,000, about 110,000, about 120,000, about 130,000, about 140,000, about
150,000, about 160,000, about 170,000, about 180,000, about 190,000, about 200,000, about
250,000, about 300,000, about 350,000, about 400,000, about 450,000, or about 500,000 unique
amino acid sequences. In some embodiments, a nucleic acid sequences that encode a plurality of
immunoglobulin variable domains may encompass nucleic acid sequences that encode about 10
- 100,000 unigue amino acid sequences, or about 10; about 25, about 50; about 75, about 100;
about 250; about 500; about 750; about 1000; about 1500; about 2000; about 2500; about 3000,
about 3500; sbout 4000; about 4500; about 5000; about 10,000; about 15,000; about 20,000;
about 25,000; about 30,000; about 35,000; about 40,000; about 45,000; about 50,000; about
55,000; about 60,000; about 65,600; about 70,000; about 75,000; about 80,000; about 85,000,
about 90,000, about 95,000; or about 100,000 unique amine acid sequences. In some
embodiments, a plurality of nucleic acid sequences encodes about 10,000 — 80,000 unigue amino
acid sequences, and may encompass about 10,000; about 15,000; about 20,000, about 25,000,
about 30,000; about 35,000; about 40,000; about 45,000; about 50,000; about 55,000; about
60,000; about 65,000; about 70,000; about 75,000; or about 86,000 unique amino acid
sequences. Furthermore, in some embodiments, only a single amino acid sequence may be

required to wdentity the immunoglobulin variable domain that binds to a particular antigen.

Samples for Pepiide Arnclysis

{60143]  In some embodiments, methods provided herein comprise obtaining and/or
determining a plurality of peptide sequences of human immunoglobulin heavy chain and/or light
chain variable domains that were obtained from a sample of antibodies. in some embodimenis, a
sample of antibodies comprises a population of antibodies obtained from an immunized host.
j08144]  The present disclosure encompasses a recoguition that a sample for peptide analysis
can be enriched for antibodies with desired characteristics in vivo. For example, a sample of
antibodies may be euriched based on in vivo localization. Accordingly, in some embodiments a
sample comprising antibodies can be obtained from any desired source within the host, e.g
serurn, plasma, lymphotd organs, gut, cercbrospinal fluid, brain, spinal cord, placenta, or a
combination thereof.

[601458] In some embodiments, a sample for peptide analysis is or comprises any bodily fluid
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comprising antibodies. v some embodiments, a sample for peptide analysis is or comprises &
sample obtained from serum, plasma, lymphotd organs, gut, cerebrospinal fluid, brain, spinal
cord, placenta, or a combination thereof. In some certain embodiments, a sample for peptide
analysis is or comprises antibodies obtained from serum of an immunized host {(e.g., non-human
animal, e.¢. rodent). In some embodiments, a sample for peptide analysis (a “second sample™)
can be obtained from a tissue lysate. In some embodiments, second samples may contain
varying levels of circulating antibodies that can be isolated and sequenced. As described above,
in some embodiments, the second sample may be derived from a particular antibody source, e.g.,
secreted antibody source, if evaluation of antibody from that source is desired. In some
embodiments, a sample for peptide analysis comprises antibodies obtained from a particular
tissue to enrich for antibodies that localize to that tissue.

[00146] In some embodiments, a sample for peptide analysis comprises a population of
antibodies. In some embodiments, a sample for peptide analysis is enriched for antibodies with
desired characteristics ex vive, In some embodiments, a sample is enriched for antibodies using
chromatography, such as, for example, ion exchange chromatography. In some embodiments, a
sample is enriched for antibodies with affinity to a particular target using, e.g., affinity
chromatograpby. I sore ernbodiments, affinity chromatography is used to remove antibodies
with certain undesired {e.g., off target) binding affinities. In some embodiments, a sample for
pepiide analysis is enriched for antibodies with desired characteristics by exposing the antibody
to one or more conditions, ¢.g., heat and/or oxidation to select for antibody stability.

{60147] In some embodiments, a second sample comprises antibodies directed against the
antigen of interest from the immunized host, and is depleted of antibodies not directed against
the antigen of interest. The depletion of samples can be achieved using a variety of methods
including, but vot hmited to chromatography, affinity purification methods, size exclusion
methods, buffer exchanges, albumin depletion techniques, protease inhibitors, immunoglobulin
depletion techniques, and high abundant protein depletion. In some embodiments, where the
immunogen during immunization of the non-human animal is complexed with an adjuvant, the
second sample maybe depleted of antibodies directed against the adjuvant. In some
embodiments, wherein the immunogen is fused to an Fo moiety, the second sample is depleted of

antibodies directed against the Fc. In other embodiments, the immunogen may be fused to atag,
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e.g., His, FLAG, Myc, HA, GST, GFP, V5, eic., and the second sample depleted of antibodies
directed against that tag.

[60148] In some embodiments, the second sample is enriched for antibodies directed against
the antigen of interest. Similar to depletion methods, the enrichment of samples can be achigved
using a variety of methods including chromatography, affinity purification methods, size
exclusion methods, etc. In some embodiments, the second sample may be enriched by various
methods that involve binding to the antigen immunogen. Since the enrichment step may depend
on aniibody binding to a polypeptide; in this step, an antibody pool can be interrogated for a
specific property of the antibody of interest. In one example, the second sample may be enriched
for an antibody of interest based on its ability to bind to an antigen under specific binding
conditions. For example, the second sample may be enriched for antibody of interest based on its
ability bind to a specific isoform/variant of the antigen, specific fragment/epitope of the antigen,
monomeric or oligomeric forms of the antigen, or other desired conformations of the antigen. In
some embodiments, a sample for peptide analysis 1s enriched for a particular Ig class, for
example, by affinity chromatography using protein A {(or anti-IgA and anti-IgM antibodies for
affinity purification of the other major Ig classes).

{00149] In some embodiments, a sample comprising a population of antibodies is digested
and/or fragmented prior to peptide analysis. In some embodiments, a sample of antibodies for
peptide analysis is digested into peptides. In some embodiments, a sarople of antibodies for
peptide analysis is enzymatically digested into peptides {e.g., using trypsin and/or pepsin}. In
some embodiments, a sample of antibodies for peptide analysis is denatured and reduced prior to
digestion. In some embodiments, a sample of antibodies for peptide analysis is alkylated {e.g,
using iodoacetamide) prior to digestion. In some embodiments, a sample of antibodies for
peptide analysis is devatored, reduced and/or alkylated and then enzymatically digested {(e.g.,
using trypsin and/or pepsin). In some embodiments, a sample is divided into multiple aliguots
that are digested with ditferent enzymes and/or for ditferent amounts of tiroe. 1n some
embodiments, a sample is divided into at least two aliguots that are digested with at least 2

different enzymes.
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{00156] 1o some embodiments, antibodies are digesied into peptides and sequenced using MS
analysis {e.g., tandem mass spectrometry}. 1n some embodiments, peptide sequences from MS
analysis are interrogated against of a library of antibody sequences.

{60151] In some embediments, peptides of antibody are separated and/or resolved by
chromatography, e.g., iquid chromatography. In some embodiments, peptides of antibody are
separated and/or resovled by high performance liguid chromatography. In some embodiments,
peptides of antibody are separated and/or resolved by reverse phase chromatography.

[60152] In certain embodiments, CDR3 peptides could be enriched from unrelated peptides
via specific conjugation of the unique Cys at the end of the CDR3 sequence with a thiol-specific
reagent that allows the purification of such peptides. In some embodiments, a sample of
antibodies for peptide analysis is digested {e.g., enzymatically digested} into a plurality of
peptides and the plurality of peptides are enriched for CDR3 peptides using a thiol-specific

reagent.

MS and Interrogation of the Library

{60153]  In some embodiments, methods described herein utilize mass spectrometry (MS).
Mass spectrometry obtains molecular weight and structural information on chemical compounds
by ionizing the molecules and measuring either their time-of-flight or the response of the
molecular trajectories to electric and/or magnetic fields.

[00154] The present disclosure further contemplates that any MS method can be adapted for
use in methods of the disclosure. Exemplary MS methods include, but are not limited to, tandem
MS (MS/MR), LC-MS, LC-MS/MS, matrix assisted laser desorption ionisation mass
spectrometry (MALDI-MS), Fourter transform mass spectrometry (FTMS), ion mobility
separation with mass specirometry (IMS-MS), electron transfer dissociation (ETD-MS), and
combinations thereof. Such methods are described in, e.g., Pitt, Clin. Biochem. Rev. 30:19-34
{2009). Mass spectrometers that can be used in methods of the present disclosure are kuown in
the art and are commercially available from, e g., Agilent Inc., Bruker Corporation, and Thermo
Scientific.

{60185]  In some embodiments, the peptide sequences of a second sample are determined

using mass spectrometric analysis of the heavy and/or light chain variable domains of the
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population of antibodies. In some embodiments, the mass spectrometric analysis combines
hiquid chromatography and mass spectrometry {(LC-MS) preceded by a proteolytic digest of the
heavy and/or light chain variable domains of the population of antibodies. However, alternative
separation and mass spectrometry methods can be used including accelerator mass specirometry,
gas chromatography-mass spec {GC-MS), ion mobility spectrometry-MS, Matrix Assisted Laser
Desorpiion fonization Time of Flight (MALDI-TOF), and Surface Enhanced Laser Desorption
fontzation (SELDI-TOF)}. In general, top-down proteomics can also be used wherein intact
proteins are analyzed without digestion thereby retaining intact protein mass information. See
Chen ef al. 2018 Anaf Chem. 90(1): 110-127. In some embodiments, provided methods
incorporate multidimensional high-pressure liquid chromatography (LC/LC) and/or tandem mass
spectrometry (MS/MK).

[00136] In some certain embodiments, a MS analysis is quantitative.

{60157] In some embodiments, peptide sequences obtained from the MS analysis are ranked.
In some embodiments, peptide sequences are ranked based on peptide abundance and/or peptide
confidence. In some embodiments, the top 1,000 peptides obtained by MS are ranked. In some
embodiments, the top 500 peptides obtained by MS are ranked. In some embodiments, the top
400 peptides obtained by MS are ranked. In sorve ervbodiments, the top 300 peptides obtained
by MS are ranked. In some embodiments, the top 200 peptides obtained by MS are ranked. In
some erbodiments, the top 100 peptides obtained by MS are ranked. Io some embodiments, the
M spectra quality of the top ranked peptide sequences is manually confirmed.

[60158] In various embodiments, the peptide sequences {e.g., the peptide sequences of heavy
and/or light chain variable domains) obtained through MS analysis {e.g., of the second sample}
are interrogated with amino acid sequences of the plurality of immunoglobulin variable domains
obtained fromw the sequence avsalysis {e.g., of a first sample). In some embodiments, the peptide
sequences are interrogated with amine acid sequences obtained by translation of nucleotide
sequences obtained by NGS {e.g., of a first sample).

100159]  In some embodiments, interrogating the amino acids sequences of the plurality of
immunoglobulin variable domains with the peptide sequences of heavy and/or light chain
variable domains of the population of antibodies comprises aligning the peptide sequences of

heavy and/or light chain variable domains of the population of antibodies to each other and to the
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amino acid sequences of the plurality of immunoglobulin variable domains. Aligning, as used
herein, also means comparing the peptide sequences of heavy and/or light chain variable
domains of the population of antibodies to the amino acid sequences of the plurality of
immunoglobulin variable domains and, optionally, to each other. The peptide sequences
obtained through mass spectrometric analysis of the second sample may, in some embodiments,
be screened against the library containing the plurality of variable domains obtained from the
first sample. As contemplated by the present disclosure, interrogating the amino acid sequence
can be performed using a variety of methods.

j6016¢] In some embodiments, peptide sequences obtained through mass spectrometric
analysis of a second sample are mapped and/or searched against a library of antibody sequences
{e.g., variable domain sequences and/or CDR sequences) obtained from the sequencing analysis
{e.g., of a first sampie) using commercially available software (e g, Mascot, Martix Science;
PEAKS, Bicinformatics Solutions, Inc.; Sequest, ThermoFisher Scientific; Byonic, Protein
Metrics). Based on the various criteria, the sequence of the variable domain of the antibody of
interest is obtained.

[60161] In some embodiments, obtaining a human immunoglobulin heavy chain and/or light
chain variable domain or a CDR of an antibody specific for the antigen is based on one or more
of: {1} a match {e.g., specified homology) of a unique peptide obtained from the second sample
to a CDR3 seguence in the amino acid sequence obtained from the first sample; (2) a match (e.g,,
specified homology’ of unique peptides obtained from the second sample to CDR1Y and/or CDR2
sequences in the amino acid sequence obtained from the first saraple; (3) a match {e.g., specified
homology) of one or more unigue peptides obtained from the second sample to one or more
framework sequences in the amino acid sequence obtained from the first sample; (4) the number
of next generation sequencing counts, {5 exclusion of CDR sequence with methionine; and {6)
exclusion of CDR sequence with potential N glycosylation. In some embodiments, obtaining a
human rorounoglobulin beavy chain and/or light chain variable dorvain or a CDR of an antibody
specific for the antigen is based on combination of two or more, three or mere, four or more, five
or more, or all six of these parameters.

[60162]  In some embodiments, obtaining a human immunoglobulin heavy chain variable

domain or a CDR of an antibody specific for the antigen is based on homology of a unique



WO 2022/056276 PCT/US2021/049887

peptide obtained from MS analysis to CDR sequences and/or framework sequences in the
library. In some embodiments, the library comprises amino acid sequences of antibody heavy
chain variable dormains that correspond to nucleic acid sequences obtained by NGS (e.g., of a
first sample obtained from an immunized host).

j80163]  In some embodiments, peptide sequences obtained from MS analysis are used to
interrogate the library to select for only those amino acid sequences that share at least 90%, at
least 919, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
feast 98%, at least 99% identity or 100% identity.

j80164] In some embodiments, interrogation comprises querving a library for sequences
homologous to peptide sequences (e.g., CDR sequences) obtained through MS analysis. In some
embodiments, interrogation comprises guerying a library for sequences homologous to CDR3
peptide sequences obtained through MS analysis. In some embodiments, interrogation
comprises querying a library for sequences that are at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% homologous to CDR3 peptide sequences obtained through MS analysis.
In some embodiments, interrogation comprises querying a library for sequences that are 100%
homologous to CDR3 peptide sequences obtained through MS analysis.

[08165] Insome embodiments, peptide sequences obtained through MS analysis of the second
sample are searched against a library of antibody sequences {e.g., variable domain sequences
and/or CDR. sequences) obtained from the sequencing analysis, using one or more of the
following search paramaters; enzymatic cleavage site, enzymatic digestion specificity, missed
enzymatic cleavages, mass tolerance, and/or fixed modifications. In some embodiments, peptide
sequences corresponding to 3 CDR {e.g., CDR3) of an antibody variable domain obtained
through MS of a sample are mapped and/or searched against a library of antibody sequences
{e.g., CDRs sequences) obtained fromw the sequencing analysis {e.g., of a first sarople) using
commercially available software.

[80166] In various embodiments of the present invention, a match of a peptide obtained from
mass spectrometry analysis of the second sample to the library of amino acid sequences
generated through NGS includes peptides that are 80% or greater identical to the NGS-obtained
sequence. In some embodiments, the percent identity of the peptide obtained from mass

spectrometry analysis of the second sample to the library of amino acid sequences generated
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through NGS is at least about 80%, at least about 90%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, or at least about 99% identical to the NGS-obtained
sequence. The term “identity” as used herein, in connection with aligniment or cormparison of the
peptide sequence to the NGS-obtained sequence, refers to identity as determined by a number of
different algorithms known in the art used to measure nucieotide and/or amino acid sequence
identity. In a further embodiment, a match can be an exact match of the peptide sequence to the
NGS-obtained sequence. In some embodiments, a peptide obtained from MS analysis may cover
the entire CDR or frarework sequence or a portion thereot in the NGS database.

100167] In some embodiments, an obtained antibody, variable domain, and/or CDR sequences
are selected based on one or more criteria. In some embodiments, antibody sequences {or
portions thereot} are grouped based on homology. In some embodiments, obtained antibody
and/or variable domain sequences are grouped based on homology of one or more CDRs. In
some embodiments, obtained antibody and/or vasiable domain sequences are grouped based on
CDR3 homology.

[60168]  In some embodiments, immunoglobulin heavy chain variable domain sequences are
grouped based or: homology. In some embodiments, immunoglobulin light chain variable
domain sequences are grouped based on homology.

j00169]  In some embodiments, peptide sequences mapped onto the library of antibody
sequences {(e.g., variable domain sequences and/or CDR sequences) obtained from the
sequencing analysis are ranked. In some embodimenis, peptide sequences are ranked based on
sequence coverage and/or peptide confidence. In some embodiments, the top 1,000 antibody hits
are ranked. In some embodiments, the top SO0 antibody hits are ranked. In some embodiments,
the top 400 antibody hits are ranked. In some embodiments, the top 300 antibody hits are
ranked. In some emboduments, the top 200 antibody hits are ranked. In some embodiments, the
top 100 antibody hits are ranked. In some embodiments, the MS spectra quality of the top
ranked peptide sequences is manually confirmed.

10017¢]  In some embodiments, identified immunoglobulin heavy chain and/or light chain
variable domain sequences are expressed as a recombinant antigen-binding protein {e.g.,
antibody). In some embodiments, identified immunoglobulin heavy chain and/or light chain

variable domain sequences are codon optimized and expressed as a recombinant antigen-binding
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protein.

{00171}  In some embodiments, recombinant antigen-binding proteins {(e.g., antibodies)
comprising identified variable domain sequences are characterized. In some embodiments,
binding affinity for a target s assessed for recombinant antibodies comprising identified variable

domain sequences.

Non-frman Animals

[80172] Methods provided herein include the use of non-humwan animals. Exemplary non-
human animals for use with the discloses methods are described in detail below. Brietly,
however, in various embodiments, the host {e.g., the immunized host} is a genetically modified
non-human animal, e.g., non-human mammal, that comprises in its genome an immunoglobulin
heavy chain variable region comprising one or more human heavy chain V gene segraents, one
or more human I gene segments, and one or more human heavy chain J gene segments, wherein
the heavy chain variable region is operably linked to a constant region, and an immunoglobulin
light chain variable region comprising one or more human Hght chain V gene segments and one
or more human light chain § gene segments, wherein the light chain is operably linked to a
constant region.

j00173]  In some embodiments, the genetically medified non-human animal can be any non-
human ammal. o some ersbodiments, the non-buman animal is a vertebrate. In some
embodiments, the non-human animal is 2 mammal. In some embodiments, the genetically
modified non-human animal described herein may be selected from a group consisting of a
mouse, rat, rabbit, pig, bovine {e.g,, cow, bull, buffalo}, deer, sheep, goat, lama, chicken, cai,
dog, ferret, primate (e.g., marmoset, rhesus monkey). For non-human animals where suitable
genetically modifiable ES cells are not readily available, other methods can be employed to
make a non-human animal comprising the genetic modifications described herein. Such methods
include, for exaruple, modifying a nouv-ES cell genome {e.z., a fibroblast or an jnduced
pluripotent cell} and employing muclear transfer to transfer the modified genome to a suitable
ceil, such as an cocyte, and gestating the modified cell {e.g., the modified ococyte) in a non-

human animal under suitable conditions to form an embryo.
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{80174]  In some embodiments, the non-human animal is a mammal. In some ermbodiments,
the non-human amimal is a small mammal, e.g., of the supertamily Dipodoidea or Muroidea. In
some embodiments, the non-human animal is a rodent. In certain embodiments, the rodent is a
mouse, a rat or a hamster. In some embodiments, the rodent is selected from the superfamily
Muroidea. In some embodiments, the non-human animal is from a family selected from
Calomyscidae {(e.g,, mouse-like hamsters), Cricetidae {e.g., hamster, New World rats and mice,
voles), Muridae {e.g, true mice and rats, gerbils, spiny mice, crested rats), Nesomyidae (e.g.,
climbing mice, rock mice, white-tailed rats, Malagasy rats and mice), Platacanthomyidae {e.g.,
spiny dermice), and Spalacidae (e.g., mole rates, bamboo rats, and zokors). In some
embodiments, the rodent is selected from a true mouse or rat (family Muridag), a gerbil, a spiny
mouse, and a crested rat. In some embodiments, the mouse is from a member of the family
Muridae. In some embodiments, the non-human animal is a rodent. In some embodiments, the
rodent is selected from a mouse and a rat. In some embodiments, the non-human animal is a
MOuse.

[60175]  In some embodiments, the non-human animal is a mouse of a C57BL strain. In some
embodiments, the CS7BL strain is selected from C57BL/A, C57BL/An, CS7BL/GrFa,
CSTBL/Kal.wiN, C57BL/6, CS7BL/6I, CS3TBL/6By], C3TBL/6NE, CSTBL/10, C537BL/108¢8n,
CSTBL/10OCr, and C57BL/0la. In some embodiments, the non-human animal is a mouse of a 129
strain. In sowe embodiments, the 129 strain is selected from the group consisting of a strain that
is 129P1, 129P2, 129P3, 129X1, 12981 (e.g., 12981/8V, 12981/8vim), 12982, 12984, 12985,
12989/8vEvH, 12956 (129%/8vEvTac), 12987, 12988, 129T1, 12972, In some embodiments, the
genetically modified mouse is 3 mix of a 129 strain and a C37BL strain. In some embodiments,
the mouse is a mix of 129 strains and/or a mix of C57BL/6 strains. In some embodiments, the
129 strain of the mix is a 12986 (129/8vEvTac) strain. In some embodiments, the roouse 1s a
BALB strain {e.g., BALB/c). In some embodiments, the mouse is a mix of a BALB strain and
another strain {e.g., a C37BL strain and/or a 129 strain}. lo somwe embodiments, the non-human
animals provided herein can be a mouse derived trom any combination of the aforementioned
strains.

{60176]  In some embodiments, the non-human animal provided herein is a rat. In some

embodiments, the rat is selected from a Wistar rat, an LEA strain, a Sprague Dawley sirain, a
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Fischer strain, F344, ¥6, and Dark Agouti. In some embodiments, the rat strain is a mix of two or
more strains selected from the group consisting of Wistar, LEA, Sprague Dawley, Fischer, F344,
F6, and Dark Agouti.

{00177 Thus, in some embodiments the immunized non-human animal host 18 a rodent such
as a rat or mouse. Thus, in some embodiments, the host is a genetically modified rodent that
comprises in its genome an immunoglobulin heavy chain variable region comprising one or more
human heavy chain V gene segments {also referred to as human Vi gene segiments), one or more
human D gene segments (also referred to as human Dy gene segments), and one or more human
heavy chain J gene segments {also referred to as human I gene segments), wherein the heavy
chain variable region is operably linked to a constant region, and an immunoglobulin light chain
variable region comprising one or more human light chain V gene segments and one or more
human light chain § gene segments, wherein the light chain is operably linked to a constant
region.

{60178] In some embodiments, the host is a genetically modified mouse that comprises in its
genome an immunoglobuliv heavy chain variable region comprising one or more human heavy
chain V gene segment, one or more human D gene segments, and one or more human heavy
chain I gene segments, wherein the heavy chain variable region is operably linked to a murine
constant region, and an immunoglobulin light chain variable region comprising one or more
human light chain V gene segments and one or more human light chaio J gene segroents,
wherein the light chain is operably linked to a murine constant region.

{80179}  In one aspect, the immunoglobulin heavy chain variable region comprising human
heavy chain YV, P, and J gene segments is operably linked to a mouse heavy chain constant
region, and the immunoglobulin light chain variable region comprising human light chain V and
§ gene segroents 1s operably linked to a mouse light chain constaut region. In a further aspect the
immunoglobulin heavy chain variable region comprising human heavy chain V, D, and § gene
segments operably linked to a mouse heavy chaiun constant region resides at the endogenous
mouse heavy chain locus, and the immunoglobulin light chain variable region comprising human
light chain V and J gene segrments operably linked to a mouse light chain constant region resides
at the endogenous mouse light chain locus. Various embodiments of the genetically modified

non-human animals, e.g.. rodents, e.g., mice, are described in more detail herein below.

>
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{00186] In some embodiments, the host is a genetically modified non-hurman animal
comprising a restricted heavy or restricted Hght chain variable sequence, e.g., comprising a
timited repertoire of heavy or light chain variable V(D) gene segments, e.g., single rearranged

heavy or light chain variable sequence, as described herein below.

Genetically Modified Hosts for Identification of Antigen-Specific Antibodies

{00181} The antibodies of the present invention are obtained by first immunizing the non-
human animal host with an antigen of interest. Thus, in some embodiments, an immunized non-
human animal host as described herein is a rodent, e.g., a rat or mouse. In some embodiments,
an immunized non-human animal host as described herein is a genetically modified non-human
animal host, e.g., a genetically modified rodent. Various embodiments of the genetically
modified non-human animals, e.g | rodents, e.g., rats or mice, are described in more detail herein
below.

{60182] In some embodiments, the immunized non-human animal host is a rodent such as a
rat or mouse. In some embodiments, the host is a gevetically modified rodent that comprises in
its genome an immunoglobulin heavy chain variable region comprising one or more human
heavy chain V gene segments, one or more human B} gene segments, and one or more human
heavy chain J gene segments, wherein the immunoglobulin heavy chain variable region is
operably linked to a constant region, and au imamunoglobulin light chain variable region
comprising one or more human light chain V gene segments and one or more human light chain
¥ gene segments, wherein the Hight chain is operably linked to a constant region.

j00183] In some embodiments, the host 1S a genetically modified mouse that comprises in its
genome an immunoglobulin heavy chain variable region comprising one or more human heavy
chain V gene segments, one or more human D geve segments, and one or more human heavy
chain I gene segments, wherein the heavy chain variable region is operably linked to a murine
{e.g., arat or mouse) constant region, avd an immunoglobulin light chain variable region
comprising one or more human light chain V gene segments and one or more human light chain
J gene segments, wherein the light chain is operably linked to a murine constant region.

[60184]  In some embodiments, the immunoglobulin heavy chain variable region is operably

finked to a mouse heavy chain constant region, and the immunoglobulin light chain variable
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region is operably linked to a mouse light chain constant region. In some embodiments, the
immunoglobulin heavy chain variable region operably linked to a mouse heavy chain constant
region resides at the endogenous mouse heavy chain locus, and the immunoglobulin light chain
variable region operably linked to a mouse light chain constant region resides at the endogenous
mouse light chain locus. One exemplary embodiment is described in Macdonald ¢f /., Proc.
Natl. Acad. Sci. USA 111:5147-52 and supporting information

{(www . pnas.org/cgi/content/short/1323896111), which is hereby incorporated by reference in its
entirety. Various emsbodiments of the genetically modified non-burau animals, e.g., rodents,
e.g., rats or mice, are described in more detail herein below.

