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METHODS FOR BREAKING 
IMMUNOLOGICAL TOLERANCE USING 

MULTIPLE GUIDE RNAS 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

10001 ] This application claims the benefit of U . S . Appli 
cation No . 62 / 339 , 472 , filed May 20 , 2016 , and U . S . Appli 
cation No . 62 / 368 , 604 , filed Jul . 29 , 2016 , each of which is 
herein incorporated by reference in its entirety for all pur 
poses . 

REFERENCE TO A SEQUENCE LISTING 
SUBMITTED AS A TEXT FILE VIA EFS WEB 

[ 0002 ] The Sequence Listing written in file 
497022SEQLIST . txt is 38 . 3 kilobytes , was created on May 
18 , 2017 , and is hereby incorporated by reference . 

BACKGROUND 
[ 0003 ] Immunization of non - human animals ( e . g . , rodents , 
such as mice or rats ) with a “ non - self protein is a com 
monly used method to obtain specific antigen - binding pro 
teins such as monoclonal antibodies . This approach , how 
ever , is dependent on a divergence in sequence between 
native proteins in the non - human animal and the protein 
being immunized to enable the non - human animal ' s immune 
system to recognize the immunogen as non - self ( i . e . , for 
eign ) . The generation of antibodies against antigens having 
a high degree of homology with self - antigens can be a 
difficult task due to immunological tolerance . Because func 
tionally important regions of proteins tend to be conserved 
across species , immunological tolerance to self - antigens 
often poses a challenge to the generation of antibodies to 
these key epitopes . 
[ 0004 ] Although progress has been made in targeting 
various genomic loci , there still remain many genomic loci 
that cannot be targeted efficiently or genomic modifications 
that cannot be achieved efficiently with conventional target 
ing strategies . The CRISPR / Cas system has provided a new 
tool for genome editing , but difficulties still remain . For 
example , difficulties can still arise in some contexts when 
attempting to create large targeted genomic deletions or 
other large targeted genetic modifications , particularly in 
eukaryotic cells and organisms . 
[ 0005 ] . In addition , it can be difficult to efficiently produce 
cells or animals that are homozygous for a targeted genetic 
modification without subsequent breeding steps , and some 
loci can be more difficult to target than others to generate 
homozygous targeted modifications . For example , although 
FO generation mice heterozygous for a large targeted 
genomic deletion can sometimes be obtained via conven 
tional targeting strategies , subsequent breeding of these 
heterozygous mice is required to produce F1 generation 
mice that are homozygous for the deletion . These additional 
breeding steps are costly and time - consuming . 

foreign antigen of interest , comprising : ( a ) contacting the 
genome of a non - human animal pluripotent cell that is not a 
one - cell stage embryo with : ( i ) a Cas9 protein : ( ii ) a first 
guide RNA that hybridizes to a first guide RNA recognition 
sequence within a first target genomic locus , wherein the 
first target genomic locus affects expression of a first self 
antigen homologous to or sharing an epitope of interest with 
the foreign antigen of interest ; and ( iii ) a second guide RNA 
that hybridizes to a second guide RNA recognition sequence 
within the first target genomic locus ; wherein the first target 
genomic locus is modified in a pair of first and second 
chromosomes to produce a modified non - human animal 
pluripotent cell with a biallelic modification , wherein 
expression of the first self - antigen is decreased ; ( b ) intro 
ducing the modified non - human animal pluripotent cell into 
a host embryo ; and ( c ) implanting the host embryo into a 
surrogate mother to produce a genetically modified FO 
generation non - human animal in which the first target 
genomic locus is modified in the pair of first and second 
chromosomes such that expression of the first self - antigen is 
decreased . Optionally , the pluripotent cell is an embryonic 
stem ( ES ) cell . Optionally , the contacting comprises intro 
ducing the Cas9 protein , the first guide RNA , and the second 
guide RNA into the non - human animal pluripotent cell via 
nucleofection . Optionally , the Cas9 protein is introduced 
into the non - human animal pluripotent cell in the form of a 
DNA encoding the Cas9 protein , the first guide RNA is 
introduced into the non - human animal pluripotent cell in the 
form of a DNA encoding the first guide RNA , and the second 
guide RNA is introduced into the non - human animal pluri 
potent cell in the form of a DNA encoding the second guide 
RNA . 
[ 0007 ] In some such methods , the contacting step ( a ) 
further comprises contacting the genome with : ( iv ) a third 
guide RNA that hybridizes to a third guide RNA recognition 
sequence within the first target genomic locus ; and / or ( v ) a 
fourth guide RNA that hybridizes to a fourth guide RNA 
recognition sequence within the first target genomic locus . 
In some such methods , the contacting step ( a ) further 
comprises contacting the genome with : ( iv ) a third guide 
RNA that hybridizes to a third guide RNA recognition 
sequence within a second target genomic locus , wherein the 
second target genomic locus affects expression of the first 
self - antigen or a second self - antigen homologous to or 
sharing an epitope of interest with the foreign antigen of 
interest ; and / or ( v ) a fourth guide RNA that hybridizes to a 
fourth guide RNA recognition sequence within the second 
target genomic locus . 
[ 0008 ] In some such methods , the contacting step ( a ) 
further comprises contacting the genome with an exogenous 
repair template comprising a 5 ' homology arm that hybrid 
izes to a 5 ' target sequence at the target genomic locus and 
a 3 ' homology arm that hybridizes to a 3 ' target sequence at 
the target genomic locus . Optionally , the exogenous repair 
template further comprises a nucleic acid insert flanked by 
the 5 ' homology arm and the 3 ' homology arm . In some such 
methods , the nucleic acid insert is homologous or ortholo 
gous to the first target genomic locus . In some such methods , 
the exogenous repair template is between about 50 nucleo 
tides to about 1 kb in length . In some such methods , the 
exogenous repair template is between about 80 nucleotides 
to about 200 nucleotides in length . In some such methods , 
the exogenous repair template is a single - stranded oligode 
oxynucleotide . In some such methods , the exogenous repair 

SUMMARY 
[ 0006 ] Methods and compositions are provided for mak 
ing non - human animals with reduced tolerance of a foreign 
antigen of interest and for using such animals to generate 
antigen - binding proteins that bind the foreign antigen of 
interest . In one aspect , the invention provides a method of 
making a non - human animal with reduced tolerance of a 
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template is a large targeting vector ( LTVEC ) that is at least 
10 kb in length , and / or the exogenous repair template is an 
LTVEC , wherein the sum total of the 5 ' and 3 ' homology 
arms of the LTVEC is at least 10 kb in length . 
[ 0009 ] Some such methods further comprise : ( d ) immu 
nizing the genetically modified FO generation non - human 
animal produced in step ( c ) with the foreign antigen of 
interest ; ( e ) maintaining the genetically modified FO gen 
eration non - human animal under conditions sufficient to 
initiate an immune response to the foreign antigen of inter 
est ; and ( f ) obtaining a first nucleic acid sequence encoding 
a human immunoglobulin heavy chain variable domain 
and / or a second nucleic acid sequence encoding a human 
immunoglobulin light chain variable domain from the 
genetically modified FO generation non - human animal . 
[ 0010 ] In some such methods , antigen - binding proteins 
against the foreign antigen of interest obtained following 
immunization of the genetically modified FO generation 
non - human animal with the foreign antigen of interest have 
a higher titer than antigen - binding proteins obtained follow 
ing immunization of a control non - human animal that is wild 
type at the first target genomic locus . In some such methods , 
a more diverse repertoire of antigen - binding proteins against 
the foreign antigen of interest is obtained following immu 
nization of the genetically modified FO generation non 
human animal with the foreign antigen of interest compared 
with antigen - binding proteins obtained following immuni 
zation of a control non - human animal that is wild type at the 
first target genomic locus . 
[ 0011 ] In some such methods , expression of the first 
self - antigen is eliminated . 
[ 0012 ] In some such methods , the foreign antigen of 
interest is an ortholog of the first self - antigen . In some such 
methods , the foreign antigen of interest comprises , consists 
essentially of , or consists of all or part of a human protein . 
[ 0013 ] In some such methods , the first target genomic 
locus is modified to comprise an insertion of one or more 
nucleotides , a deletion of one or more nucleotides , or a 
replacement of one or more nucleotides . In some such 
methods , the first target genomic locus is modified to 
comprise a deletion of one or more nucleotides . In some 
such methods , contacting step ( a ) comprises contacting the 
genome with an exogenous repair template comprising a 5 ' 
homology arm that hybridizes to a 5 ' target sequence at the 
target genomic locus and a 3 ' homology arm that hybridizes 
to a 3 ' target sequence at the target genomic locus , provided 
that if the genome is in a one - cell stage embryo the exog 
enous repair template is no more than 5 kb in length , wherein 
the exogenous repair template comprises a nucleic acid 
insert flanked by the 5 ' homology arm and the 3 ' homology 
arm , wherein the nucleic acid insert is homologous or 
orthologous to the deleted nucleic acid sequence , and 
wherein the nucleic acid insert replaces the deleted nucleic 
acid sequence . In some such methods , the deletion is a 
precise deletion without random insertions and deletions 
( indels ) . In some such methods , contacting step ( a ) com 
prises contacting the genome with an exogenous repair 
template comprising a 5 ' homology arm that hybridizes to a 
5 ' target sequence at the target genomic locus and a 3 
homology arm that hybridizes to a 3 ' target sequence at the 
target genomic locus , provided that if the genome is in a 
one - cell stage embryo the exogenous repair template is no 

more than 5 kb in length , wherein the deleted nucleic acid 
sequence consists of the nucleic acid sequence between the 
5 ' and 3 ' target sequences . 
[ 0014 ] . In some such methods , the first target genomic 
locus comprises , consists essentially of , or consists of all or 
part of a gene encoding the first self - antigen . In some such 
methods , the modification comprises , consists essentially of , 
or consists of homozygous deletion of all or part of the gene 
encoding the first self - antigen . In some such methods , the 
modification comprises , consists essentially of , or consists 
of homozygous disruption of the start codon of the gene 
encoding the first self - antigen . 
[ 0015 ] . In some such methods , the first guide RNA recog 
nition sequence comprises the start codon for the gene 
encoding the first self - antigen or is within about 10 , 20 , 30 , 
40 , 50 , 100 , 200 , 300 , 400 , 500 , or 1 , 000 nucleotides of the 
start codon , and the second guide RNA recognition sequence 
comprises the stop codon for the gene encoding the first 
self - antigen or is within about 10 , 20 , 30 , 40 , 50 , 100 , 200 , 
300 , 400 , 500 , or 1 , 000 nucleotides of the stop codon . 
Optionally , the first guide RNA recognition sequence com 
prises the start codon , and the second guide RNA recogni 
tion sequence comprises the stop codon . In some such 
methods , the first guide RNA recognition sequence com 
prises a first Cas9 cleavage site and the second guide RNA 
recognition sequence comprises a second Cas9 cleavage 
site , wherein the first target genomic locus is modified to 
comprise a deletion between the first and second Cas9 
cleavage sites . Optionally , the deletion is a precise deletion , 
wherein the deleted nucleic acid sequence consists of the 
nucleic acid sequence between the first and second Cas9 
cleavage sites . 
[ 0016 ] In some such methods , the first and second guide 
RNA recognition sequences are different , and each of the 
first and second guide RNA recognition sequences com 
prises the start codon for the gene encoding the first self 
antigen or is within about 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 
400 , 500 , or 1 , 000 nucleotides of the start codon . Optionally , 
each of the first and second guide RNA recognition 
sequences comprises the start codon . 
[ 0017 ] In some such methods , the first nucleic acid 
sequence and / or second nucleic acid sequence are obtained 
from a lymphocyte of the genetically modified non - human 
animal or from a hybridoma produced from the lymphocyte . 
[ 0018 ] In some such methods , the non - human animal 
comprises a humanized immunoglobulin locus . In some 
such methods , the non - human animal is a rodent . In some 
such methods , the rodent is a mouse . Optionally , the mouse 
strain comprises a BALB / c strain . Optionally , the mouse 
strain comprises BALB / c , C57BL / 6 , and 129 strains . 
Optionally , the mouse strain is 50 % BALB / c , 25 % C57BL / 
6 , and 25 % 129 . Optionally , the MHC haplotype of the 
mouse is MHCbld . 
[ 0019 ] In some such methods , the mouse comprises in its 
germline human unrearranged variable region gene seg 
ments inserted at an endogenous mouse immunoglobulin 
locus . Optionally , the human unrearranged variable region 
gene segments are heavy chain gene segments , and the 
mouse immunoglobulin locus is a heavy chain locus . 
Optionally , the human unrearranged variable region gene 
segments are light chain segments , and the mouse immu 
noglobulin locus is a light chain locus . Optionally , the light 
chain gene segments are human kappa or lambda light chain 
gene segments . In some such methods , the mouse comprises 
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in its germline human unrearranged variable region gene 
segments operably linked to a mouse constant region gene , 
wherein the mouse lacks a human constant region gene , and 
wherein the mouse constant region gene is at an endogenous 
mouse immunoglobulin locus . In some such methods , the 
mouse comprises : ( a ) a hybrid heavy chain locus comprising 
an insertion of the human immunoglobulin heavy chain V , 
D , and J gene segments , wherein the human heavy chain 
immunoglobulin V , D , and J gene segments are operably 
linked to a mouse immunoglobulin heavy chain gene , 
wherein the mouse immunoglobulin heavy chain gene is at 
an endogenous mouse immunoglobulin locus ; and ( b ) a 
hybrid light chain locus comprising an insertion of human 
immunoglobulin light chain V and J gene segments , wherein 
the human V and J gene segments are operably linked to a 
mouse immunoglobulin light chain constant region gene 
sequence ; wherein ( a ) rearranges to form a hybrid heavy 
chain sequence comprising a human variable region oper 
ably linked to a mouse constant region , and ( b ) rearranges to 
form a hybrid light chain sequence comprising a human 
variable region operably linked to a mouse constant region , 
and wherein the mouse is incapable of forming an antibody 
that comprises a human variable region and a human con 
stant region . In some such methods , the mouse comprises a 
modification of an immunoglobulin heavy chain locus , 
wherein the modification reduces or eliminates endogenous 
ADAM6 function , and wherein the mouse comprises an 
ectopic nucleic acid sequence encoding a mouse ADAM6 
protein , an ortholog thereof , a homolog thereof , or a frag 
ment thereof , wherein the ADAM6 protein , ortholog thereof , 
homolog thereof , or fragment thereof is functional in a male 
mouse . Optionally , the ectopic nucleic acid sequence encod 
ing the mouse ADAM6 protein , ortholog thereof , homolog 
thereof , or fragment thereof is present at the human heavy 
chain variable region locus . Optionally , the ectopic nucleic 
acid sequence encoding the mouse ADAM6 protein , 
ortholog thereof , homology thereof , or fragment thereof is 
present at a location other than the human heavy chain 
variable region locus . 
[ 0020 ] In some such methods , the mouse comprises in its 
germline a humanized immunoglobulin light chain variable 
locus comprising no more than one or no more than two 
rearranged human light chain V / J sequences operably linked 
to a light chain constant region . Optionally , the light chain 
constant region gene is a mouse gene . In some such meth 
ods , the mouse further comprises a humanized immuno 
globulin heavy chain variable locus comprising at least one 
unrearranged human V , at least one unrearranged human D , 
and at least one unrearranged human J segment operably 
linked to a heavy chain constant region gene . Optionally , the 
heavy chain constant region gene is a mouse gene . In some 
such methods , the mouse comprises a humanized heavy 
chain immunoglobulin variable locus and a humanized light 
chain immunoglobulin variable locus , wherein the mouse 
expresses a single light chain . In some such methods , the 
mouse comprises : ( a ) a single rearranged human immuno 
globulin light chain variable region ( V L ) that encodes a 
human V domain of an immunoglobulin light chain , 
wherein the single rearranged human Vz / region is 
selected from a human VK1 - 39 / J gene segment or a human 
VK3 - 20 / J gene segment ; and ( b ) a replacement of endog 
enous heavy chain variable ( VH ) gene segments with one or 
more human VH gene segments , wherein the human Vu . 
gene segments are operably linked to an endogenous heavy 

chain constant ( Ch ) region gene , and the human Vh gene 
segments are capable of rearranging and forming a human / 
mouse chimeric heavy chain gene . In some such methods , 
the mouse expresses a population of antibodies , and the 
mouse ' s germline includes only a single immunoglobulin 
kappa light chain variable region gene that is a rearranged 
human germline kappa light chain variable region gene , 
wherein the mouse is either heterozygous for the single 
immunoglobulin kappa light chain variable region gene in 
that it contains only one copy , or is homozygous for the 
single immunoglobulin kappa light chain variable region 
gene in that it contains two copies , the mouse being char 
acterized by active affinity maturation so that : ( i ) each 
immunoglobulin kappa light chain of the population com 
prises a light chain variable domain that is encoded by the 
rearranged human germline kappa light chain variable 
region gene , or by a somatically mutated variant thereof ; ( ii ) 
the population includes antibodies comprising the immuno 
globulin kappa light chains whose light chain variable 
domain is encoded by the rearranged human germline kappa 
light chain variable region gene and antibodies comprising 
the immunoglobulin kappa light chains whose light chain 
variable domain is encoded by the somatically mutated 
variants thereof ; and ( iii ) the mouse generates a diverse 
collection of somatically mutated high affinity heavy chains 
that successfully pair with the immunoglobulin kappa light 
chains to form the antibodies of the population . Optionally , 
the mouse is heterozygous or homozygous in its germline 
for : ( a ) an insertion at an endogenous mouse k immuno 
globulin light chain variable region locus of a rearranged 
VK / JK sequence comprising : ( i ) a single human germline VK 
sequence , which single human germline VK sequence is 
present in SEQ ID NO : 148 or SEQ ID NO : 149 ; and ( ii ) a 
single human germline JK sequence , wherein the rearranged 
VK / JK sequence is operably linked to the endogenous mouse 
K constant region ; and ( b ) an insertion at an endogenous 
mouse immunoglobulin heavy chain variable region locus of 
a plurality of human immunoglobulin heavy chain variable 
region gene segments , wherein the human immunoglobulin 
heavy chain variable region gene segments are operably 
linked to an endogenous mouse immunoglobulin heavy 
chain constant region , and the human immunoglobulin 
heavy chain variable region gene segments are capable of 
rearranging and forming a rearranged human / mouse chime 
ric immunoglobulin heavy chain gene . In some such meth 
ods , the mouse comprises a modification of an immuno 
globulin heavy chain locus , wherein the modification 
reduces or eliminates endogenous ADAM6 function , and 
wherein the mouse comprises an ectopic nucleic acid 
sequence encoding a mouse ADAM6 protein , an ortholog 
thereof , a homolog thereof , or a fragment thereof , wherein 
the ADAM6 protein , ortholog thereof , homolog thereof , or 
fragment thereof is functional in a male mouse . Optionally , 
the ectopic nucleic acid sequence encoding the mouse 
ADAM6 protein , ortholog thereof , homolog thereof , or 
fragment thereof is present at the human heavy chain 
variable region locus . Optionally , the ectopic nucleic acid 
sequence encoding the mouse ADAM6 protein , ortholog 
thereof , homology thereof , or fragment thereof is present at 
a location other than the human heavy chain variable region 
locus . 
[ 0021 ] In some such methods , the mouse has a genome 
comprising a modification of an immunoglobulin heavy 
chain locus , wherein the modification reduces or eliminates 
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endogenous ADAM6 function , and the mouse further com 
prises a nucleic acid sequence encoding a non - human animal 
ADAM6 protein or an ortholog or homolog thereof or a 
functional fragment of the corresponding ADAM6 protein . 
Optionally , the mouse ' s genome comprises : ( a ) ectopic 
placement of an ADAM6 gene ; and ( b ) a human immuno 
globulin heavy chain variable region locus comprising an 
insertion of one or more human Vh gene segments , one or 
more human Dy gene segments , and one or more human J , 
gene segments into the endogenous non - human animal 
heavy chain locus , wherein the human Vy , D , and Jy gene 
segments are operably linked to a heavy chain constant 
region gene ; so that the mouse is characterized in that : ( i ) it 
is fertile ; and ( ii ) when it is immunized with an antigen , it 
generates antibodies comprising heavy chain variable 
domains encoded by the one or more human Vy , one or 
more human Dh , and one or more human Jh gene segments , 
operably linked to heavy chain constant domains encoded by 
the heavy chain constant region gene , wherein the antibodies 
show specific binding to the antigen . 
[ 0022 ] . In some such methods , the non - human animal is a 
mouse that is at least partially derived from a BALB / c strain , 
wherein the mouse comprises a humanized immunoglobulin 
locus , wherein the foreign antigen of interest is all or part of 
a human protein that is orthologous to the first self - antigen , 
and the first target genomic locus comprises all or part of a 
gene encoding the first self - antigen , wherein the first guide 
RNA recognition site comprises the start codon for the gene 
encoding the first self - antigen and the second guide RNA 
recognition site comprises the stop codon for the gene 
encoding the first self - antigen , and wherein the modification 
comprises a homozygous deletion of all or part of the gene 
encoding the first self - antigen , whereby expression of the 
first - self - antigen is eliminated . Optionally , the mouse com 
prises : ( a ) an ectopic nucleic acid sequence encoding a 
mouse ADAM6 protein , an ortholog thereof , a homolog 
thereof , or a fragment thereof , wherein the ADAM6 protein , 
ortholog thereof , homolog thereof , or fragment thereof is 
functional in a male mouse ; ( b ) a hybrid heavy chain locus 
comprising an insertion of the human immunoglobulin 
heavy chain V , D , and J gene segments , wherein the human 
heavy chain immunoglobulin V , D , and J gene segments are 
operably linked to a mouse immunoglobulin heavy chain 
gene , wherein the mouse immunoglobulin heavy chain gene 
is at an endogenous mouse immunoglobulin locus ; and ( c ) a 
hybrid light chain locus comprising an insertion of human 
immunoglobulin light chain V and I gene segments , wherein 
the human V and J gene segments are operably linked to a 
mouse immunoglobulin light chain constant region gene 
sequence ; wherein ( b ) rearranges to form a hybrid heavy 
chain sequence comprising a human variable region oper 
ably linked to a mouse constant region , and ( c ) rearranges to 
form a hybrid light chain sequence comprising a human 
variable region operably linked to a mouse constant region , 
and wherein the mouse is incapable of forming an antibody 
that comprises a human variable region and a human con 
stant region . Optionally , the mouse is heterozygous or 
homozygous in its germline for : ( a ) an ectopic nucleic acid 
sequence encoding a mouse ADAM6 protein , an ortholog 
thereof , a homolog thereof , or a fragment thereof , wherein 
the ADAM6 protein , ortholog thereof , homolog thereof , or 
fragment thereof is functional in a male mouse ; ( b ) an 
insertion at an endogenous mouse k immunoglobulin light 
chain variable region locus of a rearranged VK / JK sequence 

comprising : ( i ) a single human germline VK sequence , 
which single human germline VK sequence is present in 
SEQ ID NO : 148 or SEQ ID NO : 149 ; and ( ii ) a single 
human germline JK sequence , wherein the rearranged VK / JK 
sequence is operably linked to the endogenous mouse K 
constant region ; and ( c ) an insertion at an endogenous 
mouse immunoglobulin heavy chain variable region locus of 
a plurality of human immunoglobulin heavy chain variable 
region gene segments , wherein the human immunoglobulin 
heavy chain variable region gene segments are operably 
linked to an endogenous mouse immunoglobulin heavy 
chain constant region , and the human immunoglobulin 
heavy chain variable region gene segments are capable of 
rearranging and forming a rearranged human / mouse chime 
ric immunoglobulin heavy chain gene . 
[ 0023 ] In some such methods , wherein the non - human 
animal is a mouse that is at least partially derived from a 
BALB / c strain , wherein the mouse comprises a humanized 
immunoglobulin locus , wherein the foreign antigen of inter 
est is all or part of a human protein that is orthologous to the 
first self - antigen , and the first target genomic locus com 
prises all or part of a gene encoding the first self - antigen , 
wherein the first guide RNA recognition site comprises the 
start codon for the gene encoding the first self - antigen and 
the second guide RNA recognition site comprises the stop 
codon for the gene encoding the first self - antigen , and 
wherein the modification comprises homozygous disruption 
of the start codon for the gene encoding the first self - antigen , 
whereby expression of the first self - antigen is eliminated . 
Optionally , the mouse comprises : ( a ) an ectopic nucleic acid 
sequence encoding a mouse ADAM6 protein , an ortholog 
thereof , a homolog thereof , or a fragment thereof , wherein 
the ADAM6 protein , ortholog thereof , homolog thereof , or 
fragment thereof is functional in a male mouse ; ( b ) a hybrid 
heavy chain locus comprising an insertion of the human 
immunoglobulin heavy chain V , D , and J gene segments , 
wherein the human heavy chain immunoglobulin V , D , and 
J gene segments are operably linked to a mouse immuno 
globulin heavy chain gene , wherein the mouse immuno 
globulin heavy chain gene is at an endogenous mouse 
immunoglobulin locus ; and ( c ) a hybrid light chain locus 
comprising an insertion of human immunoglobulin light 
chain V and J gene segments , wherein the human V and J 
gene segments are operably linked to a mouse immuno 
globulin light chain constant region gene sequence ; wherein 
( b ) rearranges to form a hybrid heavy chain sequence 
comprising a human variable region operably linked to a 
mouse constant region , and ( c ) rearranges to form a hybrid 
light chain sequence comprising a human variable region 
operably linked to a mouse constant region , and wherein the 
mouse is incapable of forming an antibody that comprises a 
human variable region and a human constant region . Option 
ally , the mouse is heterozygous or homozygous in its ger 
mline for : ( a ) an ectopic nucleic acid sequence encoding a 
mouse ADAM6 protein , an ortholog thereof , a homolog 
thereof , or a fragment thereof , wherein the ADAM6 protein , 
ortholog thereof , homolog thereof , or fragment thereof is 
functional in a male mouse ; ( b ) an insertion at an endog 
enous mouse k immunoglobulin light chain variable region 
locus of a rearranged VK / JK sequence comprising : ( i ) a 
single human germline VK sequence , which single human 
germline Vk sequence is present in SEQ ID NO : 148 or SEQ 
ID NO : 149 ; and ( ii ) a single human germline JK sequence , 
wherein the rearranged VK / JK sequence is operably linked to 
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the endogenous mouse K constant region ; and ( c ) an inser - 
tion at an endogenous mouse immunoglobulin heavy chain 
variable region locus of a plurality of human immunoglobu 
lin heavy chain variable region gene segments , wherein the 
human immunoglobulin heavy chain variable region gene 
segments are operably linked to an endogenous mouse 
immunoglobulin heavy chain constant region , and the 
human immunoglobulin heavy chain variable region gene 
segments are capable of rearranging and forming a rear 
ranged human / mouse chimeric immunoglobulin heavy 
chain gene . 
[ 0024 ] In some methods , the non - human animal pluripo 
tent cell is a hybrid cell , and the method further comprises : 
( a ' ) comparing the sequence of corresponding first and 
second chromosomes in a homologous chromosome pair 
within the first target genomic locus , and selecting a target 
region within the first target genomic locus prior to the 
contacting step ( a ) based on the target region having a higher 
percentage of sequence identity between the corresponding 
first and second chromosomes in the homologous chromo 
some pair relative to all or part of the remainder of the first 
target genomic locus . Optionally , the target region has a 
higher percentage of sequence identity between the corre 
sponding first and second chromosomes in the homologous 
chromosome pair relative to the remainder of the first target 
genomic locus . Optionally , the target region has at least 
99 . 9 % sequence identity between the corresponding first and 
second chromosomes , and the remainder of the first target 
genomic locus has no more than 99 . 8 % sequence identity 
between the corresponding first and second chromosomes . 
Optionally , the target region is identical in the corresponding 
first and second chromosomes in the homologous chromo 
some pair . Optionally , the target region is within the longest 
possible stretch of contiguous allelic sequence identity 
within the first target genomic locus . 
[ 0025 ] . In some such methods , the target region comprises , 
consists essentially of , or consists of the first guide RNA 
recognition sequence and at least 10 bp , 20 bp , 30 bp , 40 bp , 
50 bp , 100 bp , 200 bp , 300 bp , 400 bp , 500 bp , 600 bp , 700 
bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 
6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 kb , 
60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 kb , 130 kb , 
140 kb , or 150 kb of flanking sequence on the 5 ' side , the 3 ' 
side , or each side of the first guide RNA recognition 
sequence , and the second guide RNA recognition sequence 
and at least 10 bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 
bp , 300 bp , 400 bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 
1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 
kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 
90 kb , 100 kb , 110 kb , 120 kb , 130 kb , 140 kb , or 150 kb of 
flanking sequence on the 5 ' side , the 3 ' side , or each side of 
the second guide RNA recognition sequence . Optionally , 
step ( a ' ) comprises comparing two or more segments of the 
first target genomic locus , wherein each segment comprises , 
consists essentially of , or consists of a different guide RNA 
recognition sequence not present elsewhere in the genome 
and at least 10 bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 
bp , 300 bp , 400 bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 
1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 
kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 
90 kb , 100 kb , 110 kb , 120 kb , 130 kb , 140 kb , or 150 kb of 
flanking sequence on the 5 ' side , the 3 ' side , or each side of 
the different guide RNA recognition sequence , and selecting 
as the target region the two segments having the highest 

percentage of sequence identity relative to the other seg 
ments . Optionally , the one or more segments comprise , 
consist essentially of , or consist of segments corresponding 
with each different guide RNA recognition sequence in the 
first target genomic locus but not present elsewhere in the 
genome . 
[ 0026 ] In some such methods , the target region comprises , 
consists essentially of , or consists of the region between the 
first and second guide RNA recognition sequences . Option 
ally , step ( a ' ) comprises comparing two or more segments of 
the first target genomic locus , wherein each segment com 
prises , consists essentially of , or consists of the region 
between a different pair of guide RNA recognition 
sequences , wherein the guide RNA recognition sequences 
are not present elsewhere in the genome , and selecting as the 
target region the segment having the highest percentage of 
sequence identity relative to the other segments . Optionally , 
the one or more segments comprise , consist essentially of , or 
consist of segments corresponding with each different pair 
of guide RNA recognition sequences in the first target 
genomic locus , wherein the guide RNA recognition 
sequences are not present elsewhere in the genome . 
[ 0027 ] In some such methods , the target region comprises , 
consists essentially of , or consists of the region between the 
first and second guide RNA recognition sequences and at 
least 10 bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 300 
bp , 400 bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 1 , 000 
bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 
kb , 20 kb , 30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 
100 kb , 110 kb , 120 kb , 130 kb , 140 kb , or 150 kb of flanking 
sequence on the 5 ' side , the 3 ' side , or each side of the 
genomic region between the first and second guide RNA 
recognition sequences . Optionally , step ( a ' ) comprises com 
paring two or more segments of the first target genomic 
locus , wherein each segment comprises , consists essentially 
of , or consists of the region between a different pair of guide 
RNA recognition sequences and at least 10 bp , 20 bp , 30 bp , 
40 bp , 50 bp , 100 bp , 200 bp , 300 bp , 400 bp , 500 bp , 600 
bp , 700 bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 
5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 
kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 kb , 130 
kb , 140 kb , or 150 kb of flanking sequence on the 5 ' side , the 
3 ' side , or each side of the genomic region between the 
different pair of guide RNA recognition sequences , wherein 
the guide RNA recognition sequences are not present else 
where in the genome , and selecting as the target region the 
segment having the highest percentage of sequence identity 
relative to the other segments . Optionally , the one or more 
segments comprise , consist essentially of , or consist of 
segments corresponding with each different pair of guide 
RNA recognition sequences in the first target genomic locus , 
wherein the guide RNA recognition sequences are not 
present elsewhere in the genome . 
[ 0028 ] In some such methods , wherein the target region 
comprises , consists essentially of , or consists of at least 10 
bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 300 bp , 400 
bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 
2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 
30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 
kb , 120 kb , 130 kb , 140 kb , or 150 kb of flanking sequence 
on the 5 ' side , the 3 ' side , or each side of the genomic region 
between the first and second guide RNA recognition 
sequences . Optionally , step ( a ' ) comprises comparing two or 
more non - contiguous segments of the first target genomic 
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locus , wherein each non - contiguous segment comprises , 
consists essentially of , or consists of at least 10 bp , 20 bp , 
30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 300 bp , 400 bp , 500 bp , 
600 bp , 700 bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 2 kb , 3 kb , 
4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 
kb , 50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 
kb , 130 kb , 140 kb , or 150 kb of flanking sequence on the 
5 ' side , the 3 ' side , or each side of the genomic region 
between a different pair of guide RNA recognition 
sequences , wherein the guide RNA recognition sequences 
are not present elsewhere in the genome , and selecting as the 
target region the non - contiguous segment having the highest 
percentage of sequence identity relative to the other non 
contiguous segments . Optionally , the one or more non 
contiguous segments comprise , consist essentially of , or 
consist of non - contiguous segments corresponding with 
each different pair of guide RNA recognition sequences in 
the first target genomic locus , wherein the guide RNA 
recognition sequences are not present elsewhere in the 
genome . 
[ 0029 ] In some such methods , the target region comprises , 
consists essentially of , or consists of at least 10 bp , 20 bp , 
30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 300 bp , 400 bp , 500 bp , 
600 bp , 700 bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 2 kb , 3 kb , 
4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 
kb , 50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 
kb , 130 kb , 140 kb , or 150 kb of flanking sequence on each 
side of the genomic region between the first and second 
guide RNA recognition sequences . Optionally , step ( a ' ) 
comprises comparing two or more non - contiguous segments 
of the first target genomic locus , wherein each non - contigu 
ous segment comprises , consists essentially of , or consists of 
at least 10 bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 
300 bp , 400 bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 
1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 
kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 
90 kb , 100 kb , 110 kb , 120 kb , 130 kb , 140 kb , or 150 kb of 
flanking sequence on each side of the genomic region 
between a different pair of guide RNA recognition 
sequences , wherein the guide RNA recognition sequences 
are not present elsewhere in the genome , and selecting as the 
target region the non - contiguous segment having the highest 
percentage of sequence identity relative to the other non 
contiguous segments . Optionally , the one or more non 
contiguous segments comprise , consist essentially of , or 
consist of non - contiguous segments corresponding with 
each different pair of guide RNA recognition sequences in 
the first target genomic locus , wherein the guide RNA 
recognition sequences are not present elsewhere in the 
genome . 
[ 0030 ] In some such methods , the target region in step ( a ' ) 
comprises , consists essentially of , or consists of the region 
flanked by the 5 ' and 3 ' target sequences . In some such 
methods , the target region in step ( a ' ) comprises , consists 
essentially of , or consists of the region flanked by and 
including the 5 ' and 3 ' target sequences . In some such 
methods , the target region in step ( a ' ) comprises , consists 
essentially of , or consists of the 5 ' target sequence and / or the 
3 ' target sequence . Optionally , the target genomic locus in 
step ( a ' ) comprises , consists essentially of , or consists of the 
5 ' target sequence and the 3 ' target sequence . In some such 
methods , the target region in step ( a ' ) comprises , consists 
essentially of , or consists of the region between the 5 ' and 3 ' 
target sequences and at least 10 bp , 20 bp , 30 bp , 40 bp , 50 