[60185]  In some embodiments, a genetically modified rodent comprises in its genowe (e.g, its
germline genome) an engineered immunoglobulin heavy chain locus (e g., an engineerad
endogenous rodent immunoglobulin heavy chain locus) comprising one or more unrearranged
human Vi gene segments, one or more unrearranged human Da gene segments, and cne or more
unrearranged human Jg gene segments that are upstream of (e.g., operably linked to) one or more
rodent (e.g., rat or ouse) immunoglobulin heavy chain coustant region genes {(e.g., one or more
endogenous rodent {e.g., rat or mouse) immunoglobulin heavy chain constant region genes).
Such an engineered imrounoglobulin beavy chain locus is referred to herein as an "HoH locus.®
Rodents including an HoH locus are exemplified in, e.g., U.S. Patent Nos. 6,596,541; 8 642 835;
and 8,697,940, and Murphy, A., “VelocImmune: Immunoglobulin Variable Region Humanized
Mouse,” in Recombinani Antibodies for Immunotherapy, New York, WY, Cambridge University
Press, 101-107 (2009), each of which is incorporated by reference in its entirety. In some
embodiments, a genetically modified rodent {(e.g., rat or mouse} is homozygous at an HoH locus.
In some embodiments, a genetically modified rodent {e.g., rat or mouse} s heterozygous at an
HoH locus.

[60186] In some embodiments, one or more unrearranged human Ya gene segments includes
at least six human Vi gene segroents. In some embodiments, one or more unrearranged human
Vi gene segments includes at least 18 human Vy gene segments. In some embodiments, one or
more unrearranged human Vu gene segments includes at least 39 human Vi gene segments. In
some embodiments, one or more unrearranged human Vy gene segments includes at least 80

human Vg gene segments. In some embodiments, one or more unrearranged human Dy gene
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segments includes at least 27 buman Du gene segroenis. o soroe embodiments, one ot more
unrearranged human Jg gene segments includes at least six human Ju gene segments.

[B0187] In some embodiments, one or more unrearranged human Vu gene segments includes
all functional human Va gene segments. In some embodiments, one or more unrearranged
human Vi gene segments includes less than 80 human Va gene segments. In some
embodiments, one or more unrearranged human Vu gene segments includes less than 39 human
Vu gene segments. In some embodiments, one or more unrearranged human Vg gene segments
includes less than 18 human Vy gene segments. In some embodiments, one or more
unrearranged human Vi gene segments includes less than 10 human Vu gene segments.

[60188] In some embodiments, one or more unrearranged human Vy gene segments includes
at least 18 human Vy gene segments, one or more unrearranged human Dy gene segments
includes 27 human Dy gene segments, and one or more unrearranged human Jy gene segments
inchudes six human Jg gene segments. Such an engineered immunoglobulin heavy chain locus is
referred to herein as a “VelocImmune® | HoH locus.” In some embodiments, one or more
unrearranged human Vg gene segments includes at least 39 human Vi gene segments, ove or
more unrearranged human Dy gene segments includes 27 human Dy gene segments, and one or
more unrearranged huroan Ja gene segmeunts includes six buman Ja gene segrments. Such an
engineered immunoglobulin heavy chain locus is referred to herein as a “Veloclmnune® 2 HoH
focus.” In some embodiments, ove or more unrearranged buman Va gene segments includes at
least 80 human Vg gene segments, one of more unrearranged human Dp gene segments includes
27 human Dy gene segments, and one or more unrearranged human Jg gene segments includes
six buman Jn gene segments. Such an engineered immunoglobulin heavy chain focus 1s referred
to herein as a “VelocImmune®™ 3 HoH locus.”

j0018%] v sowe ewmbodiments, a genetically modified rodent (e.g., rat or mouse), which
comprises an HoH locus, produces an antibody comprising, infer afia, heavy chains, wherein
each heavy chain comprises a burnan heavy chain variable dowain operably Hoked to a rodent
(e.g., rat or mouse) heavy chain constant domain, €.g., in response to antigenic stimulation.
j60196]  In some embodiments, a genetically modified rodent comprises in its genome {e.g., its
germline genome) an engineered immunoglobulin heavy chain locus (e g., an engineered

endogenous rodent immunogiobulin heavy chain locus) comprising one or more unrearranged
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human Vy gene segments, one of more unreartanged human Dy geve segments, and one or more
unrearranged human Ju gene segments, which further comprises substitution or insertion of at
teast one histidine for a non-histidine residue, such that the unrearranged immunoglobulin heavy
chain variable gene sequence comprises in a complementarity determining region 3 (CDR3)
encoding sequence a substitution of at least one non histidine codon with a histidine codon or an
insertion of at least one histidine codon {(see, e.g., PCT Pub. Nos. WO2013/138712 and
WO2013/138681, incorporated herein by reference in their entireties). Immunizing genetically
modified rodents comprising substitution of non-histidine residues with histidine residues or
insertion of histidine residues facilitates identification of antibodies that exhibit pH-dependent
properties towards their antigens, using the combination of repertoire sequencing and MS
methods described herein and in the Examples.

[00191]  In some embodiments, a genetically modified rodent {e.g., rat or mouse) comprises in
its genome {e.g., its germline genome) an engineered immunoglobulin heavy chain locus, such as
comprising a restricted heavy chain variable region sequence, comprising a limited human heavy
chain variable region repertoire.

[60192]  In some embodiments, a genetically modified rodent comprises in its genome {e.g., its
germline genome) an engineered immunoglobulin heavy chain locus {(e.g., an engineered
endogenous rodent immunoglobulin heavy chain locus) comprising a single human Vg gene
segment, one or more unrearranged human Da gene segments, and oue or more unrearranged
human Jg gene segments that are upstream of {e.g., operably linked to) one or more rodent {e.g.,
rat or mouse) immunoglobulin heavy chain constant region genes (e.g., one or more endogenous
rodent {e.g., ral or mouse} immunoglobulin heavy chain constant region genes). A genetically
modified rodent having such an engineered immunoglobulin heavy chain locus (e g., an
engineered endogenous rodent iromunoglobulin heavy chain focus) is exemplified in, eg, U.S.
Patent Publication No. 2019/0261612 and U.S. Patent No. 10,238 093, each of which is
mcorporated by reference in its entirety.

100193}  In some embodiments, a genetically modified rodent {e.g., rat or mouse} comprises in
its genome {e.g., its germline genore) an engineered immunoglobulin heavy chain locus {e.g.,
an engineered endogenous rodent immunoglobulin heavy chain locus) comprising a single

rearranged human heavy chain variable region upstream of {(e.g., operably linked to) one or more
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rodent (e.g., rat or eouse) consiant region genes. Such an engineered imsrounoglobulin beavy
chain locus is referred to herein as a “UHC locus” or a “universal heavy chain locus” or a
“common heavy chain locus.” Rodents including a UHC locus are exemplified in, g, US.
Patent No. 9,204,624, which s incorporated by reference in its entirety.

[80194]  In some embodiments, a single rearranged human heavy chain variable region
comprises a single human Vg gene segment, a single human Dy gene segment, and a single
human Jg gene segment. In some embodiments, a single human Yy gene segment is a human
Vu3-23, a single huran Dia gene segment is a human Dy4-4, and a single human Jy geoe
segment is a human Ju4.

[60195]  In some embodiments, a single rearranged human heavy chain variable region
comprises a single human Vg gene segment and a single human Ja gene segment, which are
separated by two amine acids, In some embodiments, a single human Vg gene segrment is a
human Ve3-23, a single human Ju gene segment is a human fa4, and two amino acids are
glycine and tyrosine.

[60196] In some embodiments, one or more rodent {e.g., mouse or rat} heavy chain constant

region genes are one or more endogenous rodent {e.g., mouse or rat) heavy chain constant region

(7]

genes.
{80197} In some embodiments, a genetically modified rodent {e.g., rat or mouse), which
comprises a UHC locus, produces an antibody comprising, infer alia, mmmunoglobulin chains,
where each immunoglobulin chain comprises a buman heavy chain variable domain operably
tinked to a constant domain, e.g, in response to antigenic stimulation.

j00198] In some embodiments, a genetically modified rodent {e.g., rat or mouse) comprises in
its genome {e.g., its germline genore) an engineered immunoglobulin heavy chain locus {e.g.,
an engineered endogenous rodent immunoglobulin heavy chain locus) comprising one or more
unrearranged human Vi gene segments and one or more unrearranged human Ji gene segments
that are upstream of (e.g., operably linked to) one or more rodent (e.g, rat or mouse)
immunoglobulin heavy chain constant region genes {e.g., one or more endogenous rodent {e.g.,
rat or mouse} iumunoglobulin heavy chain constant region genes). In some embodiments, such
a genetically modified rodent comprises a hybrid heavy chain locus with both light chain (e.g,,

tight chain variable region) and heavy chain {e.g., heavy chain constant region} sequences. Such
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an engineered wununoglobulin heavy chain locus is referred to herein as an “LoH locus.”
Rodents including an LoH locus are exemplified in, e.g, U.S. Patent Nos. 9,086,970 and U 8.
Patent Publication No. 2013/0212719, each of which is incorporated by reference in its entirety.
in some embodiments, one or more unrearranged human Vi gene segments and one or more
unrearranged human Jp gene segments are one or more unrearranged human Vi gene segments
and one or more unrearranged human Jx gene segments. In some embodiments, one or more
unrearranged human Vi gene segments and one or more unrearranged human Ji gene segments
are one or more unrearranged human VA gene segments and one ot more unrearranged human JA
gene segments. In some embodiments, a genetically modified rodent {e. g, rat or mouse} is
homozygous at an LoH locus. In some embodiments, a genetically modified rodent (e.g., rat or
mouse) is heterczygous at an LoH locus,

[00199] In some embodiments, a genetically modified rodent {e.g., rat or mouse), which
comprises an LoH locus, produces an antibody comprising, infer afia, immunoglobulin chains,
where each immunoglobulin chain comprises a human lght chain variable domain operably
linked to a rodent (e.g., rat or moouse) heavy chaiun constant domain, e.g., in response to antigenic
stimulation.

[08200] In some embodiments, the immunized rodent produces antibodies comprising two
immunoglobulin heavy chains and two immunoglobulin light chains. In some embodiments, the
imrmunized rodent does not produce single domain antibodies, heavy chain only antibodies,
and/or nanobodies.

[60201] In some embodiments, a genetically modified rodent (e.g., rat or mouse) as provided
herein has a genome {e.g., a germline genome) comprising a medification inchuding a deletion of
a nucleic acid sequence encoding a CH1 domain of an endogenous IgG constant region gene,
referred to herein as a “CH1 delete modification.” o some embodiments, a genetically modified
rodent (e.g., rat or mouse), which comprises a CH1 delete modification, produces an Ig(3 heavy
chain antibody comprising, inter alia, immunoglobulin heavy chains, where each
immunoglobulin heavy chain lacks a CHI domain, in whole or in part. In some embodiments, a
genetically modified rodent {e.g., rat or mouse} as provided herein has a genome (e.g., 2
germline genome) comprising a heavy chain only timmunocglobulin encoding sequence

comprising an unrearranged human heavy chain variable region in operable linkage to an
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endogenous heavy chain constant region, wherein the endogenous heavy chain coustant region
comprises {1} an intact endogenous fgM gene that encodes an IgM isotype that associates with
tight chain and (2) a non-1gM gene, e.g., an IgG gene, lacking a sequence that encodes a
functional CH1 domain, wherein the non-IgM gene encodes a non-IghM isotype lacking a CHI
domain capable of covalently associating with a light chain constant domain. In some
embodiments, an igG antibody produced also lacks a cognate light chain and secretes an IgGG
heavy chain only antibedy into its serum. Exemplary rodents comprising a CH1 delete
modification are described, e.g., in US Patent No. 8,754,287 US Patent Publication. No.
2015/0289489, and PCT Pub. Nos. WOR2006/008548, WO2010/109165, and W(O2016062990,
each incorporated berein by reference in its entirety. In some embodiments, the immunized
rodent produces single domain antibodies, a heavy chain only antibodies, and/or nancbodies.
[00202] In some embodiments, the present disclosure provides methods of wdentifying a
human immunogiobulin heavy chain variable domain or CDR sequence {e.g., CIR3 sequence)
of an antibody specific for an antigen from a rodent comprising in its germline genome heavy
chain immunoglobulin variable region comprising a CH1 deletion modification, the method
comprising: {i} obtaining a plurality of peptide sequences of human imnunoglobulin heavy chain
variable domains that were obtained from a sample comprising a population of antibodies
produced by a genetically modified rodent immunized with the antigen, and (i) interrogating a
Hibrary of human immunoglobulin heavy chain variable domain sequences with the plorality of
peptide sequences, wherein the library comprises a plurality of buman immunoglobulin heavy
chain variable domain sequences encoded by B cells of the imnmunized rodent.

j00203] In some embodiments, the present disclosure provides methods of identifying a
human immunoglobulin heavy chain variable domain or CDR sequence {(e.g., CDR3 sequence)
of an antibody specific for an antigen from a rodent corprising in its germhine genome heavy
chain immunoglobulin variable region comprising a CH1 deletion modification, the method
comprising: (i) obtaining a library of human imumunoglobulin heavy chaiu variable domain
sequences comprising a plurality of human immunoglobulin heavy chain variable domain

library with a plurality of peptide sequences of human immunoglobulin heavy chain variable
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domains that were obtained from a sample comprising a population of antibodies produced by
the rodent immunized with the antigen.

[60204] In some embodiments, a genetically modified rodent (e.g., rat or mouse) as provided
herein has a genome {e.g., a germline genome) comprising an engineered immunoglobulin heavy
chain {e.g., HoH, UHC, LoH) locus {e.g., an engineered endogenous rodent immunoglobulin
heavy chain locus) lacking a functional endogenous rodent Adam6 gene. In some embodiments,
a genetically modified rodent {e.g., rat or mouse) as provided herein has a genome {e.g., a
germline genowe) comprising one or more vucleotide sequences encoding one or more rodent
ADAMSG polypeptides, functional orthologs, functional homologs, or functional fragments
thereof. In some embodiments, one or more rodent ADAMG polypeptides is or comprises mouse
ADAMOa. In some embodiments, one or more rodent ADAMG polypeptides is or comprises
mouse ADAMOGb. In some embodiments, one or more rodent ADAMSG polypeptides is or
comprises mouse ADAMGa and mouse ADAMG6b. Rodents including one or more nucleotide
sequences encoding one or more rodent ADAMG polypeptides, functional orthologs, functional
homologs, or functional fragments thereof are exemplified in, e.g., U.S. Patent Nos. §,642,835;
8,697,940, 9,706,759: 10,130,081; 10,238,093, and U.S. Patent Publication No. 2013/0212719,
each of which is incorporated by reference 1o its entirety. In some erbodirents, a genetically
modified rodent {(e.g., rat or mouse) as provided expresses one or more rodent {e.g., rat or mouse)
ADAMSO polypeptides, functional orthologs, functional homologs, or functional fragments
thereof. In some embodiments, a genetically modified rodent (e g, rat or mouse) as provided has
a genome {e.¢., a germline genome) comprising one or more nucleotide sequences encoding one
or more rodent {e.g., rat or mouse} ADAMS polypeptides, functional orthologs, functional
homologs, or functional fragments thereof that are included on the same chromosome as an
engineered imrmunoglobulin heavy chain (e.g., HoH, UHC, LoH) locus. In some embodiments, a
genetically modified rodent (e.g, rat or mouse) as provided has a genome {e.g., a germline
genome) comprising an engineered immunoglobulin heavy chain (e.g., HoH, UHC, LoH) locus
comprising one or more nucleotide sequences encoding one or more rodent ADAMO
polypeptides, functional orthologs, functional homologs, or functional fragments thereof. In
some embodiments, a genetically modified rodent (e.g., rat or mouse) as provided has a genome

{e.g, a germline genome) comprising one or more nucleotide sequences encoding one or more
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rodent (e.g., rat or reouse) ADAMSG polypeptides, functional orthologs, functional homologs, or
functional fragments thereof in place of a human Adam6 pseudogene. In some embodiments, a

., germline

genetically modified rodent (e g, rat or mouse) as provided has a genome {e g
genome)} comprising one or more nucleotide sequences encoding one or more rodent {e.g., rat or
mouse) ADAMSE polypeptides, functional orthologs, functional homologs, or functional
fragments thereof that replace a human Adam6 pseudogene.

{00205}  In some embodiments, a genetically modified rodent as provided has a genome (e.g.,
a germline genome) comprising one or more human Ve gene segments comprising a first and a
second human YV gene segment, and one or more nuclectide sequences encoding one or more
rodent (e.g., rat or maouse) ADAMSG polypeptides, functional orthologs, functional homologs, or
functional fragments thereof between the first human Vg gene segment and the second human
Vi gene segment. In some embodiments, a tirst human Vy gene segment is Val-2 and a second
human Vg gene segment is Va6-1.

[00206]  In some embodiments, one or more nucleotide sequences encoding one of more
rodent (e.g., a rat or mouse} ADAMG polypeptides, functional orthologs, functional homologs, or
functional fragments thereof are between a human Vr gene segment and a human Dy gene
segment.

j00267]  In some embodiments, one or more nucleotide sequences encoding one or more
rodent ADAMSG polypeptides restore or enhance fertility 1o a male rodent.

[60208]  In some embodiments, a genetically modified rodent (e.g., rat or mouse) comprises in
its genome {¢.g., its germline genome) an engineered immunoglobulin light chain locus (e.g., an
engineered endogenous rodent immunoglobulin light chain locus) comprising one or more
unrearranged human Vi gene segments and one or more unrearranged human Jo gene segments
that are upstream of (e.g., operably Hinked to) one or more imumunoglobulin hight chain constant
region genes. In some embodiments, one or more unrearranged human Vi gene segments and
one or more unreartanged human Ji. gene segroents are one or more unrearranged human Vx
gene segments and one of more unrearranged human Jx gene segments. In some embodiments,
one or more unrearranged human Vi gene segments and one or more unrearranged human Jp
gene segments are one of more unrearranged human VA gene segments and one or more

unrearranged human JA gene segments. In some embodiments, one or more unrearranged
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inrounoglobuliv ight chain constant region genes is or comprises a Cx. In some embodiments,
one or more unrearranged immunoglobulin light chain constant region genes is or comprises a
.

{00209] In some embodiments, an engineered immunogiobulin light chain locus {e.g, an
engineered endogenous rodent immunoglobulin light chain locus) comprises a non-native leader
sequence. In some embodiments, a leader sequence comprises a signal peptide. In some
embodiments, a leader sequence comprises a non-native signal peptide.

[60218] In some embodiments, a gevetically modified rodent (e.g., rat or mouse) comprises in
its genome (e.g., its germline genome) an engineered immunoglobulin light chain locus (e.g., an
engineered endogenous rodent irnmunoglobulin light chain locus) comprising one or more
unrearranged human VY« gene segments and one or more unrearranged buman Jx gene segments
that are upstream of {e.g., operably linked to) a Cx gene. Such an engineered immunoglobulin
light chain iocus is referred to herein as a “KoK focus.” Rodents including a KoK locus are
exernplified in, e.g., U S Patent Nos. 6,596,541; 8,642,835, and 8,697,940, each of which is
incorporated by reference iu its entirety. In some embodiments, an immunoglobulin x light chain
constant region gene of a KoK locus is a rodent {e.g., rat or mouse) Cx gene. In some
embodiments, an immunoglobulin x light chain constant region gene of a KoK locus is an
endogenous rodent (e.g., rat or mouse) Cx gene. In some embodiments, an immunoglobulin k
Hight chain constant region gene of a KoK locus is an endogenous rodent (e.g., rat or mouse) Cx
gene at an endogenous immunoglobulin x light chain locus. In some embodiments, a genetically
modified rodent {e.g., rat or mouse) is homozygous at a KoK locus. In some embodiments, a
genetically modified rodent {&.g., rat or mouse} s heterozygous at 3 Kok locus.

[60211] In some embodiments, a genetically modified rodent {e.g., rat or mouse), which
comprises a KoK locus, produces au antibody comprising, iuter alia, « light chains, where each «
tight chain comprises a human « light chain variable domain operably linked to a rodent (e.g., rat
or mouse) « Hght chaio constant domain, e.g., o response to antigenic stimulation.

100212]  In some embodiments, one or more unrearranged human Vi gene segments includes
at least six human Vx gene segments. In some embodiments, one or more unrearranged human
Y« gene segments includes at least 16 human Vx gene segments. In some embodiments, one or

more unrearranged hurnan Vi gene segments includes at least 30 human Vx gene segments. In
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soroe ernbodirents, one ot more unreartanged human Vi gene segments includes at least 40
human Vi gene segments. In some embodiments, one or more unrearranged human Jx gene
segments includes at least five human Jx gene segments.

{00213} In some embodiments, one or more unrearranged buman Vi gene segments includes
at least 16 human Vi gene segments, and one or more unrearranged human Jx gene segments
includes at least five human Jx gene segments. Such an engineered immunoglobulin light chain
iocus is referred to herein as a “VelocImmune® 1 KoK locus.” In some embodiments, one or
more unrearranged bursan Vx gene segments includes at least 30 human Vk gene segments, and
one or more unrearranged human Jx gene segments includes at least five human Jx gene
segments. Such an engineered immunoglobulin light chain locus is referred to hereinas a
“VelocImmune® 2 KoK locus.” In some embodiments, one or more unrearranged human Vi
gene segments includes at least 40 human Vi gene segments, and one or more unrearranged
human Jx gene segments includes at least five human Ji gene segments. Such an engineered
immunoglobulin light chain locus is referred to herein as a “Velochmmune® 3 KoK locus.”
[00214]  In some embodiments, a genetically modified rodent (e.g, rat or mouse) comprises in
its genome (e.g., its germline genome) an engineered immunoglobulin light chain locus (e.g, an
engineered endogenous rodent immunoglobulin light chain locus) comprising one or more
unrearranged human VA gene segments upstream of {e.g., operably linked to) one or more
unrearranged human Jh gene segments and one or more CA genes. Such an engineered
immunoglobulin light chain locus is referred to herein as an “Lol locus.” Mice including an
Lol locus are exemplified in, e.g., U.S. Patent Nos. 9,012717; 9,226 484, 9,029,628, and U.S.
Patent Publication No. 2018/0125043, each of which ts incorporated by reference in its entirety.
In some embodiments, the one or more unrearranged human JA gene segments and one or more
Ch genes of an Lok locus are present in JA-Ch clusters. [n some ernbodiments, one or more Ch
genes of an Lol locus comprise one or more human CA genes. In some embodiments, one or
mwore Ch genes of an Lol locus comprise one or more mouse Ch genes.  In some erobodiments,
one or more CA genes of an Lol locus comprise one or more human CA genes and one or more
mouse CA genes. In some embodiments, one or more mouse Ch genes of an LoL locus comprise

a mouse CAl gene. In some embodiments, a genetically modified rodent {e.g., rat or mouse) is
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homozygous at an Lol locus. To some embodiments, a genetically modified rodent (e.g., rat or
mouse} is heterozygous at an Lol locus.

{60218] Insome embodiments, a genetically modified rodent (e.g., rat or mouse), which
comprises an LoL locus, produces an antibody comprising, inver afia, » Hght chains, where gach
A light chain comprises a human 3. light chain variable domain operably linked to a rodent (e.g.,
rat ot mouse} A light chain constant domain, e.g., in response to antigenic stimulation. In some
embodiments, a genetically modified rodent {e.g., rat or mouse}, which comprises an Lol locus,
produces an antibody comprisiog, infer alia, A light chains, where each A light chain comprises a
human » light chain variable domain operably linked to a human A light chain constant domain,
e.g., in response to antigenic stimulation,

[60216]  In some embodiments, a genetically modified rodent {e.g., rat or mouse) comprises in
its genome (e.g., its germline genome) an engineered immunoglobulin light chain locus
comprising one or more unrearranged human VA gene segments and one or more unrearranged
human JA gene segments upstream of {e.¢., operably linked to) a Cx gene. Such an engineered
imrounoglobulin light chain locus is referred to herein as an “LoK locus.” Rodents including an
LoK locus are exemplified in, e.g., U.S. Patent Nos. 9,006,511 and 9,035,128, each of which is
corporated by reference in its entivety. In some embodiments, a Cx gene of an LoK locus is a
rodent {e.g., rat or mouse} Cx gene. In some embodiments, a Cx gene of'an LoK locus is an
endogenous rodent {e.g., rat or mouse) Cx gene. In some embodiments, a Cx gene of an LoK
locus is an endogenous rodent {e.g., rat or mouse) Cx gene at an endogenous immunoglobulin &
tight chain locus. In some embodiments, a genetically modified rodent (e.g., rat or mouse} i3
homozygous at an LoK locus. In some embodiments, a genetically modified rodent {e.g., rat or
mouse) is heterozygous at an LoK locus.

j08217)  Io sowe ewmbodiments, a genetically modified rodent (e.g., rat or mouse), which
comprises an Lok locus, produces an antibody comprising, énver afic, light chains, where each
tight chain corprises a human A light chaiu variable domain operably linked to a rodent {e.g., rat
or mouse) ¥ hight chain constant domain, e.g., in response to antigenic stimulation.

j60218] In some embodiments, a genetically modified rodent {e.g., rat or mouse) comprises in
its genome (e.g., its germline genome) an engineered immunoglobulin x light chain locus {e.g,,

an engineered endogenous rodent immunoglobulin « light chain locus) comprising one or more
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unrearranged hurman Vi gene segments and one or more unrearranged buman JA gene segments
upstream of {e.g., operably linked to} a Ch gene. Such an engineered immunoglobulin light
chain locus is referred to herein as an “LiK locus.” Rodents including an LiK locus are
exemplified in, e.g., U.8. Patent Publication No. 2019/0223418 (issued as U.8. Patent No.
11,051,498), which is incorporated by reference in its entirety. In some ernbodiments, a Ch gene
of an LiK locus is a rodent {(e.g., rat or mouse} CA gene. In some embodiments, a Ch gene of an
LiK locus ts a mouse CA1 gene. In some embodiments, a genetically modified redent {e.g, rat or
mouse} is homozygous at an LiK locus. In some embodiments, a genetically modified rodent
{e.g., rat or mouse) is heterozygous at an LiK locus.

[60219]  In some embodiments, a genetically modified rodent {e.g., rat or mouse), which
comprises an LiK locus, produces an antibody comprising, infer afia, i light chains, where each
» light chain comprises a human A light chain variable domain operably linked to a rodent (e.g.,
rat or mouse} A light chain constant domain, e.g., in response to antigenic stimulation.

[00226] In some embodiments, a genetically modified rodent {e.g., rat or mouse} comprises in
its genome (e.g., its gerroline genorne) an engineered immunoglobulin « light chaiu locus (e.g.,
an engineered endogenous rodent immunoglobulin « light chain locus) comprising one or more
unrearranged human VA gene segments upstream of {e.g., operably hinked to} one or more
unrearranged human JA gene segments and one or more human CA genes. In some embodiments,
the one or more unrearranged human JA gene segments and one or more Ch genes of such an
engineered immunoglobulin « light chain locus are present in JA-CX clusters. In some
embodiments, a genetically modified rodent (e.g., rat or mouse) is homozygous for such an
engineered immunogliobulin « light chain locus. In some embodiments, a genetically modified
rodent {e.g., rat or mouse) is heterozygous for such an engineered immunoglobulin « light chain
locus. In some embodiments, a genetically wodified rodent (e.g., rat or mouse), which
comprises such an engineered immunoglobulin x light chain locus, produces an antibody
comprising, infer alia, ) light chains, where each & light chain comprises a buman A light chain
variable domain operably linked to a human A light chain constant domain, e.g., in response to
antigenic stimulation.

j06221) 1o some embodiments, a genetically modified rodent {(e.g, rat or mouse) has a

germline genome comprising a limited human light chain variable region repertoire.
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[002221  Exemplary genetically modified rodents, comprising burnan V(D) gene segments
having a germline genome comprising a limited human light chain variable region repertoire are
described in, e.g., U.5. Patent Nos. 9,796,788; 10,130,081; 10,143,186, 10,167,344; 10,412,940,
and 10,130,081 as well as W 2019/008123, W(2020/247623, and WO2020/132557, each of
which is hereby incorporated by reference in its entirety. In some embodiments, a limited human
light chain variable region repertoire comprises a limited number of human Vi gene segments.
in some embodiments, a limited number of human Vi gene segments comprises two human Vi
gene segments. In some embodiments, a lumited number of human Vi gene segroenis is one
human V1 gene segment. For example, in some embodiments a limited number of human Vi
gene segments is one human Vx gene segment. One human Vi gene segment can be, e.g., a
human Vi1-39 gene segment, a human Vk3-~15 gene segment, a human Vk3-11 gene segment, or
a human Vk3-20 gene segment. In some embodiments a limited number of human Vi gene
segments is one human VA gene segment. One human VA gene segment can be, e.g., a buman
Val-51 gene segment, a human VA5-4S gene segment, a human VA1-44 gene segment, a human
VA1-40 gene segment, a hursan VA3-21 gene segment, or a human VA2-14 gene segment.
[60223]  In some embodiments, a imited human light chain variable region repertoire
comprises one or more Ji. gene segments. In some embodiments, a limited human fight chain
variable region repertoire comprises one Ju gene segment. In some embodiments, one Jr gene
segment is a Jx gene segment. In some embodiments, one Ju gene segroent is a JA gene segment.
In some embodiments, one J. gene segment is a human k. gene segment. In some embodiments,
one Jo gene segment is a mouse Jo gene segraent.

j00224] In some embodiments, a limited human light chain variable region repertoire
comprises (1) a human Vk gene segment and a human Jx gene segment, (ii) a human Vi gene
segment and a mouse Jx gene segment, (111} a human Vi gene segment and a human Jh gene
segment, or {iv) a human Vx gene segment and a mouse Ji gene segment.

{60225] In some embodiments, a limited human light chain variable region repertoire
comprises (i) a human VA gene segment and a human IA gene segment, (i) a human VA gene
segment and a mouse JA gene segment, (it} a human VA gene segment and a human Jx gene

segment, or (iv}) a human VA gene segment and a mouse fx gene segment.
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{80226]  In some embodiments, a imited human light chain variable region repertoire
comprises {i} a human V«1-39 gene segment and a human Jx5 gene segment, (it} a human Vx1-
39 gene segment and a human Jx! gene segment, (ii1) a human Vi3-20 gene segment and a
human Jxl gene segment, or {iv) a human Vi3-20 gene segment and a human Jx5 gene segment.
[80227]  In some embodiments, a limited human light chain variable region repertoire
comprises (i} a human V«k1-39 gene segment and a mouse Jx2 gene segment, (i) a human Vx3-
20 gene segment and a mouse Jx2 gene segment, or (i) a human Vi3-15 gene segment and a
mouse Jx2 gene segment.

100228]  In some embodiments, a limited human light chain variable region repertoire
comprises (1) a human VA1-51 gene segment and a human JA2 gene segment, (i1} a human VA3~
45 gene segment and a human JA2 gene segment, (1ti} a human VA1-44 gene segment and a
human JA2 gene segment, (iv) a human VA1-40 gene segment and a human JAZ gene segrient,
(v} a human VA3-21 gene segment and a human JAZ gene segment, or (vi} a human VA2-14 gene
segment and a human JA2 gene segment.

[60228]  In some embodiments, a imited human light chain variable region repertoire is
operably linked to a Cx gene segment. In some embodiments, a Cx gene segment 1s human. In
some embodiments, a Cx gene segment 13 mouse. In some embodiments, a wouse Cx gene
segment is an endogencus mouse Cx gene segment, €.g., at an endogenous mouse
imrunoglobulin « light chain locus. In some embodiments, a mouse Cx gene segment 18 at an
endogenous mouse immunoglobulin & light chain locus.

{60238] In some embodiments, a imited human light chain variable region repertoire is
operably hnked to a X gene segment. In some embodiments, a Ch gene segment is human. In
some embodiments, a CA gene segment is mouse. In some embodiments, a mouse Ch gene
segment 1s an endogenous mouse CA gene segment, €.g., at an endogenous mouse
immunoglobulin & light chain locus. In some embodiments, a mouse CA gene segment is at an
endogenous mouse immunoglobuliv x light chain locus.

100231}  In some embodiments, a genetically modified mouse is heterozygous for a limited
human light chain variable region repertoire. In some embodiments, a genetically modified

mouse is homozygous for a limited human light chain variable region repertoire.
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{00232]  In some embodiments, a genetically moditied rodent comprises an engineered
immunogleobulin light chain locus (e g, an engineered endogenous rodent immunoglobulin hight
chain locus) comprising a restricted light chain variable region sequence, comprising a limited
human light chain variable region repertoire. In some embodiments, a limited human light chain
variable region repertoire comprises one or two human light chain V gene segments and one or
more human light chain § gene segments. In some embodiments, a limited human light chain
variable region repertoire is operably linked to a light chain constant region gene segment. In
some embodiments, a genetically modified rodent (e.g., rat or mouse) comprising a limited
human light chain variable region repertoire comprises in its genome (e.g., its germline genome)
exactly two unrearranged human light chain V gene segments and one or more unrearranged
human light chain J gene segments operably linked to a light chain constant region sequence.
Such an engineered immunoglobulin light chain locus is referred to herein as a “DLC locus.” In
some embodiments, a genstically modified rodent comprising a limited human light chain
variable region repertoire comprises in its genome {e.g., its germline genome) a single rearranged
light chain variable region locus comprising a single human light chain V geve segment
rearranged to a single human light chain J gene segment. In some embodiments, a genetically
modified rodent {¢.g., rat or mouse) comprising a limited human bight chain variable region
repertoire comprises in its genome {e.g., its germline genome) a single rearranged light chain
variable region locus operably linked to a light chain constant region sequence, where the single
rearranged light chain variable region locus comprises a single human light chain V gene
segment rearranged to a single human light chain J gene segment. Such an engineered
immunoglobulin light chain locus is referred 1o herein as “ULC locus.” As used herein, the
phrase “ULC locus” is interchangeable with “universal light chain locus” or “common light
chain locus”.

[60233]  In some embodiments, a genetically modified rodent (e.g., rat or mouse) has a
gerroline genowe comprising a limited human « light chain variable region repertoire. In some
embodiments, a genetically modified rodent comprises an engineered immunogiobulin « light
chain locus {(e.g., an engineered endogenous rodent immunoglobulin « light chain locus)
comprising a limited human x light chain variable region repertoire. In some embodiments, a

fimited human « light chain variable region repertoire comprises one or two human Vi gene
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segments and one or more human Jx gene segments. In some embodiments, a limited human x
hight chain variable region repertoire is operably linked to a light chain constant region gene
segment. In some embodiments, a genetically modified rodent as provided comprises a limited
human « light chain variable region repertoire operably linked to a Cx gene segment.

[80234] In some embodiments, a genetically modified rodent {e.g., rat or mouse) comprises in
its genome {e.g., its germline genome) a limited human « light chain variable region repertoire,
wherein the limited human « light chain variable region repertoire comprises a single rearranged
human x light chain variable region (Vi/ix}). A single rearranged human « light chaiu variable
region comprises a human Vi gene segment joined to a human Jx gene segment. In some
embodiments, a genetically modified rodent (e.g., rat or mouse) comprises in its genome {e.g., is
germline genome) an engineered immunoglobulin x light chain locus (e.g., an engineered
endogenocus rodent immunoglobulin x light chain locus) comprising a single rearranged human x
light chain variable region upstream of {e.g., operably linked to} a Cx gene. Such an engineered
immunoglobulin light chain locus is referred to as a “«ULC locus” and is an example of a ULC
locus. Rodents including a «ULC locus are exemplified in, e.g., U.S. Patent Nos. 10,130,081
and 10,143,186, each of which is incorporated by reference in its entirety.

{00235] Insome embodiments, a single rearranged human x Hght chain vaniable region
comprises a human Vx gene segment and a human Jx gene segment. In some embodiments, a
human Vx gene segment 18 a human Vi1-39 gene segruent or a human Vx3-20 gene segment. In
some embodiments, a human Jx gene segment is a human Jxl gene segment, a human Jx2 gene
segment, a human Jx3 gene segment, a hurnan Jid gene segment, or a human Jx§ gene segment.
in some embodiments, a human Vi gene segment is a human VY« 1-39 gene segment, and a
human Jx gene segment is a human Jx$ gene segment. In some embodiments, a single
rearranged buman x light chain variable region i3 a human Vx1-39/Jx5. In some embodiments, a
human Vi gene segment 1s a human Vx3-20 gene segment, and a human Jx gene segment is a
human Jxl geve segment. Tn some embodiments, a single rearranged human « Hght chaio
variable region is a human Vi 3-20/Jx1. In some embodiments, a human Vx gene segment is a
human Vx3-11 gene segment, and a human Jx gene segment selected from a human Jxl gene
segment, 3 human Jx2 gene segment, a human Jix3 gene segment, a buman Jxd gene segment, or

a human Jx5 gene segment. In some embodiments, a human Vi gene segment is a human Vx3-
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11 gene segment, and & human Jx gene segment is buman Jkl gene segent. 1o some
embodiments, a single rearranged human x light chain variable region is a Vi3-11/Jx1.

{60236] In some embodiments, a Cx gene of a «ULC locus is a rodent {e.g., rat or mouse) Cx
gene. In some embodiments, a genetically modified rodent {¢.g., rat or mouse} is homozygous at
awULC locus. In some embodiments, a genetically modified rodent {e.g., rat or mouse} is
heterozygous at a xULC locus.

{00237} in some embodiments, a genetically modified rodent (e.g., rat or mouse), which
comprises a KULC locus, lacks endogenous Vx and/or Jx gene segments that are capable of
rearranging to form an endogenous « light chain variable region. In some embodiments, a
genetically modified rodent (e.g, rat or mouse), which comprises a «ULC locus, Jacks
endogenous Vi and/or JA gene segments that are capable of rearranging to form an endogenous A
tight chain variable region.

{60238] In some embodiments, a genetically modified rodent {e.g., rat or mouse}, which
comprises a KULC locus, produces an antibody comprising, inter alia, x light chains, where each
x light chain comprises a human x light chain variable domain operably linked to a rodent (e.g.,
rat or mouse) k light chain constant domain, e.g., in response to antigenic stimulation. In some
embodiments, all x light chains expressed by B cells of a genetically modified rodent (e.g., rat or
mouse), which comprises a «ULC locus, comprise human « light chain variable domains
expressed from the single rearranged human x light chain variable region or a somatically
hypermutated version thereof.

{6023%] In some embodiments, a genetically modified rodent (e.g., rat or mouse) comprises in
its genome (e.g., its germling genome) an engineered immunoglobulin « light cham locus (e g,
an engineered endogenous rodent immunoglobulin x light chain locus) comprising exactly two
unrearranged human Vx geve segments and ove or more unrearranged buman Jx gene segments
operably linked to a x light chain constant region sequence of (e.g., operably linked to} a Cx
gene. Such an evgineered immunoglobulin x Hight chain locus is referred to herein as a “xDLC
locus,” and is an example of a DLC locus. Rodents including a xDLC locus are exemplified in,
e.g. U.S Patent Nos. 9,796,788, 10,167,344; 10,412,940; and 10,130,081, each of which is

incorporated by reference in its entirety.
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{00246]  In some embodiments, exactly two vnrearranged human Vi gene segments comprise
a human Vk1-39 gene segment and a human V&3-20 gene segment. In some embodiments, one
or more unrearranged human Jx gene segruents comprises two human Jx gene segments.  In
some embodiments, one or more unrearranged human Jx gene segments comprises three human
Jx gene segments. In some embodiments, one or more unrearranged human Jx gene segments
comprises four human Jx gene segments. In some embodiments, one or more unrearranged
human Jk gene segments comprises five human Jx gene segments. In some embodiments, one or
more unrearranged bursan Jx gene segments comprises a human Jx1 geve segment, a burnan Jx2
gene segment, a human Jx3 gene segment, a human Jx4 gene segment, a human Jx5 gene
segment, or a combination thereof

{60241  In some embodiments, a genetically modified rodent {e.g., rat or mouse), which
comprises a KDLC locus, comprises in its genome {e.g., germline genome) exactly two
unrearranged human Vi gene segmenis and five unrearranged human Jx gene segments. In
some embodiments, exactly two unrearranged human Vx gene segments comprises a human
Yx1-39 gene segment and a buman Vi3-20 gene segment, and five unrearranged human Jx gene
segments comprise a human Jx1 gene segment, a human Jx2 gene segment, a human Jx3 gene
segment, a human Jx4 gene segment, and a human Jx5 gene segment.

j00242]  In some embodiments, a Cx gene of a xDLC locus is a rodent {e.g., rat or mouse) Cx
gene. In some embodiments, a genetically modified rodent {e.g., rat or mouse) is homozygous at
a kDLC locus. In some embodiments, a genetically modified rodent {e.g., rat or mouse} is
heterozygous at a xDLC locus.

j00243] In some embodiments, a genetically modified rodent (e.g., rat or mouse}, which
comprises a KDLC locus, lacks endogenous immunoglobulin Vi and/or Jx gene segments that
are capable of rearranging to form an endogenous immunoglobulin k light chain variable region.
in some embodiments, a genetically modified rodent (e.g., rat or mouse), which comprises a
kDLC locus, lacks endogenous Vi and/or Ji gene segments that are capable of rearranging to
form an endogenous A light chain variable region.

[60244] In some embodiments, a genetically modified rodent {e.g., rat or mouse), which

comprises a xBLC locus, produces an antibody comprising, inter alia, x light chains, where each
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x light chain comprises a human x light chain variable dowain operably linked to a rodent (e.g.,
rat or mouse) x light chain constant domain, e g., in response to antigenic stimulation,

{602458]  In some embodiments, a genetically modified rodent {e.g., rat or mouse) has a
genome {e.g., germline genome) comprising a limited human A light chain variable region
repertoire. In some embodiments, a genetically modified rodent {(e.g., rat or mouse) has a
genome {(e.g., germline genome) comprising an engineered imununoglobulin k light chain locus
{e.g., an engineered endogenous rodent immunoglobulin « light chain locus) comprising a
timited human A light chain variable region repertoire. In some embodiments, a genetically
modified rodent (e g., rat or mouse) comprises an engineered immunoglobulin k light chain locus
{e.g., an engineered endogevous rodent imrounoglobulin « light chain locus) comprising a
timited human A light chain variable region repertoire, wherein the limited human A light chain
variable region repertoire comprises one or two human VA gene segments and one or more
human JA gene segments. In some embodirvents, a genetically modified rodent (e.g., rat or
mouse} comprises a limited human A light chain variable region repertoire operably linked to a
hight chain constant region gene segment. In some embodiments, a genetically modified rodent
{e.g., rat or mouse) as provided comprises a Hmited buman A hight chatn variable region
repertoite operably linked to a rodent {e.g., rat or mouse} Cx gene segment. In some
embodiments, a genetically modified rodent as provided comprises a limited human 2 light chain
variable region repertoire operably linked to a rodent {e.g., rat or mouse} CA gene segment.
{00246] In some embodiments, a genetically modified rodent {(e.g., rat or mouse) has a
genome (e.g., germline genome) comprising an engineered inununoglobulin k light chain locus
{e.g, an engineered endogenous rodent immunoglobulin « Hght chain locus) that comprises a
fimited human 2 light chain variable region repertoire, wherein the limited human A light chain
variable region repertoire comprises a single rearranged human immmunoglobulin & light chain
variable region (VAJA). A single rearranged human A light chain variable region comprises a
human VA gene segment jotned to a human JA gene segment. In some embodiments, a
genetically moditied rodent comprises a limited human 2 light chain variable region repertore
operably linked to a rodent {e. g., rat or mouse) Cx or CA gene segment {e.g., a mouse CA1 gene

segment). Such an engineered immunoglobulin light chain locus is an example of a ULC locus
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and is referred to berein as a “ULCIK locus” Rodents including a ULCIK locus are exemplified
in, eg., WO2020/247623, which is incorporated by reference in its entirety.

{60247}  In some embodiments, a human VA gene segment is selected from a group counsisting
oft VAi4-69, VA8-61, VA4-00, VAG-57, VAT0-54, VAS-52, VA1-51, VA9-49, VA1-47, VAT-46,
VA5-45, VAI-44, VAT7-43, YA1-40, VAS-37, VAI-36, VA3-27, VA3-25 VA2-23, VA3-22, VA3-
21, VA3-19, VAZ-18, VA3-16, VAZ-14, VA3-12, VAZ-11, VA3-10, VA3-9, VA2-8, VA4-3, and
Vi3-1. In some embodiments, a human V). gene segment is selected from a group consisting of’
YAS-52, VAL-51, VA9-40 VA 1-47 VA7-46, VA543 VAl-44 VA7-43, VA1-40, YA5-37, Vil-
36, VA3-27, VA3-25, VAZ-23, VA3-22 VA3-21, VA3-19 VA2-18 VA3-16, VAZ-14, VA3-12,
YAZ2-11, VA3-10, VA3-9, VA2-8 VA4-3, and VA3-1. In some embodiments, a human VA gene
segment is selected from a group consisting off VA1-51, VAS-45, VA1-44, VA1-40, VA3-21, and
YA2-14. In some embodiments, a human VA gene segment is VA1-51 or VA2-14. In some
embodiments, a human JA gene segment is selected from a group consisting of: JA1, JA2, JA3,
a6, and JA7. Io somwe embodiments, a human JA gene segment 18 sefected from a group
consisting oft JA, JA2, JA3, and JA7. In some embodiments, a human JA gene segment is JAZ.
[00248]  In some embodiments, a genetically modified rodent {e.g., rat or mouse), which
comprises a ULCIK locus, lacks endogencus Vi and/or Jk gene segments that are capable of
rearranging to form an endogenous x light chain variable region. In some embodiments, a
genetically modified rodent {g.g., rat or mouse}, which comprises a ULCK locus, facks
endogenous VA and/or A gene segments that are capable of rearranging to form an endogenous A
Hight chain variable region.

[60249]  In some embodiments, a genetically modified rodent (e g, rat or mouse), which
comprises a ULCK locus, produces an antibody comprising, infer alia, light chains, whetein
gach light chain comprises a human A light chain variable domain operably linked to a {e ¢, rat
or mouse) light chain constant domain (e.g., a Ch or Cx domain), e.g., in response {0 antigenic
stimulation. In some embodiments, ali light chains expressed by B cells of a genetically
modified rodent (e g., rat or mouse), which comprises a ULCiK locus, comprise human 2 light
chain variable domains expressed from the single rearranged human A light chain variable region

or a somatically hypermutated version thereof.
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{00256]  In some emwbodiments, a genetically moditied rodent (e.g,, rat or mouse) has a
genome {e.g., germline genome) comprising an engineered immunoglobulin « light chain locus
{e.g., an engineered endogenous rodent immmunoglobulin « light chain locus) that comprises a
limited human A light chain variable region repertoire, wherein the limited human A light chain
variable region reperioire comprises two unrearranged human VA gene segments and one or
more unrearranged human J3 gene segments. In some embodiments, a limited human A light
chain variable region repertoire comprises two unrearranged human VA gene segments and four
unrearranged human JA gene segments. In some embodiments, a limited hurnan A light chain
variable region repertoire comprises two unrearranged huran VA gene segments and five
unrearranged human JA gene segments. In some embodiments, a genetically modified rodent
comprises a limited human A light chain variable region repertoire operably linked to a rodent
{e.g., rat or mouse) CA gene segment (e.g., a mouse CA1 geve segment). Such an engineered
immunoglobulin light chain locus is an example of a DLC locus and is referred to herein as a
“DELCIK locus.” Rodents including a DLCIK locus are exemplified in, e.g., W0O2020/247623,
which is incorporated by reference in its entirety.

{60251 In some embodiments, a germline genome of the genetically modified rodent is
homozygous for a engineered immunoglobulin « fight chain locus comprising a limited human A
light chain variable region repertoire. In some embodiments, a germline genome of the
genetically modified rodent is heterozygous for a engineered immunoglobulin « light chain focus
comprising a lirmited human A light chain variable region repertoire.

[00252]  In some embodiments, a genetically modified rodent {e.g , rat or mouse), which
comprises a BLCIK locus, lacks endogenous immunoglobulin Vi and/or Jx gene segments that
are capable of rearranging to form an endogenous immuneoglobulin k light chain variable region.
in some embodiments, a genetically modified rodent {e.g., rat or mouse), which comprises a
DILCiK locus, lacks endogencus VA and/or JA gene segments that are capable of rearranging to
form an endogenous X light chain variable region.

[60253]  In some embodiments, a genetically modified rodent (e.g., rat or mouse), which
comprises a DLCIK locus, produces an antibody comprising, inter alia, light chains, where each

light chain comprises a human A light chain variable domain operably linked to a rodent (e g, rai
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or mouse) hight chain constant domain {e.g., a Ch or Cx domain), e.g., in response to antigenic
stimulation.

{60254] In some embodiments, a genetically modified rodent (e.g., rat or mouse) comprises an
exogenous terminal deoxynucleotidyl transferase (TdT) gene. Rodenis including an exogenous
TdT are exemplified in, e.g., U.S. Patent Publication No. 2019/0223418 and PCT Publication
No. WO 2017/210586, each of which is incorporated by reference in its entirety. In some
embodiments, a rodent (e g., rat or mouse) that comprises an exogencus TdT gene can have
increased antigen receptor diversity when compared to a rodent without an exogenous TdT gene.
100255]  In some embodiments, a rodent as described herein has a genome comprising an
exogenous TdT gene operably linked to a transcriptional control element.

{60256]  In some embodiments, a transcriptional control element includes a RAGI
transcriptional control element, a RAGZ transcriptional control element, an immunoglobulin
heavy chain transcriptional control element, an immunoglobulin « light chain transeriptional
controf element, an immunoglobulin A light chain transcriptional control element, or any
combination thereof

{60257]  In some embodiments, an exogenous TdT is located at an immmunoglobulin x light
chain locus, an immunoglobulin A light chain locus, an immuneglobulin heavy chain locus, a
RAGI locus, or a RAG? locus.

{60258]  In some embodiments, a TdT is a human TdT. In some embodiments, a TdT is a
short 1soform of TdT (TdTS).

{80259  In some embodiments, a genetically modified rodent (e.g, rat or mouse) comprises
in its genome (e.g., its germline genome) a HoH locus and a KoK locus. In some embodiments,
a genetically modified rodent {e.g., rat or mouse) comprises in its genome {e.g., its germline
genome)} a HoH locus and a Lol locus. In some embodiments, a genetically modified rodent
{e.g, rat or raouse} comprises iu its genore {e.g., its gerruline genowme) a HoH locus, a KoK
locus, and a Lol locus. In some embodiments, a genetically modified rodent (e.g., rat or mouse}
is homozygous at a HoH locus, a KoK locus, a Lok locus, or a combination thereof.

[602608]  In some embodiments, a genetically modified rodent (e g., rat or mouse) comprises
in its genome {e.g., its germline genome) a HoH locus, a KoK locus, and a LoK locus. In some

embodiments, a genetically modified rodent {e.g., rat or mouse} comprises i its genome {e.g., its
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germline genome) a HoH locus, a KoK locus, and a LiK locus.

{00261}  In some embodiments, a genetically modified rodent {e.g, rat or mouse) comprises in
its genome {¢.g., its germline genome) a HoH locus and a LoK locus. In some embodiments, a
genetically modified rodent (& g., rat or mouse} is homozygous at a HoH locus, a Lok locus, or a
combination thereof.

j60262) in some embodimentis, a genetically modified rodent (e.g., rat or mouse) comprises
in its genome {e.g., its germline genome} a HoH locus and a LiK locus. In some embodiments, a
genetically modified rodent {e.g., rat or mouse) is homozygous at s HoH locus, a LiK locus, ot a
combination thereof.

[00263]  In some embodiments, a genetically modified rodent (e.g, rat or mouse) comprises in
its genome {e.g., its germline genome) a HoH locus and a ULC locus. In some embodiments, a
genetically modified rodent {e g, rat or mouse) is homozygous at a HoH locus, a ULC locus, or a
combination thereof

{00264] In some embodiments, a genetically modified rodent {e.g., rat or mouse} comprises in
its genome (e.g., its gerroline genorne) a HoH Jocus and a DLC locus. In some embodiments, a
genetically modified rodent {e.g., rat or mouse) is homozygous at a HoH locus, a DLC locus, or a
combination thereof

j00265]  In some embodiments, a genetically modified rodent {e.g., rat or mouse} comprises in
its genome {e.g., its gerruline genore) a HoH locus and a «ULC locus. In some embodiments, a
genetically modified rodent (e.g,, rat or mouse) is homozygous at a HoH locus, a «ULC locus, or
a combination thereof

j00266] In some embodiments, a genetically modified rodent {e.g., rat or mouse) comprises in
its genome {e.g., its germline genore) a HoH locus and a «DLC locus. In some embodiments, a
genetically modified rodent (e g, rat ot mouse) is homozygous at a Hol locus, a xDLC locus, or
a combination thereof.