bp , 100 bp , 200 bp , 300 bp , 400 bp , 500 bp , 600 bp , 700 bp , 
800 bp , 900 bp , 1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 
7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 kb , 60 kb , 
70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 kb , 130 kb , 140 kb , 
or 150 kb of flanking sequence on the 5 ' side , the 3 ' side , or 
each side of the region between the 5 and 3 ' target 
sequences . In some such methods , the target region in step 
( a ' ) comprises , consists essentially of , or consists of the 
region between the 5 ' and 3 ' target sequences and at least 10 
bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 300 bp , 400 
bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 
2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 
30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 
kb , 120 kb , 130 kb , 140 kb , or 150 kb of flanking sequence 
on each side of the region between the 5 ' and 3 ' target 
sequences . In some such methods , the target region in step 
( a ' ) comprises , consists essentially of , or consists of at least 
10 bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 300 bp , 
400 bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 1 , 000 bp , 
1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 
20 kb , 30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 
kb , 110 kb , 120 kb , 130 kb , 140 kb , or 150 kb of flanking 
sequence on the 5 ' side , the 3 ' side , or each side of the region 
between the 5 ' and 3 ' target sequences . In some such 
methods , the target region in step ( a ' ) comprises , consists 
essentially of , or consists of at least 10 bp , 20 bp , 30 bp , 40 
bp , 50 bp , 100 bp , 200 bp , 300 bp , 400 bp , 500 bp , 600 bp , 
700 bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 
kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 
kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 kb , 130 
kb , 140 kb , or 150 kb of flanking sequence on each side of 
the region between the 5 ' and 3 ' target sequences . 
[ 0031 ] In another aspect , the invention provides a method 
of making a non - human animal with reduced tolerance of a 
foreign antigen of interest , comprising : ( a ) contacting the 
genome of a non - human animal one - cell stage embryo with : 
( i ) a Cas9 protein ; ( ii ) a first guide RNA that hybridizes to 
a first guide RNA recognition sequence within a first target 
genomic locus , wherein the first target genomic locus affects 
expression of a first self - antigen homologous to or sharing 
an epitope of interest with the foreign antigen of interest ; and 
( iii ) a second guide RNA that hybridizes to a second guide 
RNA recognition sequence within the first target genomic 
locus ; wherein the first target genomic locus is modified in 
a pair of first and second chromosomes to produce a biallelic 
modification , wherein the modified non - human animal one 
cell stage embryo in which expression of the first self 
antigen is decreased ; and ( b ) implanting the modified non 
human animal one - cell stage embryo into a surrogate mother 
to produce a genetically modified F0 generation non - human 
animal in which the first target genomic locus is modified in 
the pair of first and second chromosomes such that expres 
sion of the first self - antigen is decreased . Optionally , the 
contacting comprises introducing the Cas9 protein , the first 
guide RNA , and the second guide RNA into the non - human 
animal one - cell stage embryo via nucleofection . Optionally , 
the Cas9 protein is introduced into the non - human animal 
one - cell stage embryo in the form of a DNA encoding the 
Cas9 protein , the first guide RNA is introduced into the 
non - human animal one - cell stage embryo in the form of a 
DNA encoding the first guide RNA , and the second guide 
RNA is introduced into the non - human animal one - cell stage 
embryo in the form of a DNA encoding the second guide 
RNA . 
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[ 0032 ] In some such methods , contacting step ( a ) further 
comprises contacting the genome with : ( iv ) a third guide 
RNA that hybridizes to a third guide RNA recognition 
sequence within the first target genomic locus ; and / or ( v ) a 
fourth guide RNA that hybridizes to a fourth guide RNA 
recognition sequence within the first target genomic locus . 
In some such methods , contacting step ( a ) further comprises 
contacting the genome with : ( iv ) a third guide RNA that 
hybridizes to a third guide RNA recognition sequence within 
a second target genomic locus , wherein the second target 
genomic locus affects expression of the first self - antigen or 
a second self - antigen homologous to or sharing an epitope of 
interest with the foreign antigen of interest ; and / or ( v ) a 
fourth guide RNA that hybridizes to a fourth guide RNA 
recognition sequence within the second target genomic 
locus . 
[ 0033 ] In some such methods , the contacting step ( a ) 
further comprises contacting the genome with an exogenous 
repair template comprising a 5 ' homology arm that hybrid 
izes to a 5 ' target sequence at the target genomic locus and 
a 3 ' homology arm that hybridizes to a 3 ' target sequence at 
the target genomic locus , wherein the exogenous repair 
template is between about 50 nucleotides to about 5 kb in 
length . Optionally , the exogenous repair template further 
comprises a nucleic acid insert flanked by the 5 ' homology 
arm and the 3 ' homology arm . In some such methods , the 
nucleic acid insert is homologous or orthologous to the first 
target genomic locus . In some such methods , the exogenous 
repair template is between about 50 nucleotides to about 1 
kb in length . In some such methods , the exogenous repair 
template is between about 80 nucleotides to about 200 
nucleotides in length . In some such methods , the exogenous 
repair template is a single - stranded oligodeoxynucleotide . 
[ 0034 ] Some such methods further comprise : ( c ) immu 
nizing the genetically modified FO generation non - human 
animal produced in step ( b ) with the foreign antigen of 
interest ; ( d ) maintaining the genetically modified FO gen 
eration non - human animal under conditions sufficient to 
initiate an immune response to the foreign antigen of inter 
est ; and ( e ) obtaining a first nucleic acid sequence encoding 
a human immunoglobulin heavy chain variable domain 
and / or a second nucleic acid sequence encoding a human 
immunoglobulin light chain variable domain from the 
genetically modified FO generation non - human animal . 
[ 0035 ] In some such methods , antigen - binding proteins 
against the foreign antigen of interest obtained following 
immunization of the genetically modified FO generation 
non - human animal with the foreign antigen of interest have 
a higher titer than antigen - binding proteins obtained follow 
ing immunization of a control non - human animal that is wild 
type at the first target genomic locus . In some such methods , 
a more diverse repertoire of antigen - binding proteins against 
the foreign antigen of interest is obtained following immu 
nization of the genetically modified FO generation non 
human animal with the foreign antigen of interest compared 
with antigen - binding proteins obtained following immuni 
zation of a control non - human animal that is wild type at the 
first target genomic locus . 
[ 0036 ] In some such methods , expression of the first 
self - antigen is eliminated . 
[ 0037 ] In some such methods , the foreign antigen of 
interest is an ortholog of the first self - antigen . In some such 
methods , the foreign antigen of interest comprises , consists 
essentially of , or consists of all or part of a human protein . 

[ 0038 ] In some such methods , the first target genomic 
locus is modified to comprise an insertion of one or more 
nucleotides , a deletion of one or more nucleotides , or a 
replacement of one or more nucleotides . In some such 
methods , the first target genomic locus is modified to 
comprise a deletion of one or more nucleotides . In some 
such methods , contacting step ( a ) comprises contacting the 
genome with an exogenous repair template comprising a 5 ' 
homology arm that hybridizes to a 5 ' target sequence at the 
target genomic locus and a 3 ' homology arm that hybridizes 
to a 3 ' target sequence at the target genomic locus , provided 
that if the genome is in a one - cell stage embryo the exog 
enous repair template is no more than 5 kb in length , wherein 
the exogenous repair template comprises a nucleic acid 
insert flanked by the 5 ' homology arm and the 3 ' homology 
arm , wherein the nucleic acid insert is homologous or 
orthologous to the deleted nucleic acid sequence , and 
wherein the nucleic acid insert replaces the deleted nucleic 
acid sequence . In some such methods , the deletion is a 
precise deletion without random insertions and deletions 
( indels ) . In some such methods , contacting step ( a ) com 
prises contacting the genome with an exogenous repair 
template comprising a 5 ' homology arm that hybridizes to a 
5 ' target sequence at the target genomic locus and a 3 
homology arm that hybridizes to a 3 ' target sequence at the 
target genomic locus , provided that if the genome is in a 
one - cell stage embryo the exogenous repair template is no 
more than 5 kb in length , wherein the deleted nucleic acid 
sequence consists of the nucleic acid sequence between the 
5 ' and 3 ' target sequences . 
[ 0039 ] In some such methods , the first target genomic 
locus comprises , consists essentially of , or consists of all or 
part of a gene encoding the first self - antigen . In some such 
methods , the modification comprises , consists essentially of , 
or consists of homozygous deletion of all or part of the gene 
encoding the first self - antigen . In some such methods , the 
modification comprises , consists essentially of , or consists 
of homozygous disruption of the start codon of the gene 
encoding the first self - antigen . 
[ 0040 ] In some such methods , the first guide RNA recog 
nition sequence comprises the start codon for the gene 
encoding the first self - antigen or is within about 10 , 20 , 30 , 
40 , 50 , 100 , 200 , 300 , 400 , 500 , or 1 , 000 nucleotides of the 
start codon , and the second guide RNA recognition sequence 
comprises the stop codon for the gene encoding the first 
self - antigen or is within about 10 , 20 , 30 , 40 , 50 , 100 , 200 , 
300 , 400 , 500 , or 1 , 000 nucleotides of the stop codon . 
Optionally , the first guide RNA recognition sequence com 
prises the start codon , and the second guide RNA recogni 
tion sequence comprises the stop codon . In some such 
methods , the first guide RNA recognition sequence com 
prises a first Cas9 cleavage site and the second guide RNA 
recognition sequence comprises a second Cas9 cleavage 
site , wherein the first target genomic locus is modified to 
comprise a deletion between the first and second Cas9 
cleavage sites . Optionally , the deletion is a precise deletion , 
wherein the deleted nucleic acid sequence consists of the 
nucleic acid sequence between the first and second Cas9 
cleavage sites . 
[ 0041 ] In some such methods , the first and second guide 
RNA recognition sequences are different , and each of the 
first and second guide RNA recognition sequences com 
prises the start codon for the gene encoding the first self 
antigen or is within about 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 
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400 , 500 , or 1 , 000 nucleotides of the start codon . Optionally , 
each of the first and second guide RNA recognition 
sequences comprises the start codon . 
[ 0042 ] In some such methods , the first nucleic acid 
sequence and / or second nucleic acid sequence are obtained 
from a lymphocyte of the genetically modified non - human 
animal or from a hybridoma produced from the lymphocyte . 
[ 0043 ] In some such methods , the non - human animal 
comprises a humanized immunoglobulin locus . In some 
such methods , the non - human animal is a rodent . In some 
such methods , the rodent is a mouse . Optionally , the mouse 
strain comprises a BALB / c strain . Optionally , the mouse 
strain comprises BALB / c , C57BL / 6 , and 129 strains . 
Optionally , the mouse strain is 50 % BALB / c , 25 % C57BL / 
6 , and 25 % 129 . Optionally , the MHC haplotype of the 
mouse is MHCbd . 
[ 0044 ] In some such methods , the mouse comprises in its 
germline human unrearranged variable region gene seg 
ments inserted at an endogenous mouse immunoglobulin 
locus . Optionally , the human unrearranged variable region 
gene segments are heavy chain gene segments , and the 
mouse immunoglobulin locus is a heavy chain locus . 
Optionally , the human unrearranged variable region gene 
segments are light chain segments , and the mouse immu 
noglobulin locus is a light chain locus . Optionally , the light 
chain gene segments are human kappa or lambda light chain 
gene segments . In some such methods , the mouse comprises 
in its germline human unrearranged variable region gene 
segments operably linked to a mouse constant region gene , 
wherein the mouse lacks a human constant region gene , and 
wherein the mouse constant region gene is at an endogenous 
mouse immunoglobulin locus . In some such methods , the m 

mouse comprises : ( a ) a hybrid heavy chain locus comprising 
an insertion of the human immunoglobulin heavy chain V , 
D , and J gene segments , wherein the human heavy chain 
immunoglobulin V , D , and J gene segments are operably 
linked to a mouse immunoglobulin heavy chain gene , 
wherein the mouse immunoglobulin heavy chain gene is at 
an endogenous mouse immunoglobulin locus ; and ( b ) a 
hybrid light chain locus comprising an insertion of human 
immunoglobulin light chain V and I gene segments , wherein 
the human V and J gene segments are operably linked to a 
mouse immunoglobulin light chain constant region gene 
sequence ; wherein ( a ) rearranges to form a hybrid heavy 
chain sequence comprising a human variable region oper 
ably linked to a mouse constant region , and ( b ) rearranges to 
form a hybrid light chain sequence comprising a human 
variable region operably linked to a mouse constant region , 
and wherein the mouse is incapable of forming an antibody 
that comprises a human variable region and a human con 
stant region . In some such methods , the mouse comprises a 
modification of an immunoglobulin heavy chain locus 
wherein the modification reduces or eliminates endogenous 
ADAM6 function , and wherein the mouse comprises an 
ectopic nucleic acid sequence encoding a mouse ADAM6 
protein , an ortholog thereof , a homolog thereof , or a frag 
ment thereof , wherein the ADAM6 protein , ortholog thereof , 
homolog thereof , or fragment thereof is functional in a male 
mouse . Optionally , the ectopic nucleic acid sequence encod 
ing the mouse ADAM6 protein , ortholog thereof , homolog 
thereof , or fragment thereof is present at the human heavy 
chain variable region locus . Optionally , the ectopic nucleic 
acid sequence encoding the mouse ADAM6 protein , 

ortholog thereof , homology thereof , or fragment thereof is 
present at a location other than the human heavy chain 
variable region locus . 
[ 0045 ] In some such methods , the mouse comprises in its 
germline a humanized immunoglobulin light chain variable 
locus comprising no more than one or no more than two 
rearranged human light chain V / J sequences operably linked 
to a light chain constant region . Optionally , the light chain 
constant region gene is a mouse gene . In some such meth 
ods , the mouse further comprises a humanized immuno 
globulin heavy chain variable locus comprising at least one 
unrearranged human V , at least one unrearranged human D , 
and at least one unrearranged human J segment operably 
linked to a heavy chain constant region gene . Optionally , the 
heavy chain constant region gene is a mouse gene . In some 
such methods , the mouse comprises a humanized heavy 
chain immunoglobulin variable locus and a humanized light 
chain immunoglobulin variable locus , wherein the mouse 
expresses a single light chain . In some such methods , the 
mouse comprises : ( a ) a single rearranged human immuno 
globulin light chain variable region ( V / J ) that encodes a 
human V domain of an immunoglobulin light chain , 
wherein the single rearranged human Vz / region is 
selected from a human Vk1 - 39 / J gene segment or a human 
VK3 - 20 / J gene segment ; and ( b ) a replacement of endog 
enous heavy chain variable ( V ) gene segments with one or 
more human VH gene segments , wherein the human Vy 
gene segments are operably linked to an endogenous heavy 
chain constant ( CH ) region gene , and the human Vh gene 
segments are capable of rearranging and forming a human / 
mouse chimeric heavy chain gene . In some such methods , 
the mouse expresses a population of antibodies , and the 
mouse ' s germline includes only a single immunoglobulin 
kappa light chain variable region gene that is a rearranged 
human germline kappa light chain variable region gene , 
wherein the mouse is either heterozygous for the single 
immunoglobulin kappa light chain variable region gene in 
that it contains only one copy , or is homozygous for the 
single immunoglobulin kappa light chain variable region 
gene in that it contains two copies , the mouse being char 
acterized by active affinity maturation so that : ( i ) each 
immunoglobulin kappa light chain of the population com 
prises a light chain variable domain that is encoded by the 
rearranged human germline kappa light chain variable 
region gene , or by a somatically mutated variant thereof ; ( ii ) 
the population includes antibodies comprising the immuno 
globulin kappa light chains whose light chain variable 
domain is encoded by the rearranged human germline kappa 
light chain variable region gene and antibodies comprising 
the immunoglobulin kappa light chains whose light chain 
variable domain is encoded by the somatically mutated 
variants thereof ; and ( iii ) the mouse generates a diverse 
collection of somatically mutated high affinity heavy chains 
that successfully pair with the immunoglobulin kappa light 
chains to form the antibodies of the population . Optionally , 
the mouse is heterozygous or homozygous in its germline 
for : ( a ) an insertion at an endogenous mouse K immuno 
globulin light chain variable region locus of a rearranged 
VK / JK sequence comprising : ( i ) a single human germline VK 
sequence , which single human germline VK sequence is 
present in SEQ ID NO : 148 or SEQ ID NO : 149 ; and ( ii ) a 
single human germline JK sequence , wherein the rearranged 
VK / JK sequence is operably linked to the endogenous mouse 
K constant region ; and ( b ) an insertion at an endogenous 

ly 
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mouse immunoglobulin heavy chain variable region locus of 
a plurality of human immunoglobulin heavy chain variable 
region gene segments , wherein the human immunoglobulin 
heavy chain variable region gene segments are operably 
linked to an endogenous mouse immunoglobulin heavy 
chain constant region , and the human immunoglobulin 
heavy chain variable region gene segments are capable of 
rearranging and forming a rearranged human / mouse chime 
ric immunoglobulin heavy chain gene . In some such meth 
ods , the mouse comprises a modification of an immuno 
globulin heavy chain locus , wherein the modification 
reduces or eliminates endogenous ADAM6 function , and 
wherein the mouse comprises an ectopic nucleic acid 
sequence encoding a mouse ADAM6 protein , an ortholog 
thereof , a homolog thereof , or a fragment thereof , wherein 
the ADAM6 protein , ortholog thereof , homolog thereof , or 
fragment thereof is functional in a male mouse . Optionally , 
the ectopic nucleic acid sequence encoding the mouse 
ADAM6 protein , ortholog thereof , homolog thereof , or 
fragment thereof is present at the human heavy chain 
variable region locus . Optionally , the ectopic nucleic acid 
sequence encoding the mouse ADAM6 protein , ortholog 
thereof , homology thereof , or fragment thereof is present at 
a location other than the human heavy chain variable region 
locus . 
10046 ] In some such methods , the mouse has a genome 
comprising a modification of an immunoglobulin heavy 
chain locus , wherein the modification reduces or eliminates 
endogenous ADAM6 function , and the mouse further com 
prises a nucleic acid sequence encoding a non - human animal 
ADAM6 protein or an ortholog or homolog thereof or a 
functional fragment of the corresponding ADAM6 protein . 
Optionally , the mouse ' s genome comprises : ( a ) ectopic 
placement of an ADAM6 gene ; and ( b ) a human immuno 
globulin heavy chain variable region locus comprising an 
insertion of one or more human Vu gene segments , one or 
more human Dy gene segments , and one or more human Jy 
gene segments into the endogenous non - human animal 
heavy chain locus , wherein the human Vu , Dh and Jh gene 
segments are operably linked to a heavy chain constant 
region gene ; so that the mouse is characterized in that : ( i ) it 
is fertile ; and ( ii ) when it is immunized with an antigen , it 
generates antibodies comprising heavy chain variable 
domains encoded by the one or more human Vh , one or 
more human Dh , and one or more human Jh gene segments , 
operably linked to heavy chain constant domains encoded by 
the heavy chain constant region gene , wherein the antibodies 
show specific binding to the antigen . 
[ 0047 ] In some such methods , the non - human animal is a 
mouse that is at least partially derived from a BALB / c strain , 
wherein the mouse comprises a humanized immunoglobulin 
locus , wherein the foreign antigen of interest is all or part of 
a human protein that is orthologous to the first self - antigen , 
and the first target genomic locus comprises all or part of a 
gene encoding the first self - antigen , wherein the first guide 
RNA recognition site comprises the start codon for the gene 
encoding the first self - antigen and the second guide RNA 
recognition site comprises the stop codon for the gene 
encoding the first self - antigen , and wherein the modification 
comprises a homozygous deletion of all or part of the gene 
encoding the first self - antigen , whereby expression of the 
first - self - antigen is eliminated . Optionally , the mouse com 
prises : ( a ) an ectopic nucleic acid sequence encoding a 
mouse ADAM6 protein , an ortholog thereof , a homolog 

thereof , or a fragment thereof , wherein the ADAM6 protein , 
ortholog thereof , homolog thereof , or fragment thereof is 
functional in a male mouse ; ( b ) a hybrid heavy chain locus 
comprising an insertion of the human immunoglobulin 
heavy chain V , D , and I gene segments , wherein the human 
heavy chain immunoglobulin V , D , and J gene segments are 
operably linked to a mouse immunoglobulin heavy chain 
gene , wherein the mouse immunoglobulin heavy chain gene 
is at an endogenous mouse immunoglobulin locus ; and ( c ) a 
hybrid light chain locus comprising an insertion of human 
immunoglobulin light chain V and J gene segments , wherein 
the human V and J gene segments are operably linked to a 
mouse immunoglobulin light chain constant region gene 
sequence ; wherein ( b ) rearranges to form a hybrid heavy 
chain sequence comprising a human variable region oper 
ably linked to a mouse constant region , and ( c ) rearranges to 
form a hybrid light chain sequence comprising a human 
variable region operably linked to a mouse constant region , 
and wherein the mouse is incapable of forming an antibody 
that comprises a human variable region and a human con 
stant region . Optionally , the mouse is heterozygous or 
homozygous in its germline for : ( a ) an ectopic nucleic acid 
sequence encoding a mouse ADAM6 protein , an ortholog 
thereof , a homolog thereof , or a fragment thereof , wherein 
the ADAM6 protein , ortholog thereof , homolog thereof , or 
fragment thereof is functional in a male mouse ; ( b ) an 
insertion at an endogenous mouse K immunoglobulin light 
chain variable region locus of a rearranged VK / JK sequence 
comprising : ( i ) a single human germline VK sequence , 
which single human germline VK sequence is present in 
SEQ ID NO : 148 or SEQ ID NO : 149 ; and ( ii ) a single 
human germline JK sequence , wherein the rearranged VK / JK 
sequence is operably linked to the endogenous mouse K 
constant region ; and ( c ) an insertion at an endogenous 
mouse immunoglobulin heavy chain variable region locus of 
a plurality of human immunoglobulin heavy chain variable 
region gene segments , wherein the human immunoglobulin 
heavy chain variable region gene segments are operably 
linked to an endogenous mouse immunoglobulin heavy 
chain constant region , and the human immunoglobulin 
heavy chain variable region gene segments are capable of 
rearranging and forming a rearranged human / mouse chime 
ric immunoglobulin heavy chain gene . 
[ 0048 ] In some such methods , wherein the non - human 
animal is a mouse that is at least partially derived from a 
BALB / c strain , wherein the mouse comprises a humanized 
immunoglobulin locus , wherein the foreign antigen of inter 
est is all or part of a human protein that is orthologous to the 
first self - antigen , and the first target genomic locus com 
prises all or part of a gene encoding the first self - antigen , 
wherein the first guide RNA recognition site comprises the 
start codon for the gene encoding the first self - antigen and 
the second guide RNA recognition site comprises the stop 
codon for the gene encoding the first self - antigen , and 
wherein the modification comprises homozygous disruption 
of the start codon for the gene encoding the first self - antigen , 
whereby expression of the first self - antigen is eliminated . 
Optionally , the mouse comprises : ( a ) an ectopic nucleic acid 
sequence encoding a mouse ADAM6 protein , an ortholog 
thereof , a homolog thereof , or a fragment thereof , wherein 
the ADAM6 protein , ortholog thereof , homolog thereof , or 
fragment thereof is functional in a male mouse ; ( b ) a hybrid 
heavy chain locus comprising an insertion of the human 
immunoglobulin heavy chain V , D , and J gene segments , 
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wherein the human heavy chain immunoglobulin V , D , and 
J gene segments are operably linked to a mouse immuno 
globulin heavy chain gene , wherein the mouse immuno 
globulin heavy chain gene is at an endogenous mouse 
immunoglobulin locus ; and ( c ) a hybrid light chain locus 
comprising an insertion of human immunoglobulin light 
chain V and J gene segments , wherein the human V and J 
gene segments are operably linked to a mouse immuno 
globulin light chain constant region gene sequence ; wherein 
( b ) rearranges to form a hybrid heavy chain sequence 
comprising a human variable region operably linked to a 
mouse constant region , and ( c ) rearranges to form a hybrid 
light chain sequence comprising a human variable region 
operably linked to a mouse constant region , and wherein the 
mouse is incapable of forming an antibody that comprises a 
human variable region and a human constant region . Option 
ally , the mouse is heterozygous or homozygous in its ger 
mline for : ( a ) an ectopic nucleic acid sequence encoding a 
mouse ADAM6 protein , an ortholog thereof , a homolog 
thereof , or a fragment thereof , wherein the ADAM6 protein , 
ortholog thereof , homolog thereof , or fragment thereof is 
functional in a male mouse ; ( b ) an insertion at an endog 
enous mouse k immunoglobulin light chain variable region 
locus of a rearranged VK / JK sequence comprising : ( i ) a 
single human germline VK sequence , which single human 
germline VK sequence is present in SEQ ID NO : 148 or SEQ 
ID NO : 149 ; and ( ii ) a single human germline JK sequence , 
wherein the rearranged VK / JK sequence is operably linked to 
the endogenous mouse K constant region ; and ( c ) an inser 
tion at an endogenous mouse immunoglobulin heavy chain 
variable region locus of a plurality of human immunoglobu 
lin heavy chain variable region gene segments , wherein the 
human immunoglobulin heavy chain variable region gene 
segments are operably linked to an endogenous mouse 
immunoglobulin heavy chain constant region , and the 
human immunoglobulin heavy chain variable region gene 
segments are capable of rearranging and forming a rear 
ranged human / mouse chimeric immunoglobulin heavy 
chain gene . 
[ 0049 ] In some methods , the non - human animal one - cell 
stage embryo is a hybrid one - cell stage embryo , and the 
method further comprises : ( a ) comparing the sequence of 
corresponding first and second chromosomes in a homolo 
gous chromosome pair within the first target genomic locus , 
and selecting a target region within the first target genomic 
locus prior to the contacting step ( a ) based on the target 
region having a higher percentage of sequence identity 
between the corresponding first and second chromosomes in 
the homologous chromosome pair relative to all or part of 
the remainder of the first target genomic locus . Optionally , 
the target region has a higher percentage of sequence iden 
tity between the corresponding first and second chromo 
somes in the homologous chromosome pair relative to the 
remainder of the first target genomic locus . Optionally , the 
target region has at least 99 . 9 % sequence identity between 
the corresponding first and second chromosomes , and the 
remainder of the first target genomic locus has no more than 
99 . 8 % sequence identity between the corresponding first and 
second chromosomes . Optionally , the target region is iden 
tical in the corresponding first and second chromosomes in 
the homologous chromosome pair . Optionally , the target 
region is within the longest possible stretch of contiguous 
allelic sequence identity within the first target genomic 
locus . 

[ 0050 ] In some such methods , the target region comprises , 
consists essentially of , or consists of the first guide RNA 
recognition sequence and at least 10 bp , 20 bp , 30 bp , 40 bp , 
50 bp , 100 bp , 200 bp , 300 bp , 400 bp , 500 bp , 600 bp , 700 
bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 
6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 kb , 
60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 kb , 130 kb , 
140 kb , or 150 kb of flanking sequence on the 5 ' side , the 3 ' 
side , or each side of the first guide RNA recognition 
sequence , and the second guide RNA recognition sequence 
and at least 10 bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 
bp , 300 bp , 400 bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 
1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 
kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 
90 kb , 100 kb , 110 kb , 120 kb , 130 kb , 140 kb , or 150 kb of 
flanking sequence on the 5 ' side , the 3 ' side , or each side of 
the second guide RNA recognition sequence . Optionally , 
step ( a ' ) comprises comparing two or more segments of the 
first target genomic locus , wherein each segment comprises , 
consists essentially of , or consists of a different guide RNA 
recognition sequence not present elsewhere in the genome 
and at least 10 bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 
bp , 300 bp , 400 bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 
1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 
kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 
90 kb , 100 kb , 110 kb , 120 kb , 130 kb , 140 kb , or 150 kb of 
flanking sequence on the 5 ' side , the 3 ' side , or each side of 
the different guide RNA recognition sequence , and selecting 
as the target region the two segments having the highest 
percentage of sequence identity relative to the other seg 
ments . Optionally , the one or more segments comprise , 
consist essentially of , or consist of segments corresponding 
with each different guide RNA recognition sequence in the 
first target genomic locus but not present elsewhere in the 
genome . 
[ 0051 ] In some such methods , the target region comprises , 
consists essentially of , or consists of the region between the 
first and second guide RNA recognition sequences . Option 
ally , step ( a ' ) comprises comparing two or more segments of 
the first target genomic locus , wherein each segment com 
prises , consists essentially of , or consists of the region 
between a different pair of guide RNA recognition 
sequences , wherein the guide RNA recognition sequences 
are not present elsewhere in the genome , and selecting as the 
target region the segment having the highest percentage of 
sequence identity relative to the other segments . Optionally , 
the one or more segments comprise , consist essentially of , or 
consist of segments corresponding with each different pair 
of guide RNA recognition sequences in the first target 
genomic locus , wherein the guide RNA recognition 
sequences are not present elsewhere in the genome . 
[ 0052 ] In some such methods , the target region comprises , 
consists essentially of , or consists of the region between the 
first and second guide RNA recognition sequences and at 
least 10 bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 300 
bp , 400 bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 1 , 000 
bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 
kb , 20 kb , 30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 
100 kb , 110 kb , 120 kb , 130 kb , 140 kb , or 150 kb of flanking 
sequence on the 5 ' side , the 3 ' side , or each side of the 
genomic region between the first and second guide RNA 
recognition sequences . Optionally , step ( a ' ) comprises com 
paring two or more segments of the first target genomic 
locus , wherein each segment comprises , consists essentially 
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of , or consists of the region between a different pair of guide 
RNA recognition sequences and at least 10 bp , 20 bp , 30 bp , 
40 bp , 50 bp , 100 bp , 200 bp , 300 bp , 400 bp , 500 bp , 600 
bp , 700 bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 
5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 
kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 kb , 130 
kb , 140 kb , or 150 kb of flanking sequence on the 5 ' side , the 
3 ' side , or each side of the genomic region between the 
different pair of guide RNA recognition sequences , wherein 
the guide RNA recognition sequences are not present else 
where in the genome , and selecting as the target region the 
segment having the highest percentage of sequence identity 
relative to the other segments . Optionally , the one or more 
segments comprise , consist essentially of , or consist of 
segments corresponding with each different pair of guide 
RNA recognition sequences in the first target genomic locus , 
wherein the guide RNA recognition sequences are not 
present elsewhere in the genome . 
[ 0053 ] In some such methods , wherein the target region 
comprises , consists essentially of , or consists of at least 10 
bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 300 bp , 400 
bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 
2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 
30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 
kb , 120 kb , 130 kb , 140 kb , or 150 kb of flanking sequence 
on the 5 ' side , the 3 ' side , or each side of the genomic region 
between the first and second guide RNA recognition 
sequences . Optionally , step ( a ' ) comprises comparing two or 
more non - contiguous segments of the first target genomic 
locus , wherein each non - contiguous segment comprises , 
consists essentially of , or consists of at least 10 bp , 20 bp , 
30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 300 bp , 400 bp , 500 bp , 
600 bp , 700 bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 2 kb , 3 kb , 
4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 
kb . 50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 
kb , 130 kb , 140 kb , or 150 kb of flanking sequence on the 
5 ' side , the 3 ' side , or each side of the genomic region 
between a different pair of guide RNA recognition 
sequences , wherein the guide RNA recognition sequences 
are not present elsewhere in the genome , and selecting as the 
target region the non - contiguous segment having the highest 
percentage of sequence identity relative to the other non 
contiguous segments . Optionally , the one or more non 
contiguous segments comprise , consist essentially of , or 
consist of non - contiguous segments corresponding with 
each different pair of guide RNA recognition sequences in 
the first target genomic locus , wherein the guide RNA 
recognition sequences are not present elsewhere in the 
genome . 
[ 0054 ] In some such methods , the target region comprises , 
consists essentially of , or consists of at least 10 bp , 20 bp , 
30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 300 bp , 400 bp , 500 bp , 
600 bp , 700 bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 2 kb , 3 kb , 
4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 
kb , 50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 
kb , 130 kb , 140 kb , or 150 kb of flanking sequence on each 
side of the genomic region between the first and second 
guide RNA recognition sequences . Optionally , step ( a ' ) 
comprises comparing two or more non - contiguous segments 
of the first target genomic locus , wherein each non - contigu 
ous segment comprises , consists essentially of , or consists of 
at least 10 bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 
300 bp , 400 bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 
1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 

kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 
90 kb , 100 kb , 110 kb , 120 kb , 130 kb , 140 kb , or 150 kb of 
flanking sequence on each side of the genomic region 
between a different pair of guide RNA recognition 
sequences , wherein the guide RNA recognition sequences 
are not present elsewhere in the genome , and selecting as the 
target region the non - contiguous segment having the highest 
percentage of sequence identity relative to the other non 
contiguous segments . Optionally , the one or more non 
contiguous segments comprise , consist essentially of , or 
consist of non - contiguous segments corresponding with 
each different pair of guide RNA recognition sequences in 
the first target genomic locus , wherein the guide RNA 
recognition sequences are not present elsewhere in the 
genome . 
[ 0055 ] In some such methods , the target region in step ( a ' ) 
comprises , consists essentially of , or consists of the region 
flanked by the 5 ' and 3 ' target sequences . In some such 
methods , the target region in step ( a ' ) comprises , consists 
essentially of , or consists of the region flanked by and 
including the 5 ' and 3 ' target sequences . In some such 
methods , the target region in step ( a ' ) comprises , consists 
essentially of , or consists of the 5 ' target sequence and / or the 
3 ' target sequence . Optionally , the target genomic locus in 
step ( a ' ) comprises , consists essentially of , or consists of the 
5 ' target sequence and the 3 ' target sequence . In some such 
methods , the target region in step ( a ' ) comprises , consists 
essentially of , or consists of the region between the 5 ' and 3 ' 
target sequences and at least 10 bp , 20 bp , 30 bp , 40 bp , 50 
bp , 100 bp , 200 bp , 300 bp , 400 bp , 500 bp , 600 bp , 700 bp , 
800 bp , 900 bp , 1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 
7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 kb , 60 kb , 
70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 kb , 130 kb , 140 kb , 
or 150 kb of flanking sequence on the 5 ' side , the 3 ' side , or 
each side of the region between the 51 and 3 ' target 
sequences . In some such methods , the target region in step 
( a ) comprises , consists essentially of , or consists of the 
region between the 5 ' and 3 ' target sequences and at least 10 
bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 300 bp , 400 
bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 
2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 
30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 
kb , 120 kb , 130 kb , 140 kb , or 150 kb of flanking sequence 
on each side of the region between the 5 ' and 3 ' target 
sequences . In some such methods , the target region in step 
( a ' ) comprises , consists essentially of , or consists of at least 
10 bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 300 bp , 
400 bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 1 , 000 bp , 
1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 
20 kb , 30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 
kb , 110 kb , 120 kb , 130 kb , 140 kb , or 150 kb of flanking 
sequence on the 5 ' side , the 3 ' side , or each side of the region 
between the 5 ' and 3 ' target sequences . In some such 
methods , the target region in step ( a ' ) comprises , consists 
essentially of , or consists of at least 10 bp , 20 bp , 30 bp , 40 
bp , 50 bp , 100 bp , 200 bp , 300 bp , 400 bp , 500 bp , 600 bp , 
700 bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 
kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 
kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 kb , 130 
kb , 140 kb , or 150 kb of flanking sequence on each side of 
the region between the 5 ' and 3 ' target sequences . 
[ 0056 ] In another aspect , provided is a method of gener 
ating antigen - binding proteins against a foreign antigen of 
interest , comprising : ( a ) making a genetically modified 
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non - human animal with reduced tolerance of a foreign 
antigen of interest , comprising : ( i ) introducing into a non 
human animal one - cell stage embryo or a non - human animal 
pluripotent cell that is not a one - cell stage embryo : ( I ) a Cas9 
protein ; ( II ) a first guide RNA that hybridizes to a first guide 
RNA recognition sequence within a target genomic locus , 
wherein the target genomic locus comprises all or part of a 
gene encoding a self - antigen homologous to or sharing an 
epitope of interest with the foreign antigen of interest ; and 
( III ) a second guide RNA that hybridizes to a second guide 
RNA recognition sequence within the target genomic locus ; 
wherein the target genomic locus is modified in a pair of 
corresponding first and second chromosomes to produce a 
modified non - human animal one - cell stage embryo or a 
modified non - human animal pluripotent cell with a biallelic 
modification , wherein expression of the self - antigen is 
eliminated ; and ( ii ) producing a genetically modified FO 
generation non - human animal from the modified non - human 
animal one - cell stage embryo or the modified non - human 
animal pluripotent cell , wherein the target genomic locus is 
modified in the pair of corresponding first and second 
chromosomes in the genetically modified F0 generation 
non - human animal such that expression of the self - antigen is 
eliminated ; ( b ) immunizing the genetically modified FO 
generation non - human animal produced in step ( a ) with the 
foreign antigen of interest ; and ( c ) maintaining the geneti 
cally modified FO generation non - human animal under con 
ditions sufficient to initiate an immune response to the 
foreign antigen of interest , wherein the genetically modified 
FO generation non - human animal produces antigen - binding 
proteins against the foreign antigen of interest . 
[ 0057 ] In some methods , the cell in step ( a ) ( i ) is the 
non - human animal pluripotent stem cell , and the producing 
the genetically modified F0 generation non - human animal in 
step ( a ) ( ii ) comprises : ( I ) introducing the modified non 
human animal pluripotent cell into a host embryo ; and ( II ) 
implanting the host embryo into a surrogate mother to 
produce the genetically modified F0 generation non - human 
animal in which the target genomic locus is modified in the 
pair of corresponding first and second chromosomes such 
that expression of the self - antigen is eliminated . Optionally , 
the pluripotent cell is an embryonic stem ( ES ) cell . In some 
methods , the cell in step ( a ) ( i ) is the non - human animal 
one - cell stage embryo , and the producing the genetically 
modified FO generation non - human animal in step ( a ) ( ii ) 
comprises implanting the modified non - human animal one 
cell stage embryo into a surrogate mother to produce the 
genetically modified FO generation non - human animal in 
which the target genomic locus is modified in the pair of 
corresponding first and second chromosomes such that 
expression of the self - antigen is eliminated . 
[ 0058 ] Some such methods further comprise making a 
hybridoma from B cells isolated from the immunized , 
genetically modified FO generation non - human animal . 
Some such methods further comprise obtaining from the 
immunized , genetically modified FO generation non - human 
animal a first nucleic acid sequence encoding an immuno 
globulin heavy chain variable domain of one of the antigen 
binding proteins against the foreign antigen of interest 
and / or a second nucleic acid sequence encoding an immu 
noglobulin light chain variable domain of one of the antigen - 
binding proteins against the foreign antigen of interest . 
Optionally , the first nucleic acid sequence and / or the second 
nucleic acid sequence are obtained from a lymphocyte ( e . g . , 