[60267] In some embodiments, a geoetically modified rodent (e.g., rat or mouse) comprises in
its genome {e.g., its germline genome} a HoH locus and a ULCiK locus. In some embodiments,
a genetically modified rodent {e.g., rat or mouse) is homozygous at a HoH locus, a ULCIK locus,
or a combination thereof.

{60268] In some embodiments, a genetically modified rodent {e.g., rat or mouse) comprises in
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its gevoroe {e.g., its gerruline genorue) a HoH locus and a DLCIK Jocus. In some embodiments,
a genetically modified rodent {e.g., rat or mouse) is homozygous at a HoH locus, a DLCIK locus,
or a combination thereof.

{00269] In some embodiments, a genetically modified rodent {e.g., rai or mouse) comprises in
its genome {e.g., its germline genore) a HoH locus and a HULC locus. In some embodiments, a
genetically modified rodent (e.g, rat or mouse) is homozygous at a HoH locus, a HULC locus,
or a combination thereof.

[60276] In some embodiments, a gevetically modified rodent (e.g., rat or mouse) comprises in
its genome (e.g., its germline genome) a3 UHC locus and a KoK locus. In some embodiments, a
genetically modified rodent {e.g., rat or mouse) coruprises in its genome {(e.g., its germline
genome} a UHC ocus and a Lol locus. In some embodiments, a genetically modified rodent
{e.g., rat or mouse) comprises in its genome {¢.g., its germline genome) a UHC locus, a Kok
locus, and a Lol locus. In some embodiments, a genetically modified rodent {e.g., rat or mouse}
is homozygous at a UHC locus, a KoK locus, a Lol locus, or a combination thereof.

[60271]  Insome embodiments, a genetically modified rodent {e.g., rat or mouse) comprises
in its genome {e.g., its germline genome) a UHC locus, a KoK locus, and a LoK locus. In some
embodiments, a genetically modified rodent {e.g., rat or mouse} comprises i its genome {e.g., its
germline genome) a UHC locus, a KoK locus, and a LiK locus.

{80272  Io some embodiments, a genetically moditied rodent {e.g., rat or mouse) comprises in
its genome (e.g., its germline genome) a UHC locus and a Lok locus. In some embodiments, a
genctically modified rodent {e.g., rat or mouse) is homozygous at a UHC locus, a Lok locus, or a
combination thereof.

[60273] In some embodiments, a genetically modified rodent {e.g., rat or mouse) comprises
in its genome {e.g., its germline genome) a UHC locus and a LiK locus. In some enbodiments, a
genetically modified rodent (e g, rat or mouse) is homozygous at & UHC locus, a LiK locus, or a
combination thereof

100274}  In some embodiments, a genetically modified rodent {e.g., rat or mouse} comprises in
its genome {e.g., its germline genorne) a UHC locus and a ULC locus. In some embodiments, a
genetically modified rodent (e.g, rat or mouse) is homozygous at a UHC locus, a ULC locus, or

a combination thereof
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{60275} Io sowe embodiments, a genetically modified rodent (e.g., rat or mouse) comprises i
its genome {e.g., its germline genome) a UHC locus and a DLC locus. In some embodiments, a
genetically modified rodent (e g, rat or mouse) is homozygous at a UHC locus, a DLC locus, or
a combination thereof.

[80276]  In some embodiments, a genetically modified rodent {e.g., rat or mouse) comprises in
its genome {e.g., its germline genome) a UHC locus and a xULC locus. In some embodiments, a
genetically medified rodent {e.g, rat or mouse) is homozygous at a URHC locus, a «ULC locus, or
a combination thereof,

j860277] In some emboediments, a genetically modified rodent {e.g., rat or mouse} comprises in
its genome (e.g., its gerruline genorne) a UHC locus and a «DLC locus. In some embodiments, a
genetically modified rodent (e.g, rat or mouse) is homozygous at a UHC locus, a kDL locus, or
a combination thereof

{60278] In some embodiments, a genetically modified rodent {e.g., rat or mouse} comprises in
its genome {e.g., its gerraline genome} a UHC locus and a ULCiK locus. In some embodiments,
a genetically modified rodent {e.g., rat or mouse) is homozygous at a UHC locus, a ULCIK
focus, or a combination thereof.

{08279] Insome embodiments, a gevetically modified rodent {e.g., rat or mouse) comprises in
its genome {e.g., its germline genome) a UHC locus and a DLCIK locus. In some embodiments,
a gevetically modified rodent {e.g., rat or mouse) is homozygous at a UHC locus, a DLCIK
locus, or a combination thereof.

{60280}  In some embodiments, a genetically modified rodent (e.g., rat or mouse) comprises in
its genome {e.g., its germiine genome) a UHC locus and a HULC locus. In some embodiments,
a genetically modified rodent {e.g., rat or mouse) is homozygous at a UHC locus, a HULC locus,
ot a combination thereof.

{60281)  In some embodiments, a genetically modified rodent (e.g, rat or mouse) comprises in
its genome {e.g., its germlive genome) a LoH locus and 3 KoK locus. 1o some embodiments, a
genetically modified rodent {e.g, rat or mouse} comprises in its genome {(e.g., its germline
genome) a LoH locus and a Lok locus. In some embodiments, a genetically modified rodent
{e.g., ral or mrouse) comprises in s genome {e.g., its germline genome) a LoH locus, a KoK

focus, and a LoL locus. In some embodiments, a genetically modified rodent (e g, rat or mouse)
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is homozygous at a LoH locus, a KoK locus, a Lol locus, or a combination thereof

{00282}  In some embodiments, a genetically modified rodent {e g, rat or mouse} comprises
in its genome {e.g., its germline genome} a LoH locus, a KoK locus, and a LoK locus. In some
embodiments, a genetically modified rodent {(e.g., rat or mouse} comprises i its genome {e.g., its
germline genome) a LoH locus, a KoK locus, and a LiK locus.

{60283]  In some embodiments, a genetically modified rodent {e.g., rat or mouse) comprises in
its genome (e.g., its germline genome) a LoH locus and a LoK locus. In some embodiments, a
genetically modified rodent {e.g., rat or mouse) is homozygous at a LoH locus, a LoK locus, or a
combination thereof.

j002384] in some embodiments, a genetically modified rodent {e.g., rat or mouse) comprises
in its genome {e.g., its germline genome) a LoH locus and a LiK locus. In some embodiments, a
genetically moditied rodent {e g, rat or mouse) is homozygous at a LoH locus, a LiK locus, ora
combination thereof

[00285]  In some embodiments, a genetically modified rodent {e.g., rat or mouse} comprises in
its genome (e.g., its gerruline genore) a LoH locus and a «ULC locus. 1o some embodiments, a
genetically modified rodent (e.g., rat or mouse) is homozygous at a LoH locus, a «ULC locus, or
a combination thereof.

j00286] In some embodiments, a genetically modified rodent {e.g., rat or mouse} comprises in
its genome (e.g., its gerruline genome) a LoH locus and a xDLC locus. In some embodiments, a
genetically modified rodent (e.g, rat or mouse) is homozygous at a LoH ltocus, a «DLC locus, or
a combination thereof.

j00287] In some embodiments, a genetically modified rodent {e.g., rat or mouse) comprises in
its genome {e.g., its germline genore) a LoH locus and a ULCIK locus. In some embodiments,
a genetically modified rodent {e.g., rat or mouse) is homozygous at a LoH locus, a ULCIK locus,
or a combination thereof.

{60288] In some embodiments, a genetically modified rodent {e.g., rat or mouse) comprises in
its genome {e.g., its germline genome} a LoH locus and a DLCIK locus. In some embodiments,
a genetically modified rodent {e.g., rat or mouse) is homozygous at a LoH locus, a DLCiK locus,
or a combination thereof.

{6028%] In some embodiments, a genetically modified rodent {e.g., rat or mouse) comprises in
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its gevore {e.g., its gerruline genoroe) a LoH locus and a HULC locus. Tu sorve embodiments, a
genetically medified rodent {e.g., rat or mouse) is homozygous at a LoH locus, a HULC locus, or

a combination thereof

Exemplary Rodent Comprising Kappa Universel Light Chain Lecus

[60296]  In some exemplary embodiments of the present invention, genetically modified non-
human animals, e.g , rodents, e g., mice, comprising a genome with one of the immunoglobulin
foci restricted in its ability to generate a wide repertoire of variable regions, can be couveniently
utilized in the method that depends on repertoire sequence- and mass spectrometry-based
analyses of the nonrestricted immunoglobulin chain. In some embodiments, the restricted
immunoglobulin chain is a light chain, e.g, a kappa light chain. In some embodiments, a
genetically moditied rodent comprises in its genome {e.g., its germline genome) an engineered
immunoglobulin heavy chain locus {e.g., an engineered endogenous rodent immunoglobulin
heavy chain locus) comprising one or more unrearranged human Vg gene segments, one or more
unrearranged human D gene segments, and one or more unrearranged human Jy geve segments
that are upstream of (e.g., operably linked to} one or more rodent {e.g., rat or mouse}
immunoglobulin heavy chain constant region genes {e.g., one or more endogenous rodent {e.g.,
rat or mouse} immunoglobulin heavy chain constant region genes}) {i.e., a HoH locus), and an
engineered immunoglobulin x light chain locus {e.g., an engineered endogenous rodent
immunoglobulin « Hght chain locus) comprising a single rearranged human « light chain variable
region { Vi/Jx) upstream of (e.g., operably linked to) a Cx gene (a «ULC locus). Exemplary
rodents including a HoH locus and a «ULC locus are exemplified in, e.g., U.S. Patent Nos.
10,130,081 and 10,143,186, each of which is incorporated by reference in its entirety. In some
embodiments, a genetically modified rodent {e.g., rat or mouse} i3 homozygous at a HoH locus
and/or a xULC locus. In some embodiments, a genetically modified rodent {e.g., rat or mouse} is
homozygous at a HoH locus and a «ULC locus.

100291}  In some embodiments, one or more unrearranged human Vg gene segments at a HoH
locus includes at least six human Ve gene segments. In some embodiments, one or more
unrearranged human Vu gene segments at a HoH locus includes at least 18 human Vi gene

segments. In some embodiments, one or more unrearranged human Vu gene segments at a HoH
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locus includes at least 39 human Vy gene segments. Io sowe embodiments, one or more
unrearranged human Vu gene segments at a HoH locus includes at least 80 human Vi gene
segments. In some embodiments, one or more unrearranged human Du gene segments at a HoH
focus includes at least 27 human Dy gene segments. In some embodiments, one or more
unrearranged human Jg gene segments at a HoH locus includes at least six human Ju gene
segments.

{60292] In some embodiments, one or more unrearranged human Vu gene segments at a HoH
focus includes at least 18 human Vi gene segments, one or more unrearranged buman Dra gene
segments at a HoH locus includes 27 human Dy gene segments, and one or more unrearranged
human Jy gene segments at a Hol locus includes six human Jy gene segments. As discussed
herein, such an engineered immunoglobulin heavy chain locus is referred to as a
“VelocImmune® 1 HoH locus.” In some embodiments, one or more unrearranged human Vg
gene segments at a HoH locus includes at least 39 human Vy gene segments, one or more
unrearranged human Dy gene segments at a HoH locus includes 27 human Dy gene segments,
and one or more unrearranged human Jy geve segments at a HoH locus includes six human Jg
gene segments. As discussed herein, such an engineered immunoglobulin heavy chain locus is
referred to as a “VelocImmune® 2 HoH locus”  Tn sore embodiments, one or more
unrearranged human Vg gene segments at a HoH locus includes at least 80 human Vg gene
segments, one or more unrearranged human Dy gene segments at a HoH locus includes 27
human Dy gene segments, and one or more unrearranged human Fa gene segments at a HoH
focus includes six human Jg gene segments. As discussed herein, such an engineered
immunoglobulin heavy chain locus is referred to as a “Velocimmune® 3 HoH locus.”

180293]  In some embodiments, a genetically modified rodent (e.g, rat or mouse} comprising a
HoH locus and a «ULC locus also includes a genome {(e.g., a germline genorue) that lacks a
functional endogenous rodent Adamo gene. In some embodiments, a genetically modified
rodent (e.g., rat or mouse) comprising a HoH locus and a «ULC locus also includes in its genome
{e.g., a germline genome) one or more nucleotide sequences encoding one or more rodent
ADAMSG polypeptides, functional orthologs, functional homologs, or functional fragments
thereof. In some embodiments, one or more rodent ADAMGS polypeptides is or comprises mouse

ADAMOa. In some embodiments, one or more rodent ADAMG polypeptides is or comprises
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mouse ADAMOGb. 1o some embodiments, one or more rodent ADAMS6 polypeptides is or
comprises mouse ADAMG6a and mouse ADAMOGh. Rodents comprising a HoH locus and a
«ULC locus and including one or more nucleotide sequences encoding one or more rodent
ADAMS polypeptides, functional orthologs, functional homologs, or functional fragments
thereof are exemplified in, e.g., U.S. Patent Nos. 10,130,081, which is incorporated by reference
in its entirety. In some embodiments, a genetically modified rodent {e.g., rat or mouse} as
provided expresses one or more rodent (e.g., rat or mouse) ADAMSG polypeptides, functional
orthologs, functional homologs, or functional fragroeuts thereof In some embodiments, a
genetically modified rodent {e.g, rat or mouse} as provided has a genome (e.g., a germline
genome} comprising one or more nucleotide sequences encoding one or more rodent {e.g., rat or
mouse) ADAMS polypeptides, functional orthologs, functional homologs, or functional
fragments thereof that are included on the same chromosome as a HoH locus. In some
embodiments, a genetically modified rodent {e.g., rat or mouse} as provided has a genome (e.g.,
a germline genome) corprising a HoH locus comprising one or more nucleotide sequences
encoding one or more rodent ADAMS polypeptides, functional orthologs, functional homologs,
or functional fragments thereof In some embodiments, a genetically modified rodent {e.g., rat or
mouse} as provided has a genomwe (e.g., a germline genome) comprising one or more nucleotide
sequences encoding one or more rodent (e.g., rat or mouse) ADAMG polypeptides, functional
orthologs, functional homologs, or functional fragments thereof in place of a human Adamé
pseudogene. In some embodiments, a genetically modified rodent (e.g., rat or mouse) as
provided has a genome (e.g., germline genome) comprising one or more nucleotide sequences
encoding one or more rodent {e.g., rat or mouse} ADAMS polypeptides, functional orthologs,
functional homologs, or functional fragments thereof that replace a human Adamé pseudogene.
j06294]  Io sowe embodiments, a genetically modified rodent corprising a HoH locus and a
«ULC locus includes a genome {e.g., a germline genome) comprising one or more human Vg
gene segments comprising a first and a second buman Va gene segment, and one or more
nucleotide sequences encoding one or more rodent {(e.g., rat or mouse} ADAMSG polypeptides,
functional orthologs, functional homologs, or functional fragments thereof between the first
human Vu gene segment and the second human Vi gene segment. In some embodiments, a first

human Vg gene segment is Vul-2 and a second human Vi gene segment 1s Vib-1. In some
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embodiments, one or more nucleotide sequences encoding one ot more rodent (e.g., arat or
mouse} ADAMO polypeptides, functional orthologs, functional homologs, or functional
fragments thereof are between a human Va gene segment and a human Dy gene segment.

i00293] In some embodiments, one or more nuclectide sequences encoding one or more
rodent ADAMO polypeptides restore or enhance fertility in a male rodent.

[60296]  In some embodiments, a single rearranged human « light chain variable regionat a
kU/LC locus comprises a human Vi gene segment and & human Jx gene segment. In some
embodiments, a human Vk gene segment is a buman Vi 1-39 geve segment or a human Vi3-20
gene segment. In some embodiments, a human Jx gene segment is a human Jx1 gene segment, a
human Jx2 gene segment, a human Jx3 geve segment, a human Jx4 gene segment, or a huroan
JxS gene segment. In some embodiments, a human Vi gene segment is a human Vi1-39 gene
segment, and a human Jx gene segment 15 a human Jx5 gene segment. In some embodiments, a
single rearranged human « light chain variable region at a «ULC locus is a human Vi1-39/J«5.
In some embodiments, a human Vx gene segment 1s a human Vi3-20 gene segment, and a
human Jx gene segment is a human Jul geoe segment. o sorve embodiments, a single
rearranged human « light chain variable region at a xULC locus is a human Vx3-20/x1.

{08297] Insome embodiments, a wULC locus comprises a non-native leader sequence. In
some embodiments, a leader sequence comprises a signal peptide. In some embodiments, a
leader sequence comprises a non-native signal peptide.

[60298]  In some embodiments, a Cx gene of a «ULC locus is a rodent (e.g., rat or mouse) Cx
gene. In some embodiments, a genetically modified rodent {e.g., rat or mouse) is homozygous at
a xULC locus. In some embodiments, a genetically modified rodent {(e.g., rat or mouse} is
heterozygous at a «ULC locus.

j00299] in some embodiments, a genetically modified rodent (e.g., rat or mouse), which
corprises a xULC locus, lacks endogenous Vi and/or Jk gene segments that are capable of
rearranging to form an endogenous x light chain variable region. Io some embodiments, a
genetically modified rodent {e.g, rat or mouse}, which comprises a xULC locus, lacks
endogenous VA and/or Jh gene segments that are capable of rearranging to form an endogenous A
light chain variable region.

{60308] In some embodiments, a genetically modified rodent {e.g., rat or mouse), which
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comprises a HoH locus and a xULC Jocus, produces antibodies comprising, inter alia, (a) heavy
chains, where each heavy chain comprises a human heavy chain variable domain operably linked
to a rodent {e.g., rat or mouse) heavy chain constant domain, and (b) « light chains, where each x
light chain comprises a human « light chain variable domain operably Hinked to a « light chain
constant domain, e.g., in response to antigenic stimulation. In some embodiments, all x light
chains expressed by a genetically modified rodent (e.g, rat or mouse) comprise human x light
chain variable domains expressed from the single rearranged human x light chain variable region
or a somatically hypermutated version thereof

j80301] In some embodiments, a genetically modified rodent {e.g., rat or mouse), which
comprises a kJL.C locus comprising a single human rearranged x variable region, further
comprises a substitution of at least one non-histidine residue in its light chain variable region,
e.g., its COR3 region, with a histidine region. Such genetically modified rodents are described in
U.S. Patent No. 9,801,362, incorporated herein by reference in its entirety. Immunizing
genetically modified rodents comprising substitution of non-histidine residues with histidine
residues ot insertion of histidine residues facilitates identification of antibodies that exhibit pH-
dependent properties towards their antigens, using the combination of repertoire sequencing and
MS methods described herein and in the Examples.

j00302]  In some embodiments, the present disclosure provides methods of identifying a
human immunoglobulin heavy chain variable domain or CDR sequence {e.g., CDR3 sequence)
of an antibody specific for an antigen from a rodent comprising in its germline genome a xULL
tocus, the method comprising: (i) obtaining a plurality of peptide sequences of human
immunoglobulin heavy chain variable domains that were obtained from a sample comprising a
population of antibodies produced by a genetically modified rodent immunized with the antigen,
and (i) iaterrogating a hibrary of human immunoglobulin heavy chain variable domain sequences
with the plurality of peptide sequences, wherein the library comprises a plurality of human
immunoglobulin heavy chain variable domain sequences encoded by B cells of the immunized
rodent.

[60303]  In some embodiments, the present disclosure provides methods of identifying a
human immuncglobulin heavy chain variable domain or CBR sequence {e.g., CDR3 sequence)

of an antibody specific for an antigen from a rodent comprising in its germline genome a xULC
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locus, the moethod comprising: (1) obtaining a library of huwan immunoglobulin heavy chain
variable domain sequences comprising a plurality of human immunoglobulin heavy chain
variable domain sequences encoded by B cells of a rodent immunized with the antigen, and (i)
interrogating the library with a plurality of peptide sequences of human immunoglobulin heavy
chain variable domains that were obtained from a sample comprising a population of antibodies

produced by the rodent immunized with the antigen.

Exemplary Rodent Comprising Lambda Universal Light Chain Locus

j80304]  In other embodiments of the present invention, the method utilizes a restricted lambda
light chain. In some embodiments, a genetically modified rodent comprises in its genome (e.g.,
its germline genome) an engineered immunoglobulin heavy chain locus {e.g., an engineered
endogenous rodent immunoglobulin heavy chain locus) comprising one or more unrearranged
human Vi gene segments, one or more unrearranged human Da gene segments, and cne or more
unrearranged human Jg gene segments that are upstream of (e.g., operably linked to) one or more
rodent (e.g., rat or ouse) immunoglobulin heavy chain coustant region genes {(e.g., one or more
endogenous rodent {e.g., rat or mouse) immunoglobulin heavy chain constant region genes) {i.e.,
a HoH locus), and an engineered immunoglobulin « hght chain locus {e.g., an engineered
endogenocus rodent immunoglobulin x light chain locus) comprising a hmited human A light
chain variable region repertoire, wherein the limited human A light chain variable region
repertoire comprises a single rearranged human immunoglobulin A light chain variable region
(VA/JL) and is upstream of (e.g., operably linked to) a light chain constant region gene {a ULCiK
locus). Rodents including a HoH locus and a ULCIK locus are exemplified in, e.g., WO
2020/247623, which is incorporated by reference in its entirety. {n some embodiments, a
genctically modified rodent {e.g., rat or mouse) is homozygous at & HoH locus and/or a ULCIK
focus. In some embodiments, a genetically modified rodent (e.g., rat or mouse) is homozygous
at a HoH locus and a ULCIK locus.

{00305]  Io some embodiments, one or more unrearranged human Vy gene segments at a HoH
locus includes at least six human Vg gene segments. In some embodiments, one or more
unrearranged human Vu gene segments at a HoH locus includes at least 18 human Vu gene

segments. In some embodiments, one or more unrearranged human Vu gene segments at a HoH
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locus includes at least 39 human Vy gene segments. Io sowe embodiments, one or more
unrearranged human Vu gene segments at a HoH locus includes at least 80 human Vi gene
segments. In some embodiments, one or more unrearranged human Du gene segments at a HoH
focus includes at least 27 human Dy gene segments. In some embodiments, one or more
unrearranged human Jg gene segments at a HoH locus includes at least six human Ju gene
segments.

{00306] In some embodiments, one or more unrearranged human Vu gene segments at a HoH
focus includes at least 18 human Vi gene segments, one or more unrearranged buman Dra gene
segments at a HoH locus includes 27 human Dy gene segments, and one or more unrearranged
human Jy gene segments at a Hol locus includes six human Jy gene segments. As discussed
herein, such an engineered immunoglobulin heavy chain locus is referred to as a
“VelocImmune® 1 HoH locus.” In some embodiments, one or more unrearranged human Vg
gene segments at a HoH locus includes at least 39 human Vy gene segments, one or more
unrearranged human Dy gene segments at a HoH locus includes 27 human Dy gene segments,
and one or more unrearranged human Jy geve segments at a HoH locus includes six human Jg
gene segments. As discussed herein, such an engineered immunoglobulin heavy chain locus is
referred to as a “VelocImmune® 2 HoH locus”  Tn sore embodiments, one or more
unrearranged human Vg gene segments at a HoH locus includes at least 80 human Vg gene
segments, one or more unrearranged human Dy gene segments at a HoH locus includes 27
human Dy gene segments, and one or more unrearranged human Fa gene segments at a HoH
focus includes six human Jg gene segments. As discussed herein, such an engineered
immunoglobulin heavy chain locus is referred to as a “Velocimmune® 3 HoH locus.”

180307)  In some embodiments, a genetically modified rodent (e.g, rat or mouse} comprising a
HoH locus and a ULCIK locus also includes a genome {e.g., a germline genome) that lacks a
functional endogenous rodent Adamo gene. In some embodiments, a genetically modified
rodent (e.g., rat or mouse) comprising a HoH locus and a ULCiK locus also includes v its
genome {e.g., a germline genome) one or more nucleotide sequences encoding one or more
rodent ADAMO polypeptides, functional orthologs, functional homologs, or functional fragments
thereof. In some embodiments, one or more rodent ADAMGS polypeptides is or comprises mouse

ADAMOa. In some embodiments, one or more rodent ADAMG polypeptides is or comprises
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mouse ADAMOGb. 1o some embodiments, one or more rodent ADAMS6 polypeptides is or
comprises mouse ADAMG6a and mouse ADAMOGh. Rodents comprising a HoH locus and a
ULCK locus and including one or more nuclectide sequences encoding one or more rodent
ADAMS polypeptides, functional orthologs, functional homologs, or functional fragments
thereof are exemplified in, e.g., U.S. Patent Nos. 10,130,081, which is incorporated by reference
in its entirety. In some embodiments, a genetically modified rodent {e.g., rat or mouse} as
provided expresses one or more rodent (e.g., rat or mouse) ADAMSG polypeptides, functional
orthologs, functional homologs, or functional fragroeuts thereof In some embodiments, a
genetically modified rodent {e.g, rat or mouse} as provided has a genome (e.g., a germline
genome} comprising one or more nucleotide sequences encoding one or more rodent {e.g., rat or
mouse) ADAMS polypeptides, functional orthologs, functional homologs, or functional
fragments thereof that are included on the same chromosome as a HoH locus. In some
embodiments, a genetically modified rodent {e.g., rat or mouse} as provided has a genome (e.g.,
a germline genome) corprising a HoH locus comprising one or more nucleotide sequences
encoding one or more rodent ADAMS polypeptides, functional orthologs, functional homologs,
or functional fragments thereof In some embodiments, a genetically modified rodent {e.g., rat or
mouse} as provided has a genomwe (e.g., a germline genome) comprising one or more nucleotide
sequences encoding one or more rodent (e.g., rat or mouse) ADAMG polypeptides, functional
orthologs, functional homologs, or functional fragments thereof in place of a human Adamé
pseudogene. In some embodiments, a genetically modified rodent (e.g., rat or mouse) as
provided has a genome (e.g., germline genome) comprising one or more nucleotide sequences
encoding one or more rodent {e.g., rat or mouse} ADAMS polypeptides, functional orthologs,
functional homologs, or functional fragments thereof that replace a human Adamé pseudogene.
j08308]  Io sowe embodiments, a genetically modified rodent corprising a HoH locus and a
ULCiK locus includes a genome {e.g., a germline genome) comprising one or more human Vu
gene segments comprising a first and a second buman Va gene segment, and one or more
nucleotide sequences encoding one or more rodent {(e.g., rat or mouse} ADAMSG polypeptides,
functional orthologs, functional homologs, or functional fragments thereof between the first
human Vu gene segment and the second human Vi gene segment. In some embodiments, a first

human Vg gene segment is Vul-2 and a second human Vi gene segment 1s Vib-1. In some
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embodiments, one or more nucleotide sequences encoding one ot more rodent (e.g., arat or
mouse} ADAMO polypeptides, functional orthologs, functional homologs, or functional
fragments thereof are between a human Va gene segment and a human Dy gene segment.
i00309] In some embodiments, one or more nuclectide sequences encoding one or more
rodent ADAMO polypeptides restore or enhance fertility in a male rodent.

[603168]  In some embodiments, a single rearranged human X light chain variable region at a
ULC locus comprises a human VA gene segment and a human JA gene segment. In some
embodiments, a buman VA gene segrment is selected from a group consisting oft VA4-69, VAE-
61, VA4-60, VA6-57, VA10-54, VAS-52, VAI-51, VA9-49, VA1-47, VAT-46, VAS-4S, VAi-44
YAT-43, VA1-40, VAS-37, VA1-36, VA3-27, VA3-25, VAZ2-23, VA3-22, VA3-21, VA3-19, VA2-
I8, VA3-16, VA2-14, VA3-12, V

>

L2-11, VA3-10, VA3-8, VA2-8, Vi4-3, and VA3-1. In some

embodiments, a human VA gene segment is selected from a group consisting of. VA5-52, VA1~
ST, VAO-49, VA1-47, VAT-46, VA5-45, VA1-44, VAT7-43, VA1-40, VAS-37, VA1-36, VA3-27,
YA3-25, VA2-23, VA3-22, VA3-21, VA3-19, VA2-18 VA3-16, VA2-14, VA3-12, VA2-11, VA3-
10, VA3-9, VA2-8, VA4-3, and VA3-1. In some embodiments, a human VA gene segment is
selected from a group consisting oft VA1-81, VAS5-45, VA1-44, VA1-40, VA3-21, and VA2-14.
in some embodiments, a human VA gene segment is VAI-51 or VAZ-14. In some embodiments,
a human JA gene segment is selected from a group consisting of JA1, JA2Z, JA3, JR6, and JA7. In
sore ernbodiments, a human Jh gene segment is selected from a group consisting of: J1, JAZ,
JA3, and JA7. In some embodiments, a buman JA gene segment is JA2

{60311}  In some embodiments, a ULC locus comprises a non-native leader sequence. In some
embodiments, a ULC locus comprises a single rearranged human & light chain variable region
and a Vi leader sequence. In some embodiments, a leader sequence comprises a signal peptide.
In some embodiments, a leader sequence comprises a non-native signal peptide.

{80312} In some embodiments, a genetically modified rodent comprises a limited human A
fight chain variable region repertoire operably linked to a rodent (e.g., rat or mouse} Cx or CA
gene segment (e.g., a mouse CAl gene segment).

{60313]  In some embodiments, a human VA gene segment is VA1-51, a human JA gene

segment is JAZ, and a light chain constant region gene is a rodent Ch (e.g., a mouse Chl}). In
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some emboduments, a human VA gene segment 15 VAL-51, a human A gene segment 18 JAZ, and
a light chain constant region gene is a rodent Cx. In some embodiments, a human VA gene
segment is VAZ-14, a human JA gene segment is JAZ, and a light chain constant region gene is a
rodent CA {e.g., a mouse CAl). In some embodiments, a human Vi gene segment is VA2-14, a
human JA gene segment is JA2, and a light chain constant region gene is a rodent Cx.

{00314] Io some embodiments, a genetically modified rodent {e.g,, rat or mouse) is
homozygous at a ULCIK locus. In some embodiments, a genetically modified rodent (e.g., rat or
mouse} is heterozygous at a ULCIK locus.

{06315 In some embodiments, a genetically modified rodent {e.g., rat or mouse}, which
comprises a ULCIK locus, lacks endogenocus Vi and/or Jx gene segments that are capable of
rearranging to form an endogenous « light chain variable region. In some embodiments, a
genetically modified rodent (e g, rat or mouse), which comprises a ULCiK locus, lacks
endogenous Vi and/or JA gene segments that are capable of rearranging to form an endogenous &
light chain variable region.

[60316]  In some embodiments, a genetically modified rodent {e.g., rat or mouse), which
comprises a HoH locus and a ULC locus, produces antibodies comprising, inter alia, {8} heavy
chains, where each heavy chain comprises a human heavy chain variable domain operably linked
to a rodent {e.g., rat or mouse) heavy chain constant domain, and (b) light chains, wherein each
Hght chain comprises a human A light chain variable dormain operably linked to a {e.g., rat or
mouse) light chain constant domain (e.g., a Ch or Cx domain), e.g., in response to antigenic
stimulation. In some embodiments, ali light chains expressed by B cells of a genetically
modified rodent (e g.. rat or mouse), which comprises a ULCIK locus, comprise human A light
chain variable domains expressed from the single rearranged human A light chain variable region
or a somatically hypermutated version thereof.

{00317]  In some embodiments, the present disclosure provides methods of identifying a
human immunoglobulin heavy chain variable domain or CDR sequence {e.g., CDR3 sequence)
of an antibody specific for an antigen from a rodent comprising in its germiine genome a ULCIK
locus, the method comprising: (i) obtaining a plurality of peptide sequences of human
immunoglobulin beavy chain variable domains that were obtained from a sample comprising a

popuiation of antibodies produced by a genetically modified rodent immunized with the antigen,
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and (it) interrogating a library of human immunoglobulin heavy chain variable domain sequences
with the plurality of peptide sequences, wherein the library comprises a plurality of human
immunoglobulin heavy chain variable domain sequences encoded by B cells of the immunized
rodent.

[60318] In some embodiments, the present disclosure provides methods of identifying a
human immunoglobulin heavy chain variable domain or CDR sequence {e.g., CDR3 sequence}
of an antibedy specific for an antigen from a rodent comprising in its germline genome a ULCIK
focus, the method comprising: (i) obtaining a library of human immunoglobulin heavy chaio
variable domain sequences comprising a plurality of human immunoglobulin heavy chain
variable domain sequences encoded by B cells of a rodent immunized with the antigen, and (i)
interrogating the library with a plurality of peptide sequences of buman immunoglobulin heavy
chain variable domains that were obtained from a sample comprising a population of antibodies

produced by the rodent immunized with the antigen.

Exemplary Rodent Comprising Universal Heavy Chain Locus

[6031%9]  In other embodiments, the restricted immunoglobulin chain in the mouse utilized in
the method described herein is a heavy chain. In some embodiments, a genetically modified
rodent comprises in its genome {e.g., its germline genome} an engineered immunoglobulin heavy
chain locus {e.g., an engineered endogenous rodent immunoglobulin heavy chain locus)
comprising a single rearranged human heavy chain variable region upstream of (e.g., operably
linked to) one or more rodent {e.g., rat or mouse) constant region genes (L.e., a UHC locus or a
common heavy chain locus}, and an engineered immunoglobulin « hight chain locus {e.g, an
engineered endogenous rodent immunoglobulin x light chain locus) comprising one or more
unrearranged human Vx geve segments and ove or more unrearranged buman Jx gene segments
that are upstream of {(e.g., operably linked to) a Cx gene (i.e., a KoK locus). In some
embodiments, a genetically modified rodent (e g., rat or mouse} is homozygous at a UHC locus
and/or a KoK locus. In some embodiments, a genetically modified rodent {e.g., rat or mouse} is
homozygous at a UHC locus and a KoX locus.

{603208]  In some embodiments, a single rearranged human heavy chain variable region at a

UHC locus comprises a single human Vi gene segment, a single human Dy gene segment, and a
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single hursan Ja gene segroent. In some embodiments, a single human Vy gene segment is a
human Vi3-23, a single human D gene segment is a human Dg4-4, and a single human Ju gene
segment 15 a human Jud.

{00321} In some embodiments, a single rearranged human heavy chain variable region at a
UHC locus comprises a single human Vg gene segruent and a single human Ju gene segment,
which are separated by two amino acids. In some embodiments, a single human Vy gene
segment is a human Vr3-23, a single human Ju gene segment is a human Ju4, and two amino
acids are glycine and tyrosine.

1003227  In some embodiments, one or more rodent (e.g., mouse or rat) heavy chain constant
region genes at a UHC locus are one or more endogenous rodent {e.g., mouse or rat} heavy chain
constant region genes.

0032317  In some embodiments, a genetically modified rodent {e.¢., rat or mouse) comprising a
UHC locus and a KoK locus lacks a functional endogencus rodent Adamo gene. In some
embodiments, a genetically modified rodent (e.g., rat or mouse) comprising a UHC locus and &
KoK locus includes one or more nucleotide sequences encoding one or more rodent ADAMG
polypeptides, functional orthologs, functional homologs, or functional fragments thereof. In
some embodiments, one or more rodent ADAMSG polypeptides is or comprises mouse ADAM6a.
in some embodiments, one or more rodent ADAMG polypeptides is or comprises mouse
ADAMOGh. lo some embodiments, one or more rodent ADAMS polypeptides is or comprises
mouse ADAMGOGa and mouse ADDAMGOb. In some embodiments, a genetically modified rodent
{e.g., rat or mouse) as provided expresses one or more rodent (8., rat or mouse) ADAM6
polypeptides, functional orthologs, functional homologs, or functional fragments thereof In
some embodiments, a genetically modified rodent {(e.g., rat or mouse) as provided has a genome
{e.g., a germuline genome) comprising one or more nucleotide sequences encoding one of ruore
rodent (e.g., rat or mouse) ADAMGO polypeptides, functional orthologs, functional homologs, or
functional fragments thereof that are included on the sare chromosome as a UHC locus. In
some embodiments, a genetically modified rodent {e. g, rat or mouse} as provided has a genome
(e.g., a germline genome} comprising a UHC locus comprising one or more nucleotide sequences
encoding one or more rodent ARAMG polypeptides, functional orthologs, functional homologs,

or functional fragments thereof. In some embodiments, a genetically modified rodent {e.g, rat or
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mouse) as provided has a genome {e.g., a germline genome) comprising one or more nucleotide
sequences encoding one or more rodent (e.g., rat or mouse} ADAMS polypeptides, functional
orthologs, functional homologs, or functional fragrents thereof in place of a human Adam6
pseudogene. In some embodiments, a genetically modified rodent {(e.g., rat or mouse} as
provided has a genome {(e.g., germline genome) comprising one or more nucleotide sequences
encoding one or more rodent {e.g., rat or mouse) ADAMG polypeptides, functional orthologs,
functional homologs, or functional fragments thereot that replace a human Adamé pseudogene.
{60324] In some embodiments, one or more nucleotide sequences encoding one or more
rodent ADAMO polypeptides restore or enhance fertility in a male rodent.

{60325  In some embodiments, one or more unrearranged human Vx gene segments at a KoK
locus includes at least six human Vi gene segments. In some embodiments, one or more
unrearranged human Vi gene segments at a KoK locus includes at least 16 human Vi gene
segments. In some embodiments, one or more unrearranged human Vi gene segments at a KoK
locus includes at least 30 human Vi gene segments. In sore embodiments, one or more
unrearranged human Vx geve segments at a KoK locus includes at least 40 human Vx gene
segments. in some embodiments, one or more unrearranged human Jk gene segments at a KoK
tocus ncludes at least five human Jx gene segments.

j00326]  In some embodiments, one or more unrearranged human Vi gene segments at a KoK
locus includes at least 16 human Vi gene segments, and one or ruore unrearranged buman Jx
gene segments includes at least five human Jk gene segments. As described herein, such an
engineered immunoglobulin heavy chain locus is referred to herein as a “VelocImmune® 1 KoK
focus.” In some embodiments, one or more unrearranged human Vi« gene segments at a Kok
locus includes at least 30 human Vi gene segments, and one or more unrearranged human Jx
gene segments at a KoK locus includes at least five human Jx gene segments. As described
herein, such an engineered immunoglobulin heavy chain locus is referred to herein as a
“VelocImmune” 2 KoK locus” In some embodiments, one or more unrearranged human Vi
gene segments at a KoK locus includes at least 40 human Vx gene segments, and one or more
unrearranged human Jx gene segments at a KoK locus includes at least five human Jx gene
segments. As described herein, such an engineered immunoglobulin heavy chain locus is referred

to herein as a “VelocImmune® 3 KoK locus.”

90



WO 2022/056276 PCT/US2021/049887

{00327] 1o some embodiments, an immunoglobulin x light chain constant region gene of a
KoK locus is a redent {e.g, rat or mouse} Cx gene. In some embodiments, an immunoglobulin x
tight chain constant region gene of a KoK locus is an endogenous rodent (e.g., rat or mouse) Cx
gene. In some embodiments, an immunoglobulin k light chain constant region gene of 2 KoK
locus is an endogenous rodent {e.g., rat or mouse) Cx gene at an endogenous immunoglobulin x
light chain locus. In some embodiments, a genetically modified rodent (e.g., rat or mouse} is
homozygous at a KoK locus. In some embodiments, a genetically modified rodent (e g, rat or
mouse} is heterozygous at a Kok locus.

j60328] In some embodiments, a genetically modified rodent {e.g., rat or mouse), which
comprises a UHC locus and a KoK locus, produces antibodies comprising, inter alia, (a) heavy
chains, where each heavy chain comprises a human heavy chain variable domain operably linked
to a rodent {e.g., rat or mouse) heavy chain constant domain, and (b) « hight chains, where each x
light chain comprises a human « light chain variable domain operably linked to a rodent {e.g., rat
or mouse) ¥ light chain constant domain, e.g., in response to antigenic stimulation. In some
embodiments, all heavy chains expressed by a genetically modified rodeut (e.g., rat ot mouse)
comprise human heavy chain variable domains expressed from the single rearranged human
heavy chain variable region or a somaticaily hypermutated version thereof.

j00329]  In some embodiments, a genetically modified rodent {e.g., rat or mouse) comprising a
UHC locus and a KoK locus also comprises an exogenous terminal deoxynucleotidyl transferase
{TdT) gene. In some embodiments, a rodent (e.g., rat or mouse} that comprises an exogenous
terminal deoxynucleotidyl transferase {TdT) gene can have increased antigen receptor diversity
when compared to a rodent without an exogenocus TdT gene.

[80336] In some embodiments, a rodent as described herein has a genome comprising an
exogenous terminal deoxynucleotidyltransferase (TdT) gene operably Hoked to a transcriptional
control element.

{60331] Insome embodiments, a transcriptional control element includes s RAG1
transcriptional control element, a RAG?2 transcriptional control element, an immunoglobulin
heavy chain transcriptional control element, an immunoglobulin x light chain transcriptional
control element, an immunoglobulin A hight chain transcriptional control element, or any

combination thereof,
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{08332] Insome embodiments, an exogenous TdT is located at an immunoglobulin « hight
chain locus, an immunoglobulin A light chain locus, an immunoglobulin heavy chain locus, a
RAGH locus, or a RAGZ locus.

[60333]  In some embodiments, a TdT is a human TdT. In some embodiments, a TdT is a
short isoform of TdT (TdTS).

j00334] In some embodiments, the present disclosure provides methods of identifying a
human immunogiobulin light chain variable domain or CDR sequence {(e.g., CDR3 sequence) of
an antibody specific for an antigen from a rodent comprising in its germline genome a UHC
tocus, the method comprising: (i) obtaining a plurality of peptide sequences of human
immunoglobulin light chain variable domains that were obtained from a sample comprising a
population of antibodies produced by a genetically modified rodent timmunized with the antigen,
and (it) interrogating a library of human immunoglobulin light chain variable domain sequences
with the plurality of peptide sequences, wherein the library comprises a plurality of human
immunoglobulin light chain variable domain sequences encoded by B cells of the immunized
rodent.

[003358]  In some embodiments, the present disclosure provides methods of identifying a
human immunoglobulin light chain variable domain or CDR sequence (e.g., CDR3 seguence) of
an antibody specific for an antigen from a rodent comprising in its germline genome a UHC
tocus, the method comprising: (i) obtaining a library of human immunoglobulin light chain
variable domain sequences comprising a plurality of human immunoglobulin light chain variable
domain sequences encoded by B cells of a rodent immunized with the antigen, and (1))
interrogating the library with a plurality of peptide sequences of human immunoglobulin light
chain variable domains that were obtained from a sample comprising a population of antibodies

produced by the rodent immunized with the antigen.

Generated Antigen-Specific Antibodies

{00336]  After an antibody of interest (e.g., variable domain of interest and/or CDR
sequence(s) of interest) has been 1dentified from genetically modified nov-hurnan animal (e.g,,
rodent, e.g., rat or mouse) using a method described herein, the method may further comprise

expressing a nucleotide sequence encoding the obtained antibody (i.e., first antibody) or portion
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thereof {e.g., variable region), in an antigen-binding protein or a second, recombinant antibody.
In some embodiments, an antibody sequence identified by the methods described herein is
subsequently expressed in a host cell. In some embodiments, a variable region sequence of an
antibody identified herein is cloned into a second recombinant antibody that is expressed in a
host cell. Various embodiments of second recombinant antibody are described herein below. In
various embodiments, the antibody obtained by the method described herein is further tested to
confirm binding to the antigen immunogen, or to determine kinetic binding parameters of the
antibody. In some embodiments, supernatants or purified proteins from cells expressing (e.g.,
transtected with} the second antibody obtained by the method described herein, are screened in a
variety of assays to determine binding affinity and/or specificity for the antigen. Various assays
that can be used include those described in the foregoing examples, and others that wiil be
apparent to those skilled in the art. In various embodiments, the antibody specifically binds to
the antigen of interest or o the epitope on the antigen of interest {e.g., with a Kp in the
micromolar, nanomolar, or picomolar range).

[60337] In some embodiments, a nucleotide sequence encoding the obtained antibody is from
an immunized host (e.g., genetically modified non-human animal, e.g., arodent, e.g., a mouse or
arat}, that cormprises in its gevorse (e.g., its germline genome) a restricted repertoire of heavy
and/or light chain variable regions. In some embodiments, a nucleotide sequence encoding a
heavy chain variable domain is obtained from an immunized host (¢.g., genetically modified
non-human animal, e g., a rodent, e.g., a mouse or a rat), that comprises in its genome {e.g., its
germline genome) a restricted irmmunoglobulin lght chain variable region repertoire. In some
embodiments, a nucleotide sequence encoding a light chain variable domain is obtained from an
immunized host {e.g., genetically modified non-human animal, e.g., arodent, e.g, amouse or a
rat}, that comprises in its genome {e.g., its germline genome) a restricted immunoglobulin heavy
chain variable region repertoire.

{60338] In some embodiments, a nucleotide sequence encoding a heavy chain variable domain
is obtained from an immunized rodent (e g. mouse) that comprises in its genome (e.g., s
germiline genome) a single rearranged human light chain variable region comprising a single
light chain V gene segment and a single light chain § gene segment, e.g, a single human light

chain Vx gene segment and a single human light chain Jx gene segment or a single human light
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chain VA gene segment and a single buman light chain JA gene segment (rodent comprising a
ULC locus, see., e.g, US. Patent Nos. 10,143,186 and 10,130,081, incorporated herein by
reference in their entireties). Thus, upon immunization of such rodent (e.g., mouse) with an
antigen of interest, the wethod described herein allows analysis of heavy chain variable region
{e.g., beavy chain CDR3) sequences of antibodies directed against the antigen of interest, and
selection of a heavy chain variable region sequence.

{6033%] In some embediments, a nucleotide sequence encoding the obtained antibody from an
imunized host (e.g., genetically modified non-human animal, e.g., arodent, e.g, a mouse or a
rat) is codon optimized. In some embodiments, a nucleotide sequence encoding an obtained
heavy chain and/or light chain variable domain is codon optimized. In some embodiments, a
nucleotide sequence encoding one or more obtained CDR sequences are codon optimized.
j0034¢] In some emboediments, the obtained nucleotide sequence encoding the human
immunoglobulin variable domain (e g, heavy chain and/or light chain variable region) is inserted
into a construct for expression of an antigen-binding protein. In some embodiments, an antigen-
binding protein is an antibody.

{60341] In some embodiments, the obtained nucleotide sequence encoding the human
immunoglobulin variable domain is inserted into a construct in operable linkage with a human
immunoglobulin constant region, such that the antibody is expressed as a fully human antibody,
with the human variable region upstream of a human constant region. Thus, in some
embodiments, the roethod further comprises, subsequent to obtaining nucleotide sequence
encoding a human immunoglobulin heavy chain variable domain and/or a human
immunoeglobulin light chain variable domain as described herein, (i) joining or ligating the
nucleotide sequence encoding the human immunoglobulin heavy chain variable domain to a
nucleotide sequence encoding a human immunoglobulin heavy chain constant domain, thereby
forming a human tnmrounoglobulin beavy chain sequence encoding a fully human
immunoglobulin heavy chain, and/or (ii) joining or ligating the nucleotide sequence encoding the
human immunoglobulin light chain variable domain (e.g., human immunoglobulin x and/or A
tight chain variable domain} to a nucleotide sequence encoding a hurnan immwunoglobulin light
chain constant domain (e.g., human immunoglobulin « and/or A light chain constant domain),

thereby forming a human immunoglobulin x and/or A light chain sequence encoding 2 fully
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human immunogiobulin ¥ and/or & light chain. In certain embodirents, a human
imrounoglobulin heavy chain sequence, and a human immunoglobulin ¥ and/or A light chain
sequence are expressed in a cell {e.g., a host cell, 8 mammalian cell) so that fully human
immunoglobulin heavy chains and fully human immunoglobulin x and/or 2 light chains are
expressed and form human antibodies. In some embodiments, human antibodies are isolated
from the cell or culture media including the ¢ell.

{00342}  In some embodiments the antigen-binding protein {e.g., second antibody} is a human
antibody and/or a bispecific antibody. The phrase “bispecific antibody” includes an antibody
capable of selectively binding two or more epitopes. Bispecific antibodies generally comprise
two non-identical heavy chains, with each heavy chain specifically binding a different epitope --
the same molecule {e g, different epitopes on the same immunogen). If a bispecific antibody is
capable of selectively binding two different epitopes (a first epitope and a second epitope}, the
affinity of the first heavy chain for the first epitope will generally be at least one to two or three
ot four or roore orders of magnitude lower than the affinity of the first heavy chain for the second
epitope, and vice versa. Epitopes specifically bound by the bispecific antibody can be on the
same or a different target (e.g., on the same or a different protein). Bispecific antibodies can be
made, for example, by combining heavy chains that recognize different epitopes of the same
immunoegen. For example, nucleic acid sequences encoding heavy chain variable sequences that
recognize different epitopes of the same immunogen can be fused to nucleic acid sequences
encoding the same or different heavy chain constant regions, and such sequences can be
expressed 1o a cell that expresses an imwunoglobulin light chain. A typical bispecific antibody
has two heavy chains each having three heavy chain CDRs, followed by (N-terminal to C-
terminal) a CH1 domain, a hinge, a CH2 domain, and a CH3 domain, and an immunoglobulin
tight chain that either does not confer epitope-binding specificity but that can associate with each
heavy chain, or that can associate with each heavy chain and that can bind one or more of the
eptiopes bound by the heavy chain epttope-binding regions, or that can associate with each heavy
chain and enable binding of one or both of the heavy chains to one or both epitopes.

{80343] For example, where the antigen-binding protein (e.g., second antibody) is a bispecific

antibody, in some embodiments, the bispecific antibody is generated by immunizing a
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genetically modified non-human animal, e.g., a rodent, e.g., a mouse or a rat, that comprises in
its genome {e.g., its germline genome) a restricted repertoire of heavy and/or light chain variable
regions. In some embodiments, the non-human animal is a mouse and the mouse comprises in
its genome {e.g., its germling genome) a single rearranged human light chain variable region
comprising a single light chain V gene segment and a single light chain J gene segrment, e g, a
single human Hght chain Vi gene segment and a single human light chain Jx gene segment or a
single human light chain VA gene segment and a single human light chain JA gene segment
{rodent comprising a ULC locus, see, e.g, U.S. Patent Nos, 10,143,186 and 10,130,081,
incorporated herein by reference in their entireties). Thus, upon immunization of such mouse
with a first antigen of interest, the method described herein allows asalysis of heavy chain
variable region {e.g., heavy chain CDR3} sequences of antibodies directed against the first
antigen of interest, and selection of a first heavy chain variable region sequence foruse ina
bispecific antibody. The method is repeated in order to obtain a second heavy chain variable
region against a second antigen of interest, by immunizing a second mouse also comprising a
single rearranged human light chain variable region comprising a single light chain V gene
segment and a single light chain J gene segment (e.g,, the same light chain V and J gene
segments as present in the first mouse}, and obtaining the second heavy chain variable region
from said second mouse using the method described herein.  Alternatively, the second heavy
chain variable region sequence can be obtained using the wethods known in the art {(e.g.,
hybridoma technology or other methods described in U 8. Patent Nos. 10,143,186 and
10,130,081, incorporated herein by reference in thewr entireties). The first and the second heavy
chain variable regions are expressed in a first and second heavy chain (e.g., first and second
human heavy chain) together with the same light chain as present in the first and second mouse,
or a somatically mutated version thereof, to generate a bispecific antibody.