B cell ) of the genetically modified F0 generation non - human 
animal or from a hybridoma produced from the lymphocyte . 
Optionally , the genetically modified FO generation non 
human animal comprises a humanized immunoglobulin 
locus , and wherein the first nucleic acid sequence encodes a 
human immunoglobulin heavy chain variable domain , and 
the second nucleic acid sequence encodes a human immu 
noglobulin light chain variable domain . 
[ 0059 ] In some such methods , the antigen - binding pro 
teins produced by the genetically modified FO generation 
non - human animal against the foreign antigen of interest 
have a higher titer than antigen - binding proteins produced 
by a control non - human animal that is wild type at the target 
genomic locus following immunization of the control non 
human animal with the foreign antigen of interest . In some 
such methods , a more diverse repertoire of antigen - binding 
proteins against the foreign antigen of interest is produced 
by the genetically modified FO generation non - human ani 
mal following immunization of the genetically modified FO 
generation non - human animal with the foreign antigen of 
interest compared with antigen - binding proteins produced 
by a control non - human animal that is wild type at the target 
genomic locus following immunization of the control non 
human animal with the foreign antigen of interest . In some 
such methods , the antigen - binding proteins produced by the 
genetically modified FO generation non - human animal 
against the foreign antigen of interest use a greater diversity 
of heavy chain V gene segments and / or light chain V gene 
segments compared with antigen - binding proteins produced 
by a control non - human animal that is wild type at the target 
genomic locus following immunization of the control non 
human animal with the foreign antigen of interest . In some 
such methods , some of the antigen - binding proteins pro 
duced by the genetically modified FO generation non - human 
animal against the foreign antigen of interest cross - react 
with the self - antigen . 
[ 0060 ] In some such methods , the first guide RNA recog 
nition sequence is 5 ' of the second guide RNA recognition 
sequence in the target genomic locus , and step ( a ) ( i ) further 
comprises performing a retention assay to determine the 
copy number is two for a region 5 ' and within about 1 kb of 
the first guide RNA recognition sequence and / or for a region 
3 ' and within about 1 kb of the second guide RNA recog 
nition sequence . 
[ 0061 ] In some such methods , the foreign antigen of 
interest is an ortholog of the self - antigen . In some such 
methods , the foreign antigen of interest comprises of all or 
part of a human protein . 
[ 0062 ] In some such methods , the target genomic locus is 
modified to comprise an insertion of one or more nucleo 
tides , a deletion of one or more nucleotides , or a replacement 
of one or more nucleotides . Optionally , the deletion is a 
precise deletion without random insertions and deletions 
( indels ) . 
[ 0063 ] In some such methods , the first guide RNA recog 
nition sequence comprises the start codon for the gene 
encoding the self - antigen or is within about 10 , 20 , 30 , 40 , 
50 , 100 , 200 , 300 , 400 , 500 , or 1 , 000 nucleotides of the start 
codon , and the second guide RNA recognition sequence 
comprises the stop codon for the gene encoding the self 
antigen or is within about 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 
400 , 500 , or 1 , 000 nucleotides of the stop codon . In some 
such methods , the first and second guide RNA recognition 
sequences are different , and each of the first and second 
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guide RNA recognition sequences comprises the start codon 
for the gene encoding the self - antigen or is within about 10 , 
20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , or 1 , 000 nucleotides 
of the start codon . 
[ 0064 ] In some such methods , the target genomic locus is 
modified to comprise a biallelic deletion of between about 
0 . 1 kb to about 200 kb . In some such methods , the modi 
fication comprises a biallelic deletion of all or part of the 
gene encoding the self - antigen . In some such methods , the 
modification comprises a biallelic disruption of the start 
codon of the gene encoding the self - antigen . 
[ 0065 ] In some such methods , the introducing step ( a ) ( i ) 
further comprises introducing into the non - human animal 
pluripotent cell or the non - human animal one - cell stage 
embryo : ( iv ) a third guide RNA that hybridizes to a third 
guide RNA recognition sequence within the target genomic 
locus ; and / or ( v ) a fourth guide RNA that hybridizes to a 
fourth guide RNA recognition sequence within the target 
genomic locus . 
[ 0066 ] In some such methods , the cell in step ( a ) ( i ) is the 
non - human animal pluripotent stem cell , and the Cas9 
protein , the first guide RNA , and the second guide RNA are 
each introduced into the non - human animal pluripotent stem 
cell in the form of DNA . In some such methods , the cell in 
step ( a ) ( i ) is the non - human animal pluripotent stem cell , 
and the Cas9 protein , the first guide RNA , and the second 
guide RNA are each introduced into the non - human animal 
pluripotent stem cell by electroporation or nucleofection . In 
some such methods , the cell in step ( a ) ( i ) is the non - human 
animal one - cell stage embryo , and the Cas9 protein , the first 
guide RNA , and the second guide RNA are each introduced 
into the non - human animal one - cell stage embryo in the 
form of RNA . In some such methods , the cell in step ( a ) ( i ) 
is the non - human animal one - cell stage embryo , and the 
Cas9 protein , the first guide RNA , and the second guide 
RNA are introduced into the non - human animal one - cell 
stage embryo by pronuclear injection or cytoplasmic injec 
tion . 
[ 0067 ] In some such methods , an exogenous repair tem 
plate is not introduced in step ( a ) ( i ) . In some such methods , 
the introducing step ( a ) ( i ) further comprises introducing into 
the non - human animal pluripotent cell or the non - human 
animal one - cell stage embryo an exogenous repair template 
comprising a 5 ' homology arm that hybridizes to a 5 ' target 
sequence at the target genomic locus and a 3 ' homology arm 
that hybridizes to a 3 ' target sequence at the target genomic 
locus , provided that if the cell in step ( a ) ( i ) is the non - human 
animal one - cell stage embryo , the exogenous repair template 
is no more than about 5 kb in length . Optionally , the 
exogenous repair template further comprises a nucleic acid 
insert flanked by the 5 ' homology arm and the 3 ' homology 
arm . Optionally , the nucleic acid insert is homologous or 
orthologous to the target genomic locus . Optionally , the 
exogenous repair template is between about 50 nucleotides 
to about 1 kb in length . Optionally , the exogenous repair 
template is between about 80 nucleotides to about 200 
nucleotides in length . Optionally , the exogenous repair tem 
plate is a single - stranded oligodeoxynucleotide . Optionally , 
the cell in step ( a ) ( i ) is the non - human animal pluripotent 
cell , and ( a ) the exogenous repair template is a large target 
ing vector ( LTVEC ) that is at least 10 kb in length ; or ( b ) the 
exogenous repair template is an LTVEC , wherein the sum 
total of the 5 ' and 3 ' homology arms of the LTVEC is at least 
10 kb in length . Optionally , the target genomic locus is 

modified to comprise a deletion of one or more nucleotides , 
and the deleted nucleic acid sequence consists of the nucleic 
acid sequence between the 5 ' and 3 ' target sequences . 
Optionally , the exogenous repair template comprises a 
nucleic acid insert flanked by the 5 ' homology arm and the 
3 ' homology arm , the nucleic acid insert is homologous or 
orthologous to the deleted nucleic acid sequence , the target 
genomic locus is modified to comprise a deletion of one or 
more nucleotides , and the nucleic acid insert replaces the 
deleted nucleic acid sequence . 
[ 0068 ] . In some such methods , the non - human animal 
comprises a humanized immunoglobulin locus . In some 
such methods , the non - human animal is a rodent . Optionally , 
the rodent is a mouse . Optionally , the mouse strain com 
prises a BALB / c strain . Optionally , the mouse strain com 
prises BALB / c , C57BL / 6 , and 129 strains . Optionally , the 
mouse strain is 50 % BALB / c , 25 % C57BL / 6 , and 25 % 129 . 
Optionally , the MHC haplotype of the mouse is MHCbd . 
[ 0069 ] In some such methods , the mouse comprises in its 
germline human unrearranged variable region gene seg 
ments inserted at an endogenous mouse immunoglobulin 
locus . Optionally , the human unrearranged variable region 
gene segments are heavy chain gene segments , and the 
mouse immunoglobulin locus is a heavy chain locus , and / or 
wherein the human unrearranged variable region gene seg 
ments are kappa or lambda light chain segments , and the 
mouse immunoglobulin locus is a light chain locus . Option 
ally , the mouse comprises in its germline human unrear 
ranged variable region gene segments operably linked to a 
mouse constant region gene , wherein the mouse lacks a 
human constant region gene , and wherein the mouse con 
stant region gene is at an endogenous mouse immunoglobu 
lin locus . Optionally , the mouse comprises : ( a ) a hybrid 
heavy chain locus comprising an insertion of human immu 
noglobulin heavy chain V , D , and J gene segments , wherein 
the human heavy chain immunoglobulin V , D , and J gene 
segments are operably linked to a mouse immunoglobulin 
heavy chain gene , wherein the mouse immunoglobulin 
heavy chain gene is at an endogenous mouse immunoglobu 
lin locus ; and ( b ) a hybrid light chain locus comprising an 
insertion of human immunoglobulin light chain V and J gene 
segments , wherein the human V and J gene segments are 
operably linked to a mouse immunoglobulin light chain 
constant region gene sequence ; wherein ( a ) rearranges to 
form a hybrid heavy chain sequence comprising a human 
variable region operably linked to a mouse constant region , 
and ( b ) rearranges to form a hybrid light chain sequence 
comprising a human variable region operably linked to a 
mouse constant region , and wherein the mouse is incapable 
of forming an antibody that comprises a human variable 
region and a human constant region . 
[ 0070 ] In some such methods , the mouse comprises in its 
germline a humanized immunoglobulin light chain variable 
locus comprising no more than one or no more than two 
rearranged human light chain V / J sequences operably linked 
to a mouse light chain constant region , and wherein the 
mouse further comprises a humanized immunoglobulin 
heavy chain variable locus comprising at least one unrear 
ranged human V , at least one unrearranged human D , and at 
least one unrearranged human J segment operably linked to 
a mouse heavy chain constant region gene . Optionally , the 
mouse comprises a humanized heavy chain immunoglobulin 
variable locus and a humanized light chain immunoglobulin 
variable locus , wherein the mouse expresses a single light 
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chain . Optionally , the mouse comprises : ( a ) a single rear - 
ranged human immunoglobulin light chain variable region 
( V / J . ) that encodes a human V , domain of an immuno 
globulin light chain , wherein the single rearranged human 
V [ / I region is selected from a human VK1 - 39 / JK5 gene 
segment or a human VK3 - 20 / Jk1 gene segment ; and ( b ) a 
replacement of endogenous heavy chain variable ( VH ) gene 
segments with one or more human VH gene segments , 
wherein the human Vy gene segments are operably linked to 
an endogenous heavy chain constant ( CH ) region gene , and 
the human Vh gene segments are capable of rearranging and 
forming a human / mouse chimeric heavy chain gene . Option 
ally , the mouse expresses a population of antibodies , and the 
mouse ' s germline includes only a single immunoglobulin 
kappa light chain variable region gene that is a rearranged 
human germline kappa light chain variable region gene , 
wherein the mouse is either heterozygous for the single 
immunoglobulin kappa light chain variable region gene in 
that it contains only one copy , or is homozygous for the 
single immunoglobulin kappa light chain variable region 
gene in that it contains two copies , the mouse being char 
acterized by active affinity maturation so that : ( i ) each 
immunoglobulin kappa light chain of the population com 
prises a light chain variable domain that is encoded by the 
rearranged human germline kappa light chain variable 
region gene , or by a somatically mutated variant thereof ; ( ii ) 
the population includes antibodies comprising the immuno 
globulin kappa light chains whose light chain variable 
domain is encoded by the rearranged human germline kappa 
light chain variable region gene and antibodies comprising 
the immunoglobulin kappa light chains whose light chain 
variable domain is encoded by the somatically mutated 
variants thereof ; and ( iii ) the mouse generates a diverse 
collection of somatically mutated high affinity heavy chains 
that successfully pair with the immunoglobulin kappa light 
chains to form the antibodies of the population . Optionally , 
the mouse is heterozygous or homozygous in its germline 
for : ( a ) an insertion at an endogenous mouse K immuno 
globulin light chain variable region locus of a rearranged 
VK / JK sequence comprising : ( i ) a single human germline VK 
sequence , which single human germline VK sequence is 
present in SEQ ID NO : 148 or SEQ ID NO : 149 ; and ( ii ) a 
single human germline JK sequence , wherein the rearranged 
VK / JK sequence is operably linked to the endogenous mouse 
K constant region ; and ( b ) an insertion at an endogenous 
mouse immunoglobulin heavy chain variable region locus of 
a plurality of human immunoglobulin heavy chain variable 
region gene segments , wherein the human immunoglobulin 
heavy chain variable region gene segments are operably 
linked to an endogenous mouse immunoglobulin heavy 
chain constant region , and the human immunoglobulin 
heavy chain variable region gene segments are capable of 
rearranging and forming a rearranged human / mouse chime 
ric immunoglobulin heavy chain gene . 
[ 0071 ] In some such methods , the mouse comprises a 
modification of an immunoglobulin heavy chain locus , 
wherein the modification reduces or eliminates endogenous 
ADAM6 function , wherein the mouse comprises an ectopic 
nucleic acid sequence encoding a mouse ADAM6 protein , 
an ortholog thereof , a homolog thereof , or a fragment 
thereof , wherein the ADAM6 protein , ortholog thereof , 
homolog thereof , or fragment thereof is functional in a male 
mouse , and wherein the ectopic nucleic acid sequence 
encoding the mouse ADAM6 protein , ortholog thereof , 

homolog thereof , or fragment thereof is present at the human 
heavy chain variable region locus . 
[ 0072 ] . In some such methods , the non - human animal is a 
mouse that is at least partially derived from a BALB / c strain , 
and the mouse comprises a humanized immunoglobulin 
locus , wherein the foreign antigen of interest is all or part of 
a human protein that is orthologous to the self - antigen , 
wherein the first guide RNA recognition sequence comprises 
the start codon for the gene encoding the self - antigen or is 
within about 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , or 
1 , 000 nucleotides of the start codon and the second guide 
RNA recognition sequence comprises the stop codon for the 
gene encoding the self - antigen or is within about 10 , 20 , 30 , 
40 , 50 , 100 , 200 , 300 , 400 , 500 , or 1 , 000 nucleotides of the 
stop codon , and wherein the modification comprises a bial 
lelic deletion of all or part of the gene encoding the self 
antigen , whereby expression of the self - antigen is elimi 
nated . In some such methods , the non - human animal is a 
mouse that is at least partially derived from a BALB / c strain , 
and the mouse comprises a humanized immunoglobulin 
locus , wherein the foreign antigen of interest is all or part of 
a human protein that is orthologous to the self - antigen , 
wherein the first guide RNA recognition sequence comprises 
the start codon for the gene encoding the self - antigen and the 
second guide RNA recognition sequence comprises the stop 
codon for the gene encoding the self - antigen or is within 
about 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , or 1 , 000 
nucleotides of the start codon , and wherein the modification 
comprises biallelic disruption of the start codon for the gene 
encoding the self - antigen , whereby expression of the self 
antigen is eliminated . Optionally , the mouse comprises : ( a ) 
an ectopic nucleic acid sequence encoding a mouse ADAM6 
protein , an ortholog thereof , a homolog thereof , or a frag 
ment thereof , wherein the ADAM6 protein , ortholog thereof , 
homolog thereof , or fragment thereof is functional in a male 
mouse ; ( b ) a hybrid heavy chain locus comprising an 
insertion of human immunoglobulin heavy chain V , D , and 
J gene segments , wherein the human heavy chain immuno 
globulin V , D , and J gene segments are operably linked to a 
mouse immunoglobulin heavy chain gene , wherein the 
mouse immunoglobulin heavy chain gene is at an endog 
enous mouse immunoglobulin locus ; and ( c ) a hybrid light 
chain locus comprising an insertion of human immuno 
globulin light chain V and I gene segments , wherein the 
human V and J gene segments are operably linked to a 
mouse immunoglobulin light chain constant region gene 
sequence ; wherein ( b ) rearranges to form a hybrid heavy 
chain sequence comprising a human variable region oper 
ably linked to a mouse constant region , and ( c ) rearranges to 
form a hybrid light chain sequence comprising a human 
variable region operably linked to a mouse constant region , 
and wherein the mouse is incapable of forming an antibody 
that comprises a human variable region and a human con 
stant region . Optionally , the mouse is heterozygous or 
homozygous in its germline for : ( a ) an ectopic nucleic acid 
sequence encoding a mouse ADAM6 protein , an ortholog 
thereof , a homolog thereof , or a fragment thereof , wherein 
the ADAM6 protein , ortholog thereof , homolog thereof , or 
fragment thereof is functional in a male mouse ; ( b ) an 
insertion at an endogenous mouse K immunoglobulin light 
chain variable region locus of a rearranged Vk / JK sequence 
comprising : ( i ) a single human germline VK sequence , 
which single human germline VK sequence is present in 
SEQ ID NO : 148 or SEQ ID NO : 149 ; and ( ii ) a single 
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human germline JK sequence , wherein the rearranged VK / JK 
sequence is operably linked to the endogenous mouse K 
constant region ; and ( c ) an insertion at an endogenous 
mouse immunoglobulin heavy chain variable region locus of 
a plurality of human immunoglobulin heavy chain variable 
region gene segments , wherein the human immunoglobulin 
heavy chain variable region gene segments are operably 
linked to an endogenous mouse immunoglobulin heavy 
chain constant region , and the human immunoglobulin 
heavy chain variable region gene segments are capable of 
rearranging and forming a rearranged human / mouse chime 
ric immunoglobulin heavy chain gene . 
[ 0073 ] In some such methods , the non - human animal 
pluripotent cell is a hybrid cell or the non - human mamma 
lian one - cell stage embryo is a hybrid one - cell stage embryo , 
and wherein the method further comprises : ( a ' ) comparing 
the sequence of the pair of corresponding first and second 
chromosomes within the target genomic locus , and selecting 
a target region within the target genomic locus prior to the 
contacting step ( a ) based on the target region having a higher 
percentage of sequence identity between the pair of corre 
sponding first and second chromosomes relative to all or part 
of the remainder of the target genomic locus , wherein the 
target region comprises : the first guide RNA recognition 
sequence and at least 10 bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 
bp , 200 bp , 300 bp , 400 bp , 500 bp , 600 bp , 700 bp , 800 bp , 
900 bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 
or 10 kb of flanking sequence on the 5 ' side , the 3 ' side , or 
each side of the first guide RNA recognition sequence , 
and / or the second guide RNA recognition sequence and at 
least 10 bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 300 
bp , 400 bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 1 kb , 
2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , or 10 kb of 
flanking sequence on the 5 ' side , the 3 ' side , or each side of 
the second guide RNA recognition sequence . Optionally , the 
target region has a higher percentage of sequence identity 
between the pair of corresponding first and second relative 
to the remainder of the target genomic locus . Optionally , the 
target region has at least 99 . 9 % sequence identity between 
the pair of corresponding first and second chromosomes , and 
the remainder of the target genomic locus has no more than 
99 . 8 % sequence identity between the pair of corresponding 
first and second chromosomes . 
100741 In another aspect , provided are methods of making 
a genetically modified non - human animal with reduced 
tolerance of a foreign antigen of interest , comprising : ( a ) 
introducing into a non - human animal one - cell stage embryo 
or a non - human animal pluripotent cell that is not a one - cell 
stage embryo : ( i ) a Cas9 protein ; ( ii ) a first guide RNA that 
hybridizes to a first guide RNA recognition sequence within 
a target genomic locus , wherein the target genomic locus 
comprises all or part of a gene encoding a self - antigen 
homologous to or sharing an epitope of interest with the 
foreign antigen of interest ; and ( iii ) a second guide RNA that 
hybridizes to a second guide RNA recognition sequence 
within the target genomic locus ; wherein the target genomic 
locus is modified in a pair of corresponding first and second 
chromosomes to produce a modified non - human animal 
one - cell stage embryo or a modified non - human animal 
pluripotent cell with a biallelic modification , wherein 
expression of the self - antigen is eliminated ; and ( b ) produc 
ing a genetically modified F0 generation non - human animal 
from the modified non - human animal one - cell stage embryo 
or the modified non - human animal pluripotent cell , wherein 

the target genomic locus is modified in the pair of corre 
sponding first and second chromosomes in the genetically 
modified F0 generation non - human animal such that expres 
sion of the self - antigen is eliminated . 
[ 0075 ] Such methods can comprise , for example , any of 
the variations disclosed above for the methods of generating 
antigen - binding proteins against a foreign antigen of inter 
est . For example , in some such methods , the cell in step ( a ) 
is the non - human animal pluripotent stem cell , and the 
producing the genetically modified FO generation non - hu 
man animal in step ( b ) comprises : ( 1 ) introducing the modi 
fied non - human animal pluripotent cell into a host embryo ; 
and ( II ) implanting the host embryo into a surrogate mother 
to produce the genetically modified FO generation non 
human animal in which the target genomic locus is modified 
in the pair of corresponding first and second chromosomes 
such that expression of the self - antigen is eliminated . 
Optionally , the pluripotent cell is an embryonic stem ( ES ) 
cell . In some such methods , the cell in step ( a ) is the 
non - human animal one - cell stage embryo , and the producing 
the genetically modified F0 generation non - human animal in 
step ( b ) comprises implanting the modified non - human 
animal one - cell stage embryo into a surrogate mother to 
produce the genetically modified F0 generation non - human 
animal in which the target genomic locus is modified in the 
pair of corresponding first and second chromosomes such 
that expression of the self - antigen is eliminated . In some 
such methods , the foreign antigen of interest is an ortholog 
of the self - antigen . In some such methods , the first guide 
RNA recognition sequence comprises the start codon for the 
gene encoding the self - antigen or is within about 10 , 20 , 30 , 
40 , 50 , 100 , 200 , 300 , 400 , 500 , or 1 , 000 nucleotides of the 
start codon , and the second guide RNA recognition sequence 
comprises the stop codon for the gene encoding the self 
antigen or is within about 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 
400 , 500 , or 1 , 000 nucleotides of the stop codon . In some 
such methods , the first and second guide RNA recognition 
sequences are different , and each of the first and second 
guide RNA recognition sequences comprises the start codon 
for the gene encoding the self - antigen or is within about 10 , 
20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , or 1 , 000 nucleotides 
of the start codon . In some such methods , the first guide 
RNA recognition sequence is 5 ' of the second guide RNA 
recognition sequence in the target genomic locus , and step 
( a ) ( i ) further comprises performing a retention assay to 
determine the copy number is two for a region 5 ' and within 
about 1 kb of the first guide RNA recognition sequence 
and / or for a region 3 ' and within about 1 kb of the second 
guide RNA recognition sequence . In some such methods , the 
modification comprises a biallelic deletion of all or part of 
the gene encoding the self - antigen . In some such methods , 
the modification comprises a biallelic disruption of the start 
codon of the gene encoding the self - antigen . In some such 
methods , the non - human animal is a mouse . 

BRIEF DESCRIPTION OF THE FIGURES 
[ 0076 ] The patent or application file contains at least one 
drawing executed in color . Copies of this patent or patent 
application publication with color drawing ( s ) will be pro 
vided by the Office upon request and payment of the 
necessary fee . 
[ 0077 ] FIG . 1 shows the traditional approach to breaking 
immunological tolerance in VELOCIMMUNE® mice ( VI 
3 ; homozygous humanized at both IgH and Igk ) . In the 



US 2017 / 0332610 A1 Nov . 23 , 2017 
16 

traditional approach , heterozygous knockout ( null ) alleles of 
a gene encoding a self - antigen homologous to a foreign 
target antigen of interest are created in F1H4 embryonic 
stem ( ES ) cells . The time from design of the targeting 
vectors to the generation of the FO mice heterozygous for the 
knockout is approximately 5 months . VI - 3 mice are then 
bred to the F0 mice carrying the heterozygous knockout 
mutation at the endogenous gene encoding the self - antigen 
homologous to the foreign target antigen of interest . In order 
to generate triple homozygous mice ( homozygous null for 
the target of interest and homozygous humanized at both 
IgH and Igk ) suitable for immunization , two further gen 
erations of breeding are required . The entire process from 
design of the targeting vectors to generation of the triple 
homozygous mice takes approximately 15 to 16 months . 
[ 0078 ] FIG . 2 shows an accelerated process for breaking 
immunological tolerance in VELOCIMMUNE® ( V1 - 3 ) 
mice or in Universal Light Chain ( ULC or Common Light 
Chain ) mice . In this process , ES cells derived from V1 - 3 or 
ULC mice are targeted to create heterozygous null alleles of 
an endogenous gene encoding a self - antigen homologous to 
a foreign target antigen of interest . Sequential targeting steps 
are required to obtain homozygous null VI - 3 or ULC ES cell 
clones . 
[ 0079 ] FIG . 3 shows a further accelerated process for 
breaking tolerance in VELOCIMMUNE® ( VI - 3 ) mice or in 
Universal Light Chain ( or Common Light Chain ) ( ULC ) 
mice . In this process , V1 - 3 or ULC ES cells are targeted with 
CRISPR / Cas9 and paired guide RNAs to generate homozy 
gous collapse of an endogenous gene encoding a self - 
antigen homologous to a foreign target antigen of interest in 
a single step . TAQMAN® screening can include , for 
example , both loss - of - allele and retention assays . 
[ 0080 ] FIG . 4 shows a general schematic for simultaneous 
deletion of a mouse gene encoding a self - antigen homolo 
gous to a foreign target antigen of interest and replacement 
with a neomycin selection marker using a large targeting 
vector ( LTVEC ) and paired upstream and downstream guide 
RNAs ( gU and gD ) . The positions of the Cas9 cleavage sites 
guided by the two guide RNAs are indicated by the arrows 
below the mouse gene sequence . The TAQMAN® assay 
probes are indicated by the horizontal lines , including reten 
tion assay probes and upstream , middle , and downstream 
loss - of - allele ( LOA ) assay probes . The bottom portion of the 
figure indicates the expected targeted allele types . 
[ 0081 ] FIG . 5 shows a general schematic for simultaneous 
deletion of a mouse gene encoding a self - antigen homolo 
gous to a foreign target antigen of interest and replacement 
with a floxed neomycin selection marker and lacZ using a 
large targeting vector ( LTVEC ) and three overlapping guide 
RNAs each targeting the mouse ATG start codon . The guide 
RNAs are indicated by the horizontal arrows , and the 
TAQMAN® assay probes are indicated by the encircled 
horizontal lines . The bottom portion of the figure indicates 
the expected targeted allele types . 
[ 0082 ] FIG . 6 shows antibody titer data for a human target 
antigen ( Target 8 ) in wild type Universal Light Chain ( ULC 
1 - 39 ) mice and in ULC 1 - 39 mice , which are homozygous 
null for an endogenous gene encoding a self - antigen ortholo 
gous to Target 8 ( Self - Antigen 8 ) . 
[ 0083 ] FIG . 7 shows the breeding undertaken to produce 
hybrid VGF1 ( F1H4 ) ES cells ( C57BL6 ( XB6 ) / 12956 
( Y129 ) ) . 

[ 0084 ] FIG . 8 shows a schematic for simultaneous dele 
tion of a mouse gene or portion of a mouse gene and 
replacement with a corresponding human version using an 
LTVEC and either one or two 5 ' region , middle region , and 
3 ' region gRNAs . The LTVEC is shown in the top portion of 
the figure , and the mouse gene locus is shown in the bottom 
portion of the figure . The positions of the Cas9 cleavage sites 
guided by the eight guide RNAs are indicated by the vertical 
arrows below the mouse gene sequence . 
[ 0085 ] FIG . 9A shows a general schematic for simultane 
ous deletion of a mouse gene and replacement with a 
corresponding human version using an LTVEC and two 
guide RNAs ( guide RNAs A and B ) . The LTVEC is shown 
in the top portion of FIG . 9A , and the mouse gene locus is 
shown in the bottom portion of FIG . 9A . The positions of the 
Cas9 cleavage sites guided by the two guide RNAs are 
indicated by the arrows below the mouse gene sequence . 
[ 0086 ] FIGS . 9B - 9E show the unique biallelic modifica 
tions ( allele types ) that occur at a greater frequency when 
two guide RNAs are used . The thick lines with diagonal 
hatching indicate the mouse gene , the dotted lines indicate 
deletions in the mouse gene , and the thick black lines 
indicate insertion of the human gene . FIG . 9B shows 
homozygous collapsed alleles ( large CRISPR - induced dele 
tion ) . FIG . 9C shows homozygous targeted alleles . FIG . 9D 
shows hemizygous targeted alleles . FIG . 9E shows com 
pound heterozygous alleles . 
[ 0087 ] FIGS . 10A and 10B show PCR assays confirming 
genotypes of selected clones . FIG . 10A shows results from 
long - range PCR assays for selected ES cell clones using 
primers m - lr - f and m - 5 ' - r , which establish linkage between 
the human insert and sequences outside of those homolo 
gous to the 5 ' homology arm , thereby proving correct 
targeting . FIG . 10B shows results from 5 ' Del J , 5 ' Ins J , Del 
A + F , and Del A + E2 PCR assays . 5 ' Del J depicts the PCR 
products using m - 5 ' - f and m - 5 - r primers , which amplifies 
the wild - type sequence surrounding the gRNA A cleavage 
site to establish retention or loss of this sequence . 5 ' Ins J 
depicts the PCR products using m - 5 - f and h - 5 ' - r primers , 
which establish a linkage between the human insert and the 
mouse genome . The assay will give a positive result in both 
targeted and random integrated clones . Del A + F depicts the 
expected amplicon size ( 359 bp ) and actual bands for large 
deletion mediated by dual GRNA A and F cleavage in clones 
BO - F10 and AW - A8 . Del A + E2 depicts the same idea for 
clone BA - A7 . NT indicates no template , + / + indicates 
parental VGF1 hybrid ES cell wild - type control , H / + indi 
cates heterozygous humanized genotype , H / A indicates 
hemizygous humanized genotype , H / H indicates homozy 
gous humanized genotype , and A / A indicates homozygous 
deleted genotype . 
10088 ] FIGS . 11A - 11C show fluorescence in situ hybrid 
ization ( FISH ) analysis of mouse ES cell clones AW - D9 
( FIG . 11A ) and BA - D5 ( FIG . 11C ) , which were targeted 
with the Lrp5 humanization LTVEC combined with Cas9 
and two gRNAs , and clone BS - C4 ( FIG . 11B ) , which was 
targeted with the LTVEC alone . Arrows indicate the posi 
tions of hybridization signals on band B of chromosome 19 . 
A red signal indicates hybridization with only the mouse 
probe ( dashed arrow , FIG . 11B ) . A yellow mixed color 
signal indicates hybridization with both the red mouse probe 
and the green human probe . One chromosome 19 band B 
having a red signal ( dashed arrow ) and the other chromo 
some 19 band B having a yellow signal ( solid arrow ) 
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confirmed targeting to the correct locus and the heterozy 
gous genotype for the BS - C4 clone ( FIG . 11B ) . The B bands 
of both chromosomes 19 having a yellow signal ( solid 
arrows , FIGS . 11A and 11C ) confirmed targeting to the 
correct locus and the homozygous genotypes for the AW - D9 
and BS - C4 clones . 
10089 ] FIG . 12 shows a schematic of chromosome 19 with 
assays designed to examine gene conversion or mitotic 
recombination events mediated by two guide RNAs by 
analyzing loss of heterozygosity ( LOH ) in VGF1 hybrid ES 
cells . The approximate positions of TAQMAN® qPCR 
chromosomal copy number ( CCN ) probes are shown by 
arrows . The approximate positions of the structural variant 
( SV ) polymorphism PCR probes are shown by chevrons 
with their distances ( in Mb ) from the Lrp5 locus given 
above . The approximate positions of the single nucleotide 
variant ( SNV ) TAQMAN® allelic discrimination probes are 
shown by arrowheads with their distances ( in Mb ) from the 
Lrp5 locus given below . The positions of the gRNA recog 
nition sequences for F , E2 , D , B2 , and A are shown by 
diagonal arrows above the representation of the Lrp5 gene . 
[ 0090 ] FIGS . 13A and 13B show fluorescence in situ 
hybridization ( FISH ) analysis of mouse ES cell clones Q - E9 
( FIG . 13A ) and O - E3 ( FIG . 13B ) , which were targeted with 
the Hc humanization LTVEC combined with Cas9 and two 
gRNAs . Arrows indicate the positions of hybridization sig 
nals on band B of chromosome 2 . A red signal indicates 
hybridization with only the mouse probe ( dashed arrow , 
FIG . 13A ) . A yellow mixed color signal indicates hybrid 
ization with both the red mouse probe and the green human 
probe ( solid arrow ) . One chromosome 2 band B having a red 
signal ( dashed arrow ) and the other chromosome 2 band B 
having a yellow signal ( solid arrow ) confirmed targeting to 
the correct locus and the heterozygous genotype for the 
Q - E9 clone ( FIG . 13A ) . The B bands of both chromosomes 
2 having a yellow signal ( solid arrows , FIG . 13B ) confirmed 
targeting to the correct locus and the homozygous genotype 
for the O - E3 clone . 
[ 0091 ] FIG . 14 shows a schematic of the chromosome 
containing the mouse C5 gene with assays designed to 
examine gene conversion or mitotic recombination events 
mediated by two guide RNAs by analyzing loss of heterozy 
gosity ( LOH ) in VGF1 hybrid ES cells . The approximate 
positions of the structural variant ( SV ) polymorphism PCR 
probes are shown by horizontal arrows with their distances 
( in Mb ) from the C5 locus given above . The positions of the 
gRNA recognition sequences for E2 and A are shown by 
diagonal arrows above the representation of the C5 gene 
locus . 
[ 0092 ] FIGS . 15A - 15E show the results of structural 
variation ( SV ) assays of clones BR - B4 , BP - G7 , BO - G11 , 
BO - F10 , BO - A8 , and BC - H9 , with VGF1 ( F1H4 ) , 129 , and 
B6 DNA used as controls . The assays were done at the 
following distances telomeric to the Lrp5 locus : 13 . 7 Mb 
( FIG . 15A ) , 20 . 0 Mb ( FIG . 15B ) , 36 . 9 Mb ( FIG . 15C ) , 48 . 3 
Mb ( FIG . 15D ) , and 56 . 7 Mb ( FIG . 15E ) . The positions of 
the PCR products for B6 and 129 alleles are shown by the 
arrows . 
10093 ] FIGS . 16A - 16C show allelic discrimination plots 
for the 0 . 32 Mb centromeric of Lrp5 ( FIG . 16A ) , 1 . 2 Mb 
telomeric of Lrp5 ( FIG . 16B ) , and 57 . 2 Mb telomeric of 
Lrp5 ( FIG . 16C ) . The values on each axis represent relative 
fluorescence intensity . The plots depict four replicates for 

each sample , which are shown as solid dots ( B6 allele ) , open 
dots ( 129 allele ) , and dots with diagonal lines ( both B6 / 129 
alleles ) . 
[ 0094 ] FIGS . 17A - 17C are a schematic showing a possible 
mechanism for mitotic recombination during G2 phase of 
the cell cycle that can produce homozygous events and 
wide - spread gene conversion detected by loss of heterozy 
gosity . FIG . 17A shows replicated homologous chromo 
somes showing the two chromatids in a hybrid 129 / B6 ES 
cell heterozygous for a targeted humanization on the 129 
homolog . Double - headed arrows indicate potential double 
strand breaks generated by dual gRNA - directed Cas9 cleav 
age that promotes reciprocal exchange by homologous 
recombination between chromatids on homologous chromo 
somes , shown as a cross - over on the centromeric side of the 
targeted allele , resulting in the hybrid chromatids shown in 
FIG . 17B . FIG . 17C shows that after mitosis and cell 
division , four types of chromosomes segregation into daugh 
ter cells are possible . Two with retention of heterozygosity , 
a parental type heterozygote ( Hum / + , upper left ) and a 
heterozygote by equal exchange ( Hum / + , upper right ) , can 
not be distinguished by LOH assays . Two others show loss 
of heterozygosity , a humanized homozygote ( Hum / Hum , 
e . g . clone BO - A8 , lower left ) with loss of telomeric B6 
alleles and a wild type homozygote ( + / + , lower right ) with 
loss of telomeric 129 alleles . This latter type will be lost 
because it does not retain the drug resistance cassette of the 
humanized allele . 
[ 0095 ] FIGS . 18A - 18F show possible mechanisms 
explaining the results observed , including loss of heterozy 
gosity ( LOH ) , in CRISPR / Cas9 - assisted humanization 
experiments in F1 hybrid mouse ES cells having one haploid 
chromosome complement derived from the 129S6 / SvEvTac 
mouse strain and one haploid chromosome complement 
derived from the C57BL / 6NTac ( B6 ) mouse strain . FIG . 
18A shows reciprocal chromatid exchange by mitotic cross 
over where a heterozygous modification occurs on the 129 
chromosome before genome replication or after genome 
replication followed by gene conversion between sister 
chromatids . 
[ 0096 ] FIG . 18B shows reciprocal chromatid exchange by 
mitotic crossover where a single 129 chromatid is modified 
after genome replication . FIG . 18C shows reciprocal chro 
matid exchange by mitotic crossover where no LTVEC 
targeting has occurred , but Cas9 cleavage has occurred on 
either the 129 or B6 chromosome ( B6 cleavage shown ) . 
FIG . 18D shows chromatid copying by break - induced rep 
lication where a heterozygous modification occurs on the 
129 chromosome before genome replication or after genome 
replication followed by gene conversion between sister 
chromatids . FIG . 18E shows chromatid copying by break 
induced replication where a single 129 chromatid is modi 
fied after genome replication . FIG . 18F shows chromatid 
copying by break - induced replication where no LTVEC 
targeting has occurred , but Cas9 cleavage has occurred on 
either the 129 or B6 chromosome ( B6 cleavage shown ) . 
00971 . FIG . 19 shows a schematic of the mouse Lrp5 locus 

being targeted for deletion and replacement with a corre 
sponding human LRP5 locus using an LTVEC and one or 
more gRNAs in VGF1 hybrid ES cells . The region inside the 
dotted vertical lines is the targeted region ( the region inside 
the 5 ' and 3 ' target sequences of the LTVEC ) . The reference 
sequence for determining single nucleotide variations was 
the genomic sequence of the C57BL / 6J mouse strain from 
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Jackson Laboratory . This reference sequence was compared 
to the 129S6 / SvEv strain from Taconic Biosciences , the 
C57BL / 6N strain from Taconic Biosciences , and the VGF1 
hybrid cell line produced from the 129S6 / SvEv strain and 
the C57BL / 6N strain ( represented in the three rows in the 
bottom portion of the figure ) . The vertical lines in each of the 
three rows represent the single nucleotide variations com 
pared to the reference sequence . 
[ 0098 ] FIG . 20 shows a schematic of the mouse Hc locus 
being targeted for deletion and replacement with a corre 
sponding human version using an LTVEC and one or more 
gRNAs in VGF1 hybrid ES cells . The region inside the 
dotted vertical lines is the targeted region ( the region inside 
the 5 ' and 3 ' target sequences of the LTVEC ) . The reference 
sequence for determining single nucleotide variations was 
the genomic sequence of the C57BL / 6J mouse strain from 
Jackson Laboratory . This reference sequence was compared 
to the 129S6 / SvEv strain from Taconic Biosciences , the 
C57BL / 6N strain from Taconic Biosciences , and the VGF1 
hybrid cell line produced from the 129S6 / SvEv strain and 
the C57BL / 6N strain ( represented in the three rows in the 
bottom portion of the figure ) . The vertical lines in each of the 
three rows represent the single nucleotide variations com 
pared to the reference sequence . 
[ 0099 ] FIG . 21 shows a schematic of the mouse Trpal 
locus being targeted for deletion and replacement with a 
corresponding human version using an LTVEC and one or 
more gRNAs in VGF1 hybrid ES cells . The region inside the 
dotted vertical lines is the targeted region ( the region inside 
the 5 ' and 3 ' target sequences of the LTVEC ) . The reference 
sequence for determining single nucleotide variations was 
the genomic sequence of the C57BL / 6J mouse strain from 
Jackson Laboratory . This reference sequence was compared 
to the 129S6 / SvEv strain from Taconic Biosciences , the 
C57BL / 6N strain from Taconic Biosciences , and the VGF1 
hybrid cell line produced from the 129S6 / SvEv strain and 
the C57BL / 6N strain ( represented in the three rows in the 
bottom portion of the figure ) . The vertical lines in each of the 
three rows represent the single nucleotide variations com 
pared to the reference sequence . 
[ 0100 ] FIG . 22 shows a schematic of the mouse Adamts5 
locus being targeted for deletion and replacement with a 
corresponding human version using an LTVEC and one or 
more gRNAs in VGF1 hybrid ES cells . The region inside the 
dotted vertical lines is the targeted region ( the region inside 
the 51 and 3 ' target sequences of the LTVEC ) . The reference 
sequence for determining single nucleotide variations was 
the genomic sequence of the C57BL / 6J mouse strain from 
Jackson Laboratory . This reference sequence was compared 
to the 129S6 / SvEv strain from Taconic Biosciences , the 
C57BL / 6N strain from Taconic Biosciences , and the VGF1 
hybrid cell line produced from the 129S6 / SvEv strain and 
the C57BL / 6N strain ( represented in the three rows in the 
bottom portion of the figure ) . The vertical lines in each of the 
three rows represent the single nucleotide variations com 
pared to the reference sequence . 
10101 ] FIG . 23 shows a schematic of the mouse Folh1 
locus being targeted for deletion and replacement with a 
corresponding human version using an LTVEC and one or 
more gRNAs in VGF1 hybrid ES cells . The region inside the 
dotted vertical lines is the targeted region ( the region inside 
the 51 and 3 ' target sequences of the LTVEC ) . The reference 
sequence for determining single nucleotide variations was 
the genomic sequence of the C57BL / 6J mouse strain from 

Jackson Laboratory . This reference sequence was compared 
to the 129S6 / SvEv strain from Taconic Biosciences , the 
C57BL / 6N strain from Taconic Biosciences , and the VGF1 
hybrid cell line produced from the 129S6 / SvEv strain and 
the C57BL / 6N strain ( represented in the three rows in the 
bottom portion of the figure ) . The vertical lines in each of the 
three rows represent the single nucleotide variations com 
pared to the reference sequence . 
[ 0102 ] FIG . 24 shows a schematic of the mouse Dpp4 
locus being targeted for deletion and replacement with a 
corresponding human version using an LTVEC and one or 
more gRNAs in VGF1 hybrid ES cells . The region inside the 
dotted vertical lines is the targeted region ( the region inside 
the 5 ' and 3 ' target sequences of the LTVEC ) . The reference 
sequence for determining single nucleotide variations was 
the genomic sequence of the C57BL / 6J mouse strain from 
Jackson Laboratory . This reference sequence was compared 
to the 129S6 / SvEv strain from Taconic Biosciences , the 
C57BL / 6N strain from Taconic Biosciences , and the VGF1 
hybrid cell line produced from the 129S6 / SvEv strain and 
the C57BL / 6N strain ( represented in the three rows in the 
bottom portion of the figure ) . The vertical lines in each of the 
three rows represent the single nucleotide variations com 
pared to the reference sequence . 
[ 0103 ] FIG . 25 shows a schematic of the mouse Ror1 
locus being targeted for deletion and replacement with a 
corresponding human version using an LTVEC and one or 
more gRNAs in VGF1 hybrid ES cells . The region inside the 
dotted vertical lines is the targeted region ( the region inside 
the 5 ' and 3 ' target sequences of the LTVEC ) . The reference 
sequence for determining single nucleotide variations was 
the genomic sequence of the C57BL / 6J mouse strain from 
Jackson Laboratory . This reference sequence was compared 
to the 129S6 / SvEv strain from Taconic Biosciences , the 
C57BL / 6N strain from Taconic Biosciences , and the VGF1 
hybrid cell line produced from the 129S6 / SvEv strain and 
the C57BL / 6N strain ( represented in the three rows in the 
bottom portion of the figure ) . The vertical lines in each of the 
three rows represent the single nucleotide variations com 
pared to the reference sequence . 
[ 0104 ] FIG . 26 shows a schematic of a mouse locus 
including a gene encoding a transmembrane protein ; the 
mouse locus is being targeted for deletion and replacement 
with a corresponding human version using an LTVEC and 
one or more gRNAs in VGF1 hybrid ES cells . The rect 
angles represent different genes within the target genomic 
region . The region inside the dotted vertical lines is the 
targeted region ( the region inside the 5 ' and 3 ' target 
sequences of the LTVEC ) . The reference sequence for 
determining single nucleotide variations was the genomic 
sequence of the C57BL / 6J mouse strain from Jackson Labo 
ratory . This reference sequence was compared to the 12956 / 
SvEv strain MP variant from Taconic Biosciences , the 
C57BL / 6N strain RGC variant from Taconic Biosciences , 
and the VGF1 hybrid cell line produced from the 12956 / 
SvEv strain and the C57BL / 6N strain ( represented in the 
three rows in the bottom portion of the figure ) . The MP and 
RGC variants are different mice from the same strain . The 
vertical lines in each of the three rows represent the single 
nucleotide variations compared to the reference sequence . 
f0105 ] FIGS . 27A - 27C are a schematic showing a possible 
mechanism for mitotic recombination during G2 phase of 
the cell cycle that can produce homozygous events and gene 
conversion detected by local loss of heterozygosity . FIG . 
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( VK1 - 39 / JK5 ) operably linked to the hVK3 - 15 promoter . 
Human segments are depicted in black , and mouse segments 
are indicated by diagonal lines 

27A shows replicated homologous chromosomes showing 
the two chromatids in a hybrid 129 / B6 ES cell heterozygous 
for a targeted humanization on the 129 homolog . The 
heterozygous modification on the 129 homolog occurs 
before genome replication , or a single 129 chromatid is 
modified after genome replication followed by inter - chro 
matid gene conversion . Double - headed arrows indicate 
potential double strand breaks generated by dual gRNA 
directed Cas9 cleavage that promotes dual strand invasion 
and synthesis - directed repair , shown by the diagonal dashed 
arrows , resulting in hybrid chromatids produced by a gene 
conversion event that copies a small part of one modified 
chromatid , as shown in FIG . 27B . FIG . 27C shows that after 
mitosis and cell division , two types of chromosomes segre 
gation into daughter cells are possible : one with retention of 
heterozygosity ( a parental type heterozygote ( Hum / + , upper ) 
with no loss of heterozygosity , and one with local loss of 
heterozygosity surrounding the targeted modification ( Hum / 
Hum , bottom , retains 129 alleles ) . 
f0106 ] FIG . 28 shows the efficiency of CRISPR / Cas9 
mediated deletion in VI - 3 and ULC 1 - 39 embryonic stem 
( ES ) cells for different self - antigen targets of different sizes 
using paired guide RNAs targeting the start and stop codon 
regions of the genes encoding the self - antigens , alone or in 
combination with a large targeting vector . 
101071 . FIG . 29 shows the percentage of mouse pups 
produced with collapsed alleles following targeting of VI - 3 
and ULC 1 - 39 one - cell stage embryos with CRISPR / Cas9 to 
target different self - antigen targets of different sizes for 
deletion using paired guide RNAs targeting the start and stop 
codon regions of the genes encoding the self - antigens . 
10108 ] FIGS . 30A and 30B show antibody titer data for a 
human target antigen ( Target 9 ) in wild type VI - 3 - Adam 6 
mice ( FIG . 30B ) and in V13 - Adam6 mice that are homozy 
gous null for an endogenous gene encoding a self - antigen 
orthologous to Target 9 ( Self - Antigen 9 ) ( FIG . 30A ) fol 
lowing immunization with Target 9 full - length DNA on 
parental VI - 3T3 cells and VI - 3T3 cells engineered to 
express Target 9 . 
[ 0109 ] FIGS . 31A and 31B show antibody titer data for a 
human target antigen ( Target 4 ) and for the corresponding 
orthologous mouse self - antigen ( Self - Antigen 4 ) . FIG . 31A 
shows antibody titer data for human Target 4 and mouse 
Self - Antigen 4 in V13 - Adam6 mice that are homozygous 
null for the endogenous gene encoding Self - Antigen 4 . FIG . 
31B shows antibody titer data for a combination of human 
Target 4 and mouse Self - Antigen 4 in ULC 1 - 39 mice that 
are homozygous null for the endogenous gene encoding 
Self - Antigen 4 . 
[ 0110 ] FIG . 32 shows a schematic for the immunoglobulin 
heavy chain locus ( top ) and the immunoglobulin light chain 
loci ( bottom ) in VI3 - Adam6 and ULC 1 - 39 mice , which 
each have a genetic background of 50 % BALB / cTac , 25 % 
C57BL / 6NTac , and 25 % 129S6 / SvEvTac . In the VI3 
Adam6 mice , the endogenous mouse immunoglobulin heavy 
and light chain variable region are replaced with the corre 
sponding human DNA along with reinserted mouse Adam6 
genes ( Adam6b and Adamba , represented by trapezoids ) . In 
the Universal Light Chain ( ULC 1 - 39 ) mice , the endogenous 
mouse immunoglobulin heavy chain variable region is 
replaced with the corresponding human DNA along with a 
reinserted mouse Adam6 gene , and the immunoglobulin 
light chain variable region comprises a single rearranged 
human immunoglobulin light chain nucleotide sequence 

DEFINITIONS 
[ 0111 ] The terms “ protein , " " polypeptide , ” and “ peptide , " 
used interchangeably herein , include polymeric forms of 
amino acids of any length , including coded and non - coded 
amino acids and chemically or biochemically modified or 
derivatized amino acids . The terms also include polymers 
that have been modified , such as polypeptides having modi 
fied peptide backbones . 
10112 ] Proteins are said to have an “ N - terminus ” and a 
“ C - terminus . ” The term “ N - terminus ” relates to the start of 
a protein or polypeptide , terminated by an amino acid with 
a free amine group ( NH2 ) . The term “ C - terminus ” relates 
to the end of an amino acid chain ( protein or polypeptide ) , 
terminated by a free carboxyl group ( COOH ) . 
0113 ] The terms “ nucleic acid ” and “ polynucleotide , ” 
used interchangeably herein , include polymeric forms of 
nucleotides of any length , including ribonucleotides , deoxy 
ribonucleotides , or analogs or modified versions thereof . 
They include single - , double - , and multi - stranded DNA or 
RNA , genomic DNA , cDNA , DNA - RNA hybrids , and poly 
mers comprising purine bases , pyrimidine bases , or other 
natural , chemically modified , biochemically modified , non 
natural , or derivatized nucleotide bases . 
10114 Nucleic acids are said to have “ 5 ' ends ” and “ 3 
ends ” because mononucleotides are reacted to make oligo 
nucleotides in a manner such that the 5 ' phosphate of one 
mononucleotide pentose ring is attached to the 3 ' oxygen of 
its neighbor in one direction via a phosphodiester linkage . 
An end of an oligonucleotide is referred to as the “ 5 ' end ” if 
its 5 ' phosphate is not linked to the 3 ' oxygen of a mono 
nucleotide pentose ring . An end of an oligonucleotide is 
referred to as the “ 3 ' end ” if its 3 ' oxygen is not linked to a 
5 ' phosphate of another mononucleotide pentose ring . A 
nucleic acid sequence , even if internal to a larger oligo 
nucleotide , also may be said to have 5 ' and 3 ' ends . In either 
a linear or circular DNA molecule , discrete elements are 
referred to as being " upstream ” or 5 ' of the " downstream " or 
3 ' elements . 
10115 ] The term “ wild type ” includes entities having a 
structure and / or activity as found in a normal ( as contrasted 
with mutant , diseased , altered , or so forth ) state or context . 
Wild type gene and polypeptides often exist in multiple 
different forms ( e . g . , alleles ) . 
[ 0116 ] The term “ isolated ” with respect to proteins and 
nucleic acid includes proteins and nucleic acids that are 
relatively purified with respect to other bacterial , viral or 
cellular components that may normally be present in situ , up 
to and including a substantially pure preparation of the 
protein and the polynucleotide . The term “ isolated also 
includes proteins and nucleic acids that have no naturally 
occurring counterpart , have been chemically synthesized 
and are thus substantially uncontaminated by other proteins 
or nucleic acids , or has been separated or purified from most 
other cellular components with which they are naturally 
accompanied ( e . g . , other cellular proteins , polynucleotides , 
or cellular components ) . 
[ 0117 ] “ Exogenous ” molecules or sequences include mol 
ecules or sequences that are not normally present in a cell in 
that form . Normal presence includes presence with respect 
to the particular developmental stage and environmental 
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conditions of the cell . An exogenous molecule or sequence , 
for example , can include a mutated version of a correspond 
ing endogenous sequence within the cell , such as a human 
ized version of the endogenous sequence , or can include a 
sequence corresponding to an endogenous sequence within 
the cell but in a different form ( i . e . , not within a chromo 
some ) . In contrast , endogenous molecules or sequences 
include molecules or sequences that are normally present in 
that form in a particular cell at a particular developmental 
stage under particular environmental conditions . 
[ 0118 ] " Codon optimization ” generally includes a process 
of modifying a nucleic acid sequence for enhanced expres 
sion in particular host cells by replacing at least one codon 
of the native sequence with a codon that is more frequently 
or most frequently used in the genes of the host cell while 
maintaining the native amino acid sequence . For example , a 
polynucleotide encoding a Cas9 protein can be modified to 
substitute codons having a higher frequency of usage in a 
given prokaryotic or eukaryotic cell , including a bacterial 
cell , a yeast cell , a human cell , a non - human cell , a mam 
malian cell , a rodent cell , a mouse cell , a rat cell , a hamster 
cell , or any other host cell , as compared to the naturally 
occurring nucleic acid sequence . Codon usage tables are 
readily available , for example , at the “ Codon Usage Data 
base . ” These tables can be adapted in a number of ways . See 
Nakamura et al . ( 2000 ) Nucleic Acids Research 28 : 292 , 
herein incorporated by reference in its entirety for all pur 
poses . Computer algorithms for codon optimization of a 
particular sequence for expression in a particular host are 
also available ( see , e . g . , Gene Forge ) . 
[ 0119 ] The term “ locus ” refers to a specific location of a 
gene ( or significant sequence ) , DNA sequence , polypeptide 
encoding sequence , or position on a chromosome of the 
genome of an organism . For example , an “ Lrp5 locus ” may 
refer to the specific location of an Lrp5 gene , Lrp5 DNA 
sequence , LRP5 - encoding sequence , or Lrp5 position on a 
chromosome of the genome of an organism that has been 
identified as to where such a sequence resides . An “ Lrp5 
locus ” may comprise a regulatory element of an Lrp5 gene , 
including , for example , an enhancer , a promoter , 5 ' and / or 3 
UTR , or a combination thereof . 
[ 0120 ] The term “ gene ” refers to a DNA sequence in a 
chromosome that codes for a product ( e . g . , an RNA product 
and / or a polypeptide product ) and includes the coding region 
interrupted with non - coding introns and sequence located 
adjacent to the coding region on both the 5 ' and 3 ' ends such 
that the gene corresponds to the full - length mRNA ( includ 
ing the 5 ' and 3 ' untranslated sequences ) . The term " gene " 
also includes other non - coding sequences including regula 
tory sequences ( e . g . , promoters , enhancers , and transcription 
factor binding sites ) , polyadenylation signals , internal ribo 
some entry sites , silencers , insulating sequence , and matrix 
attachment regions . These sequences may be close to the 
coding region of the gene ( e . g . , within 10 kb ) or at distant 
sites , and they influence the level or rate of transcription and 
translation of the gene . 
[ 0121 ] The term “ allele ” refers to a variant form of a gene . 
Some genes have a variety of different forms , which are 
located at the same position , or genetic locus , on a chromo 
some . A diploid organism has two alleles at each genetic 
locus . Each pair of alleles represents the genotype of a 
specific genetic locus . Genotypes are described as homozy 
gous if there are two identical alleles at a particular locus and 
as heterozygous if the two alleles differ . 

[ 0122 ] A “ promoter ” is a regulatory region of DNA usu 
ally comprising a TATA box capable of directing RNA 
polymerase II to initiate RNA synthesis at the appropriate 
transcription initiation site for a particular polynucleotide 
sequence . A promoter may additionally comprise other 
regions which influence the transcription initiation rate . The 
promoter sequences disclosed herein modulate transcription 
of an operably linked polynucleotide . A promoter can be 
active in one or more of the cell types disclosed herein ( e . g . , 
a eukaryotic cell , a non - human mammalian cell , a human 
cell , a rodent cell , a pluripotent cell , a one - cell stage embryo , 
a differentiated cell , or a combination thereof ) . A promoter 
can be , for example , a constitutively active promoter , a 
conditional promoter , an inducible promoter , a temporally 
restricted promoter ( e . g . , a developmentally regulated pro 
moter ) , or a spatially restricted promoter ( e . g . , a cell - specific 
or tissue - specific promoter ) . Examples of promoters can be 
found , for example , in WO 2013 / 176772 , herein incorpo 
rated by reference in its entirety . 
[ 0123 ] Examples of inducible promoters include , for 
example , chemically regulated promoters and physically 
regulated promoters . Chemically regulated promoters 
include , for example , alcohol - regulated promoters ( e . g . , an 
alcohol dehydrogenase ( alcA ) gene promoter ) , tetracycline 
regulated promoters ( e . g . , a tetracycline - responsive pro 
moter , a tetracycline operator sequence ( teto ) , a tet - On 
promoter , or a tet - Off promoter ) , steroid regulated promoters 
( e . g . , a rat glucocorticoid receptor , a promoter of an estrogen 
receptor , or a promoter of an ecdysone receptor ) , or metal 
regulated promoters ( e . g . , a metalloprotein promoter ) . 
Physically regulated promoters include , for example tem 
perature - regulated promoters ( e . g . , a heat shock promoter ) 
and light - regulated promoters ( e . g . , a light - inducible pro 
moter or a light - repressible promoter ) . 
[ 0124 ] Tissue - specific promoters can be , for example , 
neuron - specific promoters , glia - specific promoters , muscle 
cell - specific promoters , heart cell - specific promoters , kidney 
cell - specific promoters , bone cell - specific promoters , 
endothelial cell - specific promoters , or immune cell - specific 
promoters ( e . g . , a B cell promoter or a T cell promoter ) . 
[ 0125 ] Developmentally regulated promoters include , for 
example , promoters active only during an embryonic stage 
of development , or only in an adult cell . 
[ 0126 ] “ Operable linkage ” or being “ operably linked ” 
includes juxtaposition of two or more components ( e . g . , a 
promoter and another sequence element ) such that both 
components function normally and allow the possibility that 
at least one of the components can mediate a function that 
is exerted upon at least one of the other components . For 
example , a promoter can be operably linked to a coding 
sequence if the promoter controls the level of transcription 
of the coding sequence in response to the presence or 
absence of one or more transcriptional regulatory factors . 
Operable linkage can include such sequences being contigu 
ous with each other or acting in trans ( e . g . , a regulatory 
sequence can act at a distance to control transcription of the 
coding sequence ) . As another example , a nucleic acid 
sequence of an immunoglobulin variable region ( or V ( D ) J 
segments ) may be operably linked to a nucleic acid sequence 
of an immunoglobulin constant region so as to allow proper 
recombination between the sequences into an immuno 
globulin heavy or light chain sequence . 
0127 ] “ Complementarity ” of nucleic acids means that a 
nucleotide sequence in one strand of nucleic acid , due to 
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orientation of its nucleobase groups , forms hydrogen bonds 
with another sequence on an opposing nucleic acid strand . 
The complementary bases in DNA are typically A with T and 
C with G . In RNA , they are typically C with G and U with 
A . Complementarity can be perfect or substantial / sufficient . 
Perfect complementarity between two nucleic acids means 
that the two nucleic acids can form a duplex in which every 
base in the duplex is bonded to a complementary base by 
Watson - Crick pairing . “ Substantial " or " sufficient " comple 
mentary means that a sequence in one strand is not com 
pletely and / or perfectly complementary to a sequence in an 
opposing strand , but that sufficient bonding occurs between 
bases on the two strands to form a stable hybrid complex in 
set of hybridization conditions ( e . g . , salt concentration and 
temperature ) . Such conditions can be predicted by using the 
sequences and standard mathematical calculations to predict 
the Tm ( melting temperature ) of hybridized strands , or by 
empirical determination of Tm by using routine methods . 
Tm includes the temperature at which a population of 
hybridization complexes formed between two nucleic acid 
strands are 50 % denatured ( i . e . , a population of double 
stranded nucleic acid molecules becomes half dissociated 
into single strands ) . At a temperature below the Tm , forma 
tion of a hybridization complex is favored , whereas at a 
temperature above the Tm , melting or separation of the 
strands in the hybridization complex is favored . Tm may be 
estimated for a nucleic acid having a known G + C content in 
an aqueous 1 M NaCl solution by using , e . g . , Tm = 81 . 5 + 0 . 
41 % G + C ) , although other known Tm computations take 
into account nucleic acid structural characteristics . 
[ 0128 ] “ Hybridization condition ” includes the cumulative 
environment in which one nucleic acid strand bonds to a 
second nucleic acid strand by complementary strand inter 
actions and hydrogen bonding to produce a hybridization 
complex . Such conditions include the chemical components 
and their concentrations ( e . g . , salts , chelating agents , for 
mamide ) of an aqueous or organic solution containing the 
nucleic acids , and the temperature of the mixture . Other 
factors , such as the length of incubation time or reaction 
chamber dimensions may contribute to the environment . 
See , e . g . , Sambrook et al . , Molecular Cloning , A Laboratory 
Manual , 2 . sup . nd ed . , pp . 1 . 90 - 1 . 91 , 9 . 47 - 9 . 51 , 11 . 47 - 11 . 57 
( Cold Spring Harbor Laboratory Press , Cold Spring Harbor , 
N . Y . , 1989 ) , herein incorporated by reference in its entirety 
for all purposes . 
[ 0129 ] Hybridization requires that the two nucleic acids 
contain complementary sequences , although mismatches 
between bases are possible . The conditions appropriate for 
hybridization between two nucleic acids depend on the 
length of the nucleic acids and the degree of complemen 
tation , variables well known in the art . The greater the 
degree of complementation between two nucleotide 
sequences , the greater the value of the melting temperature 
( Tm ) for hybrids of nucleic acids having those sequences . 
For hybridizations between nucleic acids with short 
stretches of complementarity ( e . g . complementarity over 35 
or fewer , 30 or fewer , 25 or fewer , 22 or fewer , 20 or fewer , 
or 18 or fewer nucleotides ) the position of mismatches 
becomes important ( see Sambrook et al . , supra , 11 . 7 - 11 . 8 ) . 
Typically , the length for a hybridizable nucleic acid is at 
least about 10 nucleotides . Illustrative minimum lengths for 
a hybridizable nucleic acid include at least about 15 nucleo 
tides , at least about 20 nucleotides , at least about 22 nucleo 
tides , at least about 25 nucleotides , and at least about 30 

nucleotides . Furthermore , the temperature and wash solution 
salt concentration may be adjusted as necessary according to 
factors such as length of the region of complementation and 
the degree of complementation . 
[ 0130 ] The sequence of polynucleotide need not be 100 % 
complementary to that of its target nucleic acid to be 
specifically hybridizable . Moreover , a polynucleotide may 
hybridize over one or more segments such that intervening 
or adjacent segments are not involved in the hybridization 
event ( e . g . , a loop structure or hairpin structure ) . A poly 
nucleotide ( e . g . , ORNA ) can comprise at least 70 % , at least 
80 % , at least 90 % , at least 95 % , at least 99 % , or 100 % 
sequence complementarity to a target within the target 
nucleic acid sequence to which they are targeted . For 
example , a gRNA in which 18 of 20 nucleotides are comple 
mentary to a target , and would therefore specifically hybrid 
ize , would represent 90 % complementarity . In this example , 
the remaining noncomplementary nucleotides may be clus 
tered or interspersed with complementary nucleotides and 
need not be contiguous to each other or to complementary 
nucleotides . 
[ 0131 ] Percent complementarity between particular 
stretches of nucleic acid sequences within nucleic acids can 
be determined routinely using BLAST programs ( basic local 
alignment search tools ) and PowerBLAST programs known 
in the art ( Altschul et al . ( 1990 ) J . Mol . Biol . 215 : 403 - 410 ; 
Zhang and Madden ( 1997 ) Genome Res . 7 : 649 - 656 ) or by 
using the Gap program ( Wisconsin Sequence Analysis Pack 
age , Version 8 for Unix , Genetics Computer Group , Uni 
versity Research Park , Madison Wis . ) , using default settings , 
which uses the algorithm of Smith and Waterman ( Adv . 
Appl . Math . , 1981 , 2 , 482 - 489 ) . 
[ 0132 ] The methods and compositions provided herein 
employ a variety of different components . It is recognized 
throughout the description that some components can have 
active variants and fragments . Such components include , for 
example , Cas9 proteins , CRISPR RNAs , tracrRNAs , and 
guide RNAs . Biological activity for each of these compo 
nents is described elsewhere herein . 
[ 0133 ] “ Sequence identity ” or “ identity ” in the context of 
two polynucleotides or polypeptide sequences makes refer 
ence to the residues in the two sequences that are the same 
when aligned for maximum correspondence over a specified 
comparison window . When percentage of sequence identity 
is used in reference to proteins it is recognized that residue 
positions which are not identical often differ by conservative 
amino acid substitutions , where amino acid residues are 
substituted for other amino acid residues with similar chemi 
cal properties ( e . g . , charge or hydrophobicity ) and therefore 
do not change the functional properties of the molecule . 
When sequences differ in conservative substitutions , the 
percent sequence identity may be adjusted upwards to 
correct for the conservative nature of the substitution . 
Sequences that differ by such conservative substitutions are 
said to have “ sequence similarity ” or “ similarity . ” Means for 
making this adjustment are well known to those of skill in 
the art . Typically , this involves scoring a conservative sub 
stitution as a partial rather than a full mismatch , thereby 
increasing the percentage sequence identity . Thus , for 
example , where an identical amino acid is given a score of 
1 and a non - conservative substitution is given a score of 
zero , a conservative substitution is given a score between 
zero and 1 . The scoring of conservative substitutions is 
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calculated , e . g . , as implemented in the program PC / GENE 
( Intelligenetics , Mountain View , Calif . ) . 
[ 0134 ] “ Percentage of sequence identity ” includes the 
value determined by comparing two optimally aligned 
sequences over a comparison window , wherein the portion 
of the polynucleotide sequence in the comparison window 
may comprise additions or deletions ( i . e . , gaps ) as compared 
to the reference sequence ( which does not comprise addi 
tions or deletions ) for optimal alignment of the two 
sequences . The percentage is calculated by determining the 
number of positions at which the identical nucleic acid base 
or amino acid residue occurs in both sequences to yield the 
number of matched positions , dividing the number of 
matched positions by the total number of positions in the 
window of comparison , and multiplying the result by 100 to 
yield the percentage of sequence identity . 
[ 0135 ] Unless otherwise stated , sequence identity / similar 
ity values include the value obtained using GAP Version 10 
using the following parameters : % identity and % similarity 
for a nucleotide sequence using GAP Weight of 50 and 
Length Weight of 3 , and the nwsgapdna . cmp scoring matrix ; 
% identity and % similarity for an amino acid sequence 
using GAP Weight of 8 and Length Weight of 2 , and the 
BLOSUM62 scoring matrix ; or any equivalent program 
thereof . “ Equivalent program ” includes any sequence com 
parison program that , for any two sequences in question , 
generates an alignment having identical nucleotide or amino 
acid residue matches and an identical percent sequence 
identity when compared to the corresponding alignment 
generated by GAP Version 10 . 
[ 0136 ] The term “ substantial identity " as used herein to 
refer to shared epitopes includes sequences that contain 
identical residues in corresponding positions . For example , 
two sequences can be considered to be substantially identi 
cal if at least 70 % , 75 % , 80 % , 85 % , 90 % , 91 % 92 % , 93 % , 
94 % , 95 % , 96 % , 97 % , 98 % , 99 % or more of their corre 
sponding residues are identical over a relevant stretch of 
residues . The relevant stretch can be , for example , a com 
plete sequence or can be at least 5 , 10 , 15 , or more residues . 
( 0137 ] The term " conservative amino acid substitution ” 
refers to the substitution of an amino acid that is normally 
present in the sequence with a different amino acid of similar 
size , charge , or polarity . Examples of conservative substi 
tutions include the substitution of a non - polar ( hydrophobic ) 
residue such as isoleucine , valine , or leucine for another 
non - polar residue . Likewise , examples of conservative sub 
stitutions include the substitution of one polar ( hydrophilic ) 
residue for another such as between arginine and lysine , 
between glutamine and asparagine , or between glycine and 
serine . Additionally , the substitution of a basic residue such 
as lysine , arginine , or histidine for another , or the substitu 
tion of one acidic residue such as aspartic acid or glutamic 
acid for another acidic residue are additional examples of 
conservative substitutions . Examples of non - conservative 
substitutions include the substitution of a non - polar ( hydro 
phobic ) amino acid residue such as isoleucine , valine , leu 
cine , alanine , or methionine for a polar ( hydrophilic ) residue 
such as cysteine , glutamine , glutamic acid or lysine and / or 
a polar residue for a non - polar residue . Typical amino acid 
categorizations are summarized below . 