[60344] In some embodiments, e.g., where the antigen-binding protein {e.g., second antibody)
is a bispecific antibody, the obtained nucleotide sequence encoding the human immunoglobulin
variable domain, e.g., human immunoglobulin heavy chain variable domain, is inserted into a
construct in operable linkage with a huran heavy chain immunogiobulin constant region,
wherein the Fc domain of the heavy chain comprises modifications to facilitate heavy chain

heterodimer formation and/or to inhibit heavy chain bomodimer formation. Such wodifications
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are provided, for example, in U.S. Pat. Nos. 5,731,168, 5,807,706, 5,821,333, 7,642,228 and
8,679,785 and in U.S. Pat. Pub. No. 2013/0195849, each of which is hereby incorporated by
reference. In vet another embodiment, e.g., where the second antibody is a bispecific antibody,
the obtained maclectide sequence encoding the human immunoglobulin variable domain, e.g,,
human immunogiobulin heavy chain variable domain, is inserted into a construct in operable
linkage with a human heavy chain immunoglobulin constant region {e.g., human IgG constant
region) wherein one of the heavy chains of the bispecific antibody is modified to omit a Protein
A-binding determinant, resulting in a differential affinity of a homodimeric antigen binding
protein from a heterodimeric antigen binding protein. As such, one immunoglobulin heavy chain
of the bispecific antibody comprises a first CH3 region of a human IgG selected from 1gGl,
1832, and Ig(G4, wherein the first CH3 region binds to Protein A, and a second immunoglobulin
heavy chain comprises a second CH3 region of a human IgG selected from IgGl, IgG2, and
Ig(G4, wherein the second CH3 region comprises a modification that reduces or eliminates
binding of the second CH3 region to Protein A, while an imrmunoglobulin light chain of the
bispecific antibody pairs with both immunoglobulin heavy chains. Compositions and methods
that address this issue are described in US Patent No. 9,309,326, hereby incorporated by
reference n its entirety.

j00345]  In some embodiments, the nucleotide sequence encoding the human variable domain
obtained by the methods described herein is expressed in a cell line in operable linkage with a
human immunoglobulin constant region, such that a fully human antibody is generated. In some
embodiments, the cell line that expresses the fully human antibody is 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 £ coli, Bacilfus spp.,
Streptomvees spp., eic.), mycobactenia cells, fungal cells, yeast cells {e.g., S. cerevisiae, S.
pombe, P. pastoris, P.methanofica, etc.), plant cells, insect cells {e.g., §F -9, SF -21, baculovirus-
mnfected insect cells, Trichoplusia ni, etc.), non-human animal cells, human cells, or cell fusions
such as, for example, hybridomas or quadromas. In some embodiments, the cell is 3 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 KI, BXB-11 CHO, Veggie-CHO), COS {e.g,,
COS-7), retinal cell, Vera, CV1, kidney (e.g., HEK293, 293 EBNA, MSR 293, MDCK, Hak,
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BHK), HeLa, HepG2, WI38, MRC 5, Colo205, HB 8065, HL-60, (e.¢., BHK2 1), Jurkat, Daudi,
A431 (epidermal}, CV-1, U937, 3T3, L cell, C127 cell, SP2/0, NS-0, MMT 060562, Sertoli cell,
BRL 3A cell, HT1 080 cell, 10 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™ gell}.

[60346] Mammalian host cells used to produce the antibody may be cultured in a variety of
media. Commercially available media such as Ham's F10 (Sigma}, Minimal Essential Medium
((MEM), Sigma}, RPMI-1640 (Sigma}, and Dulbecco’s Modified Eagle's Medium ((DMEM),
Sigma) are suitable for culturing the host cells. Media may be supplemented as necessary with
hormoues and/or other growth factors (such as insulin, transferrin, or epidermal growth factor),
salts (such as sodium chloride, calcium, magnesinm, and phosphate), buffers (such as HEPES),
nucleosides {such as adenosine and thymidine), antibiotics (such as, e.g., gentamyciny, trace
elements (defined as inorganic compounds usually present at final concentrations in the
micromolar range), and glucose or an equivalent energy source. Any other supplements may
also be included at appropriate concentrations as known to those skilled in the art. The culture
conditions, such as temperature, pH, and the like, are, in various embodiments, those previously

used with the host cell selected for expression, and will be apparent to those skilled in the art.

Methods of Making Antigen Binding Proteins and Nucleic Acid Sequences Encoding the
Same

[60347] The disclosure herein describes a method for obtaining an amino acid and/or
nucieotide sequence of a light chain and/or heavy chain of an antibody from a host (i.e.
genetically modified host described herein) immunized with an antigen of interest.

j06348]  Io sowe ewmbodiments, a method comprises obtaining a nucleotide sequence encoding
a human immunoglobulin variable domain of a first antibody specific for said antigen,
comprising: obiaiving frow a first sample from the irnwunized host coroprising a plurality of
nucleic acid sequences that encode a plurality of immunoglobulin variable domains and
determining amino acid sequences of the plurality of immunoglobulin variable domains,
obtaining from the immunized host a second sample comprising a population of antibodies

directed against the antigen of interest and determining therefrom peptide sequences of heavy
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and/or light chain variable dorsains of the population of antibodies, interrogating the amino acids
sequences of the plurality of immunoglobulin variable domains with the peptide sequences of
heavy and/or light chain variable domains of the population of antibodies, thereby obtaining a
sequence of a human variable domain of an antibody specific for the antigen, and obtaining a
nucleotide sequence encoding a human immunoglobulin variable domain of the antibody specific
for the antigen. lun some embodiments, the method fusther comprises utilizing the obtained
nucleotide sequence encoding a human immunoglobulin variable domain in an antigen-binding
protein {e.g., a second aniibody). In some embodiments, a nucleotide sequence encoding a
human immunogleobulin variable domain in an antigen-binding protein s codon optimized.
{60349  In some embodiments, provided herein is a method of obtaining a nucleotide
sequence encoding a human immunoglobulin variable domain of an antibody specific for an
antigen, comprising: obtaining from a first sample from a host immunized with the antigen a
plurality of nucleic acid sequences that encode a plurality of immunocglobulin variable domains
and determining amino acid sequences of the encoded plurality of immunoglobulin variable
domains; obtaining from the immunized host a second sample comprising a population of
antibodies directed against the antigen of interest and determining therefrom peptide sequences
of heavy and/or light chain variable domains of the population of antibodies, nterrogating the
amino acids sequences of the encoded plurality of imnmwunoglobulin variable domains with the
peptide sequences heavy and/or hight chain variable domains of the population of antibodies,
thereby obtaining a human immunoglobulin variable domain of an antibody specific for the
antigen; and obtaining a nucleotide sequence encoding the human immunoglobulin variable
domain of the antibody specific for the antigen.

[80356]  In some embodiments, provided herein is a method of obtaining a nucleotide
sequence encoding a hurman immunoglobulin variable domain CDR {e.g., CDR3) sequence of an
antibody specific for an antigen, comprising: obtaining from a first sample from a host
immunized with the antigen a plurality of nucleic acid sequences that encode a plurality of
immunoglobulin variable domains and determining amino acid sequences of the encoded
plurality of immunoglobulin variable domains; obtaining from the mmunized host a second
sample comprising a population of antibodies directed against the antigen of interest and

determining therefrom peptide sequences of heavy and/or light chain variable domains of the
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population of antibodies; interrogating the amino acids sequences of the plurality of human
immunoglobulin variable domains with the peptide sequences of heavy and/or light chain
variable domains of the population of antibodies from the second sample, thereby obtaining a
human immunoglobulin variable domain CDR, {e.g., CDR3), sequence of an antibody specific
for the antigen, and obtaining a nucleotide sequence encoding the human immunoglobulin
variable domain CDIR, {e.g., CDR3}, sequence of the antibody specific for the antigen.

{00351}  In some embodiments, provided herein is 2 method of obtaining a2 human
immunoglobulin variable domain sequence of an antibody specific for an antigen, comprising:
obtaining from a first sample from a host immunized with the antigen a plurality of nucleic acid
sequences that encode a plurality of immunoglobulin variable domains and determining amino
acid sequences of the encoded plurality of immunoglobulin variable domains; obtaining from the
immunized host a second sample comprising a population of antibodies directed against the
antigen of interest and determining therefrom peptide sequences of heavy and/or light chain
variable domains of the population of antibodies; interrogating the amino acids sequences of the
plurality of immunoglobulin variable domains, thereby obtaining a human immunoglobulin
variable domain sequence of an antibody specific for the antigen.

{08352] Insome embodiments, provided herein is a method of obtaining a human
immunoglobulin variable domain CDR {e.g., CDR3} sequence of an antibody specific for an
antigen, comprising: obiaining from a first sample from a host immunized with the antigen a
plurality of nucleic acid sequences that encode a plurality of immunoglobulin variable domains
and determining amino acid sequences of the encoded plurality of immunoglobulin variable
domains, obtaining from the immunized host a second sample comprising a population of
antibodies directed against the antigen of interest and determining therefrom peptide sequences
of heavy and/or hight chain variable domains of the population of antibodies, interrogating the
amino acids sequences of the plurality of immunoglobulin variable domains with the peptide
sequences of heavy and/or light chain variable domains of the population of antibodies, thereby
obtaining a human immunoglobulin variable domain CDR, e g., CDR3, sequence of an antibody
specific for the antigen.

{60353]  Thus, in some embodiments, provided herein is a nucleic acid sequence encoding

human immuneglobulin variable domain or enceding human immunoglobulin variable domain
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CDR {e.g, CDBR3) obtained using the methods described herein. In other embodiments, provided
herein is a nucleic acid sequence encoding an immunoglobulin light or heavy chain obtained
using the methods described herein.

{00354] In some embodiments, also provided herein is an amino acid sequence of buman
variable domain or CDR {e.g., CDR3) obtained using the methods described herein. In other
embodiments, provided herein is an amine acid sequence of an immunoglobulin light or heavy
chain obtained using the methods described herein.

{60353] In some embodiments, also provided herein is a method for making an antibody
comprising: expressing in a host cell (i) a nucleic acid encoding an immunoglobulin heavy chain
comprising a human immunoglobulin heavy chain variable region sequence operably linked to
an immunoglobulin heavy chain constant region sequence and (ii} a nucleic acid encoding an
immunogiobulin light chain comprising a human imnunoglobulin light chain variable region
sequence operably linked to an immunoglobulin light chain constant region sequence, wherein
the human immunoglobulin heavy chain variable region sequence and/or the human
imrounoglobulin light chain variable region sequence were identified by any of the methods
provided herein. In some embodiments, the host cell is cultured under conditions such that the
host cell expresses an antibody comprising the immunoglobulin heavy chain and the
immunoglobulin light chain.

{00356]  Io some embodiments, also provided herein is a method of making a fully human
immunoglobulin heavy chain and/or fully human immunoglobulin light chain comprising: {(a)
identifying a human immunoglobulin heavy chain and/or hight chain variable domain sequence
by any of the methods provided herein; (b} operably linking the nucleic acid encoding the human
immunoglobulin heavy chain variable domain with a nucleic acid encoding a human
imrunoglobulin heavy chain constant domain to form a fully buman immmunoglobulin heavy
chain and/or operably linking the nucleic acid encoding the human immunoglobulin light chain
variable domain with a nucleic acid encoding a human inununoglobulin fight chain constant
domain to form a fully human immunoglobulin light chain; and (¢} expressing the fully human
immunoglobulin heavy chain and/or fully human immunoglobulin light chain. In some
embodiments, the fully buman immunoglobulin heavy chain and/or fully human

immunoglobulin light chain are expressed in a host ceil.
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{80357] 1o some embodiments, also provided herein is an antibody comprising the sequences
obtained using the methods described herein.

[80338]  In some embodiments, provided is a cell expressing the antigen-binding protein
derived from the human immunoglobulin variable domain obtained by the methods described
herein. In some embodiments, the cell is a cell line used for manufacture of the antigen-binding
protein, e.g., manufacture of the antigen-binding protein for administration to a subject.
Pharmacentical Compositions

j80359]  In some embodiments, an antigen-binding protein, a nucleic acid encoding an
antigen-binding protein, or a therapeutically relevant portion thereof produced by a method
disclosed herein or derived from an antibody, a nucleic acid, or a therapeutically relevant portion
thereof produced by a method disclosed herein can be administered to a subject {e.g,, a human
subject). In some embodiments, a pharmaceutical composition includes an antibody produced by
a non-human animal disclosed herein. In some embodiments, a pharmaceutical composition can
include a buffer, a diluent, an excipient, ot any combination thereof. In some embodiments, a
composition, if desired, can aiso contain one or more additional therapeutically active
substances.

{80360}  Although the descriptions of pharmaceutical compaositions provided herein are
principally directed to pharmaceutical compositions that are suitable for ethical administration o
humans, it will be understood by the skilled artisan that such compositions are generally suitable
for administration to animals of all sorts. Modification of pharmaceutical compositions suitable
for administration to humans in order 1o render the compositions suitable for adminisiration to
various animals 15 well understood, and the ordinarily skilled veterinary pharmacologist can
design and/or perform such modification with routine, if any, experimentation.

{60361] For example, a pharmaceutical composition provided herein may be in a sterile
injectable form (e.g., a form that is suitable for subcutaneous injection or ntravenous infusion).
For example, in some embodiments, a pharmaceutical composition is provided in a hiquid dosage
form that is suitable for injection. In some embodiments, a pharmaceutical composition is
provided as powders (e.g., iyophilized and/or sterilized)}, optionally under vacuum, which can be

reconstituted with an aqueous diluent {(e.g , water, buffer, salt solution, etc.) prior to injection. In
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some embodiments, a pharmaceutical composition is diluted and/or reconstituted in water,
sodium chloride solution, sodium acetate solution, benzyl alcohol solution, phosphate buffered
saling, ete. In some embodiments, a powder should be mixed gently with the aqueous diluent
{e.g., not shaken).

[80362] Formulations of the pharmaceutical compositions described herein may be prepared
by any method known or bereafter developed in the art of pharmacology. In general, such
preparatory methods include the step of bringing the active ingredient into association with a
diluent or another excipient and/or one or more other accessory ingredients, and then, if
necessary and/or desirable, shaping and/or packaging the product into a desired single- or multi-
dose unit.

{60363]  In some embodiments, a pharmaceutical composition including an antibody produced
by a method disclosed herein can be included in a container for storage or administration, for
example, a vial, a syringe {e.g., an [V syringe)}, ora bag {e.g., an I'V bag). A pharmaceutical
composition in accordance with the present disclosure may be prepared, packaged, and/or sold in
bulk, as a single unit dose, and/or as a plurality of single unit doses. As used herein, a “unit
dose” is discrete amount of the pharmaceutical composition comprising a predetermined amount
of the active ingredient. The amount of the active ingredient 1s generally equal to the dosage of
the active ingredient that would be administered to a subject and/or a convenient fraction of such
a dosage such as, for example, one-half or one-third of such a dosage.

{00364] Relative amounts of the active ingredient, a pharmaceutically acceptable excipient,
and/or any additional ingredients in a pharmaceutical composition in accordance with the
disclosure will vary, depending upon the identity, size, and/or condition of the subject treated
and further depending upon the route by which the composition is to be administered. By way of
example, a composition may comprise between §.1% and 100% (w/w) active ingredient.

{60365) A pharmaceutical composition may additionally comprise a pharmaceutically
acceptable excipient, which, as used herein, includes any and all solvents, dispersion media,
diluents, or other liquid vehicles, dispersion or suspension aids, surface active agents, isotonic
agents, thickening or emulsifying agents, preservatives, solid binders, lubricants and the like, as
suited to the particular dosage form desired. Remington’s The Science and Practice of

Pharmacy, 21st Edition, A. R. Gennaro (Lippincott, Williams & Wilkins, Baltimore, MD, 2006)

J
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discloses various excipients used in formulating pharmaceutical compositions and known
techniques for the preparation thereof Except insofar as any conventional excipient medium is
incompatible with a substance or its derivatives, such as by producing any undesirable biclogical
effect or otherwise interacting in a deleterious manner with any other component(s) of a
pharmaceutical composition, its use is contemplated to be within the scope of this disclosure.
{60366]  In some embodiments, a pharmaceutically acceptable excipient is at least 95%, at
feast 969%, at least 97%, at least 98%, at least 99%, or 100% pure. In some embodiments, an
excipient is approved for use in humans and for veterinary use. Io some embodiments, an
excipient is approved by the United States Food and Drug Administration. In some
embodiments, an excipient is pharmaceutical grade. In some embodiments, an excipient meets
the standards of the United States Pharmacopoeia (USP), the European Pharmacopoeia (EP), the
British Pharmacopoeia, and/or the International Pharmacopoeia.

{60367] Pharmaceutically acceptable excipients used in the manufacture of pharmaceutical
compositions include, but are not himited to, inert diluents, dispersing and/or granulating agents,
surface active agents and/or emulsifiers, disintegrating agents, binding agents, preservatives,
buffering agents, lubricating agents, and/or cils. Such excipients may optionally be included in
pharmaceutical formudations. Excipients such as cocoa butter and suppository waxes, coloring
agents, coating agents, sweetening, flavoring, and/or perfuming agents can be present in the
compaostiion, according o the judgment of the formulator.

{60368]  In some embodiments, a provided pharmaceutical composition comprises one or
more pharmaceutically acceptable excipients (e.g., preservative, inert diluent, dispersing agent,
surface active agent and/or emulsifier, buffering agent, etc.). In some embodiments, a
pharmaceutical composition comprises one or more preservatives. In some embodiments, a
pharmaceutical composition comprises no preservative,

[60369]  In some embodiments, a pharmaceutical composition is provided in a form that can
be refrigerated and/or frozen. In some embodiments, a pharmaceutical composition is provided
in a form that cannot be refrigerated and/or frozen. In some embodiments, reconstituted
solutions and/or liquid dosage forms may be stored for a certain period of time after
reconstitution {e.g., 2 hours, 12 hours, 24 hours, 2 days, 5 days, 7 days, 10 days, 2 weeks, a

month, two months, or longer). In some embodiments, storage of antibody compositions for
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longer than the specified tiroe results in antibody degradation.

{00370}  Liguid dosage forms and/or reconstituted solutions may comprise particulate matter
and/or discoloration prior to administration. In some embodiments, a solution should not be used
if discolored or cloudy and/or if particulate matter remains after filtration.

[80371]  General considerations in the formulation and/or manufacture of pharmaceutical
agents may be found, for example, in Remington: The Science and Practice of Pharmacy 21st

ed., Lippincott Williams & Wilkins, 20035, incorporated herein by reference.

Kits

[60372] The present disclosure further provides a pack or kit comprising one or more
containers filled with at least protein {(single or complex (e.g., an antibody or fragment thereof}),
obtained by method as described herein. Kits may be used in any applicable method {e.g., a
research method). Optionally associated with such container(s) can be a notice in the form
prescribed by a governmental agency regulating the marufacture, use or sale of pharmaceuticals
or biological products, which notice reflects (a} approval by the agency of manufaciure, use or
sale for human administration, {(b) directions for use, and/or {¢) a contract that governs the
transfer of materials and/or biological products {e.g., a non-human animal or non-human cell as
described herein) between two or more entities and combinations thereof.

{80373] o some embodiments, a kit comprising an amino acid {e.g., an antibody or fragment
thereof} obtained by method as described herein is provided. In some embodiments, a kit
comprising a nucleic acid {e.g., a nuecleic acid encoding an antibody or fragment thereof)
encoding an antibody or an antigen-binding fragment thereof obtained by a method as described
herein is provided. In some embodiments, a kit comprising a sequence {amino acid and/or
nucleic acid sequence) identified by a method described herein is provided.

[60374]  In some embodiments, a kit as described herein for use in the manutacture and/or
development of a drug (e.g., an antibody or fragment thereof) for therapy or diaguosis is
provided.

[60375]  In some embodiments, a kit as described herein for use in the manufacture and/or
development of a drug {e.g., an antibody or fragment thereof} for the treatment, prevention or

amelioration of a disease, disorder or condition is provided.
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{00376]  Other features of certain embodiments will become apparent in the course of the
following descriptions of exemplary embodiments, which are given for illustration and are not
intended to be Hmiting thereof.

{60377] While the invention has been particularly shown and described with reference to a
number of embodiments, it would be understood by those skilled in the art that changes in the
form and details may be made to the varicus embodiments disclosed herein without departing
from the spirit and scope of the invention and that the varicus embodiments disclosed herein are

not intended to act as limitations on the scope of the claims,

Exemplary Embodiments

{60378] Embodiment 1. A method of obtaining from a host immunized with a particular
antigen a human imnunoglobulin variable domain or a CDR of an antibody specific for said
antigen, comprising: (i) obtaining frow a first sample from the immunized host a plurality of
nucleic acids encoding a plurality of human immunoglobulin variable domains and determining
amino acid sequences of the encoded plurality of ivmunoglobulin variable domaius, (i)
obtaining from the immunized host a second sample comprising a population of antibodies
directed against the antigen and determuining therefrom peptide sequences of heavy and/or hght
chain variable domains of the population of antibodies, (111} interrogating the amino acid
sequences of the encoded plorality of human immunoglobulin variable domains from the first
sample with the pepiide sequences of the heavy and/or light chain variable domains of the
popuiation of antibodies from the second sample, thereby obtaining a human immunoglobulin
variable domain or CDR sequence of an antibody specific for the antigen; wherein the host is a
genetically modified non-human mammal that comprises in its genome an immunoglobulin
heavy chain variable region comprising one ot more human heavy chain V gene segment, one or
more human D gene segment, and one or more human heavy chain J gene segment, wherein the
heavy chaio variable region is operably linked to a counstant region, and av innmunoglobulio light
chain variable region comprising one or more human light chain V gene segment and one or
more human light chain J gene segment, wherein the light chain is operably linked to a constant
region,

{60379] Embodiment 2. The method of embodiment 1, wherein the host is a rodent.

106



WO 2022/056276 PCT/US2021/049887

{60386] Embodiment 3. The method of embodiment 2, wherein the host is a rat.

{66381] Embodiment 4. The method of embodiment 2, wherein the host is a mouse.

[60382] Embodiment 5. The method of embodiment 1, wherein the first sample comprises a
population of B cells.

j60383] Embodiment 6. The method of embodiment 5, wherein the first sample is a bone
marrow sample and/or a spleen sample.

{00384} Embodiment 7. The method of any one of the preceding embodiments, wherein the
obtaining from the first sample a plurality of nucleic acid sequences that encode a plurality of
immunoglobulin variable domains comprises preparing cDNA from the nucleic acid sequences
and sequencing rearranged heavy chain VI sequences and/or rearranged light chain VJ
sequences in the first sample.

{00385] Embodiment & The method of embodiment 7, wherein the obtaining from the first
sample a plurality of nucleic acids encoding a plurality immunoglobulin variable domains, is
determined using DNA sequencing technology.

[00386] Embodiment 9. The method of embodiment 8, wherein the DNA sequencing
technology is next generation DNA sequencing.

{08387] Ewbodiment 10. The method of any one of the preceding embodiments, wherein the
second sample is selected from the group consisting of serum, plasma, lymphoid organs, gut,
cerebrospinal fluid, brain, spinal cord, or placenta.

{60388] Embodiment 11, The method of any one of the preceding embodiments, wherein the
determining from the second sample peptide sequences comprises mass spectrometric analysis of
the heavy and/or light chain variable domains of the population of antibodies in the second
sample.

j0638%] Embodiment 12, The method of embodiment 11, wherein the mass spectrometric
analysis combines liquid chromatography and mass spectrometry (LC-MS).

{603%¢] Embodiment 13. The method of embodiment 11 or 12, wherein the method further
comprises prior 1o mass spectrometric analysis a proteolytic digestion of the heavy and/or light
chain variable domains of the population of antibodies.

{60391] Embodiment 14. The method of any cue of the preceding embodiments, wherein

obtaining from the immunized host a second sample comprising a population of antibodies
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directed against the particular antigen coroprises depleting the second saruple of antibodies not
directed against the particular antigen.

{60392} Embodiment 15, The method of any one of the preceding embodiments, wherein
obtaining from the inumunized host a second sample comprising a population of antibodies
directed against the particular antigen comprises enriching the second sample for antibodies
directed against the particular antigen.

{60393] Embodiment 16. The method of any one of the preceding embodiments, wherein
interrogating the amino acid sequences of the plurality of imrounoglobulin variable domains
from the first sample with the peptide sequences of the heavy and/or light chain variable domains
of the population of antibodies from the second sample comprises aligning peptide sequences of
heavy and/or light chain variable domains of the population of antibodies to each other and to the
amino acid sequences of the plurality of tmmunogiobulin variable domains.

{603%4] Embodiment 17. The method of any one of the preceding embodiments firrther
comprising obtaining a nucleotide sequence of the human variable domain of the antibody
specific for the antigen.

[60395] Embodiment 18 The method of embodiment 17, wherein the method further
comprises expressing the obtained nucleotide sequence encoding the human immunoglobulin
variable domain in a second, recombinant antibody.

{003%6] Embodiment 19, The method of embodiment 18, wherein the nucleotide sequence
encoding the human variable domain is expressed in a celi line in operable Hnkage with a human
immunoglobulin constant region.

{66397 Embodiment 20. The method of embodiment 19, wherein the human variable domain
is a human heavy chain variable domain expressed in operable linkage with a human
imrunoglobulin heavy chain constant region to generate a buman immunoglobulin heavy chain
{60398] Embodiment 21. The method of embodiment 20, wherein the human immunoglobulin
heavy chaio is expressed in a cell line with a huwan immusoglobulio light chain.

{06399] Embodiment 22. The method of embodiment 19, wherein the human variable domain
is a human light chain variable domain expressed in operable linkage with a human

immunoglobulin light chain constant region to generate a human immunoglobulin fight chain.
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{00406] Embodiment 23. The method of embodiment 22, wherein the human immunoglobulin
hight chain is expressed in a cell line with a human immunoglobulin heavy chain.

[60401] Embodiment 24. The method of any one of embodiments 18-23, wherein the second
antibody is a fully buman antibody.

[60402] Embodiment 25. The method of any one of embodiments 18-24, wherein the second
antibody is a bispecific antibody.

{00403} Embodiment 26. The method of any one of embodiments 18-25, wherein the method
further comprises purifying the second antibody and determining affivity and/or specificity of the
purified second antibody for a particular antigen.

[60494] Embodiment 27. The method of any one of the preceding embodiments, wherein the
host is a genetically modified mouse that comprises in its genome an immunoglobulin heavy
chain variable region comprising one or more hurnan heavy chain V gene segment, one or more
human I gene segment, and one or more human heavy chain | gene segment, wherein the heavy
chain variable region is operably linked to a murine constant region, and an immunoglobulin
light chain variable region comprising one or more human Hght chain V gene segment and one or
more human light chain J gene segment, wherein the light chain is operably linked to a murine
constant region.

j00405] Embodiment 28. The method of embodiment 27, wherein the immunoglobulin heavy
chain variable region is operably linked to a ruouse heavy chain constant region, and/or the
immunoglobulin light chain variable region is operably linked to a mouse light chain constant
region.

j00406] Embodiment 29. The method of embodiment 28, wherein the immunoglobulin heavy
chain variable region operably linked to a mouse heavy chain constant region is at the
endogenous mouse heavy chain locus, and/or the immunoglobulin light chain variable region
operably linked to a mouse light chain constant region is at the endogenous mouse light chain
focus.

100447} Embodiment 30. The method of any one of embodiments 27-29, wherein the hostis a
genetically modified mouse that comprises in is genome, including in its germline genome, an
immunoglobulin heavy chain variable region comprising a plurality of human heavy chain V

gene segments, a plurality of human D gene segments, and a plurality of human heavy chain §
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gene segments, wherein the heavy chaio variable region is operably finked to a murine heavy
chain constant region, and an immunoglobulin light chain variable region comprising exactly
two unrearranged human Vx gene segments and five unrearranged human Jc gene segments
operably linked to a murine light chain constant region, wherein the exactly two unrearranged
human Vx gene segments are a human Vki-39 gene segment and a human Vi3-20 gene
segment.