[ 0138 ] The term “ germline ” in reference to an immuno 
globulin nucleic acid sequence includes a nucleic acid 
sequence that can be passed to progeny . 
[ 0139 ] The term “ antigen - binding protein ” includes any 
protein that binds to an antigen . Examples of antigen 
binding proteins include an antibody , an antigen - binding 
fragment of an antibody , a multispecific antibody ( e . g . , a 
bi - specific antibody ) , an scFV , a bis - scFV , a diabody , a 
triabody , a tetrabody , a V - NAR , a VHH , a VL , a F ( ab ) , a 
F ( ab ) , , a DVD ( dual variable domain antigen - binding pro 
tein ) , an SVD ( single variable domain antigen - binding pro 
tein ) , a bispecific T - cell engager ( BiTE ) , or a Davisbody 
( U . S . Pat . No . 8 , 586 , 713 , herein incorporated by reference 
herein in its entirety for all purposes ) . 
[ 0140 ] The term “ antigen ” refers to a substance , whether 
an entire molecule or a domain within a molecule , which is 
capable of eliciting production of antibodies with binding 
specificity to that substance . The term antigen also includes 
substances , which in wild type host organisms would not 
elicit antibody production by virtue of self - recognition , but 
can elicit such a response in a host animal with appropriate 
genetic engineering to break immunological tolerance . 
[ 0141 ] The term “ epitope ” refers to a site on an antigen to 
which an antigen - binding protein ( e . g . , antibody ) binds . An 
epitope can be formed from contiguous amino acids or 
noncontiguous amino acids juxtaposed by tertiary folding of 
one or more proteins . Epitopes formed from contiguous 
amino acids ( also known as linear epitopes ) are typically 
retained on exposure to denaturing solvents whereas 
epitopes formed by tertiary folding ( also known as confor 
mational epitopes ) are typically lost on treatment with 
denaturing solvents . An epitope typically includes at least 3 , 
and more usually , at least 5 or 8 - 10 amino acids in a unique 
spatial conformation . Methods of determining spatial con 
formation of epitopes include , for example , X - ray crystal 
lography and 2 - dimensional nuclear magnetic resonance . 
See , e . g . , Epitope Mapping Protocols , in Methods in 
Molecular Biology , Vol . 66 , Glenn E . Morris , Ed . ( 1996 ) , 
herein incorporated by reference in its entirety for all pur 
poses . 
0142 ] The term " self " when used in conjunction with 
antigens or epitopes describes antigens or epitopes which 
would not be recognized or be only poorly recognized by the 
B - cell receptors of a wild type member of the host species 
by virtue of being included among the substances which are 
normally biosynthesized by the host species , or to which the 

Alanine 
Arginine 

Ala 
Arg 

A Nonpolar 
Polar 

Neutral 
Positive 

1 . 8 
- 4 . 5 



US 2017 / 0332610 A1 Nov . 23 , 2017 
23 

host species is normally exposed . Such substances induce 
tolerance of the host immune system . The term “ foreign ” 
when used in conjunction with antigens or epitopes 
describes antigens or epitopes that are not self - antigens or 
self - epitopes . A foreign antigen is any antigen which is not 
normally produced by the host species . 
[ 0143 ] The term “ antibody ” includes immunoglobulin 
molecules comprising four polypeptide chains , two heavy 
( H ) chains and two light ( L ) chains inter - connected by 
disulfide bonds . Each heavy chain comprises a heavy chain 
variable domain and a heavy chain constant region ( CH ) . 
The heavy chain constant region comprises three domains : 
CH1 , CH2 and C 3 . Each light chain comprises a light chain 
variable domain and a light chain constant region ( CO . The 
heavy chain and light chain variable domains can be further 
subdivided into regions of hypervariability , termed comple 
mentarity determining regions ( CDR ) , interspersed with 
regions that are more conserved , termed framework regions 
( FR ) . Each heavy and light chain variable domain comprises 
three CDRs and four FRs , arranged from amino - terminus to 
carboxy - terminus in the following order : FR1 , CDR1 , FR2 , 
CDR2 , FR3 , CDR3 , FR4 ( heavy chain CDRs may be 
abbreviated as HCDR1 , HCDR2 and HCDR3 ; light chain 
CDRs may be abbreviated as LCDR1 , LCDR2 and LCDR3 ) . 
The term “ high affinity ” antibody refers to an antibody that 
has a K , with respect to its target epitope about of 10 - PM or 
lower ( e . g . , about 1x10 - ' M , 1x10 - 10 M , 1x10 - 11 M , or 
about 1x10 - 12 M ) . In one embodiment , K , is measured by 
surface plasmon resonance , e . g . , BIACORETM ; in another 
embodiment , K , is measured by ELISA . 
[ 0144 ] The term “ heavy chain , ” or “ immunoglobulin 
heavy chain ” includes an immunoglobulin heavy chain 
sequence , including immunoglobulin heavy chain constant 
region sequence , from any organism . Heavy chain variable 
domains include three heavy chain CDRs and four FR 
regions , unless otherwise specified . Fragments of heavy 
chains include CDRs , CDRs and FRs , and combinations 
thereof . A typical heavy chain has , following the variable 
domain ( from N - terminal to C - terminal ) , a Chl domain , a 
hinge , a Ch2 domain , and a Cp3 domain . A functional 
fragment of a heavy chain includes a fragment that is 
capable of specifically recognizing an epitope ( e . g . , recog 
nizing the epitope with a K , in the micromolar , nanomolar , 
or picomolar range ) , that is capable of expressing and 
secreting from a cell , and that comprises at least one CDR . 
Heavy chain variable domains are encoded by variable 
region nucleotide sequence , which generally comprises VH 
Dy , and Jy segments derived from a repertoire of V . , D , 
and Jh segments present in the germline . Sequences , loca 
tions and nomenclature for V , D , and J heavy chain segments 
for various organisms can be found in IMGT database , 
which is accessible via the internet on the world wide web 
( www ) at the URL “ imgt . org . ” 
[ 0145 ] The term “ light chain ” includes an immunoglobu 
lin light chain sequence from any organism , and unless 
otherwise specified includes human kappa ( K ) and lambda 
( a ) light chains and a VpreB , as well as surrogate light 
chains . 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 
variable domain that includes FR1 - CDR1 - FR2 - CDR2 - FR3 
CDR3 - FR4 , and a light chain constant region amino acid 
sequence . Light chain variable domains are encoded by the 

light chain variable region nucleotide sequence , which gen 
erally comprises light chain V , and light chain J? gene 
segments , derived from a repertoire of light chain V and J 
gene segments present in the germline . Sequences , locations 
and nomenclature for light chain V and J gene segments for 
various organisms can be found in IMGT database , which is 
accessible via the internet on the world wide web ( www ) at 
the URL “ imgt . org . ” Light chains include those , e . g . , that do 
not selectively bind either a first or a second epitope selec 
tively bound by the epitope - binding protein in which they 
appear . Light chains also include those that bind and rec 
ognize , or assist the heavy chain with binding and recog 
nizing , one or more epitopes selectively bound by the 
epitope - binding protein in which they appear . 
[ 0146 ] The term “ complementary determining region " or 
“ CDR , ” as used herein , includes an amino acid sequence 
encoded by a nucleic acid sequence of an organism ' s immu 
noglobulin genes that normally ( i . e . , in a wild type animal ) 
appears between two framework regions in a variable region 
of a light or a heavy chain of an immunoglobulin molecule 
( e . g . , an antibody or a T cell receptor ) . A CDR can be 
encoded by , for example , a germline sequence or a rear 
ranged sequence , and , for example , by a naïve or a mature 
B cell or a T cell . A CDR can be somatically mutated ( e . g . , 
vary from a sequence encoded in an animal ' s germline ) , 
humanized , and / or modified with amino acid substitutions , 
additions , or deletions . In some circumstances ( e . g . , for a 
CDR3 ) , CDRs can be encoded by two or more sequences 
( e . g . , germline sequences ) that are not contiguous ( e . g . , in an 
unrearranged nucleic acid sequence ) but are contiguous in a 
B cell nucleic acid sequence , e . g . , as a result of splicing or 
connecting the sequences ( e . g . , V - D - J recombination to form 
a heavy chain CDR3 . ” 
10147 ] The term “ unrearranged ” includes the state of an 
immunoglobulin locus wherein V gene segments and J gene 
segments ( for heavy chains , D gene segments as well ) are 
maintained separately but are capable of being joined to 
form a rearranged V ( D ) J gene that comprises a single V , ( D ) , 
J of the V ( D ) J repertoire . 
[ 0148 ] The term heavy chain variable region locus 
includes a location on a chromosome , e . g . , a mouse chro 
mosome , where wild type heavy chain variable ( VH ) , heavy 
chain diversity ( DH ) , and heavy chain joining ( JH ) region 
DNA sequences are found . 
[ 0149 ] The term kappa light chain variable region locus 
includes a location on a chromosome , e . g . , a mouse chro 
mosome , where wild type K variable ( VK ) and K joining ( JK ) 
region DNA sequences are found . 
[ 0150 ] The term lambda light chain variable region locus 
includes a location on a chromosome , e . g . , a mouse chro 
mosome , where wild type à variable ( Va ) and a joining ( J2 ) 
region DNA sequences are found . 
[ 0151 ] A “ homologous ” sequence ( e . g . , nucleic acid 
sequence ) includes a sequence that is either identical or 
substantially similar to a known reference sequence , such 
that it is , for example , at least 50 % , at least 55 % , at least 
60 % , at least 65 % , at least 70 % , at least 75 % , at least 80 % , 
at least 85 % , at least 90 % , at least 95 % , at least 96 % , at least 
97 % , at least 98 % , at least 99 % , or 100 % identical to the 
known reference sequence . Homologous sequences can 
include , for example , orthologous sequence and paralogous 
sequences . Homologous genes , for example , typically 
descend from a common ancestral DNA sequence , either 
through a speciation event ( orthologous genes ) or a genetic 
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duplication event ( paralogous genes ) . “ Orthologous ” genes 
include genes in different species that evolved from a 
common ancestral gene by speciation . Orthologs typically 
retain the same function in the course of evolution . “ Paralo 
gous ” genes include genes related by duplication within a 
genome . Paralogs can evolve new functions in the course of 
evolution . 
[ 0152 ] The term “ in vitro ” includes artificial environments 
and to processes or reactions that occur within an artificial 
environment ( e . g . , a test tube ) . The term “ in vivo " includes 
natural environments ( e . g . , a cell or organism or body ) and 
to processes or reactions that occur within a natural envi 
ronment . The term " ex vivo " includes cells that have been 
removed from the body of an individual and to processes or 
reactions that occur within such cells . 
[ 0153 ] The term “ hybrid ” include cells or strains that have 
one or more sequence variations ( e . g . , have allelic variation ) 
at one or more target genomic loci between first and second 
chromosomes in a homologous chromosome pair . For 
example , hybrid cells can be derived from progeny of 
mating between two genetically dissimilar parents ( i . e . , a 
cross between parents that differ in one or more genes ) . As 
an example , a hybrid can be generated by crossing two 
distinct inbred lines ( i . e . , lines bred for genetic homogene 
ity ) . All humans are considered hybrid . 
[ 0154 ] Compositions or methods " comprising ” or “ includ 
ing ” one or more recited elements may include other ele 
ments not specifically recited . For example , a composition 
that " comprises ” or “ includes ” a protein may contain the 
protein alone or in combination with other ingredients . 
10155 ) Designation of a range of values includes all inte 
gers within or defining the range , and all subranges defined 
by integers within the range . 
( 0156 ] Unless otherwise apparent from the context , the 
term “ about " encompasses values within a standard margin 
of error of measurement ( e . g . , SEM ) of a stated value . 
101571 . The singular forms of the articles “ a , " " an , ” and 
“ the ” include plural references unless the context clearly 
dictates otherwise . For example , the term “ a Cas9 protein ” . 
or “ at least one Cas9 protein ” can include a plurality of Cas9 
proteins , including mixtures thereof . 
[ 0158 ] Statistically significant means p < 0 . 05 . 

remainder of the target genomic locus . Such paired double 
strand breaks affect the expression of the self - antigen to 
decrease or eliminate expression of the self - antigen or to 
decrease or eliminate expression of the epitope from the 
self - antigen that is shared with the foreign antigen . Such 
genetically modified non - human animals comprising 
humanized immunoglobulin heavy and light chain loci and 
also harboring such a mutation in the target genomic locus 
can then be immunized with the foreign antigen , the non 
human animal can be maintained under conditions sufficient 
for the non - human animal produces an immune response to 
the foreign antigen , and an antigen - binding protein that 
binds the foreign antigen can be obtained from the non 
human animal or a cell from the non - human animal . 
10160 ] Mice used for producing antibodies against human 
antigens , such as mice comprising in their germline human 
ized immunoglobulin heavy and / or light chain loci , typically 
are derived from a combination of strains that includes 
BALB / c due to the increased capacity of BALB / c strains for 
producing a diverse repertoire of antibodies compared to 
other mouse strains . However , compared to embryonic stem 
( ES ) cells typically used to generate targeted genetic modi 
fications in mice ( e . g . , the F1H4 ( VGF1 ) cells described 
herein ) , ES cells derived from such strains of antibody 
producing mice typically have a reduced capacity for being 
targeted in culture and / or producing FO generation mice 
having the targeted genetic modification and transmitting the 
targeted modification through the germline . Consequently , 
conventional methods to generate target knockout mice to 
overcome tolerance involve multiple rounds of breeding 
and / or serial targeting , with the entire process for delivering 
mice homozygous for a null allele at the target of interest and 
ready for immunization taking about 15 - 16 months . 
10161 ] The methods described herein advantageously 
reduce this time to approximately 4 to 5 months ( and mouse 
pups homozygous for a null allele at the target of interest can 
be delivered in ~ 3 months ) . In addition to the shorter time 
frame , the methods described herein decrease the number of 
rounds of electroporation required to generate homozygous 
modifications , reduce the number of passages and time in 
culture needed , reduce the number of cells needed , and 
streamline the process due to targeting vectors not being 
required and screening accordingly being simplified . The 
methods described herein advantageously result in an 
increased diversity of antibodies following immunization 
with the foreign antigen of interest due to an increased usage 
of heavy chain and light chain V gene segments compared 
to mice in which expression of the self - antigen is not 
abolished . In addition , the methods described herein result in 
antibodies produced against a greater diversity of epitopes 
following immunization with the foreign antigen of interest 
due to production of antibodies that cross - react with the 
corresponding self - antigen ( i . e . , antibodies that bind 
epitopes that overlap between the self - antigen and the for 
eign antigen of interest ) , thereby enabling the production of 
a larger pool of antibodies against the foreign antigen of 
interest . 

DETAILED DESCRIPTION 

I . Overview 
[ 0159 ] Provided herein are compositions and improved 
methods for producing antigen - binding proteins ( e . g . , anti 
bodies ) that bind an epitope on a foreign target antigen of 
interest ( e . g . , a human target antigen of interest ) that shares 
the epitope with a self - antigen or is homologous to the 
self - antigen . Such methods comprise reducing tolerance of 
the foreign antigen in non - human animals such as rodents 
( e . g . , mice or rats ) ( optionally comprising in their germline 
humanized immunoglobulin heavy and / or light chain loci ) 
by employing two or more guide RNAs ( gRNAs ) to create 
paired double - strand breaks at different sites within a single 
target genomic locus . Optionally , the cell comprising the 
target genomic locus is a hybrid cell , and the methods further 
comprise selecting a target region within a target genomic 
locus to undergo a targeted genetic modification such that 
the target region has a higher degree of sequence identity 
between corresponding first and second chromosomes in a 
homologous chromosome pair relative to all or part of the 

II . Methods of Modifying a Target Genomic Locus to Break 
Tolerance 
10162 Immunization of non - human animals ( e . g . , rodents , 
such as mice or rats ) comprising in their germline human 
ized immunoglobulin heavy and / or light chain loci with a 
“ non - self " protein is a commonly used method to obtain 
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specific antigen - binding proteins such as monoclonal anti 
bodies . The immunization approach is attractive because it 
has the potential to provide high - affinity antigen - binding 
proteins that have been matured in vivo and can be both 
cost - effective and time - effective . This approach , however , is 
dependent on a divergence in sequence between native 
proteins in the non - human animal and the protein being 
immunized to enable the non - human animal ' s immune sys 
tem to recognize the immunogen as non - self ( i . e . , foreign ) . 
[ 0163 ] B cell receptors are assembled through a series of 
recombination events from ordered arrangement of gene 
segments ( e . g . , V , D , and J ) , and this assembly of gene 
segments is known to be imprecise and generates receptors 
having affinity for various antigens , including self - antigens . 
Despite this capacity to generate B cell receptors that bind 
self - molecules , the immune system is equipped with several 
self - tolerance mechanisms to avoid development and expan 
sion of such auto - reactive B cell receptors and discriminate 
self from non - self thereby preventing autoimmunity . See , 
e . g . , Shlomchik ( 2008 ) Immunity 28 : 18 - 28 and Kumar and 
Mohan ( 2008 ) 40 ( 3 ) : 208 - 23 , each of which is herein incor 
porated by reference in its entirety for all purposes . Thus , the 
generation of human antibodies in non - human animals hav 
ing humanized immunoglobulin loci against human antigens 
having a high degree of homology ( e . g . , structural homology 
or sequence homology ) with self - antigens of a non - human 
animal can be a difficult task due to immunological toler 
ance . Because functionally important regions of proteins 
tend to be conserved across species , immunological toler 
ance to self - antigens often poses a challenge to the genera 
tion of antibodies to these key epitopes . Immunization of 
non - human animals ( e . g . , rodents , such as mice or rats ) with 
foreign ( e . g . , human ) antigens that are highly similar or 
" homologous ” yields weak or non - existent antibody 
responses and , therefore , makes it problematic to obtain 
antigen - binding proteins ( e . g . , antibodies ) with binding 
directed to such human antigens . As an example , the amount 
of sequence identity shared by the endogenous protein 
( self - antigen ) and the foreign target antigen could be at least 
50 % , 55 % , 60 % , 65 % , 70 % , 75 % , 80 % , 81 % , 82 % , 83 % , 
84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % 92 % , 93 % , 
94 % , 95 % , 96 % , 97 % , 98 % , 99 % or 100 % sequence iden 
tity , such that the immune system does not recognize the 
target antigen as foreign . For example , shared epitopes 
between a foreign antigen and a self - antigen in a non - human 
animal can make mounting an effective immune response 
against the foreign antigen in the non - human animal prob 
lematic because immunological tolerance depletes and / or 
deletes B cells that express neutralizing antibodies against 
the foreign antigen . To overcome this tolerance and obtain 
monoclonal antibodies that bind self - antigens or homologs 
thereof ( e . g . , human homologs ) in non - human animals , 
specific genetically modified or knockout non - human ani 
mals can be generated to remove genes ( or shared epitopes 
of interest ) encoding the non - human animal protein that 
shares significant homology and / or is highly conserved with 
its human counterpart genes encoding the antigen being used 
for immunization . See , e . g . , U . S . Pat . No . 7 , 119 , 248 , herein 
incorporated by reference in its entirety for all purposes . 
Generating such non - human animals , however , can be both 
costly and time - consuming . 
[ 0164 ] Conventional methods to generate target knockout 
mice to overcome tolerance involve multiple rounds of 
breeding and / or serial targeting . Mice used for producing 

antibodies against human antigens , such as mice comprising 
in their germline humanized immunoglobulin heavy and / or 
light chain loci ( e . g . , VELOCIMMUNE® mice , which are 
homozygous humanized at both IgH and Igk loci ) , typically 
are derived from a combination of strains that includes 
BALB / c due to the increased capacity of BALB / c strains for 
producing a diverse repertoire of antibodies compared to 
other mouse strains . However , compared to embryonic stem 
( ES ) cells typically used to generate targeted genetic modi 
fications in mice ( e . g . , the F1H4 ( VGF1 ) cells described 
herein that are comprised of 50 % 129SvS6 strain and 50 % 
C57BL / 6N strain ) , ES cells derived from such strains of 
antibody - producing mice typically have a reduced capacity 
for being targeted in culture and / or producing FO generation 
mice having the targeted genetic modification and transmit 
ting the targeted modification through the germline . Thus , 
the traditional approach to breaking immunological toler 
ance in antibody - producing mice such as VELOCIM 
MUNE® mice involves first targeting the gene encoding the 
self - antigen in an ES cell line ( e . g . , F1H4 ) that is more 
receptive to targeting and transmitting the targeted modifi 
cation through the germline . In such an approach , large 
targeting vectors ( LTVECs ) are designed , knockout ( null ) 
alleles are created in F1H4 ES cells , and FO mice carrying 
a heterozygous knockout mutation at the target of interest 
are generated ( typical timeframe of 5 months ) . The 
VELOCIMMUNE? mice are then bred to the FO mice 
carrying a heterozygous knockout mutation at the target of 
interest . In order to generate triple homozygous mice ( ho 
mozygous null for the target of interest and homozygous 
humanized at both IgH and Igk ) suitable for immunization , 
two more generations of breeding are required . The entire 
process takes approximately 15 to 16 months ( see , e . g . , FIG . 
1 ) and is more effective than the serial targeting approach 
described below ( see , e . g . , FIG . 2 ) . 
[ 0165 ] Alternatively , a large targeting vector ( LTVEC ) can 
be designed and constructed and then electroporated into 
embryonic stem ( ES ) cells derived from the antibody 
producing mice ( e . g . , VELOCIMMUNE® mice or 
VELOCIMIVIUNE® mice comprising a functional ectopic 
mouse Adam6 gene ( “ V1 - 3 mice " ) ) to generate a heterozy 
gous modification in the endogenous gene encoding the 
self - antigen that is homologous to or sharing an epitope of 
interest with the target antigen . A second round of targeting 
is then undertaken to generate a homozygous modification . 
Although less time - consuming than the breeding approach 
described above , this process can still be time - consuming , 
taking approximately 9 to 10 months to create an FO mouse 
ready for immunization with the target antigen ( see , e . g . , 
FIG . 2 ) . In addition , such methods require multiple rounds 
of electroporation and longer culturing times with more 
passages , all of which result in reduced pluripotency and a 
decreased ability to generate FO mice for generating antigen 
binding proteins . See , e . g . , Buehr et al . ( 2008 ) Cell 135 : 
1287 - 1298 ; Li et al . ( 2008 ) Cell 135 ( 7 ) : 1299 - 1310 ; and Liu 
et al . ( 1997 ) Dev . Dyn . 209 : 85 - 91 , each of which is herein 
incorporated by reference in its entirety for all purposes . 
[ 0166 ] The methods described herein advantageously 
reduce this time to approximately 4 to 5 months ( see , e . g . , 
FIG . 3 ; mouse pups homozygous for a null allele at the target 
of interest can be delivered in ~ 3 months but are then aged 
for 4 - 5 weeks prior to immunization ) . In addition to the 
shorter time frame , the methods described herein decrease 
the number of rounds of electroporation required to generate 
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homozygous modifications , reduce the number of passages 
and time in culture needed , and reduce the number of cells 
needed . The screening is more simple and streamlined 
because , for example , no gain - of - allele probes are needed , 
and no copy number calibration is needed . The methods 
described herein also result in an increased diversity of 
antibodies following immunization with the foreign antigen 
of interest due to an increased usage of heavy chain and light 
chain V gene segments compared to mice in which expres 
sion of the self - antigen is not abolished . In addition , the 
methods described herein can result in antibodies produced 
against a greater diversity of epitopes following immuniza 
tion with the foreign antigen of interest due to production of 
antibodies that cross - react with the corresponding self 
antigen ( i . e . , antibodies that bind epitopes that overlap 
between the self - antigen and the foreign antigen of interest ) , 
thereby enabling the production of a larger pool of antibod 
ies against the foreign antigen of interest . 
[ 0167 ] Provided herein are various methods for modifying 
a target genomic locus to break tolerance . The methods can 
occur ex vivo or in vivo , and they can utilize two or more 
guide RNAs ( e . g . , two gRNAs , three guide RNAs , or four 
guide RNAs ) that target different regions within a single 
target genomic locus that affects expression of a self - antigen 
homologous to or sharing an epitope of interest with a 
foreign antigen of interest and form two or more complexes 
with a Cas protein and cleave the target nucleic acid . The 
two or more guide RNAs can be used either alone or in 
combination with an exogenous repair template , provided 
that if the cell is a one - cell stage embryo , for example , the 
exogenous repair template can be less than 5 kb in length . 
Such methods promote the creation of biallelic genetic 
modifications at a target locus and can comprise genome 
collapsing or other targeted modifications such as simulta 
neous deletion of a nucleic acid sequence within the genome 
and replacement with an exogenous nucleic acid sequence . 
In comparison to targeting with one gRNA , which produces 
biallelic modifications at a low frequency , targeting with two 
or more gRNAs results in the creation of biallelic modifi 
cations ( e . g . , homozygously targeted cells , homozygously 
deleted cells , and compound heterozygously targeted cells 
including hemizygously targeted cells ) at a significantly 
increased rate . 
[ 0168 ] Repair in response to double - strand breaks ( DSBs ) 
occurs principally through two conserved DNA repair path 
ways : non - homologous end joining ( NHEJ ) and homolo 
gous recombination ( HR ) . See Kasparek & Humphrey 
( 2011 ) Seminars in Cell & Dev . Biol . 22 : 886 - 897 , herein 
incorporated by reference in its entirety for all purposes . 
NHEJ includes the repair of double - strand breaks in a 
nucleic acid by direct ligation of the break ends to one 
another or to an exogenous sequence without the need for a 
homologous template . Ligation of non - contiguous 
sequences by NHEJ can often result in deletions , insertions , 
or translocations near the site of the double - strand break . 
[ 0169 ] Repair of the target nucleic acid mediated by an 
exogenous repair template can include any process of 
exchange of genetic information between the two polynucle 
otides . For example , NHEJ can also result in the targeted 
integration of an exogenous repair template through direct 
ligation of the break ends with the ends of the exogenous 
repair template ( i . e . , NHEJ - based capture ) . Such NHEJ - 
mediated targeted integration can be preferred for insertion 
of an exogenous repair template when homology directed 

repair ( HDR ) pathways are not readily usable ( e . g . , in 
non - dividing cells , primary cells , and cells which perform 
homology - based DNA repair poorly ) . In addition , in contrast 
to homology - directed repair , knowledge concerning large 
regions of sequence identity flanking the cleavage site 
( beyond the overhangs created by Cas - mediated cleavage ) is 
not needed , which can be beneficial when attempting tar 
geted insertion into organisms that have genomes for which 
there is limited knowledge of the genomic sequence . The 
integration can proceed via ligation of blunt ends between 
the exogenous repair template and the cleaved genomic 
sequence , or via ligation of sticky ends ( i . e . , having 5 ' or 3 ' 
overhangs ) using an exogenous repair template that is 
flanked by overhangs that are compatible with those gener 
ated by the Cas protein in the cleaved genomic sequence . 
See , e . g . , US 2011 / 020722 , WO 2014 / 033644 , WO 2014 / 
089290 , and Maresca et al . ( 2013 ) Genome Res . 23 ( 3 ) : 539 
546 , each of which is herein incorporated by reference in its 
entirety for all purposes . If blunt ends are ligated , target 
and / or donor resection may be needed to generation regions 
of microhomology needed for fragment joining , which may 
create unwanted alterations in the target sequence . 
[ 0170 ] Repair can also occur via homology directed repair 
( HDR ) or homologous recombination ( HR ) . HDR or HR 
includes a form of nucleic acid repair that can require 
nucleotide sequence homology , uses a “ donor ” molecule as 
a template for repair of a “ target " molecule ( i . e . , the one that 
experienced the double - strand break ) , and leads to transfer 
of genetic information from the donor to target . Without 
wishing to be bound by any particular theory , such transfer 
can involve mismatch correction of heteroduplex DNA that 
forms between the broken target and the donor , and / or 
synthesis - dependent strand annealing , in which the donor is 
used to resynthesize genetic information that will become 
part of the target , and / or related processes . In some cases , the 
donor polynucleotide , a portion of the donor polynucleotide , 
a copy of the donor polynucleotide , or a portion of a copy 
of the donor polynucleotide integrates into the target DNA . 
See Wang et al . ( 2013 ) Cell 153 : 910 - 918 ; Mandalos et al . 
( 2012 ) PLOS ONE 7 : e45768 : 1 - 9 ; and Wang et al . ( 2013 ) Nat 
Biotechnol . 31 : 530 - 532 , each of which is herein incorpo 
rated by reference in its entirety for all purposes . 
[ 0171 ] To make non - human animals with reduced toler 
ance of a foreign target antigen of interest , one or more 
target genomic loci affecting expression of a self - antigen 
homologous to or sharing an epitope with the foreign 
antigen of interest can be targeted to decrease expression of 
the self - antigen . Preferably , expression of the self - antigen is 
eliminated . Expression of the self - antigen is considered to 
be eliminated if the self - antigen is no longer expressed ( e . g . , 
if the self - antigen is a protein , the protein is no longer 
expressed , or if the self - antigen is a particular epitope on a 
protein , proteins comprising that epitope are no longer 
expressed ) . 
f0172 ] In one example , the genome of a non - human ani 
mal pluripotent cell that is not a one - cell stage embryo ( e . g . , 
an embryonic stem ( ES ) cell ) can be contacted with a Cas 
protein , a first guide RNA that hybridizes to a first guide 
RNA recognition sequence within the target genomic locus , 
and a second guide RNA that hybridizes to a second guide 
RNA recognition sequence within the target genomic locus . 
In another example , the genome of a non - human animal 
one - cell stage embryo can be contacted with a Cas protein , 
a first guide RNA that hybridizes to a first guide RNA 

if 
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recognition sequence within the target genomic locus , and a 
second guide RNA that hybridizes to a second guide RNA 
recognition sequence within the target genomic locus . 
[ 0173 ] In some methods provided herein , the cell being 
targeted is a hybrid cell as defined elsewhere herein . Such 
methods can also comprise selecting a target region within 
a target genomic locus as described elsewhere herein . The 
target region can be selected so that it has a high percentage 
of sequence identity between corresponding first and second 
chromosomes in a homologous chromosome pair relative to 
other segments of the target genomic locus or the remainder 
of the target genomic locus . As an example , selecting a 
target region can comprise comparing the sequence of 
corresponding first and second chromosomes in a homolo 
gous chromosome pair within a target genomic locus , and 
selecting a target region having a higher percentage of 
sequence identity between the corresponding first and sec 
ond chromosomes in the homologous chromosome pair 
relative to all or part of the remainder of the target genomic 
locus . Methods of selecting a target region as described in 
more detail elsewhere herein . 
[ 0174 ] Optionally , the genome can be further contacted 
with additional guide RNAs that hybridize to guide RNA 
recognition sequences within the target genomic locus ( or 
within a second target genomic locus that affects expression 
of the self - antigen or that affects expression of a second 
self - antigen that is homologous to or sharing an epitope of 
interest with the foreign antigen of interest ) , such as a third 
guide RNA that hybridizes to a third guide RNA recognition 
sequence within the target genomic locus or the third guide 
RNA and a fourth guide RNA that hybridizes to a fourth 
guide RNA recognition sequence within the target genomic 
locus . The contacting can comprise introducing the Cas 
protein and guide RNAs into the cell in any form and by any 
means as described in further detail elsewhere herein . The 
guide RNAs form complexes with the Cas protein and direct 
it to the guide RNA recognition sequences at the target 
genomic locus , where the Cas protein cleaves the target 
genomic locus at Cas protein cleavage sites within the guide 
RNA recognition sequences . Cleavage by the Cas protein 
can create a double - strand break or a single - strand break 
( e . g . , if the Cas protein is a nickase ) . Examples and varia 
tions of Cas proteins and guide RNAs that can be used in the 
methods are described elsewhere herein . Cleavage by the 
Cas protein at the target genomic locus can modify the target 
genomic locus in a pair of first and second chromosomes to 
produce a biallelic modification that decreases expression of 
the self - antigen . 
[ 0175 ] The foreign antigen of interest can be any foreign 
antigen for which antigen - binding proteins are desired . For 
example , the foreign antigen of interest can comprise , con 
sist essentially of , or consist of all or part of a viral protein , 
a bacterial protein , a mammalian protein , a simian protein , 
a canine protein , a feline protein , an equine protein , a bovine 
protein , a rodent protein ( e . g . , rat or mouse ) , or a human 
protein . For example , the foreign antigen of interest can 
comprise , consist essentially of , or consist of a human 
protein with one or more mutations or variations . The 
foreign antigen of interest and the self - antigen can be 
homologous . For example , the foreign antigen of interest 
and the self - antigen can be orthologous or paralogous . 
Alternatively or in addition , the foreign antigen of interest 
and the self - antigen can comprise , consist essentially of , or 
consist of a shared epitope . Shared epitopes can exist 

between homologous proteins , or can exist between dissimi 
lar proteins that are not homologous . Either the linear amino 
acid sequence and / or the conformational fit ( e . g . , similar 
antigenic surfaces even in the absence of primary sequence 
homology ) of the epitope may be shared . For example , 
shared epitopes include epitopes that are substantially iden 
tical . If an epitope is shared between two antigens , an 
antibody against the epitope on the first antigen will typi 
cally also bind the epitope on the second antigen . 
[ 0176 ] The contacting can occur in the absence of an 
exogenous repair template or in the presence of an exog 
enous repair template that recombines with the target 
genomic locus to generate a targeted genetic modification . 
For example , the cell can be a one - cell stage embryo , and the 
exogenous repair template can be less than 5 kb in length . 
Examples of exogenous repair templates are described else 
where herein . 
[ 0177 ] In some such methods , the repair of the target 
nucleic acid by the exogenous repair template occurs via 
homology - directed repair ( HDR ) . Homology - directed repair 
can occur when the Cas protein cleaves both strands of DNA 
at the target genomic locus to create a double - strand break , 
when the Cas protein is a nickase that cleaves one strand of 
DNA at the target genomic locus to create a single - strand 
break , or when paired Cas nickases are used to create a 
double - strand break formed by two offset nicks . In such 
methods , the exogenous repair template comprises 5 ' and 3 ' 
homology arms corresponding to 5 ' and 3 ' target sequences 
at the target genomic locus . The guide RNA recognition 
sequences or cleavage sites can be adjacent to the 5 ' target 
sequence , adjacent to the 3 ' target sequence , adjacent to both 
the 5 ' target sequence and the 3 ' target sequence , or adjacent 
to neither the 5 ' target sequence nor the 3 ' target sequence . 
Sequences that are adjacent to each other include sequences 
within about 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , or 
1 , 000 nucleotides of each other . Optionally , the exogenous 
repair template can further comprise a nucleic acid insert 
flanked by the 5 ' and 3 ' homology arms , and the nucleic acid 
insert is inserted between the 5 ' and 3 ' target sequences . If no 
nucleic acid insert is present , the exogenous repair template 
can function to delete the genomic sequence between the 5 ' 
and 3 ' target sequences . 
[ 0178 ] Alternatively , the repair of the target nucleic acid 
by the exogenous repair template can occur via non - homolo 
gous end joining ( NHEJ ) - mediated ligation . In such meth 
ods , at least one end of the exogenous repair template 
comprises a short single - stranded region that is complemen 
tary to at least one overhang created by Cas - mediated 
cleavage at the target genomic locus . The complementary 
end in the exogenous repair template can flank a nucleic acid 
insert . For example , each end of the exogenous repair 
template can comprise a short single - stranded region that is 
complementary to an overhang created by Cas - mediated 
cleavage at the target genomic locus , and these complemen 
tary regions in the exogenous repair template can flank a 
nucleic acid insert . Overhangs ( i . e . , staggered ends ) can be 
created by resection of the blunt ends of a double - strand 
break created by Cas - mediated cleavage . Such resection can 
generate the regions of microhomology needed for fragment 
joining , but this can create unwanted or uncontrollable 
alterations in the target nucleic acid . Alternatively , such 
overhangs can be created by using paired Cas nickases . For 
example , if the Cas protein is a nickase , the target genomic 
locus can be contacted with first and second guide RNAs 
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that target opposite strands of DNA , whereby the genome is 
modified through double nicking . This can be accomplished 
by contacting the target genomic locus with two guide RNAS 
that hybridize to different guide RNA recognition sequence 
within the target genomic locus . The two guide RNAs form 
two complexes with the Cas nickase , and the Cas nickase 
nicks a first strand of the target genomic locus within one of 
the guide RNA recognition sequences and nicks a second 
strand of the target genomic locus within the other guide 
RNA recognition sequence . The exogenous repair template 
then recombines with the target genomic locus to generate 
the targeted genetic modification . 
[ 0179 ] In some methods , the nucleic acid insert comprises 
a sequence that is homologous or orthologous to all or part 
of a gene encoding the self - antigen . This can be useful , for 
example , when knocking out the self - antigen may result in 
embryonic lethality . The nucleic acid insert can be in an 
exogenous repair template in any form described herein 
( e . g . , targeting vector , LTVEC , SHODN , and so forth ) , and 
the nucleic acid insert can further comprise a selection 
cassette ( e . g . , a self - deleting selection cassette ) or can lack 
a selection cassette . In such methods , for example , all or part 
of the gene encoding the self - antigen can be deleted and 
replaced with a corresponding homologous or orthologous 
sequence . For example , all of the gene encoding the self 
antigen can be deleted and replaced with a corresponding 
homologous or orthologous sequence , or a portion of the 
gene encoding a particular motif or region of the self - antigen 
can be deleted and replaced with a corresponding homolo 
gous or orthologous sequence . Optionally , the correspond 
ing homologous or orthologous sequence can be from 
another species . For example , if the self - antigen is a mouse 
antigen , the corresponding homologous or orthologous 
sequence can be , for example , a homologous or orthologous 
rat , hamster , cat , dog , turtle , lemur , or human sequence . 
Alternatively or additionally , the homologous or ortholo 
gous sequence can comprise one or more point mutations 
( e . g . , 1 , 2 , 3 , 4 , 5 , or more ) compared with the sequence 
being replaced . Such point mutations can serve , for 
example , to eliminate expression of one or more epitopes in 
the self - antigen . Such epitopes may be epitopes that are 
shared with the foreign antigen of interest . Optionally , such 
point mutations can result in a conservative amino acid 
substitution ( e . g . , substitution of aspartic acid ( Asp , D ) with 
glutamic acid [ Glu , E ] ) in the encoded polypeptide . Such 
amino acid substitutions can result in expression of a self 
antigen that retains the function of the wild - type self - antigen 
but lacks an epitope that is present on the foreign antigen of 
interest and is shared with the wild - type self - antigen . Like 
wise , deletion of all or part of the gene encoding the 
self - antigen and replacement with a corresponding homolo 
gous or orthologous sequence that lacks an epitope that is 
shared between the foreign antigen of interest and the 
self - antigen can result in expression of a homologue or 
orthologue of the self - antigen that retains the function of the 
wild - type self - antigen but lacks the epitope that is present on 
the foreign antigen of interest and is shared with the wild 
type self - antigen . Antigen - binding proteins against those 
epitopes can then be generated . 
[ 0180 ] The modified non - human animal pluripotent cell 
can then be used to generate a genetically modified non 
human animal using the methods described elsewhere 
herein . For example , the modified non - human animal pluri 
potent cell can be introduced into a host embryo , and the 

host embryo can be implanted into a surrogate mother to 
produce a genetically modified FO generation non - human 
animal in which the target genomic locus is modified in a 
pair of first and second chromosomes to have a biallelic 
modification such that expression of the self - antigen is 
reduced or eliminated . In the case of a one - cell stage 
embryo , a genetically modified embryo can be selected and 
then implanted into a surrogate mother to produce a geneti 
cally modified FO generation non - human animal in which 
the target genomic locus is modified in a pair of first and 
second chromosomes to have a biallelic modification such 
that expression of the self - antigen is reduced or eliminated . 
The FO generation non - human animals can then be used to 
generate antigen - binding proteins against the foreign anti 
gen of interest using the methods described elsewhere 
herein . 
[ 0181 ] A . Selecting a Target Region 
[ 0182 ] Targeted gene modification by homologous recom 
bination between an exogenous repair template ( e . g . , target 
ing vector ) and a target genomic locus can be very ineffi 
cient , especially in cell types other than rodent embryonic 
stem cells . Induction of one or more double strand DNA 
breaks by CRISPR / Cas9 - directed cleavage can promote 
homozygous gene targeting by homologous recombination 
( HR ) between an exogenous repair template ( e . g . , a targeting 
vector ) and a target genomic locus . CRISPR / Cas9 can also 
promote homozygous insertion or deletion mutations ( i . e . , 
biallelic alterations that are identical ) by non - homologous 
end - joining ( NHEJ ) repair mechanisms . For gene modifica 
tions that involve very large humanizations , combining a 
targeting vector with a CRISPR / Cas9 nuclease system 
guided by two guide RNAs that target a single target 
genomic locus can further enhance targeting efficiency 
beyond that achieved with one guide RNA . In comparison to 
targeting with one guide RNA , which produces biallelic 
modifications at a low frequency or not at all , targeting with 
two guide RNAs results in the creation of homozygously 
targeted cells , homozygously deleted cells , and compound 
heterozygously targeted cells ( including hemizygously tar 
geted cells ) at a significantly increased rate . At some 
genomic loci , however , obtaining homozygously targeted 
cells or homozygously deleted cells can still be difficult . 
[ 0183 ] Unlike in inbred mouse and rat strains typically 
used in lab settings , which are homozygous at virtually all 
of their genomic loci , the sequence of two alleles at a target 
genomic locus in hybrid cells ( e . g . , in all humans ) will 
typically not be 100 % identical . However , as demonstrated 
in the Examples provided herein , the frequency of homozy 
gous genomic alteration , whether the initial CRISPR / Cas9 
induced modification was produced by HR or NHEJ , 
depends on the extent of sequence similarity between the 
two alleles of the target genomic locus . This observation 
implies that CRISPR / Cas9 - induced homozygous gene 
modification is a homology - dependent phenomenon . In sup 
port of this , CRISPR / Cas9 - induced homozygous modifica 
tions are often accompanied by loss of heterozygosity 
( LOH ) of allelic sequence and structural variants ( single 
nucleotide variants , SNVs , or structural variants , SVs ) 
linked to the target genomic locus on the same chromosome , 
as demonstrated in the Examples herein . The LOH can either 
involve a local gene conversion mechanism for variants on 
either side of the target genomic locus or a long - range gene 
conversion ( polar gene conversion ) involving all variants on 
the telomeric side of the target genomic locus . Such gene 
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conversion events must be the result of homology - driven 
mitotic recombination mechanisms . 
[ 0184 ] This knowledge provides guidance for designing 
CRISPR / Cas9 - assisted homozygous targeting experiments . 
Choosing target regions in which the two alleles share a high 
degree of sequence identity gives the highest chance of 
success . CRISPR / Cas9 - assisted homozygous targeting at 
target regions with a high degree of sequence variance 
between the two alleles are less likely to be successful . Even 
at loci with a high density of SNVs and SVs , success rates 
could be improved by the use of guide RNAs or nuclease 
agents that recognize sequences within the longest possible 
stretch of contiguous allelic sequence identity within the 
target genomic locus or within stretches of the target 
genomic locus in which allelic sequence identity is maxi 
mized . 
[ 0185 ] The methods described herein can involve select 
ing a target region such that sequence identity can be 
maximized for all or part of the target region between 
corresponding first and second chromosomes in a homolo 
gous chromosome pair . In hybrid cells , the sequence on one 
copy of a homologous chromosome pair will typically have 
some differences when compared to the other copy of a 
chromosome pair ( e . g . , single nucleotide variations ) . Thus , 
such methods can comprise comparing the sequence of 
corresponding first and second chromosomes in a homolo 
gous chromosome pair ( for example , a human cell has 23 
homologous chromosome pairs ) in a target genomic locus 
and then selecting a target region within the target genomic 
locus such that sequence identity is maximized for all or part 
of the target region between the corresponding first and 
second chromosomes in a homologous chromosome pair . If 
no sequences are available , such methods can further com 
prise sequencing the target genomic locus on each single 
chromosome within a homologous chromosome pair prior to 
comparing the sequence . 
[ 0186 ] The target region can comprise , consist essentially 
of , or consist of , for example , any segment or region targeted 
by one of the two or more guide RNAs or one or more 
exogenous repair templates in the methods disclosed herein , 
or any segment or region flanking a segment or region 
targeted by one of the two or more guide RNAs or one or 
more exogenous repair templates in the methods disclosed 
herein . The target region can be a contiguous genomic 
sequence or a non - contiguous genomic sequence . For 
example , a target region can comprise , consist essentially of , 
or consist of a genomic segment or region targeted for 
deletion , a genomic segment or region targeted for replace 
ment , or a genomic segment or region targeted for insertion 
by the methods disclosed herein , and / or can comprise , 
consist essentially of , or consist of the 5 ' and / or 3 ' sequence 
flanking the genomic segment or genomic region targeted 
for deletion , replacement , or insertion by the methods dis 
closed herein . Preferably , the target region comprises , con 
sists essentially of , or consists of the sequence immediately 
upstream and / or the sequence immediately downstream of a 
region targeted for deletion , replacement , or insertion by the 
methods disclosed herein ( e . g . , the sequence upstream and / 
or downstream of the region between two guide RNA 
recognition sequences or cleavage sites , or the sequence 
upstream and / or downstream the region between 5 ' and 3 
target sequences of an exogenous repair template ) . As an 
example , if two guide RNAs are used , the target region can 
comprise , consist essentially of , or consist of the 5 ' ( i . e . , 

upstream ) and 3 ' ( i . e . , downstream ) sequence flanking the 
region between the guide RNA recognition sequences or the 
Cas cleavage sites . Examples of lengths of flanking 
sequences are disclosed elsewhere herein . 
[ 0187 ] In some methods , for example , an exogenous repair 
template can first be designed , and guide RNAs can then be 
designed within the region flanked by the 5 ' and 3 ' target 
sequences of the exogenous repair template to maximize 
sequence identity in the regions within and / or flanking ( 5 ' 
side , 3 ' side , or each side ) the guide RNA recognition 
sequences ( e . g . , flanking the region between the two guide 
RNA recognition sequences furthest apart , if two or more 
guide RNAs are used ) . Alternatively , in some methods , for 
example , two or more guide RNAs can first be designed , and 
an exogenous repair template can then be designed so that 
the 5 ' and 3 ' target sequences are flanking the two or more 
guide RNA recognition sequences and so that sequence 
identity is maximized in the regions within and / or flanking 
( 5 ' side , 3 ' side , or each side ) the 5 ' and 3 ' target sequences 
( e . g . , flanking the region between the 5 ' and 3 ' target 
sequences ) . 
[ 0188 ] As an example , the target region can comprise , 
consist essentially of , or consist of a guide RNA recognition 
sequence for one of the two or more guide RNAs . Alterna 
tively or in addition , the target region can comprise , consist 
essentially of , or consist of the 5 ' and / or 3 ' sequence flanking 
the guide RNA recognition sequence . The 5 ' flanking 
sequence can be , for example , at least 10 , 20 , 30 , 40 , 50 , 100 , 
200 , 300 , 400 , 500 , 600 , 700 , 800 , 900 , or 1 , 000 bp of 
flanking sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 
30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 , 110 , 120 , 130 , 140 , or 150 
kb of flanking sequence . Likewise , the 3 ' flanking sequence 
can be , for example , at least 10 , 20 , 30 , 40 , 50 , 100 , 200 , 
300 , 400 , 500 , 600 , 700 , 800 , 900 , or 1 , 000 bp of flanking 
sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 30 , 40 , 
50 , 60 , 70 , 80 , 90 , 100 , 110 , 120 , 130 , 140 , or 150 kb of 
flanking sequence . 
[ 0189 ] As another example , the target region can com 
prise , consist essentially of , or consist of two or more guide 
RNA recognition sequences . Alternatively or in addition , the 
target region can comprise , consist essentially of , or consist 
of the 5 ' and / or 3 ' sequence flanking the guide RNA recog 
nition sequences . In methods in which two guide RNAs are 
used , for example , the target region can comprise , consist 
essentially of , or consist of a genomic region flanked by the 
two guide RNA recognition sequences or cleavage sites or a 
genomic region flanked by and including the two guide 
RNA recognition sequences or cleavage sites . Alternatively 
or in addition , the target region can comprise , consist 
essentially of , or consist of the 5 ' and / or 3 ' sequence flanking 
the region between the two guide RNA recognition 
sequences or cleavage sites or flanking the region between 
and including the two guide RNA recognition sequences or 
cleavage sites . Similar target regions can be selected in 
methods in which more than two guide RNAs are used , 
except that in place of the genomic region flanked by the two 
guide RNA recognition sequences or cleavage sites as above 
would be the genomic region flanked by the guide RNA 
recognition sequences of cleavage sites furthest apart . The 5 ' 
flanking sequence can be , for example , at least 10 , 20 , 30 , 
40 , 50 , 100 , 200 , 300 , 400 , 500 , 600 , 700 , 800 , 900 , or 1 , 000 
bp of flanking sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 
20 , 30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 , 110 , 120 , 130 , 140 , or 150 
kb of flanking sequence . Likewise , the 3 ' flanking sequence 
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can be , for example , at least 10 , 20 , 30 , 40 , 50 , 100 , 200 , 
300 , 400 , 500 , 600 , 700 , 800 , 900 , or 1 , 000 bp of flanking 
sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 30 , 40 , 
50 , 60 , 70 , 80 , 90 , 100 , 110 , 120 , 130 , 140 , or 150 kb of 
flanking sequence . 
[ 0190 ] In methods in which an exogenous repair template 
is used , for example , the target region can comprise , consist 
essentially of , or consist of the region flanked by the 5 ' and 
3 ' target sequences or the region flanked by and including the 
5 ' and 3 ' target sequences . Alternatively or additionally , the 
target region can comprise , consist essentially of , or consist 
of 5 ' and / or 3 ' sequence flanking the genomic region 
between the 5 ' and 3 ' target sequences or the 5 ' and / or 3 ' 
sequence flanking the genomic region between the 5 ' and 3 ' 
target sequences . The 5 ' flanking sequence can be , for 
example , at least 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , 
600 , 700 , 800 , 900 , or 1 , 000 bp of flanking sequence or at 
least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 30 , 40 , 50 , 60 , 70 , 80 , 
90 , 100 , 110 , 120 , 130 , 140 , or 150 kb of flanking sequence . 
Likewise , the 3 ' flanking sequence can be , for example , at 
least 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , 600 , 700 , 
800 , 900 , or 1 , 000 bp of flanking sequence or at least 1 , 2 , 
3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 , 110 , 
120 , 130 , 140 , or 150 kb of flanking sequence . 
[ 0191 ] Allelic sequence identity can be maximized for all 
of the target region or a part of the target region . As an 
example , allelic sequence identity can be maximized for the 
genomic region corresponding with at least one or each 
guide RNA recognition sequence or for regions comprising 
at least one or each guide RNA recognition sequence . For 
example , allelic sequence identity can be maximized for at 
least one or each guide RNA recognition sequence . Alter 
natively , allelic sequence identity can be maximized for at 
least one or each guide RNA recognition sequence and the 
5 ' and / or 3 ' sequence flanking the at least one or each guide 
RNA recognition sequence . Alternatively , allelic sequence 
identity can be maximized for the 5 ' and / or 3 ' sequence 
flanking the at least one or each guide RNA recognition 
sequence . The 5 ' flanking sequence can be , for example , at 
least 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , 600 , 700 , 
800 , 900 , or 1 , 000 bp of flanking sequence or at least 1 , 2 , 
3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 , 110 , 
120 , 130 , 140 , or 150 kb of flanking sequence . Likewise , the 
3 ' flanking sequence can be , for example , at least 10 , 20 , 30 , 
40 , 50 , 100 , 200 , 300 , 400 , 500 , 600 , 700 , 800 , 900 , or 1 , 000 
bp of flanking sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 
20 , 30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 , 110 , 120 , 130 , 140 , or 150 
kb of flanking sequence . 
[ 0192 ] Alternatively or additionally , allelic sequence iden 
tity can be maximized for the genomic regions correspond 
ing with the 5 ' and / or 3 ' target sequences for an exogenous 
repair template or for regions comprising at least one or each 
of the 5 ' and 3 ' target sequence . For example , allelic 
sequence identity can be maximized for at least one or each 
of the 5 ' and 3 ' target sequences . Alternatively , allelic 
sequence identity can be maximized for at least one or each 
of the 5 ' and 3 ' target sequences and the 5 ' and / or 3 ' sequence 
flanking the at least one or each of the 5 ' and 3 ' target 
sequences . Alternatively , allelic sequence identity can be 
maximized for the 5 ' and / or 3 ' sequence flanking the at least 
one or each of the 5 ' and 3 ' target sequences . The 5 ' flanking 
sequence can be , for example , at least 10 , 20 , 30 , 40 , 50 , 100 , 
200 , 300 , 400 , 500 , 600 , 700 , 800 , 900 , or 1 , 000 bp of 
flanking sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 

30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 , 110 , 120 , 130 , 140 , or 150 
kb of flanking sequence . Likewise , the 3 ' flanking sequence 
can be , for example , at least 10 , 20 , 30 , 40 , 50 , 100 , 200 , 
300 , 400 , 500 , 600 , 700 , 800 , 900 , or 1 , 000 bp of flanking 
sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 30 , 40 , 
50 , 60 , 70 , 80 , 90 , 100 , 110 , 120 , 130 , 140 , or 150 kb of 
flanking sequence . 
[ 0193 ] Alternatively or additionally , allelic sequence iden 
tity can be maximized for the sequence flanking a region 
targeted for deletion , replacement , or insertion . For example , 
in methods using two guide RNAs , allelic sequence identity 
can be maximized for the 5 ' and / or 3 ' sequence flanking the 
region between the two cleavage sites or the two guide RNA 
recognition sequences . In methods using three or more guide 
RNAs , allelic sequence identity can be maximized for the 5 ' 
and / or 3 ' sequence flanking the region between the two 
cleavage sites or the two guide RNA recognition sequences 
that are furthest apart . As another example , in methods using 
exogenous repair templates , allelic sequence identity can be 
maximized for the 5 ' and / or 3 ' sequence flanking the region 
between the 5 ' and 3 ' target sequences for the exogenous 
repair template ( i . e . , the genomic region targeted for deletion 
by the exogenous repair template ) . The 5 ' flanking sequence 
can be , for example , at least 10 , 20 , 30 , 40 , 50 , 100 , 200 , 
300 , 400 , 500 , 600 , 700 , 800 , 900 , or 1 , 000 bp of flanking 
sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 30 , 40 , 
50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 kb , 
130 kb , 140 kb , or 150 kb of flanking sequence . Likewise , 
the 3 ' flanking sequence can be , for example , at least 10 , 20 , 
30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , 600 , 700 , 800 , 900 , or 
1 , 000 bp of flanking sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 
8 , 9 , 10 , 20 , 30 , 40 , 50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 
kb , 110 kb , 120 kb , 130 kb , 140 kb , or 150 kb of flanking 
sequence . 
[ 0194 ] Selecting a target region such that sequence iden 
tity is maximized for all or part of the target region between 
corresponding first and second chromosomes in a homolo 
gous chromosome pair does not necessarily mean looking at 
a target genomic locus on first and second chromosomes in 
a homologous chromosome pair and picking the region with 
the highest allelic sequence identity relative to the remainder 
of the target genomic locus but instead can take into account 
other factors . For example , if the target region comprises , 
consists essentially of , or consists of one or more guide RNA 
recognition sequences and / or sequence flanking the one or 
more guide RNA recognition sequences , other factors that 
can be taken into account include , for example , what puta 
tive guide RNA recognition sequences are located in the 
region , whether the putative guide RNA recognition 
sequences are unique , where within the region a putative 
guide RNA recognition sequence is located , how successful 
or specific the putative guide RNA recognition sequences in 
a region are predicted to be , the proximity of the putative 
guide RNA recognition sequences within the region to 
suitable 5 ' and 3 ' target sequences for an exogenous repair 
template , the proximity of putative guide RNA recognition 
sequences within the region to other putative guide RNA 
recognition sequences , the proximity of putative guide RNA 
recognition sequences within the region to a mutation tar 
geted for correction , and so forth . For example , preferably a 
guide RNA recognition sequence is a unique target site not 
present elsewhere in the genome . See , e . g . , US 2014 / 
0186843 , herein incorporated by reference in its entirety for 
all purposes . Likewise , guide RNA specificity can relate to 



US 2017 / 0332610 A1 Nov . 23 , 2017 
31 

and can be optimized by varying GC content and targeting 
sequence length , and algorithms are available for designing 
or evaluating a guide RNA targeting sequence that mini 
mizes off - target binding or interaction of the guide RNA . 
See , e . g . , WO 2016 / 094872 , herein incorporated by refer 
ence in its entirety for all purposes . In some methods , Cas9 
proteins from different species can be considered or used 
( e . g . , S . pyogenes Cas9 and S . aureus Cas9 ) to increase the 
number of potential guide RNA recognition sequences due 
to the increased number of available PAM sequences . 
[ 0195 ] In one example , the target region can be selected 
such that all or part of the target region has a high percentage 
of sequence identity between corresponding first and second 
chromosomes in a homologous chromosome pair . For 
example , the target region can be selected such that all or 
part of the target region has a minimum percentage of 
sequence identity between corresponding first and second 
chromosomes in a homologous chromosome pair , such as at 
least 95 % , 95 . 5 % , 96 % , 96 . 5 % , 97 % , 97 . 5 % , 98 % , 98 . 5 % , 
99 % , 99 . 1 % , 99 . 2 % , 99 . 3 % , 99 . 4 % , 99 . 5 % , 99 . 55 % , 99 . 6 % , 
99 . 65 % , 99 . 7 % , 99 . 75 % , 99 . 8 % , 99 . 85 % , 99 . 9 % , 99 . 95 % , 
or 100 % sequence identity . 
[ 0196 ] In another example , the target region can be 
selected such that all or part of the target region has a low 
number or low density of single nucleotide variations 
between corresponding first and second chromosomes in a 
homologous chromosome pair . For example , the target 
region can be selected such that all or part of the target 
region has a maximum density of single nucleotide varia 
tions between corresponding first and second chromosomes 
in a homologous chromosome pair , such as no more than 5 , 
4 . 9 , 4 . 8 , 4 . 7 , 4 . 6 , 4 . 5 , 4 . 4 , 4 . 3 , 4 . 2 , 4 . 1 , 4 , 3 . 9 , 3 . 8 , 3 . 7 , 3 . 6 , 
3 . 5 , 3 . 4 , 3 . 3 , 3 . 2 , 3 . 1 , 3 , 2 . 9 , 2 . 8 , 2 . 7 , 2 . 6 , 2 . 5 , 2 . 4 , 2 . 3 , 2 . 2 , 
2 . 1 , 2 , 1 . 9 , 1 . 8 , 1 . 7 , 1 . 6 , 1 . 5 , 1 . 4 , 1 . 3 , 1 . 2 , 1 . 1 , 1 , 0 . 9 , 0 . 8 , 0 . 7 , 
0 . 6 , 0 . 5 , 0 . 4 , 0 . 3 , 0 . 2 , 0 . 1 or zero single nucleotide variations 
per kb of sequence . 
[ 0197 ] Optionally , the target region can be identical in the 
corresponding first and second chromosomes in the homolo 
gous chromosome pair . Optionally , the target region can be 
within the longest possible stretch of contiguous sequence 
identity within the target genomic locus . 
[ 0198 ] Alternatively or additionally , the target region 
within a target genomic locus can be selected such that all 
or part of the target region has a high percentage of sequence 
identity or low number or low density of single nucleotide 
variations between corresponding first and second chromo 
somes in a homologous chromosome pair relative to other 
regions within the target genomic locus . 
[ 0199 ] For example , the target region can have a higher 
percentage of sequence identity or a lower density of single 
nucleotide variations relative to all or part of the remainder 
of the target genomic locus . For example , the target region 
can have at least 99 . 9 % sequence identity between the 
corresponding first and second homologous chromosomes , 
and the remainder of the target genomic locus has no more 
than 99 . 8 % sequence identity between the corresponding 
first and second chromosomes . 
[ 0200 ] For example , the target region can comprise , con 
sist essentially of , or consist of one or more target genomic 
regions corresponding with one or more guide RNA recog 
nition sequences , and the target region can have a high 
percentage of sequence identity or a low density of single 
nucleotide variations relative to other segments of the target 
genomic locus , such as genomic regions corresponding with 

one or more other potential guide RNA recognition 
sequences within the target genomic locus . As one example , 
the target region can comprise , consist essentially of , or 
consist of at least one or each of the one or more guide RNA 
recognition sequences , and the target region can have a high 
percentage of sequence identity or a low density of single 
nucleotide variations relative to other segments of the target 
genomic locus , such as one or more other potential guide 
RNA recognition sequences within the target genomic locus . 
As another example , the target region can comprise , consist 
essentially of , or consist of at least one or each of the one or 
more guide RNA recognition sequence and 5 ' and / or 3 ' 
sequence flanking the at least one or each of the one or more 
guide RNA recognition sequences , and the target region can 
have a high percentage of sequence identity or a low density 
of single nucleotide variations relative to other segments of 
the target genomic locus , such as one or more other potential 
guide RNA recognition sequences and their 5 ' and / or 3 ' 
flanking sequence within the target genomic locus . As yet 
another example , the target region can comprise , consist 
essentially of , or consist of the 5 ' and / or 3 ' sequence flanking 
at least one or each of the one or more guide RNA recog 
nition sequences , and the target region can have a high 
percentage of sequence identity or a low density of single 
nucleotide variations relative to other segments of the target 
genomic locus , such as the 5 ' and / or 3 ' flanking sequence of 
one or more other potential guide RNA recognition 
sequences within the target genomic locus . The 5 ' flanking 
sequence can be , for example , at least 10 , 20 , 30 , 40 , 50 , 100 , 
200 , 300 , 400 , 500 , 600 , 700 , 800 , 900 , or 1 , 000 bp of 
flanking sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 
30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 , 110 , 120 , 130 , 140 , or 150 
kb of flanking sequence . Likewise , the 3 ' flanking sequence 
can be , for example , at least 10 , 20 , 30 , 40 , 50 , 100 , 200 , 
300 , 400 , 500 , 600 , 700 , 800 , 900 , or 1 , 000 bp of flanking 
sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 30 , 40 , 
50 , 60 , 70 , 80 , 90 , 100 , 110 , 120 , 130 , 140 , or 150 kb of 
flanking sequence . 
[ 0201 ] In methods in which two guide RNAs are used , the 
target region can comprise , consist essentially of , or consist 
of a first target genomic region corresponding with the first 
guide RNA recognition sequence and / or within a second 
target genomic region corresponding with the second guide 
RNA recognition sequence , and the target region can have a 
high percentage of sequence identity or a low density of 
single nucleotide variations relative to other segments of the 
target genomic locus , such as genomic regions correspond 
ing with one or more other potential guide RNA recognition 
sequences within the target genomic locus . For example , the 
target region can comprise , consist essentially of , or consist 
of the first guide RNA recognition sequence and / or the 
second guide RNA recognition sequence , and the target 
region can have a high percentage of sequence identity or a 
low density of single nucleotide variations relative to other 
segments of the target genomic locus , such as one or more 
other potential guide RNA recognition sequences within the 
target genomic locus . As another example , the target region 
can comprise , consist essentially of , or consist of a high 
percentage of the first guide RNA recognition sequence and 
5 ' and / or 3 ' sequence flanking the first guide RNA recogni 
tion sequence and / or a the second guide RNA recognition 
sequence and 5 ' and / or 3 ' sequence flanking the second guide 
RNA recognition sequence , and the target region can have a 
high percentage of sequence identity or a low density of 
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single nucleotide variations relative to other segments of the 
target genomic locus , such as genomic regions correspond 
ing with one or more other potential guide RNA recognition 
sequences and their 5 ' and / or 3 ' flanking sequence within the 
target genomic locus . As yet another example , the target 
region can comprise , consist essentially of , or consist of the 
5 ' and / or 3 ' sequence flanking the first guide RNA recogni 
tion sequence and / or the 5 ' and / or 3 ' sequence flanking the 
second guide RNA recognition sequence , and the target 
region can have a high percentage of sequence identity or a 
low density of single nucleotide variations relative to other 
segments of the target genomic locus , such as the 5 ' and / or 
3 ' sequence flanking one or more other potential guide RNA 
recognition sequences within the target genomic locus . The 
5 ' flanking sequence can be , for example , at least 10 , 20 , 30 , 
40 , 50 , 100 , 200 , 300 , 400 , 500 , 600 , 700 , 800 , 900 , or 1 , 000 
bp of flanking sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 
20 , 30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 , 110 , 120 , 130 , 140 , or 150 
kb of flanking sequence . Likewise , the 3 ' flanking sequence 
can be , for example , at least 10 , 20 , 30 , 40 , 50 , 100 , 200 , 
300 , 400 , 500 , 600 , 700 , 800 , 900 , or 1 , 000 bp of flanking 
sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 30 , 40 , 
50 , 60 , 70 , 80 , 90 , 100 , 110 , 120 , 130 , 140 , or 150 kb of 
flanking sequence . 
[ 0202 ] Thus , in methods in which one guide RNA is 
considered in selecting the target region , for example , select 
ing the target region can comprise comparing two or more 
segments of the target genomic locus , wherein each segment 
comprises , consists essentially of , or consists of a different 
guide RNA recognition sequence not present elsewhere in 
the genome and at least 10 bp , 20 bp , 30 bp , 40 bp , 50 bp , 
100 bp , 200 bp , 300 bp , 400 bp , 500 bp , 600 bp , 700 bp , 800 
bp , 900 bp , 1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 
kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 kb , 60 kb , 70 
kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 kb , 130 kb , 140 kb , 
or 150 kb of flanking sequence on the 5 ' side , the 3 ' side , or 
each side of the different guide RNA recognition sequence , 
and selecting as the target region the segment having the 
highest percentage of sequence identity relative to the other 
segments . If two or more guide RNAs are used , the method 
can comprise selecting as the target region the two or more 
segments having the highest percentage of sequence identity 
relative to other segments . Optionally , the one or more 
segments can comprise , consist essentially of , or consist of 
segments corresponding with each guide RNA recognition 
sequence in the target genomic locus but not present else 
where in the genome . 
[ 0203 ] Alternatively or additionally , in methods in which 
two guide RNAs are used , the target region can comprise , 
consist essentially of , or consist of the region between the 
first and second guide RNA recognition sequences or the 
first and second cleavage sites , and the target region can 
have a high percentage of sequence identity or a low density 
of single nucleotide variations relative to other segments of 
the target genomic locus , such as the region between one or 
more other pairs of potential guide RNA recognition 
sequences or cleavage sites within the target genomic locus . 
If three or more guide RNAs are used , the relevant region 
would be the region between the two guide RNA recognition 
sequences or the two cleavage sites that are furthest apart . 
[ 0204 ] Thus , in methods in which two guide RNAs are 
used , for example , selecting the target region can comprise 
comparing two or more segments of the target genomic 
locus , wherein each segment comprises , consists essentially 