{00408] Embodiment 31. The method of embodiment 27, wherein the host is a genetically
modified mouse whose genome comprises {(a} at an endogenous heavy chain locus: (i) an
immunogiobulin heavy chain variable region comprising a plurality of unrearranged human Vu
gene segments, a plurality of unrearranged buman Dy gene segments, and a plurality of
unrearranged human Jr gene segments operably linked to a mouse heavy chain constant region;
(i1} a restricted unrearranged heavy chain variable region, comprising a single human Vu gene
segment, one or more unrearranged human Dy gene segments, and one or more unrearranged
human Ju gene segments, operably linked to a mouse heavy chain constant region; (iii} a
universal heavy chain encoding sequence comprising a single rearranged human heavy chain
variable region operably linked to 2 mouse heavy chain constant region; {iv} a histidine modified
unrearranged heavy chain variable region, comprising one or wore unrearranged human Va gene
segments, one or more unrearranged human Dy gene segments, and one or more unrearranged
human Jy gene segments, further comprising substitution or insertion of at least one histidine for
a non-histidine residue, operably linked to a mouse heavy chain constant region; (v} a heavy
chain only immunoglobulin encoding sequence comprising an immunoglobulin heavy chain
vartable region, comprising one or more unrearranged human Va gene segments, one of more
unrearranged human Dy gene segments, and one or more unrearranged human Jy gene segments,
operably linked to a heavy chain constant region wherein a non-Ighd gene, e.g., an lgG gene,
facks a sequence that encodes a functional CH1 domain; or (vi) an engineered endogenous rodent
immunoglobulin heavy chain locus comprising one or more unrearranged human Vi gene
segments and one or more unrearranged human JL gene segments, operably linked to a mouse
immunoglobulin heavy chain constant region gene, and/or (b) at an endogenous light chain
locus: (i) an immunoglobulin light chain variable region comprising a plurality of unrearranged

human Vx gene segments and a plurality of unrearranged human Jx gene segments operably
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Hinked to a mouse hight chain constant region; (it} a universal light chain encoding sequence
comprising a single rearranged human light chain variable region, operably linked to a mouse
tight chain constant region; (1ii) a restricted light chain variable region, comprising two
unrearranged human Vi gene segments and one or more unrearranged human Jk gene segments,
operably linked to a mouse light chain constant region; or (iv) a histidine modified light chain
variable region comprising one or more human light chain V gene segments and one or more
human light chain § gene segments, further comprising substitution or insertion of at least one
histidine for a non-histidine residue, operably linked to a mouse light chain constant region.
j80409] Embodiment 32. The method of any one of the preceding embodiments, wherein the
genetically modified mouse further comprises a functional ADAMSG gene, optiovally whereiu the
functional ADAMG gene is a mouse ADAMO gene.

[60418] Embodiment 33. The method of any one of the preceding embodiments, wherein the
genatically modified mouse further expresses an exogenous terminal deoxynucleotidyl
transterase (TdT) gene.

[60411] Embodiment 34, A method of obtaining from a host immunized with a particular
antigen a human immunoglobulin heavy chain variable domain or a CDR of an antibody specific
for said antigen, comprising: obtaining fromw a first sample fromw the immunized host a plorality
of nucleic acids encoding a plurality of human immunoglobulin heavy chain variable domains
and determining amino acid sequences of the encoded plurality of human immunoglobulio
variable domains, obtaining from the immunized host a second sample comprising a population
of antibodies directed against the particular antigen and determining therefrom peptide sequences
of human heavy chain variable domains of the population of antibodies, interrogating the amino
acids sequences of the plurality of human immunoglobulin heavy chain variable domains with
the peptide sequences of the human heavy chain variable domains of the population of antibodies
thereby obtaining a human immunoglobulin heavy chain variable domain or a CDR of an
antibody specific for the antigen; wherein the host is a genetically wodified rmouse that
comprises in its genome, including in its germline genome; an immunoglobulin heavy chain
variable region comprising a plurality of human heavy chain V gene segments, a plurality of
human D gene segments, and a plurality of human heavy chain | gene segments, wherein the

heavy chain variable region is operably linked to a murine constant region, and an
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imrounoglobuliv ight chain vartable region which is a single rearranged buman light chain
variable region comprising a single human light chain V gene segment and a single human light
chain I gene segment, wherein the human immunoglobulin light chain variable region is
operably linked to a murine light chain constant region.

j60412] Embodiment 35, The method of embodiment 34, wherein the single rearranged
human light chain variable region is a single rearranged human kappa light chain variable region
comprising a single human light chain Vx gene segment and a single human light chain Jx gene
segment.

j860413] Embodiment 36. The method of embodiment 35, wherein the single human light
chain Vi geve segment is a Vk1-39 or Vi3-20 geve segment, and the single human light chain
Jx gene segment is a Jx1 or a Jx5 gene segment.

{00414] Embodiment 37. The method of embodiment 35, wherein the murine light chain
constant region is a mouse kappa light chain constant region.

[00415] Embodiment 38, The method of embodiment 35, wherein the single rearranged
human light chain variable region is operably liked to a mouse light chain constant region at the
endogenous mouse kappa light chain locus.

{08416] Ewbodiment 39. The method of any one of embodiments 35-38, wherein the
genetically modified mouse further comprises a functional ADAMS gene, optionally wherein the
functional ADAMG gene is a mouse ADAMG gene.

{60417] Embodiment 40. The method of embodiment 39, wherein the first sample comprises a
population of B cells.

j00418] Embodiment 41. The method of embodiment 40, wherein the first sample is a bone
marrow sample and/or a spleen sample.

j06418] Embodiment 42. The method of any one of embodiments 34-41, wherein the
obtaining from the first sample a plurality of nucleic acid sequences encoding a plurality of
human rorounoglobulin heavy chain variable domains comprises preparing cDNA from the
nucleic acid sequences and sequencing rearranged heavy chain VDI sequences in the first

sample.
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{00426] Embodiment 43, The method of embodiment 42, wherein the obtaining from the first
sample a plurality of nucleic acid sequences that encode a plurality of immunoglobulin variable
domains is determined using DNA sequencing technology.

{60421] Embodiment 44, The method of embodiment 43, wherein the DNA sequencing
technology is next generation DNA sequencing.

j60422] Embodiment 45, The method of any one of embodiments 34-44, wherein the second
sample 1s selected from the group consisting of serum, plasma, lymphoid organs, gut,
cerebrospinal fluid, brain, spinal cord, or placenta.

j80423] Embodiment 46. The method of any one of embodiments 34-45, wherein the
deterroining from the second sample peptide sequences comprises ruass spectrometric analysis of
the heavy chain variable domains of the population of antibodies in the second sample.

{00424] Embodiment 47. The method of embodiment 46, wherein the mass spectrometric
analysis combines liquid chromatography and mass specirometry (LC-MS).

[004258] Embodiment 48. The method of embodiment 46 or 47, wherein the method further
comprises prior to mass spectrometric analysis a proteolytic digest of the heavy chain variable
domains of the population of antibodies.

{00426] Ewbodiment 49 The method of any one of embodiments 34-48, wherein obtaining
from the immunized host a second sample comprising a population of antibodies directed against
the particular antigen coraprises depleting the second saruple of auntibodies not directed against
the particular antigen.

{60427} Embodiment 50. The method of any one of embodiments 34-49, wherein obtaining
from the immunized host a second sample comprising a population of antibodies directed against
the particular antigen comprises enriching the second sample for antibodies directed against the
particular antigen.

[60428] Embodiment 51. The method of any one of embodiments 34-50, wherein
interrogating the amino acid sequences of the plurality of human immunoglobulin heavy chain
variable domains with the peptide sequences of human heavy chain variable domains of the
population of antibodies comprises aligning the peptide sequences of human heavy chain
variable domains of the population of antibodies to each other and to the amino acid sequences

of the plurality of human immunoglobulin heavy chain variable domains.
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{80428] Embodiment 52. The method of any one of embodiments 34-51, further comprising
obtaining a nucleotide sequence of the human heavy chain variable domain of the antibody
specific for the antigen.

{00430 Ewmbodiment 53. The method of embodiment 52, wherein the method further
comprises expressing the obtained nucleotide sequence encoding the human immunoglobulin
heavy chain variable domain in a second, recombinant antibody.

{00431} Embodiment 54. The method of embodiment 53, wherein the nuclectide sequence
encoding the human heavy chain variable domain is expressed in a cell line in operable linkage
with a human immuneglobulin heavy constant region to generate a human immunoglobulin
heavy chain.

{60432] Embodiment 55. The method of embodiment 54, wherein the human immunoglobulin
heavy chain is expressed in a cell line with a human immunoglobulin light chain.

{60433] Embodiment 56, The method of embodiment 55, wherein the human immunoglobulin
light chain is derived from the same single rearranged variable region sequence as present in the
mouse, or a somatically mutated version thereof.

[60434] Embodiment 57. The method of any one of embodiments 53-56, wherein the second
antibody is a human antibody.

j00435] Embodiment 58. The method of any one of embodiments 53-57, wherein the second
antibody is a bispecific antibody.

{00436] Embodiment 59. The method of any one of embodiments 53-58, wherein the meathod
further comprises purifying the second antibody and determining affinity and/or specificity of the
puritied second antibody for the particular antigen.

[80437] Embodiment 60. The method of any one of the preceding embodiments, wherein the
obtaining a human imrounoglobulin heavy chain variable domain or a CDR of an antibody
specific for the antigen is based on one or more of: (1} a match of a unique peptide obtained
from the second sample to a CDR3 sequence in the amino acid sequence obtained frowm the first
sample; {2} a match of unique peptides obtained from the second sample to CDR1 and/or CDR2
sequences in the amino acid sequence obtained from the first sample, (3) a match of one or more
unique peptide obtained from the second sample 1o one or more framework sequences in the

amino acid sequence obtained from the first sample, {4) the number of next generation
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sequencing counts, {5) exclusion of CDR sequence with methionine, and (6) exclusion of CDR
sequence with potential N glycosylation.

{60438] Embodiment 61. A method of obtaining an immunoglobulin variable domain or a
CDR of an antibody specific for an antigen, comprising: obtaining a sample comprising a
population of antibodies directed against an antigen from a host immunized with the antigen, and
determining peptide sequences of heavy and/or light chain variable domains of the population of
antibodies, interrogating peptide sequences of heavy and/or light chain variable domains of the
popuiation of antibodies from the sample with a library of amivo acid sequences comprising a
plurality of human immunoglobulin variable domains, thereby obtaining & human
imrounoglobulin variable domain or CBR sequence of an antibody specific for the antigen;
wherein the immunized host is a genetically modified non-human mammal that comprises in its
gerruline genome: an immunoglobulin heavy chain variable region comprising one or more
human heavy chain V gene segments, one or more human 2 gene segments, and one or more
human heavy chain § gene segments, wherein the heavy chain variable region is operably linked
to a constant region, and an immunoglobulin light chain variable region comprising one or more
human light chain V gene segments and one or more human light chain J gene segments,
wherein the light chain is operably linked to a constang region.

j00439] Embodiment 62. The method of embodiment 61, wherein the library of amino acid
sequences comprising a plurality of burnan immunoglobulin variable domains is encoded by a
plurality of nucleic acids obtained from the host immunized with the antigen, wherein the
immunized host is genetically modified non-human mammal that comprises in its germline
genome: an immunoglobulin heavy chain variable region comprising one or more human heavy
chain V gene segments, one or more human D gene segments, and one or more human heavy
chain J gene segments, wherein the heavy chain variable region is operably linked to a constant
region, and an immunoglobulin light chain variable region comprising one or more human light
chain V gene segments, and ove or more human light chain J geve segments, wherein the light
chain is operably linked to a constant region.

j604406] Embodiment 63. The method of embodiments 61-62, wherein the sample is selected
from the group consisting of serum, plasma, lymphoid organs, gut, cerebrospinal fluid, brain,

spinal cord, or placenta.
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{00441] Embodiment 64. The method of embodiments 62-63, wherein the library of amino
acid sequences comprising a plurality of human immunoglobulin variable domains is encoded by
a plurality of nucleic acids obtained from a B cells sample which is a bone marrow and/or a
spleen sample.

[80442] Embodiment 65. A method for identifving a human immunoglobulin variable domain
or CIR of an antibody specific for a particular antigen, the method comprisingcomparing a
plurality of amino acid sequences encoded by a plurality of nucleic acids that encode a plurality
of human immuvoglobulin variable domains produced by an avimal immunized with said
antigen with amino acid sequences comprising peptide fragments from light chain and/or heavy
chain variable domains produced from a population of antibodies directed against the antigen;
and thereby identifying a buman immusoglobulin variable domain or CDR of an antibody
specific for said antigen, wherein said animal is a genetically modified non-human mmammal that
comprises in its genome an immunoglobulin heavy chain variable region comprising one or more
human heavy chain V gene segment, one or more human D gene segraent, and one or more
human heavy chain J gene segment, wherein the heavy chain variable region is operably linked
to a constant region, and an immunoglobulin light chain variable region comprising one or more
human light chain V gene segment and one or more human Hght chaio J gene segment, wherein
the light chain is operably linked to a constant region.

{80443] Embodiment 66. The method of embodiment 65, wherein the plurality of nucleic

acids and peptide fragments are obtained from the animal immunized with the antigen.

EXAMPLES
[60444] The invention is further illustrated by the following non-limiting examples. These
Examples are set forth to aid in the understanding of the invention but are not intended to, and
should not be construed to, limit its scope in any way. The Examples do not include detailed
descriptions of conventional metbods that would be well-known to those of ordinary skill i the
art {molecular cloning techniques, etc.). Unless indicated otherwise, parts are parts by weight,
molecular weight is average molecular weight, and temperature is indicated in Celsius. One
having ordinary skill in the art would understand that the order of steps are not necessarily

absolute and can vary to achieve the same outcome in certain embodiments.
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[00445)  An exemplary overview of the process is provided herein in Figure 1. Briefly, and as
described in the following examples, a rodent {e.g., a mouse or rat} is immunized with an antigen
of interest (such as, e.g., CD2Z-Fc fusion protein), and anti-antigen titers are assessed. An
animal whose bleeds exhibit high anti-antigen titers is sacrificed, bone marrow and/or spleen are
obtained, and B cells purified and processed by Next Generation Sequencing (NGS) to generate
a database of immunoglobulin sequences (e.g., variable domain sequences, e.g., heavy chain
variable domain sequences). Serum {or an alternative desired sample} is also obtained from the
same sacrificed animal, and is enriched for antigen-specific antibodies (in an exemplary
embodiment below, depleted for anti-F titers and enriched for anti-CD22 titers); antigen-
enriched antibodies are enzymatically digested into peptides and these peptides are sequenced by
mass specirometry. Digested peptide sequences are searched against the generated NGS
database to determine the variable domain sequences {e.g., heavy chain variable domain

sequences) of antibodies specific against the antigen of interest.

Example 1. Immunization of Universal Light Chain Mice

Immunization
[00446] Kappa Universal Light Chain (xULC) Mice (mice comprising either a single
rearranged buman Vk1-39J5 or Vk3-20Jx1, operably linked to a mouse Cx, and also
comprising a plurality of human heavy chain V, I3, and J gene segments operably linked to a
mouse heavy chain constant region; mice referred to as ULC1-39 or ULC3-20, respectively)
were immunized with human CD22 Fe chimera (hCD22 h¥Fc) immunogen. Kappa universal light
chain mice were previously described, e.g , in United States Patemt No. 10,130,081, 10,143,186
and US 2019/0090462, which are incorporated in their entirely herein. Pre-immune serum was
collected from the mice prior to the initiation of immunization. The mice were boosted at
varying tirae intervals using standard adjuvants and immunization protocols. The mice were

bled periodically, and anti-serum titers were assayed on respective antigens.

Anti-serum Titer Determination

On Protein:

i00447] Antibody titers in serum against immunogen were determined on protein using
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ELISA. Ninety-six (96)-well microtiter plates {Thermo Scientific) were coated with 2 ug/ml
each of hCD22 or human Fc proteins in phosphate-buffered saline (PBS, lrvine Scientific)
overnight at 4°C. Plates were washed with phosphate-buffered saline containing 0.05% Tween
20 (PBS-T, Sigma-Aldrich} and blocked with 300 pl of 0.5% bovine serum albumin (BSA,
Sigma-Aldrich) in PBS for 1 h at room temperature. Pre-immune and immune anti-sera were
serially diluted three-fold in 0.5% BSA-PBS and added to the plates for 1 b at room temperature.
The plates were washed and goat anti-mouse IgG-Fc- Horse Radish Peroxidase (HRP)
conjugated secondary antibody (Jackson Immunoresearch) was added to the plates and incubated
for 1 h at room temperature. Plates were washed and developed using TMB/H>(); as substrate
according to manufacturer’s recommended procedure and absorbance at 450 nm were recorded
using a spectrophotometer (Victor, Perkin Elmer). Antibody titers were computed using
Graphpad PRISM software, with antibody titer defined as interpolated serum dilution factor of

which the binding signal is 2-fold over background.

On Cells:
{60448]  Antibody titers in serum against imnunogen were determined on cells using Meso
Scale Discovery (MSD) cell binding ELISA. Ninety-six{96)-well carbon surface plates were
coated with 40,000 cells/well of Raji and Jurkat cells in PBS at 37°C for 1 hour. The cell coating
solution was decanted and the plates were blocked with 150 uL of 2% bovine serum albumin
{BSA, Sigma-Aldrich) in PBS for 1 h at room temperature (RT}). Plates were washed with PBS
three times using a plate washer (AquaMax®2000 from Molecular Devices). Pre-immune and
immune anti-sera were serially diluted three-fold in 1% BSA-PBS and added to the plates for 1 b
at room temperature. The plates were washed and goat anti-mouse IgG-Fe ruthenium conjugated
secondary antibody was then added to the plates at 1ug/mL and incubated for 1 hour at RT.
Plates were washed and developed by adding 150 ul per well MSDY's 4X surfactant free Read
Buffer T (diluted to 1X) and read on MSD SECTOR™ imager 600 instrument. Anti-serum titers
were computed using Graphpad PRISM software, with antibody titer defined as interpolated

serumn dilution factor of which the binding signal 1s 2-fold over background.
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Resulis
{00449)  The humoral immune responses in ULC1-39 and ULC3-20 mice were investigated
following immunization with hCD22 protein immunogen.  Antibody titers in serum were
determined on human CD22 and human Fc proteins using BELISA and on Raji and Jurkat cells
using MSD cell binding assays. Antisera from the mice showed high titers to hCD22 and hFc
proteins. High specific titers were elicited on Raji cells (Table 1). The antibody titer was
defined as interpolated serum dilution factor of which the binding signal is 2-fold over

background.

Table 1. Antibody Titers form CD22 Fe Immunized Mice

2nd bleed titers
Strain Ch22 Fe ) N
' hFe protein Raji cells Jurkat cells
protein
ULC 1-39 7
777,930 270,684 376,452 7,384
mouse 1
ULC 1-39 )
539,202 307,925 199 552 6,256
mouse 2
ULC 3-20 )
985,618 523,236 286,168 7.800

[00450]  Spleens and bone marrow from all mice were harvested for next generation
sequencing (NGS) experiments. Serum from each mouse was used in Liguid Chromatography

Mass Spectrometry (LC-MS) experiments.

Example 2. Next Generation Sequencing and Construction of a Reference Antibody

Database

Example 2.1. Next Generation Sequencing (NGS)
{60451] Next Generation Sequencing, or Repertoire sequencing, was performed on mouse

bone marrow and splenocytes. Bone marrow was collected from the femurs of CD22 immunized
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mice by flushing the ferours with 1x phosphate butfered salive (PBS, Gibeo) containing 2.5%
fetal bovine serum (FBS). Single cell suspensions were prepared from mouse spleens. Red
blood cells from spleen and bone marrow preparation were lysed with ACK lysis buffer {(Gibeo).
Splenic B cells were positively eariched from total splenocytes by magnetic cell sorting using
anti-CD19 (mouse, a marker for B cells) magnetic beads and MACS® columns (Miltenyi
Biotech). Each mouse tissue was processed in four replicates for repertoire sequencing. Total
RINA was isclated from bone marrow and purified splenic B celis using an RNeasy Plus RNA
isolation kit (Qiagen) according to manufacturer’s instructions.

j80452] Reverse transcription was performed to generate human heavy chain cDNA
containing 1gG constant region sequence, using a SMARTer™ RACE ¢DNA Amplification Kit
{Clontech} and an oligo-dT primer. During reverse transcription, a DNA sequence, which isa
reverse complement of the template switching (TS) primer, was attached to the 3" end of newly
synthesized cDNAs. Purified cDNAs were amplified by two rounds of semi-nested PCR to
generate a plurality of ¢DNAs encoding the total IgG vartable domain complement expressed by
cell from which mRNA was obtained, followed by a third round of PCR to attach sequencing
primers and indexes. Exemplary primers used for 1gG repertoire library construction are

provided in Table 2.

Table 2. Primers used in Hbrary preparation for IgGG Repertoire Sequencing

Termplate switching (TS) S’ — CACCATCGATGTCGACACGCCTAYGrGrG - 37
primer {(SEQID NG 1)

RT primer Oligo-dT

A mixture (1:1:1:1) of the following 4 primers:

5-GGAAGGTGTGCACACCGCTGGAC -3 (SEQ ID NO. 2)
SGGAAGGTOGTGCACACTGCTGGAC -3 (SEQ ID NG 3)
5 -GGAAGGTGTGCACACCACTGGAC -3 (SEQ ID NG 4)
S-AGACTGTGCGCACACCGCTGGALC -3 (SEQ ID NO. 5)

L

% und PO igG constant
1*round PCR

primers

S-AAGCAGTGGTATCAACGCAGAGTACAT -3” (SEQID

TS specific )
NG. 6)
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A mixture {1:1:1:1) of the following 4 primers:

5 -ACACTCTTTCCCTACACGACGCTCTTCCGATCT
AGTGGATAGACAGATGGGGGTG - 3/ (SEQ ID NO. 7)
3 -ACACTCTTTCCCTACACGACGCTCTTCCGATCT
igG constant | AGTGGATAGACTGATGGGGGTG - 3" (SEQ I3 NO. 8)
ST-ACACTCTTTCCCTACACGACGCTCTTCCGATCT
AGTGGATAGACCGATGGGGCTG - 3 (SEQ IDNO. 9)
5T -ACACTCTTTCCCTACACGACGCTCTTCCGATCT
AAGGGATAGACAGATGGGGCTG - 3" (SEQ I3 NO. 10)
53~ GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT
CACCATCGATGTCGACACGCCTA- 3" (SEQ D NG. 11}

2% ound

PCR primers

TS specific

(J}

AATGATACGGCGACCACCGAGATCTACACKYXXXX
ACACTCTTTCCCTACACGACGCTCTTCCGATCT- ¥
(SEQ ID NO. 12)

5 - CAAGCAGAAGACGGCATACGAGATXXXXXX
Reverse GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT- 3
(SEQ ID NO. 13)

Forward
Final round

PCR Primers

XX XXXX" represents a 6 base pair index sequence to enable multiplexing samples for
sequencing

j08453] Human variable domain ¢cDNAs were size selected for 400-700 bp using Pippin Prep
{(SAGE Science} and quantified by gPCR using a KAPA Library Quantification Kit (KAPA
Biosystems) before loading samples onto a Miseq sequencer (Hlumina) for sequencing for 2x300

cveles.

Example 2.2, Antibody Reference Database Construction

[60454] Mouse-specific protein sequence databases were constructed using variable diversity
joining (VB3I region sequences from ULC mice, grouping by tissue for each mouse sample.
VD sequence data obtained from NGS was first de-muliplexed and filtered based on quality,

length and perfect maich to 1g( constant region primer. Overlapping paired-end reads were
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merged and analyzed using a local installation of publicly available 1gBLAST (NCBI, v2.2.25+)
to align rearranged heavy chain sequences to human germline V and J gene database. CDR3
sequences were extracted using International Immunogenetics Information System (IMGT)
boundaries. IMGT clonotype (AA) was defined as a unique V-(I23-J rearrangement, with
conserved CDR3-IMGT anchors (cysteine C 104, trvptophan W 118 or phenvlalanine F 118),
and a unique CDR3-IMGT AA junction sequence. Frequency of occurrence of each protein
sequence and HCDR3 was calculated. For reference sequence database construction used for
antibody identification via MS, single read sequences were excluded to reduce impact of
sequencing errors.

[00455]  Additional filters were applied to rerove nonproductive sequences with stop codons
and out-of-frame re-arrangements. Truncated sequences containing incomplete alignment of
framework regions were also removed during creation of the database.

160456]
100457]

In total, 6,452,901 reads were obtained from bone marrow and spleen samples.

VI encoding sequences were collapsed based on amino acid sequence and a total of
927,191 unigue full-length in-frame VD genes were used in coustruction of the reference
sequence database. Results from all tissues of CD22-imamunized ULC mice were used to
construct the database, which can be interrogated by the variable domain peptides identified from
the serum-derived antibodies.

j00458]  Gene usage and antibody clovotypes comprising serum IgG repertoire were
delingated in ULC mice immunized with CD22. Diverse heavy chain variable gene segments
(IGHV; Figure 2A) and heavy chain joining gene segments (IGHI: Figure 2B) usage were
identified in spleen and bone marrow. Number of distinct HCDR3 sequences detected in spleen

and bone marrow sarples are summarized in Table 3. The number of distinct human CDR3

sequences increased with the increased number of reads (data not shown).

Table 3. Number of antibody and HCDR3 sequences detected

BM SPLEEN
Genotype | Mouse | VDI SEQ (AA) | HCDR3S (AA) | VDI SEQ (AA) | HCDR3 (AA)
MOUSE 1 84063 {5735 100959 19031
1-39ULC
MOUSE 2 110724 16382 118602 21482
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MOUSE 3 116469 14295 147600 192589
3-20ULC
MOUSE 4 153940 27015 94834 17718

[00459] A limited number of public HCDR3 amino acid sequences were observed across
different mice. HCDR3 sequences observed in more than one mouse in the same tissue
comprised 2%. {Figure 3A}. 10-14% of HCDR3 amino acid sequences were found to be shared
between bone rvarrow and spleen samples of the same mouse (Figure 3B). The mouse-specific
reference sequence database generated by high-throughput sequencing pipeline was used to

interpret peptide roass spectra obtained through the proteomics avalysis {see Figure 1).