of , or consists of the region between a different pair of guide 
RNA recognition sequences , wherein the guide RNA rec 
ognition sequences are not present elsewhere in the genome , 
and selecting as the target region the segment having the 
highest percentage of sequence identity relative to the other 
segments . Optionally , the one or more segments comprise , 
consist essentially of , or consist of segments corresponding 
with each different pair of guide RNA recognition sequences 
in the target genomic locus , wherein the guide RNA recog 
nition sequences are not present elsewhere in the genome . 
[ 0205 ] Alternatively or additionally , in methods in which 
two guide RNAs are used , the target region can comprise , 
consist essentially of , or consist of region between the first 
and second guide RNA recognition sequences or the first and 
second cleavage sites and the 5 ' and / or 3 ' sequence flanking 
the genomic region between the first and second guide RNA 
recognition sequences or the first and second cleavage sites , 
and the target region can have a high percentage of sequence 
identity or a low density of single nucleotide variations 
relative to other segments of the target genomic locus , such 
as the region between one or more other pairs of potential 
guide RNA recognition sequences or cleavage sites within 
the target genomic locus and the 5 ' and / or 3 ' sequence 
flanking genomic regions between one or more other pairs of 
potential guide RNA recognition sequences or cleavage 
sites . Preferably , the target region can comprise , consist 
essentially of , or consist of the genomic region between the 
first and second guide RNA recognition sequences or the 
first and second cleavage sites and the 5 ' and 3 ' sequence 
flanking the genomic region between the first and second 
guide RNA recognition sequences or the first and second 
cleavage sites , and the target region can have a high per 
centage of sequence identity or a low density of single 
nucleotide variations relative to other segments of the target 
genomic locus , such as the region between one or more other 
pairs of potential guide RNA recognition sequences or 
cleavage sites within the target genomic locus and the 5 ' and 
3 ' sequence flanking genomic regions between one or more 
other pairs of potential guide RNA recognition sequences or 
cleavage sites . If three or more guide RNAs are used , the 
relevant region would be the 5 ' and / or 3 ' sequence flanking 
the genomic region between the two guide RNA recognition 
sequences or the two cleavage sites that are furthest apart . 
The 5 ' flanking sequence can be , for example , at least 10 , 20 , 
30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , 600 , 700 , 800 , 900 , or 
1 , 000 bp of flanking sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 
8 , 9 , 10 , 20 , 30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 , 110 , 120 , 130 , 
140 , or 150 kb of flanking sequence . Likewise , the 3 ' 
flanking sequence can be , for example , at least 10 , 20 , 30 , 
40 , 50 , 100 , 200 , 300 , 400 , 500 , 600 , 700 , 800 , 900 , or 1 , 000 
bp of flanking sequence or at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 
20 , 30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 , 110 , 120 , 130 , 140 , or 150 
kb of flanking sequence . 
[ 0206 ] Thus , in methods in which two guide RNAs are 
used , for example , selecting the target region can comprise 
comparing two or more segments of the target genomic 
locus , wherein each segment comprises , consists essentially 
of , or consists of the region between a different pair of guide 
RNA recognition sequences and at least 10 bp , 20 bp , 30 bp , 
40 bp , 50 bp , 100 bp , 200 bp , 300 bp , 400 bp , 500 bp , 600 
bp , 700 bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 2 kb , 3 kb , 4 kb , 
5 kb . 6 . kb . 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 
kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 kb , 130 
kb , 140 kb , or 150 kb of flanking sequence on the 5 ' side , the 
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3 ' side , or each side of the genomic region between the 
different pair of guide RNA recognition sequences , wherein 
the guide RNA recognition sequences are not present else 
where in the genome , and selecting as the target region the 
segment having the highest percentage of sequence identity 
relative to the other segments . Optionally , the one or more 
segments comprise , consist essentially of , or consist of 
segments corresponding with each different pair of guide 
RNA recognition sequences in the target genomic locus , 
wherein the guide RNA recognition sequences are not 
present elsewhere in the genome . 
[ 0207 ] Alternatively or additionally , in methods in which 
two guide RNAs are used , the target region can comprise , 
consist essentially of , or consist of the 5 ' and / or 3 ' sequence 
flanking the genomic region between the first and second 
guide RNA recognition sequences or the first and second 
cleavage sites , and the target region can have a high per 
centage of sequence identity or a low density of single 
nucleotide variations relative to other segments of the target 
genomic locus , such as the 5 ' and / or 3 ' sequence flanking 
genomic regions between one or more other pairs of poten - 
tial guide RNA recognition sequences or cleavage sites 
within the target genomic locus . Preferably , the target region 
can comprise , consist essentially of , or consist of the 5 ' and 
3 ' sequence flanking the genomic region between the first 
and second guide RNA recognition sequences or the first and 
second cleavage sites , and the target region can have a high 
percentage of sequence identity or a low density of single 
nucleotide variations relative to other segments of the target 
genomic locus , such as the 5 ' and 3 ' sequence flanking 
genomic regions between one or more other pairs of poten 
tial guide RNA recognition sequences or cleavage sites 
within the target genomic locus . If three or more guide 
RNAs are used , the relevant region would be the 5 ' and / or 
3 ' sequence flanking the genomic region between the two 
guide RNA recognition sequences or the two cleavage sites 
that are furthest apart . The 5 ' flanking sequence can be , for 
example , at least 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , 
600 , 700 , 800 , 900 , or 1 , 000 bp of flanking sequence or at 
least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 30 , 40 , 50 , 60 , 70 , 80 , 
90 , 100 , 110 , 120 , 130 , 140 , or 150 kb of flanking sequence . 
Likewise , the 3 ' flanking sequence can be , for example , at 
least 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , 600 , 700 , 
800 , 900 , or 1 , 000 bp of flanking sequence or at least 1 , 2 , 
3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 , 110 , 
120 , 130 , 140 , or 150 kb of flanking sequence . 
[ 0208 ] Thus , in methods in which two guide RNAs are 
used , for example , selecting the target region can comprise 
comparing two or more non - contiguous segments of the 
target genomic locus , wherein each non - contiguous segment 
comprises , consists essentially of , or consists of at least 10 
bp , 20 bp , 30 bp , 40 bp , 50 bp , 100 bp , 200 bp , 300 bp , 400 
bp , 500 bp , 600 bp , 700 bp , 800 bp , 900 bp , 1 , 000 bp , 1 kb , 
2 kb , 3 kb , 4 kb , 5 kb , 6 , kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 
30 kb , 40 kb , 50 kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 
kb , 120 kb , 130 kb , 140 kb , or 150 kb of flanking sequence 
on the 5 ' side , the 3 ' side , or each side of the genomic region 
between a different pair of guide RNA recognition 
sequences , wherein the guide RNA recognition sequences 
are not present elsewhere in the genome , and selecting as the 
target region the non - contiguous segment having the highest 
percentage of sequence identity relative to the other non 
contiguous segments . Optionally , the one or more non 
contiguous segments comprise , consist essentially of , or 

consist of non - contiguous segments corresponding with 
each different pair of guide RNA recognition sequences in 
the target genomic locus , wherein the guide RNA recogni 
tion sequences are not present elsewhere in the genome . 
[ 0209 ] In methods in which an exogenous repair templates 
are used , the target region can comprise , consist essentially 
of , or consist of the region between the 5 ' and 3 ' target 
sequences , and the target region can have a high percentage 
of sequence identity or a low density of single nucleotide 
variations relative to other segments of the target genomic 
locus . Alternatively or additionally , the target region can 
comprise , consist essentially of , or consist of the 5 ' and / or 3 ' 
target sequences , and the target region can have a high 
percentage of sequence identity or a low density of single 
nucleotide variations relative to other segments of the target 
genomic locus . Preferably , the target region can comprise , 
consist essentially of , or consist of the 5 ' and 3 ' target 
sequences , and the target region can have a high percentage 
of sequence identity or a low density of single nucleotide 
variations relative to other segments of the target genomic 
locus . For example , the target region can comprise , consist 
essentially of , or consist of the region flanked by and 
including the 5 ' and 3 ' target sequences , and the target region 
can have a high percentage of sequence identity or a low 
density of single nucleotide variations relative to other 
segments of the target genomic locus . 
[ 0210 ] Likewise , in methods in which an exogenous repair 
template is used , the target region can comprise , consist 
essentially of , or consist of the 5 ' and / or 3 ' sequence flanking 
the genomic region between the 5 ' and 3 ' target sequences of 
the exogenous repair template or the 5 ' and / or 3 ' sequence 
flanking the genomic region between and including the 5 
and 3 ' target sequences of the exogenous repair template , 
and the target region can have a high percentage of sequence 
identity or a low density of single nucleotide variations 
relative to other segments of the target genomic locus . 
Preferably , the target region can comprise , consist essen 
tially of , or consist of the 5 and 3 ' sequence flanking the 
genomic region between the 5 ' and 3 ' target sequences of the 
exogenous repair template or within the 5 ' and 3 ' sequence 
flanking the genomic region between and including the 5 ' 
and 3 ' target sequences of the exogenous repair template , 
and the target region can have a high percentage of sequence 
identity or a low density of single nucleotide variations 
relative to other segments of the target genomic locus . 
Alternatively , the target region can comprise , consist essen 
tially of , or consist of the region between the 5 ' and 3 ' target 
sequences of the exogenous repair template and 5 ' and / or 3 ' 
sequence flanking the genomic region between the 5 ' and 3 ' 
target sequences , and the target region can have a high 
percentage of sequence identity or a low density of single 
nucleotide variations relative to other segments of the target 
genomic locus . Preferably , the target region can comprise , 
consist essentially of , or consist of the region between the 5 ' 
and 3 ' target sequences of the exogenous repair template and 
5 ' and 3 ' sequence flanking the genomic region between the 
5 ' and 3 ' target sequences , and the target region can have a 
high percentage of sequence identity or a low density of 
single nucleotide variations relative to other segments of the 
target genomic locus . The 5 ' flanking sequence can be , for 
example , at least 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , 
600 , 700 , 800 , 900 , or 1 , 000 bp of flanking sequence or at 
least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 30 , 40 , 50 , 60 , 70 , 80 , 
90 , 100 , 110 , 120 , 130 , 140 , or 150 kb of flanking sequence . 
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Likewise , the 3 ' flanking sequence can be , for example , at 
least 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , 600 , 700 , 
800 , 900 , or 1 , 000 bp of flanking sequence or at least 1 , 2 , 
3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 , 110 , 
120 , 130 , 140 , or 150 kb of flanking sequence . 
[ 0211 ] A target region modified by the methods disclosed 
herein can include any segment or region ( contiguous or 
non - contiguous ) of DNA within a cell . The target region can 
be native to the cell , can be a heterologous or exogenous 
segment of DNA that was integrated into the genome of the 
cell , or can be a combination thereof . Such heterologous or 
exogenous segments of DNA can include transgenes , 
expression cassettes , polynucleotide encoding selection 
makers , or heterologous or exogenous regions of genomic 
DNA . 
[ 0212 ] B . CRISPR / Cas Systems 
[ 0213 ] The methods disclosed herein utilize Clustered 
Regularly Interspersed Short Palindromic Repeats 
( CRISPR ) / CRISPR - associated ( Cas ) systems or compo 
nents of such systems to modify a genome within a cell . 
CRISPR / Cas systems include transcripts and other elements 
involved in the expression of , or directing the activity of , 
Cas genes . A CRISPR / Cas system can be a type I , a type II , 
or a type III system . Alternatively a CRISPR / Cas system can 
be , for example , a type V system ( e . g . , subtype V - A or 
subtype V - B ) . The methods and compositions disclosed 
herein employ CRISPR / Cas systems by utilizing CRISPR 
complexes ( comprising a guide RNA ( GRNA ) complexed 
with a Cas protein ) for site - directed cleavage of nucleic 
acids . 
[ 0214 ] The CRISPR / Cas systems used in the methods 
disclosed herein are non - naturally occurring . A “ non - natu 
rally occurring ” system includes anything indicating the 
involvement of the hand of man , such as one or more 
components of the system being altered or mutated from 
their naturally occurring state , being at least substantially 
free from at least one other component with which they are 
naturally associated in nature , or being associated with at 
least one other component with which they are not naturally 
associated . For example , some CRISPR / Cas systems 
employ non - naturally occurring CRISPR complexes com 
prising a gRNA and a Cas protein that do not naturally occur 
together . Other CRISPR / Cas systems employ a Cas protein 
that does not occur naturally , and other CRISPR / Cas sys 
tems employ a gRNA that does not occur naturally . 
[ 0215 ] ( 1 ) Cas Proteins 
[ 0216 ] Cas proteins generally comprise at least one RNA 
recognition or binding domain that can interact with guide 
RNAs ( gRNAs , described in more detail below ) . Cas pro 
teins can also comprise nuclease domains ( e . g . , DNase or 
RNase domains ) , DNA binding domains , helicase domains , 
protein - protein interaction domains , dimerization domains , 
and other domains . A nuclease domain possesses catalytic 
activity for nucleic acid cleavage , which includes the break 
age of the covalent bonds of a nucleic acid molecule . 
Cleavage can produce blunt ends or staggered ends , and it 
can be single - stranded or double - stranded . For example , a 
wild type Cas9 protein will typically create a blunt cleavage 
product . Alternatively , a wild type Cpfi protein ( e . g . , 
FnCpfl ) can result in a cleavage product with a 5 - nucleotide 
5 ' overhang , with the cleavage occurring after the 18th base 
pair from the PAM sequence on the non - targeted strand and 
after the 23rd base on the targeted strand . A Cas protein can 
have full cleavage activity to create a double - strand break in 

the target nucleic acid ( e . g . , a double - strand break with blunt 
ends ) , or it can be a nickase that creates a single - strand break 
in the target nucleic acid . 
[ 0217 ] Examples of Cas proteins include Cas1 , Cas1B , 
Cast , Cas3 , Cas4 , Cas5 , Cas5e ( CasD ) , Cash , Casbe , Cas6f , 
Cas7 , Cas8al , Cas8a2 , Cas8b , Cas8c , Cas9 ( Csnl or 
Csx12 ) , Cas10 , Cas10d , CasF , Cast , CasH , Csyl , Csy2 , 
Csy3 , Csel ( CasA ) , Cse2 ( CasB ) , Cse3 ( CasE ) , Cse4 
( CasC ) , Csci , Csc2 , Csa5 , Csn2 , Csm2 , Csm3 , Csm4 , 
Csm5 , Csm , Cmrl , Cmr3 , Cmr4 , Cmr5 , Cmr6 , Csbl , 
Csb2 , Csb3 , Csx17 , Csx14 , Csx10 , Csx16 , CsaX , Csx3 , 
Csxl , Csx15 , Csfi , Csf2 , Csf3 , Csf4 , and Cu1966 , and 
homologs or modified versions thereof . 
[ 0218 ] An exemplary Cas protein is a Cas9 protein or a 
protein derived from a Cas9 protein from a type II CRISPR / 
Cas system . Cas9 proteins are from a type II CRISPR / Cas 
system and typically share four key motifs with a conserved 
architecture . Motifs 1 , 2 , and 4 are RuvC - like motifs , and 
motif 3 is an HNH motif . Exemplary Cas9 proteins are from 
Streptococcus pyogenes , Streptococcus thermophilus , Strep 
tococcus sp . , Staphylococcus aureus , Nocardiopsis dasson 
villei , Streptomyces pristinaespiralis , Streptomyces viri 
dochromogenes , Streptomyces viridochromogenes , 
Streptosporangium roseum , Streptosporangium roseum , Ali 
cyclobacillus acidocaldarius , Bacillus pseudomycoides , 
Bacillus selenitireducens , Exiguobacterium sibiricum , Lac 
tobacillus delbrueckii , Lactobacillus salivarius , Microscilla 
marina , Burkholderiales bacterium , Polaromonas naphtha 
lenivorans , Polaromonas sp . , Crocosphaera watsonii , Cya 
nothece sp . , Microcystis aeruginosa , Synechococcus sp . , 
Acetohalobium arabaticum , Ammonifex degensii , Caldice 
lulosiruptor becscii , Candidatus Desulforudis , Clostridium 
botulinum , Clostridium difficile , Finegoldia magna , Natran 
aerobius thermophilus , Pelotomaculum thermopropioni 
cum , Acidithiobacillus caldus , Acidithiobacillus ferrooxi 
dans , Allochromatium vinosum , Marinobacter sp . , 
Nitrosococcus halophilus , Nitrosococcus watsoni , Pseudo 
alteromonas haloplanktis , Ktedonobacter racemifer , Metha 
nohalobium evestigatum , Anabaena variabilis , Nodularia 
spumigena , Nostoc sp . , Arthrospira maxima , Arthrospira 
platensis , Arthrospira sp . , Lyngbya sp . , Microcoleus chtho 
noplastes , Oscillatoria sp . , Petrotoga mobilis , Thermosipho 
africanus , Acaryochloris marina , Neisseria meningitidis , or 
Campylobacter jejuni . Additional examples of the Cas9 
family members are described in WO 2014 / 131833 , herein 
incorporated by reference in its entirety for all purposes . 
Cas9 from S . pyogenes ( SpCas9 ) ( assigned SwissProt acces 
sion number Q99ZW2 ) is an exemplary Cas9 protein . Cas9 
from S . aureus ( Sa Cas9 ) ( assigned UniProt accession 
number J7RUA5 ) is another exemplary Cas9 protein . Cas9 
from Campylobacter jejuni ( CjCas9 ) ( assigned UniProt 
accession number QOP897 ) is another exemplary Cas9 pro 
tein . See , e . g . , Kim et al . ( 2017 ) Nat . Comm . 8 : 14500 , herein 
incorporated by reference in its entirety for all purposes . 
SaCas9 is smaller than SpCas9 , and CjCas9 is smaller than 
both SaCas9 and SpCas9 . 
[ 0219 ] Another example of a Cas protein is a Cpfi 
( CRISPR from Prevotella and Francisella 1 ) protein . Cpfi 
is a large protein ( about 1300 amino acids ) that contains a 
RuvC - like nuclease domain homologous to the correspond 
ing domain of Cas9 along with a counterpart to the charac 
teristic arginine - rich cluster of Cas9 . However , Cpfi lacks 
the HNH nuclease domain that is present in Cas9 proteins , 
and the RuvC - like domain is contiguous in the Cpfi 
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sequence , in contrast to Cas9 where it contains long inserts 
including the HNH domain . See , e . g . , Zetsche et al . ( 2015 ) 
Cell 163 ( 3 ) : 759 - 771 , herein incorporated by reference in its 
entirety for all purposes . Exemplary Cpfl proteins are from 
Francisella tularensis 1 , Francisella tularensis subsp . novi 
cida , Prevotella albensis , Lachnospiraceae bacterium 
MC2017 1 , Butyrivibrio proteoclasticus , Peregrinibacteria 
bacterium GW2011 _ GWA2 _ 33 _ 10 , Parcubacteria bacte 
rium GW2011 _ GWC2 _ 44 _ 17 , Smithella sp . SCADC , 
Acidaminococcus sp . BV3L6 , Lachnospiraceae bacterium 
MA2020 , Candidatus Methanoplasma termitum , Eubacte 
rium eligens , Moraxella bovoculi 237 , Leptospira inadai , 
Lachnospiraceae bacterium ND2006 , Porphyromonas cre 
vioricanis 3 , Prevotella disiens , and Porphyromonas maca 
cae . Cpf1 from Francisella novicida U112 ( FnCpfl ; 
assigned UniProt accession number AOQ7Q2 ) is an exem 
plary Cpfl protein . 
[ 0220 ] Cas proteins can be wild type proteins ( i . e . , those 
that occur in nature ) , modified Cas proteins ( i . e . , Cas protein 
variants ) , or fragments of wild type or modified Cas pro 
teins . Cas proteins can also be active variants or fragments 
with respect to catalytic activity of wild type or modified Cas 
proteins . Active variants or fragments with respect to cata 
lytic activity can comprise at least 80 % , 85 % , 90 % , 91 % , 
92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or more 
sequence identity to the wild type or modified Cas protein or 
a portion thereof , wherein the active variants retain the 
ability to cut at a desired cleavage site and hence retain 
nick - inducing or double - strand - break - inducing activity . 
Assays for nick - inducing or double - strand - break - inducing 
activity are known and generally measure the overall activ 
ity and specificity of the Cas protein on DNA substrates 
containing the cleavage site . 
0221 ] One example of a modified Cas protein is the 

modified SpCas9 - HF1 protein , which is a high - fidelity vari 
ant of Streptococcus pyogenes Cas9 harboring alterations 
( N497A / R661A / Q695A / Q926A ) designed to reduce non 
specific DNA contacts . See , e . g . , Kleinstiver et al . ( 2016 ) 
Nature 529 ( 7587 ) : 490 - 495 , herein incorporated by refer 
ence in its entirety for all purposes . Another example of a 
modified Cas protein is the modified eSpCas9 variant 
( K848A / K1003A / R1060A ) designed to reduce off - target 
effects . See , e . g . , Slaymaker et al . ( 2016 ) Science 351 ( 6268 ) : 
84 - 88 , herein incorporated by reference in its entirety for all 
purposes . Other SpCas9 variants include K855A and 
K810A / K1003A / R1060A . 
[ 0222 ] Cas proteins can be modified to increase or 
decrease one or more of nucleic acid binding affinity , nucleic 
acid binding specificity , and enzymatic activity . Cas proteins 
can also be modified to change any other activity or property 
of the protein , such as stability . For example , one or more 
nuclease domains of the Cas protein can be modified , 
deleted , or inactivated , or a Cas protein can be truncated to 
remove domains that are not essential for the function of the 
protein or to optimize ( e . g . , enhance or reduce ) the activity 
of the Cas protein . 
[ 0223 ] Cas proteins can comprise at least one nuclease 
domain , such as a DNase domain . For example , a wild type 
Cpfl protein generally comprises a RuvC - like domain that 
cleaves both strands of target DNA , perhaps in a dimeric 
configuration . Cas proteins can also comprise at least two 
nuclease domains , such as DNase domains . For example , a 
wild type Cas9 protein generally comprises a RuvC - like 
nuclease domain and an HNH - like nuclease domain . The 

RuvC and HNH domains can each cut a different strand of 
double - stranded DNA to make a double - stranded break in 
the DNA . See , e . g . , Jinek et al . ( 2012 ) Science 337 : 816 - 821 , 
herein incorporated by reference in its entirety for all pur 
poses . 
[ 0224 ] One or both of the nuclease domains can be deleted 
or mutated so that they are no longer functional or have 
reduced nuclease activity . If one of the nuclease domains is 
deleted or mutated , the resulting Cas protein ( e . g . , Cas9 ) can 
be referred to as a nickase and can generate a single - strand 
break at a guide RNA recognition sequence within a double 
stranded DNA but not a double - strand break ( i . e . , it can 
cleave the complementary strand or the non - complementary 
strand , but not both ) . If both of the nuclease domains are 
deleted or mutated , the resulting Cas protein ( e . g . , Cas9 ) will 
have a reduced ability to cleave both strands of a double 
stranded DNA ( e . g . , a nuclease - null Cas protein ) . An 
example of a mutation that converts Cas9 into a nickase is 
a D10A ( aspartate to alanine at position 10 of Cas9 ) muta 
tion in the RuvC domain of Cas9 from S . pyogenes . Like 
wise , H939A ( histidine to alanine at amino acid position 
839 ) or H840A ( histidine to alanine at amino acid position 
840 ) , or N863A ( asparagine to alanine at amino acid position 
N863 ) in the HNH domain of Cas9 from S . pyogenes can 
convert the Cas9 into a nickase . Other examples of muta 
tions that convert Cas9 into a nickase include the corre 
sponding mutations to Cas9 from S . thermophilus . See , e . g . , 
Sapranauskas et al . ( 2011 ) Nucleic Acids Research 39 : 9275 
9282 and WO 2013 / 141680 , each of which is herein incor 
porated by reference in its entirety for all purposes . Such 
mutations can be generated using methods such as site 
directed mutagenesis , PCR - mediated mutagenesis , or total 
gene synthesis . Examples of other mutations creating nick 
ases can be found , for example , in WO 2013 / 176772 and 
WO 2013 / 142578 , each of which is herein incorporated by 
reference in its entirety for all purposes . If all of the nuclease 
domains are deleted or mutated in a Cas protein ( e . g . , both 
of the nuclease domains are deleted or mutated in a Cas9 
protein ) , the resulting Cas protein ( e . g . , Cas9 ) will have a 
reduced ability to cleave both strands of a double - stranded 
DNA ( e . g . , a nuclease - null or nuclease - inactive Cas protein ) . 
One specific example is a D10A / H840A S . pyogenes Cas9 
double mutant or a corresponding double mutant in a Cas9 
from another species when optimally aligned with S . pyo 
genes Cas9 . Another specific example is a D10A / N863A S . 
pyogenes Cas9 double mutant or a corresponding double 
mutant in a Cas9 from another species when optimally 
aligned with S . pyogenes Cas9 . 
[ 0225 ] Examples of inactivating mutations in the catalytic 
domains of Staphylococcus aureus Cas9 proteins are also 
known . For example , the Staphylococcus aureus Cas9 
enzyme ( SaCas9 ) may comprise a substitution at position 
N580 ( e . g . , N580A substitution ) and a substitution at posi 
tion D10 ( e . g . , D10A substitution ) to generate a nuclease 
inactive Cas protein . See , e . g . , WO 2016 / 106236 , herein 
incorporated by reference in its entirety for all purposes . 
[ 0226 ] Examples of inactivating mutations in the catalytic 
domains of Cpfl proteins are also known . With reference to 
Cpfi proteins from Francisella novicida U112 ( FnCpfi ) , 
Acidaminococcus sp . BV3L6 ( AsCpfl ) , Lachnospiraceae 
bacterium ND 2006 ( LbCpfl ) , and Moraxella bovoculi 237 
( MbCpf1 Cpfl ) , such mutations can include mutations at 
positions 908 , 993 , or 1263 of AsCpfl or corresponding 
positions in Cpf1 orthologs , or positions 832 , 925 , 947 , or 
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1180 of LbCpflor corresponding positions in Cpfi 
orthologs . Such mutations can include , for example one or 
more of mutations D908A , E993A , and D1263A of AsCpf1 
or corresponding mutations in Cpfl orthologs , or D832A , 
E925A , D947A , and D1180A of LbCpfl or corresponding 
mutations in Cpfl orthologs . See , e . g . , US 2016 / 0208243 , 
herein incorporated by reference in its entirety for all pur 
poses . 
[ 0227 ] Cas proteins can also be operably linked to heter 
ologous polypeptides as fusion proteins . For example , a Cas 
protein can be fused to a cleavage domain , an epigenetic 
modification domain , a transcriptional activation domain , or 
a transcriptional repressor domain . See WO 2014 / 089290 , 
herein incorporated by reference in its entirety for all pur 
poses . Cas proteins can also be fused to a heterologous 
polypeptide providing increased or decreased stability . The 
fused domain or heterologous polypeptide can be located at 
the N - terminus , the C - terminus , or internally within the Cas 
protein . 
[ 0228 ] An example of a Cas fusion protein is a Cas protein 
fused to a heterologous polypeptide that provides for sub 
cellular localization . Such heterologous polypeptides can 
include , for example , one or more nuclear localization 
signals ( NLS ) such as the SV40 NLS for targeting to the 
nucleus , a mitochondrial localization signal for targeting to 
the mitochondria , an ER retention signal , and the like . See , 
e . g . , Lange et al . ( 2007 ) J . Biol . Chem . 282 : 5101 - 5105 , 
herein incorporated by reference in its entirety for all pur 
poses . Other suitable NLSs include alpha - importin NLS . 
Such subcellular localization signals can be located at the 
N - terminus , the C - terminus , or anywhere within the Cas 
protein . An NLS can comprise a stretch of basic amino acids , 
and can be a monopartite sequence or a bipartite sequence . 
Optionally , the Cas protein comprises two or more NLSs , 
including an NLS ( e . g . , an alpha - importin NLS ) at the 
N - terminus and / or an NLS ( e . g . , an SV40 NLS ) at the 
C - terminus . 
[ 0229 ] Cas proteins can also be operably linked to a 
cell - penetrating domain . For example , the cell - penetrating 
domain can be derived from the HIV - 1 TAT protein , the 
TLM cell - penetrating motif from human hepatitis B virus , 
MPG , Pep - 1 , VP22 , a cell penetrating peptide from Herpes 
simplex virus , or a polyarginine peptide sequence . See , e . g . , 
WO 2014 / 089290 , herein incorporated by reference in its 
entirety for all purposes . The cell - penetrating domain can be 
located at the N - terminus , the C - terminus , or anywhere 
within the Cas protein . 
[ 0230 ] Cas proteins can also be operably linked to a 
heterologous polypeptide for ease of tracking or purification , 
such as a fluorescent protein , a purification tag , or an epitope 
tag . Examples of fluorescent proteins include green fluores 
cent proteins ( e . g . , GFP , GFP - 2 , tagGFP , turboGFP , eGFP , 
Emerald , Azami Green , Monomeric Azami Green , CopGFP , 
AceGFP , ZsGreenl ) , yellow fluorescent proteins ( e . g . , YFP , 
eYFP , Citrine , Venus , YPet , PhiYFP , Zs Yellowl ) , blue fluo 
rescent proteins ( e . g . eBFP , eBFP2 , Azurite , mKalamal , 
GFPuv , Sapphire , T - sapphire ) , cyan fluorescent proteins 
( e . g . eCFP , Cerulean , CyPet , AmCyanl , Midoriishi - Cyan ) , 
red fluorescent proteins ( mKate , mKate2 , mPlum , DsRed 
monomer , mCherry , mRFP1 , DsRed - Express , DsRed2 , 
DsRed - Monomer , HcRed - Tandem , HcRedl , AsRed2 , 
eqFP611 , mRaspberry , mStrawberry , Jred ) , orange fluores 
cent proteins ( mOrange , mKO , Kusabira - Orange , Mono 
meric Kusabira - Orange , mTangerine , tdTomato ) , and any 

other suitable fluorescent protein . Examples of tags include 
glutathione - S - transferase ( GST ) , chitin binding protein 
( CBP ) , maltose binding protein , thioredoxin ( TRX ) , poly 
( NANP ) , tandem affinity purification ( TAP ) tag , myc , AcV5 , 
AU1 , AUS , E , ECS , E2 , FLAG , hemagglutinin ( HA ) , nus , 
Softag 1 , Softag 3 , Strep , SBP , Glu - Glu , HSV , KT3 , S , S1 , 
T7 , V5 , VSV - G , histidine ( His ) , biotin carboxyl carrier 
protein ( BCCP ) , and calmodulin . 
10231 ] Cas9 proteins can also be tethered to exogenous 
repair templates or labeled nucleic acids . Such tethering 
( i . e . , physical linking ) can be achieved through covalent 
interactions or noncovalent interactions , and the tethering 
can be direct ( e . g . , through direct fusion or chemical con 
jugation , which can be achieved by modification of cysteine 
or lysine residues on the protein or intern modification ) , or 
can be achieved through one or more intervening linkers or 
adapter molecules such as streptavidin or aptamers . See , 
e . g . , Pierce et al . ( 2005 ) Mini Rev . Med . Chem . 5 ( 1 ) : 41 - 55 ; 
Duckworth et al . ( 2007 ) Angew . Chem . Int . Ed . Engl . 46 ( 46 ) : 
8819 - 8822 ; Schaeffer and Dixon ( 2009 ) Australian J . Chem . 
62 ( 10 ) : 1328 - 1332 ; Goodman et al . ( 2009 ) Chembiochem . 
10 ( 9 ) : 1551 - 1557 ; and Khatwani et al . ( 2012 ) Bioorg . Med . 
Chem . 20 ( 14 ) : 4532 - 4539 , each of which is herein incorpo 
rated by reference in its entirety for all purposes . Noncova 
lent strategies for synthesizing protein - nucleic acid conju 
gates include biotin - streptavidin and nickel - histidine 
methods . Covalent protein - nucleic acid conjugates can be 
synthesized by connecting appropriately functionalized 
nucleic acids and proteins using a wide variety of chemis 
tries . Some of these chemistries involve direct attachment of 
the oligonucleotide to an amino acid residue on the protein 
surface ( e . g . , a lysine amine or a cysteine thiol ) , while other 
more complex schemes require post - translational modifica 
tion of the protein or the involvement of a catalytic or 
reactive protein domain . Methods for covalent attachment of 
proteins to nucleic acids can include , for example , chemical 
cross - linking of oligonucleotides to protein lysine or cyste 
ine residues , expressed protein - ligation , chemoenzymatic 
methods , and the use of photoaptamers . The exogenous 
repair template or labeled nucleic acid can be tethered to the 
C - terminus , the N - terminus , or to an internal region within 
the Cas9 protein . Preferably , the exogenous repair template 
or labeled nucleic acid is tethered to the C - terminus or the 
N - terminus of the Cas9 protein . Likewise , the Cas9 protein 
can be tethered to the 5 ' end , the 3 ' end , or to an internal 
region within the exogenous repair template or labeled 
nucleic acid . That is , the exogenous repair template or 
labeled nucleic acid can be tethered in any orientation and 
polarity . Preferably , the Cas9 protein is tethered to the 5 ' end 
or the 3 ' end of the exogenous repair template or labeled 
nucleic acid . 
[ 0232 ] Cas proteins can be provided in any form . For 
example , a Cas protein can be provided in the form of a 
protein , such as a Cas protein complexed with a gRNA . 
Alternatively , a Cas protein can be provided in the form of 
a nucleic acid encoding the Cas protein , such as an RNA 
( e . g . , messenger RNA ( mRNA ) or DNA . Optionally , the 
nucleic acid encoding the Cas protein can be codon opti 
mized for efficient translation into protein in a particular cell 
or organism . For example , the nucleic acid encoding the Cas 
protein can be modified to substitute codons having a higher 
frequency of usage in a bacterial cell , a yeast cell , a human 
cell , a non - human cell , a mammalian cell , a rodent cell , a 
mouse cell , a rat cell , or any other host cell of interest , as 
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compared to the naturally occurring polynucleotide 
sequence . When a nucleic acid encoding the Cas protein is 
introduced into the cell , the Cas protein can be transiently , 
conditionally , or constitutively expressed in the cell . 
[ 0233 ] Nucleic acids encoding Cas proteins can be stably 
integrated in the genome of the cell and operably linked to 
a promoter active in the cell . Alternatively , nucleic acids 
encoding Cas proteins can be operably linked to a promoter 
in an expression construct . Expression constructs include 
any nucleic acid constructs capable of directing expression 
of a gene or other nucleic acid sequence of interest ( e . g . , a 
Cas gene ) and which can transfer such a nucleic acid 
sequence of interest to a target cell . For example , the nucleic 
acid encoding the Cas protein can be in a targeting vector 
comprising a nucleic acid insert and / or a vector comprising 
a DNA encoding a gRNA . Alternatively , it can be in a vector 
or plasmid that is separate from the targeting vector com 
prising the nucleic acid insert and / or separate from the 
vector comprising the DNA encoding the gRNA . Promoters 
that can be used in an expression construct include promot 
ers active , for example , in one or more of a eukaryotic cell , 
a human cell , a non - human cell , a mammalian cell , a 
non - human mammalian cell , a rodent cell , a mouse cell , a rat 
cell , a hamster cell , a rabbit cell , a pluripotent cell , an 
embryonic stem ( ES ) cell , or a zygote . Such promoters can 
be , for example , conditional promoters , inducible promot 
ers , constitutive promoters , or tissue - specific promoters . 
Optionally , the promoter can be a bidirectional promoter 
driving expression of both a Cas protein in one direction and 
a guide RNA in the other direction . Such bidirectional 
promoters can consist of ( 1 ) a complete , conventional , 
unidirectional Pol III promoter that contains 3 external 
control elements : a distal sequence element ( DSE ) , a proxi 
mal sequence element ( PSE ) , and a TATA box ; and ( 2 ) a 
second basic Pol III promoter that includes a PSE and a 
TATA box fused to the 5 ' terminus of the DSE in reverse 
orientation . For example , in the H1 promoter , the DSE is 
adjacent to the PSE and the TATA box , and the promoter can 
be rendered bidirectional by creating a hybrid promoter in 
which transcription in the reverse direction is controlled by 
appending a PSE and TATA box derived from the U6 
promoter . See , e . g . , US 2016 / 0074535 , herein incorporated 
by references in its entirety for all purposes . Use of a 
bidirectional promoter to express genes encoding a Cas 
protein and a guide RNA simultaneously allow for the 
generation of compact expression cassettes to facilitate 
delivery . 
[ 0234 ] ( 2 ) Guide RNAs 
[ 0235 ] A " guide RNA ” or “ gRNA ” is an RNA molecule 
that binds to a Cas protein ( e . g . , Cas9 protein ) and targets the 
Cas protein to a specific location within a target DNA . Guide 
RNAs can comprise two segments : a “ DNA - targeting seg 
ment " and a “ protein - binding segment . ” “ Segment includes 
a section or region of a molecule , such as a contiguous 
stretch of nucleotides in an RNA . Some gRNAs , such as 
those for Cas9 , can comprise two separate RNA molecules : 
an " activator - RNA ” ( e . g . , tracrRNA ) and a “ targeter - RNA ” 
( e . g . , CRISPR RNA or crRNA ) . Other gRNAs are a single 
RNA molecule ( single RNA polynucleotide ) , which can also 
be called a “ single - molecule gRNA , ” a “ single - guide RNA , " 
or an “ sgRNA . ” See , e . g . , WO 2013 / 176772 , WO 2014 / 
065596 , WO 2014 / 089290 , WO 2014 / 093622 , WO 2014 / 
099750 , WO 2013 / 142578 , and WO 2014 / 131833 , each of 
which is herein incorporated by reference in its entirety for 

all purposes . For Cas9 , for example , a single - guide RNA can 
comprise a crRNA fused to a tracrRNA ( e . g . , via a linker ) . 
For Cpfi , for example , only a crRNA is needed to achieve 
binding to a target sequence or cleavage . The terms “ guide 
RNA ” and “ RNA ” include both double - molecule gRNAs 
( i . e . , modular gRNAs ) and single - molecule gRNAs . 
10236 ] . An exemplary two - molecule gRNA comprises a 
crRNA - like ( " CRISPR RNA ” or “ targeter - RNA ” or 
" crRNA ” or “ crRNA repeat ” ) molecule and a corresponding 
tracrRNA - like ( “ trans - acting CRISPR RNA ” or “ activator 
RNA ” or “ tracrRNA ” ) molecule . A crRNA comprises both 
the DNA - targeting segment ( single - stranded ) of the gRNA 
and a stretch of nucleotides that forms one half of the 
dsRNA duplex of the protein - binding segment of the gRNA . 
[ 0237 ] A corresponding tracrRNA ( activator - RNA ) com 
prises a stretch of nucleotides that forms the other half of the 
dsRNA duplex of the protein - binding segment of the gRNA . 
A stretch of nucleotides of a crRNA are complementary to 
and hybridize with a stretch of nucleotides of a tracrRNA to 
form the dsRNA duplex of the protein - binding domain of the 
CRNA . As such , each crRNA can be said to have a corre 
sponding tracrRNA . 
[ 0238 ] In systems in which both a crRNA and a tracrRNA 
are needed , the crRNA and the corresponding tracrRNA 
hybridize to form a gRNA . In systems in which only a 
crRNA is needed , the crRNA can be the gRNA . The crRNA 
additionally provides the single - stranded DNA - targeting 
segment that hybridizes to a guide RNA recognition 
sequence . If used for modification within a cell , the exact 
sequence of a given crRNA or tracrRNA molecule can be 
designed to be specific to the species in which the RNA 
molecules will be used . See , e . g . , Mali et al . ( 2013 ) Science 
339 : 823 - 826 ; Jinek et al . ( 2012 ) Science 337 : 816 - 821 ; 
Hwang et al . ( 2013 ) Nat . Biotechnol . 31 : 227 - 229 ; Jiang et 
al . ( 2013 ) Nat . Biotechnol . 31 : 233 - 239 ; and Cong et al . 
( 2013 ) Science 339 : 819 - 823 , each of which is herein incor 
porated by reference in its entirety for all purposes . 
[ 0239 ] The DNA - targeting segment ( crRNA ) of a given 
CRNA comprises a nucleotide sequence that is complemen 
tary to a sequence ( i . e . , the guide RNA recognition 
sequence ) in a target DNA . The DNA - targeting segment of 
a gRNA interacts with a target DNA in a sequence - specific 
manner via hybridization ( i . e . , base pairing ) . As such , the 
nucleotide sequence of the DNA - targeting segment may 
vary and determines the location within the target DNA with 
which the gRNA and the target DNA will interact . The 
DNA - targeting segment of a subject ORNA can be modified 
to hybridize to any desired sequence within a target DNA . 
Naturally occurring crRNAs differ depending on the 
CRISPR / Cas system and organism but often contain a 
targeting segment of between 21 to 72 nucleotides length , 
flanked by two direct repeats ( DR ) of a length of between 21 
to 46 nucleotides ( see , e . g . , WO 2014 / 131833 , herein incor 
porated by reference in its entirety for all purposes ) . In the 
case of S . pyogenes , the DRs are 36 nucleotides long and the 
targeting segment is 30 nucleotides long . The 3 ' located DR 
is complementary to and hybridizes with the corresponding 
tracrRNA , which in turn binds to the Cas protein . 
[ 0240 ] The DNA - targeting segment can have a length of at 
least about 12 nucleotides , at least about 15 nucleotides , at 
least about 17 nucleotides , at least about 18 nucleotides , at 
least about 19 nucleotides , at least about 20 nucleotides , at 
least about 25 nucleotides , at least about 30 nucleotides , at 
least about 35 nucleotides , or at least about 40 nucleotides . 
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mentary to the target DNA . For example , the DNA - targeting 
sequence can be 20 nucleotides in length and can comprise 
1 , 2 , or 3 mismatches with the target DNA ( the guide RNA 
recognition sequence ) . Preferably , the mismatches are not 
adjacent to a protospacer adjacent motif ( PAM ) sequence 
( e . g . , the mismatches are in the 5 ' end of the DNA - targeting 
sequence , or the mismatches are at least 2 , 3 , 4 , 5 , 6 , 7 , 8 , 
9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , or 19 base pairs away 
from the PAM sequence ) . 
[ 0243 ] The protein - binding segment of a gRNA can com 
prise two stretches of nucleotides that are complementary to 
one another . The complementary nucleotides of the protein 
binding segment hybridize to form a double - stranded RNA 
duplex ( dsRNA ) . The protein - binding segment of a subject 
gRNA interacts with a Cas protein , and the gRNA directs the 
bound Cas protein to a specific nucleotide sequence within 
target DNA via the DNA - targeting segment . 
[ 0244 ] Single - guide RNAs have the DNA - targeting seg 
ment and a scaffold sequence ( i . e . , the protein - binding or 
Cas - binding sequence of the guide RNA ) . Exemplary scaf 
fold sequences include : 