Example 3. Exemplary Enrichment of Antibodies with Desired Characteristics by Affinity
Capture of anti-hFc and anti-hCD22

Example 3.1. Anti-hFc Depletion of Serum

{004608]  Serum from all ULC mice contained antibody titers against hCID22 and h¥Fc.
Sequential affinity capture steps were applied to isolate anti-hF¢ antibodies and anti-hCD22
antibodies, respectively (Figure 1), Invnunized ULC mouse serum samples were PBS-diluted to
a final volume of 1 mbL and passed through a hFc conjugated agarose column to deplete anti-F¢
antibodies from the sample. PBS (1 mL) was added to the column, flow-throughs combined and
concentrated to a final volume of 100 ul using a 300 dalton (molecular weight) cut-off filter.
Anti-hFc depleted serum tlow-throughs were used downstream for anti-CD22 enrichment. The
agarose column was washed 3x with Tl of 20 mM Tris-HCl, pH8.0 and once with 1 mL of
ddH20. Bound anti-hFc antibedies were eluted with 2 mL of 300 mM acetic acid. The anti-hFc
antibody eluant was Speedvac dried and proteins separated via SDS-gel and proteins prepared

for LC-MS analysis {(subsequent data for anti-Fe antibodies is not shown).

Example 3.2. Anti-CUD22 Antibody Isolation

100461  Anti-CD22 antibodies were 1solated from anti-hFc depleted serum sample.
Biotinylated human (1322 extracellular domain polypeptide (100 pug/ml} was immobilized onto
streptavidin paramagnetic beads (100 pl) and incubated with anti-Fc depleted serum in a 96-

deep well plate for two hours at room terperature. The paramagnetic beads were washed with
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3x600 ul. with HBS-SP, 1x600 ul. of water, and 1x600 ul. of 10% acetonitrile. Anti-hCD22
antibodies were eluted via incubation of the streptavidin beads with 70 yLl. of 1% formic acid in
30% acetonitrile / 70% water for 15 minutes at room temperature. Each sample was then

transterred to an Eppendorf tube and completely dried prior to LC-MS analysis.

Example 4. Liguid Chromatography-Mass Spectrometry and Database Searching
Example 4.1, Liguid Chromatography-Mass Spectrometry (LC-MS)

[60462]  Anti-hFc and anti-hCD22 antibodies were each individually dissolved in 10 pL. of 8M
urea and 20 mM TCEP in 20 mM Tris-HCI (pH 8.0} at 37°C for | hour. The denatured and
reduced sarople was then alkylated with 5 mM iodoacetamide for 30min followed by overnight
trypsin (w/v=1:20}) digestion at 37°C. Tryptic peptides were analyzed by nano-LC1200 High
Performance Liquid Chromatography coupled to a (3 Exactive mass spectrometer. Peptides were
first trapped onto a 75 pm x 2 cm C18 trap column at a flow rate of 4 pl./min followed by
separation at 250 nL/min using a 75 pm x 25 cm C18 column at 40°C with the following
gradients: 5%-30% acetonitrile in 157 minutes; 30%-40% acetonitrile in 1Sminutes, 40%-90%
acetonitrile in 2 minutes, and 90% ACN for 15min. Mass spectra were acquired under positive
mode using following parameters: MS1 resolution: 70,000; MS1 target: 1ES; maximum
mjection time: 100 ms; scan range: 350 to 1,800 m/z, MS/MS resolution: 17,500; MS/MS target:

2e5; Top N: 10; isolation window: 2 Th; charge exclusion: 1, >3; dynamic exclusion: 30 sec.

Example 4.2. Database Searching

j00463] The acquired LC-MS data from each immunized ULC mouse serun sample was
searched against the corresponding database generated via NGS sequencing using Byonic™
search engine manufactured by Protein Metrics. The searching parameters were as follows:
Cleavage site: lysine or Arginineg; Cleavage site: C-terminal; Digestion specificity: fully specific;
Missed cleavages:2; Precursor mass tolerance: 10 ppr; Fragmentation type: HCD,; Fragment
mass tolerance: 20 ppm; Fixed modification: carbamidomethyl at cysteine. The top 200 hits

were ranked based on sequence coverage and peptide confidence and checked manually.

Example 5. Antibody Sequence Selection
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[00464]  The top 200 sequence hits were rmavually checked for the spectra quality of all
matched CDR3 peptides to make sure the majority of the fragment ions can be interpreted by the
assigned peptide sequence. One or more unique CDR3 peptides with good spectra qualities were
required for the antibody seguence to be a positive identification. Sequences were mapped inio
the CDR3 database and grouped based on CDR3. Auntibodies were selected for cloning based on
the following parameters: 1) exact match of unique CIIR3 peptides; 2} exact match of unique
CDRI and CDR2 peptides; 3) exact match of unique framework peptides; 4} the number of next
generation sequence counts; 5) excluding the CDR sequence with methionive and potential N
glycosvlation. Example of the selection of anti-CD22 antibody Bene629 (BM 629, mAbl4)
based on mass spectrometry spectra match and NGS from a group of anti-CD22 antibodies
containing a homologous CIR3 sequence is shown in Figure 4. The manual check resulted ina
total of 50 antibodies for expression and cloning. To obtain a more diverse repertoire of
antibody coverage for cloning, the sequences from universal light chain mice were grouped
based on CDR3 homology. Twenty-three specific anti-CD22 antibodies representing diverse

CDR3 groups are shown in Figure 5.

Example 6. Cloning and Transfection

j00465]  Variable domain nucleotide sequences of hCD22 antibody candidates (n=23) were
codon opiimized for Chinese Hamster Qvary (CHO) cell expression and synthesized as ghlocks
{fntegrated INA Technologies). Variable domain gblocks were cloned into a vector in operable
tinkage with human immunoglobulin heavy chain constant region. Heavy chain vectors (1 pg)
were paired with either Hght chain vector comprising ULC 3-20 in operable linkage with bhuman
immunoglobulin kappa light chain constant region {(1pg) or light chain vector comprising ULC
1-39 in operable linkage with buman immusoglobulin kappa light chain counstant region (1ug)
for transient transfection into a @ cm” well of CHO K1 cells using Lipofectamine (Thermo Fisher
Scientific). Supernatants {500 ul.} were collected approximately 84 hours post transfection and
concentrated, and the concentrate used for BiAcore binding analysis. Transfection efficiency

was confirmed via western blotting under reducing conditions.

Example 7. Kinetie Binding of Cloned anti-CD22 Antibedies

12

(3]



WO 2022/056276 PCT/US2021/049887

Example 7.1. Kinetic Binding Parameters for the Interaction of Cloned anti-CD22
Antibodies with Homan CD22

[60466]  Supernatanis from all transfected cells were analyzed for binding affinity and
specificity against CD22 using SPR-Biacore technology. CD22 binding to each cloned antibody
was measured at 25°C and pH 7.4 by capturing the antibody from transfected CHO cell
supernatant via its Fey domain to a goat anti-human Fey polyclonal antibody immobilized ona
CMS chip surface until a2 signal of approximately 165-202 relative units {(RU) was reached,
followed by injections of CD22 proteins. Recombinant CD22, at concentrations ranging from
0.313 nM to 10.0 nM, and a negative control at concentrations ranging from 1.250M to 40.0nM,
were individually injected over the surface captured anti-CD22 and a reference surface (anti-Fey-
coupled chip surface without captured anti-CD22) for 3 minutes at a flow rate of 30ul./min
followed by a 10-minute {CD22) dissociation phase, and binding signal changes recorded.
Regeneration of the chip was achieved using a 40 sec pulse of 10 mM glycine-HCI pH 1.5
[00467]  Kinetic binding parameters were determined from specific SPR-Biacore kinetic
sensorgrams using a double referencing procedure. Double referencing was achieved by
subtracting the signal for CD22 injected over the reference surface {goat anti-human Fey coupled
surface ouly) from the signal for CI322 injected over the experimental surface (Foy captured anti-
CD22 surface), thereby removing contributions from refractive index changes. In addition, the
difference in signal changes resulting from the dissociation of captured anti-CD22 from the goat
anti human Fey polyclonal antibody control buffer injections (no CI22) were also accounted for
when caloulating kinetic binding pararaeters.

j00468] The calculated kinetic binding parameters are summarized in Table 4.

Table 4. Summary of Kinetic Binding Parameters for selected anti-CD22 monoclonal antibodies

with human CD22

S8aM
Supe
Mouse (D22 sumh ka kd Kb £
Sample NGS NG, | Capture ) ) )
Type Bound {1/05) {1/s) (M} (main}
(RU}
(RU}
i o 2.138- | 5.64E-
mAbl ULC 3220 BM 2841 193 107 3.79E+H05 o3 09 54
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SnM
Supe
Mouse RCH22.mmb ka kd KD 9
Sample NGS NG, | Capture ) ) o
Type ) Bound (1/Mis} (1/8} M) {mxin}
(RT) ,
(RL)
7.66E- | 6.19E-
mAb2 ULC 3-20 BM_7637 348 69 1.24E+0S 15.1
04 09
8.73E- | 1.39E-
mAb3 ULLC 3-20 BM 1224 176 26 6. 28E+04 i3.2
04 08
THB5E- | 4.008-
mAbd ULL 3-20 | Spleen 583 161 53 LOGE+05 1.8
03 08
9.50E~ | 5.39B-
mAbS ULC 3-20 BM 2883 217 10 1L.76E+06 0.1
02 08
6.94E~ | 9.95E-
mAbG ULC 3-20 BM_3347 258 40 6.98E+04 £7
03 08
i} 1.84E- | 1.02E-
mAh7 ULC 320 | BM 501406 216 i7 1.80E+05 \ N 0.6
0z 07
200E- | 112E-
mAbS ULLC 3-20 | Spleen 583 289 25 7 HEH4 03 o7 1.4
) Spleen 117 ) o <L.O0OE | 1.56E-
mAbY ULC -39 151 13 6.39E+06 >118.8
0 -04 i1
<LO0E | 147E-
mAbLO ULC 1-39 BM 11 205 i6 6. 78E+04 >115.5
~04 09
) <l .O0E | 1.74E-
mAbll ULC 1-39 BM 314 409 36 S.75E+04 >115.5
-04 09
<1.00E | 1.87E-
mAbI2 ULC 139 BM 20690 403 53 3.33E+04 i - >115.5
-4 09
§ <1.ODE | 2.62E-
mAbl3 ULC 1-39 | Spleen 598 278 34 3.82E+04 >118.58
-4 09
<LO0E | 4.128-
mAbi4 ULC 1-39 BM 629 196 21 2.43E+04 >115.5
04 09
6.90E- | 7.13E-
mAbiS ULC 1-39 | BM 32444 319 59 S.6TE+04 16.8
04 09
) 1425~ | 8.UBE-
mAbl6 ULC 1-39 | Spleen 39 196 63 1.39E+05 - 0 8.1
¢ 0t
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Snh
Supe
Rouse RCD22.mmb ka kd j. S Y] 1223
Sample NGS NG, | Capture ) ) ,
Type ) Bound (1/Mis} (1/8} M) {mxin}
(RN )
(RI
_ ] ] ] 5 41E- | 9.82E-~
mAbl7 ULC 1-39 BM 789 339 32 S.S1E+04 214
04 09
i.18E~- | 1.37E~
mADbIS ULC 1-39 BM 435 325 63 8.66E+034 o3 08 9.8
6.69E- | 4.13E-
mAbI9 ULC 1-39 BM 1083 310 36 1.62EH5 1.7
03 0%
6,956 | 5,708~
mAb20 ULC 1-39 BM 511 272 48 1.22B+05 1.7
03 08
21E- | 1.14E-
mAbZi ULC 1-39 BM 27845 325 26 1.85E+0S 0.5
02 07
3 5688~ | 1.15E-
mAb22 ULC 1-3¢ BM_ 316 210 i2 4 .96E+05 0 o 0.2
02 7
I178- | 1.60E-
mAb23 ULC 1-39 BM 3615 469 25 732E+H034 0 o 1.0
1L L
[6046%]  As evident from the data in Table 4 above, of the 23 supernatanis analyzed for

binding CD22, a number showed high atfinity against human CD22, with KD of less than

1.Ox10M. From these, 11 were submitted for antibody purification. All 11 purified antibodies

showed specific binding to human CD22 but not mouse CD22 (data not shown}.

100470]

based solely on sequence homology of heavy chain variable domains to anti-CD22 mAB

Anadditional 16 monoclonal antibody sequences were chosen for BiaCore analysis

BM 629 to heavy chain variable domains. All 16 movoclonal antibodies showed significantly

reduced or lost binding properties against CD22 (Table 5), suggesting that LC-MS spectra

provides essential information in antibody selection.
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Table 5. Summary of Kinetic Binding Parameters for selected anti-CD22 antibodies based solely

on sequence homology.

20aM
Supe ,
mAb Bescription | Capture hCD2Zmab ka kd KD ) S
RO Bound {1/Ms} {1/s) {5 {min)
{RU}

mAbl4 BM 629 187 46 5.01E+04 | 3.52E-04 | 7.03E-09 32.8
mAbli4 1 | BM 22525 103 { NB NB NB NB
mAbld4 2 | BM 8760 a4 -3 NB NB NB NB
mAbl4 3 | BM 19611 199 2 NB NB NB NB
mAbld 4 | BM 38661 126 -5 NB NB NB NB
mAbl4 5 | BM 82128 76 -5 NB NB NB NB
mAbl4 6 | BM 20548 49 -2 NB NB NB NB
mAbl4 7 | BM 50339 45 -3 NB NB NB NB
mAbl4 8 | BM 51082 61 -4 NB NB NB NB
mAbld 9 | BM 60395 252 39 4.06E+04 | 3.50E-03 | 8.63E-08 33
mAbl4 10 | BM 63775 73 -7 NB NB NB NE
mAbl4 11| BM 6421 78 -4 NB NB NB NBE
mAbld 12 | BM_72341 366 28 371E+04 | 1.03E-02 | 2.79E-07 1]
mAbld 13| BM 9387 62 -6 NB NB NB NB
mAbl4 14 | BM 53145 61 -6 NB NB NB NB
mAbl4 15| BM S041t 100 -4 NB NB NB NB
mAbl4 16 | BM 43396 481 -5 NB NB NB NB

{60471]  Thus, the exemplary methods described herein are able to identify antibody variable
domain sequences from particular in vivo sources of antibody within an immunized host (e.g.,
serum} with desired characteristics. The provided methods provides a robust means for quickly

a genetically modified von-human animal {e.g., rodent, e.g., oouse).
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INCORPORATION BY REFERENCE
{00472)  All publications, patents, and patent applications mentioned herein are hereby
incorporated by reference in their entirety as if each individual publication, patent or patent
application was specifically and individually indicated to be tncorporated by reference. In case of

conflict, the present application, including any definitions herein, will control.

EQUIVALENTS
[60473] Those skilled in the art will recognize, ot be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following claims.
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WHAT IS CLAIMED IS:

L. A method of identifving a human immunoglobulin variable domain or CDR sequence of
an antibody spectfic for an antigen, comprising:
obtaining a plurality of peptide sequences of human immunoglobulin heavy chain and/or
light chain variable domains that were obtained from a sample comprising a population of
antibodies produced by a rodent immunized with the antigen, and
interrogating a library of human immunoglobulin heavy chain and/or light chain variable
domain sequences with the plurality of peptide sequences, wherein the library comprises a
plurality of human immunoglobulin heavy chain and/or light chain variable domwain sequences
encoded by B cells of the immunized rodent, thereby obtaining a human immunoglobulin
variable domain or CDR sequence of an antibody specific for the antigen, and
wherein the immunized rodent comprises in its germline genome:
an immunoglobulin heavy chain variable region comprising one or more human
heavy chain V gene segments, one or moore human 1 gene segments, and one or more
human heavy chain J gene segments, wherein the heavy chain variable region is operably
linked to a constant region, and
an immunoglobulin light chain variable region comprising one or more human
light chain V gene segments and one or more human light chain § gene segments,

wherein the light chain is operably linked to a constant region.

2. A method of identifying a human immunoglobulin variable domain or CDR sequence of
an antibody specific for an antigen, comprising:

obtaining s library of human immunoglobulin heavy chain and/or hight chain variable
demain sequences comprising a plurality of human immunoglobulin heavy chain and/or light
chain variable domain sequences encoded by B cells of a rodent immunized with the antigen,

interrogating the library with a plurality of peptide sequences of human immunoglobulin
heavy chain and/or light chain variable domains that were obtained from a sample comprising a
popuiation of antibodies produced by the rodent immunized with the antigen, and

wherein the immunized rodent comprises in its germline genome:
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an iromunoglobulin heavy chain variable region comprising one or more hunan
heavy chain V gene segments, one or more human D gene segments, and one or more
human heavy chain J gene segments, wherein the heavy chain variable region is operably
linked to a murine constant region, and
an imnmunoglobulin light chain variable region comprising one or more human
light chain V gene segments and one or more human light chain J gene segments,
wherein the light chain is operably linked to a murine constant region.
3. The method of claim 1 or 2, wherein the plurality of human immunoglobulin heavy chain
and/or light chain variable doroain sequences of the library were obtained from sequencing a

sample comprising a population of B cells from bone marrow and/or spieen of the rodent.

4. The method of any one of the preceding claims, wherein the plurality of human
immunoglobulin heavy chain and/or light chain variable domain sequences of the library were
obtained from sequencing of cDNA comprising rearranged heavy chain VDI sequences and/or

rearranged light chain VI sequences.

(%21

The method of claim 4, wherein the sequencing is by next generation DNA sequencing.
6. The method of any one of the preceding claims, wherein the sample comprising a
population of antibodies produced by the rodent immunized with the antigen is derived from
serum, plasma, lymphoid organs, gut, cerebrospinal fluid, brain, spinal cord, and/or placenta of

the rodent.

7. The method of any one of the preceding claims, wherein the plurality of peptide
sequences of human immunoglobulin heavy chain and/or light chain variable domains were

obtained or determined by mass spectrometry {MS).
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8. The method of claim 7, wherein the plurality of peptide sequences of human
immunoglobulin heavy chain and/or light chain variable domains were obtained or determined

by combined Hguid chromatography and mass spectrometry (LC-MS).

9. The method of claim 7 or §, wherein the sample comprising a population of antibodies

produced by the rodent immunized with the antigen was denatured prior to MS analysis.

10.  The method of any one of claim 7 to 9, wherein the sample comprising a population of
antibodies produced by the rodent immunized with the antigen was proteolytically digested prior

to MS analysis.

1t The method of any one of claim 7 to 10, wherein the sample comprising a population of
antibodies produced by the rodent immumnized with the antigen was enriched for one or more

characteristics prior to MS analvsis.

12. The method of claim 11, wherein the sample comprising a population of antibodies
produced by the rodent immunized with the antigen was enriched for antibodies that bind the

antigen.

13, The method of claim 12, wherein the sample comprising a population of antibodies
produced by the rodent immunized with the antigen was depleted for antibodies that bind a

second, different antigen.

14, The method of any one of the preceding claims, wherein wnterrogating the library of
human immuneglobulin heavy chain and/or light chain variable domain sequences with the
plurality of peptide sequences comprises aligning the peptide sequences to each other and to the
amino acid sequences of the plurality of human immunoglobulin heavy chain and/or light chain

variable domains.
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15 The method of any one of claims 7 to 14, wherein the library is a library of human
immunogleobulin heavy chain variable domain sequences and the interrogating with the plurality
of peptide sequences is based on one or more of!

(13 a match of a CDR3 sequence in the library of human immunoglobulin heavy
chain and/or light chain variable domain sequences to a unique peptide obtained or determined
by MS,

(2) a match of unique CDRI and/or CDR2 sequences in the library of human
immunoglobulin heavy chain and/or light chain variable domain sequences to one or more
unigue peptides obtained or determined by MS,

(3) a match of one or more framework sequences in the library of human
immunoglobulin heavy chain and/or light chain variable domain sequences to one or more
unique peptides obtained or determined by MS,

(4} a number of next generation sequencing counts for a sequence in the library of
human immunoglobulin heavy chain and/or light chain variable domain sequences,

(5)  exclusion of CDR sequences with methionine, and

(©) exclusion of CDR sequences with potential N glycosylation.

16. The method of any one of the preceding claims, wherein interrogating the library
identifies a plurality of human immunoglobulin variable dowmain or CDR sequences of antibodies
specific for the antigen, and wherein the plurality of human immunoglobulin variable domain or

CDR sequences are ranked.

17 The method of any one of claims 1 to 16, wherein the rodent is a rat.
18 The method of any one of claims 1 to 16, wherein the rodent is a mouse.
19. The method of any one of the preceding claims, wherein the immunoglobulin heavy

chain variable region is operably linked to a mouse heavy chain constant region, and/or the
immmunoglobulin light chain variable region is operably linked to a mouse light chain constant

region.
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20, The method of claim 19, wherein the immunoglobulin heavy chain variable region
operably linked to a mouse heavy chain constant region is at the endogenous mouse heavy chain
focus, and/or the immunoglobulin light chain variable region operably linked to a mouse light

chain constant region is at the endogenous mouse light chain locus.

21 The method of any one of the preceding claims, wherein the immunoglobulin heavy
chain variable region comprises a plurality of human heavy chain V gene segments, a plurality of
human D gene segments, and a plurality of human heavy chain J gene segments, wherein the
heavy chain variable region is operably linked to a murine heavy chain constant region, and
the immunoglobulin light chain variable region comprises:

(1} a universal light chain encoding sequence comprising a rearranged human light
chain variable region comprising a single human Vi gene segment and single human light i
gene segment, operably linked to a mouse light chain constant region;

(it} a restricted light chain variable region, comprising two unreatrranged human
VY1 gene segments and one or more unrearranged human Jp gene segments, operably linked to a
mouse light chain constant region; or

{iit) a histidine modified light chain variable region comprising one or more
human light chain V gene segments and one or more human light chain § gene segments, further
comprising substitution or insertion of at least one histidine for a non-histidine residue, operably
finked to a mouse light chain constant region.
22. The method of any one of claims 1 to 20, wherein the immunoglobulin light chain
variable region comprises a plurality of human light chain V gene segments and a plurality of
fuman light chain J gene segments, wherein the light chain variable region is operably linked to
a murine light chain constant region, and wherein the imrounoglobulin beavy chain variable
region comprises:

(1) a restricted unrearranged heavy chain variable region, comprising a single

human Vy gene segment, one or more unrearranged human Dy gene segments, and one

[
(F8)
(3]
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or more unrearranged human Ja gene segments, operably linked to a mouse heavy chain
constant region;

(i1} a universal heavy chain encoding sequence comprising a single rearranged
buman heavy chain variable region comprising 2 single human Va gene segment, a single
human Dy gene segment, and a single human Ju gene segment, operably linked to a
mouse heavy chain constant region;

(i1t} a histidine modified unrearranged heavy chain variable region, comprising
one of more unrearranged human Vi gene segments, one or more unrearranged burman
Dy gene segments, and one or more unrearranged human Ju gene segments, further
comprising substitution or insertion of at least one histidine for a non-histidine residue,

operably linked to a mouse heavy chain constant region.

23 The method of any one of claims 1 to 20, wherein the immunoglobulin light chain
variable region comprises a universal light chain encoding sequence comprising a rearranged
human light chain variable region comprising a single human Vx gene segment and single
human light Jx gene segment, wherein the rearranged human light chain variable region is at the
endogenous mouse x light chain locus and operably linked to a wouse light chain constant
region, and wherein the immunoglobulin heavy chain variable region comprises a plurality of
human heavy chain V gene segments, a plarality of human I3 gene segments, and a plurality of
human heavy chain J gene segments, wherein the heavy chain variable region is operably linked

to a murine heavy chain constant region.

24, The method of any one of claims 1 to 20, wherein the immunoglobulin light chain
variable region comprises an engineered immunoglobulin k light chain locus that comprises a
single rearranged human immunoglobulin A light chain variable region comprising a human VA
gene segment joined to a buran JA gene segment, and wherein the immunoglobulin heavy chain
variable region comprises a plurality of human heavy chain V gene segments, a plurality of
human D gene segments, and a plurality of human heavy chain J gene segments, wherein the

heavy chain variable region is operably linked to a murine heavy chain constant region.
J J R oo
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25, The method of any one of the preceding claiws, wherein the genetically modified mouse
further comprises a functional ADAMG gene, optionally wherein the functional ADAMGO gene is

a mouse ADAMSG gene.

26.  The method of any one of the preceding claims, wherein the genetically modified mouse

further expresses an exogenous terminal deoxynucteotidyl transferase (TdT) gene.

27, The method of any ove of the preceding claims, wherein the method further comprises
expressing a nucleotide sequence encoding the identified human immunoglobulin heavy chain

and/or light chain variable doroain iv a recombinant antigen-binding protein.

238 The method of claim 27, wherein the recombinant antigen-binding protein is a human

antibody.

29. The method of claim 27, wherein the recombinant antigen-binding protein is a bispecific

antibody.

30. A method for making an antibody comprising:

(a} expressing in a host cell (i) a nucleic acid encoding an immunoglobulin heavy chain
comprising a human immunoglobulin heavy chain variable region sequence operably linked to
an immunogiobulin heavy chain constant region sequence and (it} a nucleic acid encoding an
immunoglobulin light chain comprising a human immunoglobulin fight chain variable region
sequence operably linked to an imrmunoglobulin light chain constant region sequence, wherein
the human immunoglobulin heavy chain variable region sequence and/or the human
immunoglobulin light chain variable region sequence encode human immunoglobulin heavy
chain variable domain and/or buman immuvoglobulin Hght chaiv variable domain, respectively,
that were identified by a method of any one of claims 1 to 26; and

(b culturing the host cell under conditions such that the host cell expresses an antibody

comprising the immunoglobulin heavy chain and the immunoglobulin Hight chain
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31 A method of makiog a fully human immunoglobulin heavy chain and/or fully buman
immunoglobulin light chain comprising:

{(a) identifying a human immunoglobulin heavy chain and/or light chain variable domain
sequence by a method of any one of claims 1 to 26,

(b} operably hinking the nucleic acid encoding the human immunoglobulin heavy chain
variable domain with a nucleic acid encoding a buman immunoglobulin heavy chain constant
domain to form a fully human immunoglobulin heavy chain and/or operably linking the mucleic
acid encoding the buman immunoglobulin light chain variable domain with a nucleic acid
encoding a human immunoglobulin light chain constant domain to form a fully human
immunoglobulin light chain; and

(¢} expressing the fully human immunoglobulin heavy chain and/or fully buman

immunoglobulin light chain.
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