( SEO ID NO : 150 ) 
GTTGGAACCATTCAAAACAGCATAGCAAGTTAAAATAAGGCTAGTCCGT 
TATCAACTTGAAAAAGTGGCACCGAGTCGGTGC ; 

( SEQ ID NO : 151 ) 
GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAA 

CTTGAAAAAGTGGCACCGAGTCGGTGC ; 
and 

Such DNA - targeting segments can have a length from about 
12 nucleotides to about 100 nucleotides , from about 12 
nucleotides to about 80 nucleotides , from about 12 nucleo 
tides to about 50 nucleotides , from about 12 nucleotides to 
about 40 nucleotides , from about 12 nucleotides to about 30 
nucleotides , from about 12 nucleotides to about 25 nucleo 
tides , or from about 12 nucleotides to about 20 nucleotides . 
For example , the DNA targeting segment can be from about 
15 nucleotides to about 25 nucleotides ( e . g . , from about 17 
nucleotides to about 20 nucleotides , or about 17 nucleotides , 
about 18 nucleotides , about 19 nucleotides , or about 20 
nucleotides ) . See , e . g . , US 2016 / 0024523 , herein incorpo 
rated by reference in its entirety for all purposes . For Cas9 
from S . pyogenes , a typical DNA - targeting segment is 
between 16 and 20 nucleotides in length or between 17 and 
20 nucleotides in length . For Cas9 from S . aureus , a typical 
DNA - targeting segment is between 21 and 23 nucleotides in 
length . For Cpfi , a typical DNA - targeting segment is at least 
16 nucleotides in length or at least 18 nucleotides in length . 
[ 0241 ] TracrRNAs can be in any form ( e . g . , full - length 
tracrRNAs or active partial tracrRNAs ) and of varying 
lengths . They can include primary transcripts or processed 
forms . For example , tracrRNAs ( as part of a single - guide 
RNA or as a separate molecule as part of a two - molecule 
ORNA ) may comprise or consist of all or a portion of a wild 
type tracrRNA sequence ( e . g . , about or more than about 20 , 
26 , 32 , 45 , 48 , 54 , 63 , 67 , 85 , or more nucleotides of a wild 
type tracrRNA sequence ) . Examples of wild type tracrRNA 
sequences from S . pyogenes include 171 - nucleotide , 
89 - nucleotide , 75 - nucleotide , and 65 - nucleotide versions . 
See , e . g . , Deltcheva et al . ( 2011 ) Nature 471 : 602 - 607 ; WO 
2014 / 093661 , each of which is herein incorporated by 
reference in its entirety for all purposes . Examples of 
tracrRNAs within single - guide RNAs ( SgRNAs ) include the 
tracrRNA segments found within + 48 , + 54 , + 67 , and + 85 
versions of sgRNAs , where “ + n ” indicates that up to the + n 
nucleotide of wild type tracrRNA is included in the sgRNA . 
See U . S . Pat . No . 8 , 697 , 359 , herein incorporated by refer 
ence in its entirety for all purposes . 
[ 0242 ] The percent complementarity between the DNA 
targeting sequence and the guide RNA recognition sequence 
within the target DNA can be at least 60 % ( e . g . , at least 65 % , 
at least 70 % , at least 75 % , at least 80 % , at least 85 % , at least 
90 % , at least 95 % , at least 97 % , at least 98 % , at least 99 % , 
or 100 % ) . The percent complementarity between the DNA 
targeting sequence and the guide RNA recognition sequence 
within the target DNA can be at least 60 % over about 20 
contiguous nucleotides . As an example , the percent comple 
mentarity between the DNA - targeting sequence and the 
guide RNA recognition sequence within the target DNA is 
100 % over the 14 contiguous nucleotides at the 5 ' end of the 
guide RNA recognition sequence within the complementary 
strand of the target DNA and as low as 0 % over the 
remainder . In such a case , the DNA - targeting sequence can 
be considered to be 14 nucleotides in length . As another 
example , the percent complementarity between the DNA 
targeting sequence and the guide RNA recognition sequence 
within the target DNA is 100 % over the seven contiguous 
nucleotides at the 5 ' end of the guide RNA recognition 
sequence within the complementary strand of the target 
DNA and as low as 0 % over the remainder . In such a case , 
the DNA - targeting sequence can be considered to be 7 
nucleotides in length . In some guide RNAs , at least 17 
nucleotides within the DNA - target sequence are comple 

( SEQ ID NO : 152 ) 
GTTTAAGAGCTATGCTGGAAACAGCATAGCAAGTTTAAATAAGGCTAGT 

CCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGC . 
[ 0245 ) Guide RNAs can include modifications or 
sequences that provide for additional desirable features ( e . g . , 
modified or regulated stability ; subcellular targeting ; track 
ing with a fluorescent label ; a binding site for a protein or 
protein complex ; and the like ) . Examples of such modifi 
cations include , for example , a 5 ' cap ( e . g . , a 7 - methylgua 
nylate cap ( m7G ) ) ; a 3 ' polyadenylated tail ( i . e . , a 3 ' poly ( A ) 
tail ) ; a riboswitch sequence ( e . g . , to allow for regulated 
stability and / or regulated accessibility by proteins and / or 
protein complexes ) ; a stability control sequence ; a sequence 
that forms a dsRNA duplex ( i . e . , a hairpin ) ; a modification 
or sequence that targets the RNA to a subcellular location 
( e . g . , nucleus , mitochondria , chloroplasts , and the like ) ; a 
modification or sequence that provides for tracking ( e . g . , 
direct conjugation to a fluorescent molecule , conjugation to 
a moiety that facilitates fluorescent detection , a sequence 
that allows for fluorescent detection , and so forth ) ; a modi 
fication or sequence that provides a binding site for proteins 
( e . g . , proteins that act on DNA , including transcriptional 
activators , transcriptional repressors , DNA methyltrans 
ferases , DNA demethylases , histone acetyltransferases , his 
tone deacetylases , and the like ) ; and combinations thereof . 
Other examples of modifications include engineered stem 
loop duplex structures , engineered bulge regions , engi 
neered hairpins 3 ' of the stem loop duplex structure , or any 
combination thereof . See , e . g . , US 2015 / 0376586 , herein 
incorporated by reference in its entirety for all purposes . A 
bulge can be an unpaired region of nucleotides within the 
duplex made up of the crRNA - like region and the minimum 
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tracrRNA - like region . A bulge can comprise , on one side of 
the duplex , an unpaired 5 ' - XXXY - 3 ' where X is any purine 
and Y can be a nucleotide that can form a wobble pair with 
a nucleotide on the opposite strand , and an unpaired nucleo 
tide region on the other side of the duplex . 
[ 0246 ] Guide RNAs can be provided in any form . For 
example , the gRNA can be provided in the form of RNA , 
either as two molecules ( separate crRNA and tracrRNA ) or 
as one molecule ( sgRNA ) , and optionally in the form of a 
complex with a Cas protein . For example , gRNAs can be 
prepared by in vitro transcription using , for example , T7 
RNA polymerase ( see , e . g . , WO 2014 / 089290 and WO 
2014 / 065596 , each of which is herein incorporated by 
reference in its entirety for all purposes ) . Guide RNAs can 
also be prepared by chemical synthesis . 
[ 0247 ] The gRNA can also be provided in the form of 
DNA encoding the gRNA . The DNA encoding the gRNA 
can encode a single RNA molecule ( sgRNA ) or separate 
RNA molecules ( e . g . , separate crRNA and tracrRNA ) . In the 
latter case , the DNA encoding the gRNA can be provided as 
one DNA molecule or as separate DNA molecules encoding 
the crRNA and tracrRNA , respectively . 
[ 0248 ] When a gRNA is provided in the form of DNA , the 
ORNA can be transiently , conditionally , or constitutively 
expressed in the cell . DNAs encoding gRNAs can be stably 
integrated into the genome of the cell and operably linked to 
a promoter active in the cell . Alternatively , DNAs encoding 
gRNAs can be operably linked to a promoter in an expres 
sion construct . For example , the DNA encoding the gRNA 
can be in a vector comprising an exogenous repair template 
and / or a vector comprising a nucleic acid encoding a Cas 
protein . Alternatively , it can be in a vector or a plasmid that 
is separate from the vector comprising an exogenous repair 
template and / or the vector comprising the nucleic acid 
encoding the Cas protein . Promoters that can be used in such 
expression constructs include promoters active , for example , 
in one or more of a eukaryotic cell , a human cell , a 
non - human cell , a mammalian cell , a non - human mamma 
lian cell , a rodent cell , a mouse cell , a rat cell , a hamster cell , 
a rabbit cell , a pluripotent cell , an embryonic stem ( ES ) cell , 
or a zygote . Such promoters can be , for example , conditional 
promoters , inducible promoters , constitutive promoters , or 
tissue - specific promoters . Such promoters can also be , for 
example , bidirectional promoters . Specific examples of suit 
able promoters include an RNA polymerase III promoter , 
such as a human U6 promoter , a rat U6 polymerase III 
promoter , or a mouse U6 polymerase III promoter . 
[ 0249 ] ( 3 ) Guide RNA Recognition Sequences 
[ 0250 ) The term “ guide RNA recognition sequence ” 
includes nucleic acid sequences present in a target DNA to 
which a DNA - targeting segment of a gRNA will bind , 
provided sufficient conditions for binding exist . For 
example , guide RNA recognition sequences include 
sequences to which a guide RNA is designed to have 
complementarity , where hybridization between a guide 
RNA recognition sequence and a DNA targeting sequence 
promotes the formation of a CRISPR complex . Full comple 
mentarity is not necessarily required , provided that there is 
sufficient complementarity to cause hybridization and pro 
mote formation of a CRISPR complex . Guide RNA recog 
nition sequences also include cleavage sites for Cas proteins , 
described in more detail below . A guide RNA recognition 
sequence can comprise any polynucleotide , which can be 

located , for example , in the nucleus or cytoplasm of a cell or 
within an organelle of a cell , such as a mitochondrion or 
chloroplast . 
[ 0251 ] The guide RNA recognition sequence within a 
target DNA can be targeted by ( i . e . , be bound by , or 
hybridize with , or be complementary to ) a Cas protein or a 
ORNA . Suitable DNA / RNA binding conditions include 
physiological conditions normally present in a cell . Other 
suitable DNA / RNA binding conditions ( e . g . , conditions in a 
cell - free system ) are known in the art ( see , e . g . , Molecular 
Cloning : A Laboratory Manual , 3rd Ed . ( Sambrook et al . , 
Harbor Laboratory Press 2001 ) , herein incorporated by 
reference in its entirety for all purposes ) . The strand of the 
target DNA that is complementary to and hybridizes with the 
Cas protein or gRNA can be called the “ complementary 
strand , " and the strand of the target DNA that is comple 
mentary to the complementary strand ” ( and is therefore not 
complementary to the Cas protein or gRNA ) can be called 
“ noncomplementary strand ” or “ template strand . ” 
[ 0252 ] The Cas protein can cleave the nucleic acid at a site 
within or outside of the nucleic acid sequence present in the 
target DNA to which the DNA - targeting segment of a gRNA 
will bind . The “ cleavage site ” includes the position of a 
nucleic acid at which a Cas protein produces a single - strand 
break or a double - strand break . For example , formation of a 
CRISPR complex ( comprising a gRNA hybridized to a 
guide RNA recognition sequence and complexed with a Cas 
protein ) can result in cleavage of one or both strands in or 
near ( e . g . , within 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 50 , or more 
base pairs from ) the nucleic acid sequence present in a target 
DNA to which a DNA - targeting segment of a gRNA will 
bind . If the cleavage site is outside of the nucleic acid 
sequence to which the DNA - targeting segment of the gRNA 
will bind , the cleavage site is still considered to be within the 
" guide RNA recognition sequence . ” The cleavage site can be 
on only one strand or on both strands of a nucleic acid . 
Cleavage sites can be at the same position on both strands of 
the nucleic acid ( producing blunt ends ) or can be at different 
sites on each strand ( producing staggered ends ( i . e . , over 
hangs ) ) . Staggered ends can be produced , for example , by 
using two Cas proteins , each of which produces a single 
strand break at a different cleavage site on a different strand , 
thereby producing a double - strand break . For example , a 
first nickase can create a single - strand break on the first 
strand of double - stranded DNA ( dsDNA ) , and a second 
nickase can create a single - strand break on the second strand 
of dsDNA such that overhanging sequences are created . In 
some cases , the guide RNA recognition sequence of the 
nickase on the first strand is separated from the guide RNA 
recognition sequence of the nickase on the second strand by 
at least 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 15 , 20 , 25 , 30 , 40 , 50 , 75 , 
100 , 250 , 500 , or 1 , 000 base pairs . 
[ 0253 ] Site - specific binding and cleavage of target DNA 
by Cas proteins can occur at locations determined by both ( i ) 
base - pairing complementarity between the gRNA and the 
target DNA and ( ii ) a short motif , called the protospacer 
adjacent motif ( PAM ) , in the target DNA . The PAM can 
flank the guide RNA recognition sequence . Optionally , the 
guide RNA recognition sequence can be flanked on the 3 ' 
end by the PAM . Alternatively , the guide RNA recognition 
sequence can be flanked on the 5 ' end by the PAM . For 
example , the cleavage site of Cas proteins can be about 1 to 
about 10 or about 2 to about 5 base pairs ( e . g . , 3 base pairs ) 
upstream or downstream of the PAM sequence . In some 
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cases ( e . g . , when Cas9 from S . pyogenes or a closely related 
Cas9 is used ) , the PAM sequence of the non - complementary 
strand can be 5 ' - N1GG - 3 ' , where N , is any DNA nucleotide 
and is immediately 3 ' of the guide RNA recognition 
sequence of the non - complementary strand of the target 
DNA . As such , the PAM sequence of the complementary 
strand would be 5 ' - CCN2 - 3 ' , where N2 is any DNA nucleo 
tide and is immediately 5 ' of the guide RNA recognition 
sequence of the complementary strand of the target DNA . In 
some such cases , N , and N2 can be complementary and the 
N , - N2 base pair can be any base pair ( e . g . , N = C and Nz = G ; 
N = G and N2 = C ; N = A and N2 = T ; or N = T , and N2 = A ) . In 
the case of Cas9 from S . aureus , the PAM can be NNGRRT 
( SEQ ID NO : 146 ) or NNGRR ( SEQ ID NO : 147 ) , where 
N can A , G , C , or T , and R can be G or A . In the case of Cas9 
from C . jejuni , the PAM can be , for example , NNNNACAC 
or NNNNRYAC , where N can be A , G , C , or T , and R can 
be G or A . In some cases ( e . g . , for FnCpfl ) , the PAM 
sequence can be upstream of the 5 ' end and have the 
sequence 5 ' - TTN - 3 . 
[ 0254 ] Examples of guide RNA recognition sequences 
include a DNA sequence complementary to the DNA 
targeting segment of a gRNA , or such a DNA sequence in 
addition to a PAM sequence . For example , the target motif 
can be a 20 - nucleotide DNA sequence immediately preced 
ing an NGG motif recognized by a Cas9 protein , such as 
GN , NGG ( SEQ ID NO : 1 ) or N NGG ( SEQ ID NO : 2 ) 
( see , e . g . , WO 2014 / 165825 , herein incorporated by refer 
ence in its entirety for all purposes ) . The guanine at the 5 ' 
end can facilitate transcription by RNA polymerase in cells . 
Other examples of guide RNA recognition sequences can 
include two guanine nucleotides at the 5 ' end ( e . g . , 
GGN20NGG ; SEQ ID NO : 3 ) to facilitate efficient transcrip 
tion by 17 polymerase in vitro . See , e . g . , WO 2014 / 065596 , 
herein incorporated by reference in its entirety for all pur 
poses . Other guide RNA recognition sequences can have 
between 4 - 22 nucleotides in length of SEQ ID NOS : 1 - 3 , 
including the 5 ' G or GG and the 3 ' GG or NGG . Yet other 
guide RNA recognition sequences can have between 14 and 
20 nucleotides in length of SEQ ID NOS : 1 - 3 . 
[ 0255 ] The guide RNA recognition sequence can be any 
nucleic acid sequence endogenous or exogenous to a cell . 
The guide RNA recognition sequence can be a sequence 
coding a gene product ( e . g . , a protein ) or a non - coding 
sequence ( e . g . , a regulatory sequence ) or can include both . 
[ 0256 ] C . Exogenous Repair Templates 
[ 0257 ] The methods and compositions disclosed herein 
can utilize exogenous repair templates to modify a target 
genomic locus following cleavage of the target genomic 
locus with a Cas protein . For example , the cell can be a 
one - cell stage embryo , and the exogenous repair template 
can be less 5 kb in length . In cell types other than one - cell 
stage embryos , the exogenous repair template ( e . g . , targeting 
vector ) can be longer . For example , in cell types other than 
one - cell stage embryos , the exogenous repair template can 
be a large targeting vector ( LTVEC ) as described elsewhere 
herein ( e . g . , a targeting vector having a length of at least 10 
kb or having 5 ' and 3 ' homology arms having a sum total of 
at least 10 kb ) . Using exogenous repair templates in com 
bination with Cas proteins may result in more precise 
modifications at the target genomic locus by promoting 
homology - directed repair . 
[ 0258 ] In such methods , the Cas protein cleaves the target 
genomic locus to create a single - strand break ( nick ) or 

double - strand break , and the exogenous repair template 
recombines the target nucleic acid via non - homologous end 
joining ( NHEJ ) - mediated ligation or through a homology 
directed repair event . Optionally , repair with the exogenous 
repair template removes or disrupts the guide RNA recog 
nition sequence or the Cas cleavage site so that alleles that 
have been targeted cannot be re - targeted by the Cas protein . 
[ 0259 ] Exogenous repair templates can comprise deoxy 
ribonucleic acid ( DNA ) or ribonucleic acid ( RNA ) , they can 
be single - stranded or double - stranded , and they can be in 
linear or circular form . For example , an exogenous repair 
template can be a single - stranded oligodeoxynucleotide 
( SSODN ) . See , e . g . , Yoshimi et al . ( 2016 ) Nat . Commun . 
7 : 10431 , herein incorporated by reference in its entirety for 
all purposes . An exemplary exogenous repair template is 
between about 50 nucleotides to about 5 kb in length , is 
between about 50 nucleotides to about 3 kb in length , or is 
between about 50 to about 1 , 000 nucleotides in length . Other 
exemplary exogenous repair templates are between about 40 
to about 200 nucleotides in length . For example , an exog 
enous repair template can be between about 50 to about 60 , 
about 60 to about 70 , about 70 to about 80 , about 80 to about 
90 , about 90 to about 100 , about 100 to about 110 , about 110 
to about 120 , about 120 to about 130 , about 130 to about 
140 , about 140 to about 150 , about 150 to about 160 , about 
160 to about 170 , about 170 to about 180 , about 180 to about 
190 , or about 190 to about 200 nucleotides in length . 
Alternatively , an exogenous repair template can be between 
about 50 to about 100 , about 100 to about 200 , about 200 to 
about 300 , about 300 to about 400 , about 400 to about 500 , 
about 500 to about 600 , about 600 to about 700 , about 700 
to about 800 , about 800 to about 900 , or about 900 to about 
1 , 000 nucleotides in length . Alternatively , an exogenous 
repair template can be between about 1 kb to about 1 . 5 kb , 
about 1 . 5 kb to about 2 kb , about 2 kb to about 2 . 5 kb , about 
2 . 5 kb to about 3 kb , about 3 kb to about 3 . 5 kb , about 3 . 5 
kb to about 4 kb , about 4 kb to about 4 . 5 kb , or about 4 . 5 kb 
to about 5 kb in length . Alternatively , an exogenous repair 
template can be , for example , no more than 5 kb , 4 . 5 kb , 4 
kb , 3 . 5 kb , 3 kb , 2 . 5 kb , 2 kb , 1 . 5 kb , 1 kb , 900 nucleotides , 
800 nucleotides , 700 nucleotides , 600 nucleotides , 500 
nucleotides , 400 nucleotides , 300 nucleotides , 200 nucleo 
tides , 100 nucleotides , or 50 nucleotides in length . In cell 
types other than one - cell stage embryos , the exogenous 
repair template ( e . g . , targeting vector ) can be longer . For 
example , in cell types other than one - cell stage embryos , the 
exogenous repair template can be a large targeting vector 
( LTVEC ) as described elsewhere herein . 
[ 0260 ] In one example , an exogenous repair template is an 
SSODN that is between about 80 nucleotides and about 200 
nucleotides in length . In another example , an exogenous 
repair templates is an ssODN that is between about 80 
nucleotides and about 3 kb in length . Such an ssODN can 
have homology arms , for example , that are each between 
about 40 nucleotides and about 60 nucleotides in length . 
Such an ssODN can also have homology arms , for example , 
that are each between about 30 nucleotides and 100 nucleo 
tides in length . The homology arms can be symmetrical 
( e . g . , each 40 nucleotides or each 60 nucleotides in length ) , 
or they can be asymmetrical ( e . g . , one homology arm that is 
36 nucleotides in length , and one homology arm that is 91 
nucleotides in length ) . 
[ 0261 ] Exogenous repair templates can include modifica 

tions or sequences that provide for additional desirable 



US 2017 / 0332610 A1 Nov . 23 , 2017 

features ( e . g . , modified or regulated stability ; tracking or 
detecting with a fluorescent label ; a binding site for a protein 
or protein complex ; and so forth ) . Exogenous repair tem 
plates can comprise one or more fluorescent labels , purifi 
cation tags , epitope tags , or a combination thereof . For 
example , an exogenous repair template can comprise one or 
more fluorescent labels ( e . g . , fluorescent proteins or other 
fluorophores or dyes ) , such as at least 1 , at least 2 , at least 
3 , at least 4 , or at least 5 fluorescent labels . Exemplary 
fluorescent labels include fluorophores such as fluorescein 
( e . g . , 6 - carboxyfluorescein ( 6 - FAM ) ) , Texas Red , HEX , 
Cy3 , Cy5 , Cy5 . 5 , Pacific Blue , 5 - and - 6 ) - carboxytetrameth 
ylrhodamine ( TAMRA ) , and Cy7 . A wide range of fluores 
cent dyes are available commercially for labeling oligo 
nucleotides ( e . g . , from Integrated DNA Technologies ) . Such 
fluorescent labels ( e . g . , internal fluorescent labels ) can be 
used , for example , to detect an exogenous repair template 
that has been directly integrated into a cleaved target nucleic 
acid having protruding ends compatible with the ends of the 
exogenous repair template . The label or tag can be at the 5 
end , the 3 ' end , or internally within the exogenous repair 
template . For example , an exogenous repair template can be 
conjugated at 5 ' end with the IR700 fluorophore from 
Integrated DNA Technologies ( 5 ' IRDYE®700 ) . 
[ 0262 ] Exogenous repair templates can also comprise 
nucleic acid inserts including segments of DNA to be 
integrated at target genomic loci . Integration of a nucleic 
acid insert at a target genomic locus can result in addition of 
a nucleic acid sequence of interest to the target genomic 
locus , deletion of a nucleic acid sequence of interest at the 
target genomic locus , or replacement of a nucleic acid 
sequence of interest at the target genomic locus ( i . e . , dele 
tion and insertion ) . Some exogenous repair templates are 
designed for insertion of a nucleic acid insert at a target 
genomic locus without any corresponding deletion at the 
target genomic locus . Other exogenous repair templates are 
designed to delete a nucleic acid sequence of interest at a 
target genomic locus without any corresponding insertion of 
a nucleic acid insert . Yet other exogenous repair templates 
are designed to delete a nucleic acid sequence of interest at 
a target genomic locus and replace it with a nucleic acid 
insert . 
[ 0263 ] The nucleic acid insert or the corresponding 
nucleic acid at the target genomic locus being deleted and / or 
replaced can be various lengths . An exemplary nucleic acid 
insert or corresponding nucleic acid at the target genomic 
locus being deleted and / or replaced is between about 1 
nucleotide to about 5 kb in length or is between about 1 
nucleotide to about 1 , 000 nucleotides in length . For 
example , a nucleic acid insert or a corresponding nucleic 
acid at the target genomic locus being deleted and / or 
replaced can be between about 1 to about 10 , about 10 to 
about 20 , about 20 to about 30 , about 30 to about 40 , about 
40 to about 50 , about 50 to about 60 , about 60 to about 70 , 
about 70 to about 80 , about 80 to about 90 , about 90 to about 
100 , about 100 to about 110 , about 110 to about 120 , about 
120 to about 130 , about 130 to about 140 , about 140 to about 
150 , about 150 to about 160 , about 160 to about 170 , about 
170 to about 180 , about 180 to about 190 , or about 190 to 
about 200 nucleotides in length . Likewise , a nucleic acid 
insert or a corresponding nucleic acid at the target genomic 
locus being deleted and / or replaced can be between about 1 
to about 100 , about 100 to about 200 , about 200 to about 
300 , about 300 to about 400 , about 400 to about 500 , about 

500 to about 600 , about 600 to about 700 , about 700 to about 
800 , about 800 to about 900 , or about 900 to about 1 , 000 
nucleotides in length . Likewise , a nucleic acid insert or a 
corresponding nucleic acid at the target genomic locus being 
deleted and / or replaced can be between about 1 kb to about 
1 . 5 kb , about 1 . 5 kb to about 2 kb , about 2 kb to about 2 . 5 
kb , about 2 . 5 kb to about 3 kb , about 3 kb to about 3 . 5 kb , 
about 3 . 5 kb to about 4 kb , about 4 kb to about 4 . 5 kb , or 
about 4 . 5 kb to about 5 kb in length . A nucleic acid being 
deleted from a target genomic locus can also be between 
about 1 kb to about 5 kb , about 5 kb to about 10 kb , about 
10 kb to about 20 kb , about 20 kb to about 30 kb , about 30 
kb to about 40 kb , about 40 kb to about 50 kb , about 50 kb 
to about 60 kb , about 60 kb to about 70 kb , about 70 kb to 
about 80 kb , about 80 kb to about 90 kb , about 90 kb to about 
100 kb , about 100 kb to about 200 kb , about 200 kb to about 
300 kb , about 300 kb to about 400 kb , about 400 kb to about 
500 kb , about 500 kb to about 600 kb , about 600 kb to about 
700 kb , about 700 kb to about 800 kb , about 800 kb to about 
900 kb , about 900 kb to about 1 Mb or longer . Alternatively , 
a nucleic acid being deleted from a target genomic locus can 
be between about 1 Mb to about 1 . 5 Mb , about 1 . 5 Mb to 
about 2 Mb , about 2 Mb to about 2 . 5 Mb , about 2 . 5 Mb to 
about 3 Mb , about 3 Mb to about 4 Mb , about 4 Mb to about 
5 Mb , about 5 Mb to about 10 Mb , about 10 Mb to about 20 
Mb , about 20 Mb to about 30 Mb , about 30 Mb to about 40 
Mb , about 40 Mb to about 50 Mb , about 50 Mb to about 60 
Mb , about 60 Mb to about 70 Mb , about 70 Mb to about 80 
Mb , about 80 Mb to about 90 Mb , or about 90 Mb to about 
100 Mb . 
[ 02641 The nucleic acid insert can comprise genomic 
DNA or any other type of DNA . For example , the nucleic 
acid insert can be from a prokaryote , a eukaryote , a yeast , a 
bird ( e . g . , chicken ) , a non - human mammal , a rodent , a 
human , a rat , a mouse , a hamster , a rabbit , a pig , a bovine , 
a deer , a sheep , a goat , a cat , a dog , a ferret , a primate ( e . g . , 
marmoset , rhesus monkey ) , a domesticated mammal , an 
agricultural mammal , a turtle , or any other organism of 
interest . 
[ 0265 ] The nucleic acid insert can comprise a sequence 
that is homologous or orthologous to all or part of a gene 
encoding the self - antigen ( e . g . , a portion of the gene encod 
ing a particular motif or region of the self - antigen ) . The 
homologous sequence can be from a different species or the 
same species . For example , the nucleic acid insert can 
comprise a sequence that comprises one or more point 
mutations ( e . g . , 1 , 2 , 3 , 4 , 5 , or more ) compared with a 
sequence targeted for replacement at the target genomic 
locus . Optionally , such point mutations can result in a 
conservative amino acid substitution ( e . g . , substitution of 
aspartic acid ( Asp , D ] with glutamic acid [ Glu , E ] ) in the 
encoded polypeptide . 
[ 0266 ] The nucleic acid insert or the corresponding 
nucleic acid at the target genomic locus being deleted and / or 
replaced can be a coding region such as an exon ; a non 
coding region such as an intron , an untranslated region , or a 
regulatory region ( e . g . , a promoter , an enhancer , or a tran 
scriptional repressor - binding element ) ; or any combination 
thereof . 
[ 0267 ] The nucleic acid insert can also comprise a condi 
tional allele . The conditional allele can be a multifunctional 
allele , as described in US 2011 / 0104799 , herein incorpo 
rated by reference in its entirety for all purposes . For 
example , the conditional allele can comprise : ( a ) an actuat 
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ing sequence in sense orientation with respect to transcrip - 
tion of a target gene ; ( b ) a drug selection cassette ( DSC ) in 
sense or antisense orientation ; ( c ) a nucleotide sequence of 
interest ( NSI ) in antisense orientation ; and ( d ) a conditional 
by inversion module ( COIN , which utilizes an exon - splitting 
intron and an invertible gene - trap - like module ) in reverse 
orientation . See , e . g . , US 2011 / 0104799 . The conditional 
allele can further comprise recombinable units that recom 
bine upon exposure to a first recombinase to form a condi - 
tional allele that ( i ) lacks the actuating sequence and the 
DSC ; and ( ii ) contains the NSI in sense orientation and the 
COIN in antisense orientation . See , e . g . , US 2011 / 0104799 . 
[ 0268 ] Nucleic acid inserts can also comprise a polynucle 
otide encoding a selection marker . Alternatively , the nucleic 
acid inserts can lack a polynucleotide encoding a selection 
marker . The selection marker can be contained in a selection 
cassette . Optionally , the selection cassette can be a self 
deleting cassette . See , e . g . , U . S . Pat . No . 8 , 697 , 851 and US 
2013 / 0312129 , each of which is herein incorporated by 
reference in its entirety for all purposes . As an example , the 
self - deleting cassette can comprise a Crei gene ( comprises 
two exons encoding a Cre recombinase , which are separated 
by an intron ) operably linked to a mouse Prml promoter and 
a neomycin resistance gene operably linked to a human 
ubiquitin promoter . By employing the Prml promoter , the 
self - deleting cassette can be deleted specifically in male 
germ cells of FO animals . Exemplary selection markers 
include neomycin phosphotransferase ( neon ) , hygromycin B 
phosphotransferase ( hyg ' ) , puromycin - N - acetyltransferase 
( puro ' ) , blasticidin S deaminase ( bsr " ) , xanthine / guanine 
phosphoribosyl transferase ( gpt ) , or herpes simplex virus 
thymidine kinase ( HSV - k ) , or a combination thereof . The 
polynucleotide encoding the selection marker can be oper 
ably linked to a promoter active in a cell being targeted . 
Examples of promoters are described elsewhere herein . 
[ 0269 ] The nucleic acid insert can also comprise a reporter 
gene . Exemplary reporter genes include those encoding 
luciferase , B - galactosidase , green fluorescent protein ( GFP ) , 
enhanced green fluorescent protein ( eGFP ) , cyan fluorescent 
protein ( CFP ) , yellow fluorescent protein ( YFP ) , enhanced 
yellow fluorescent protein ( eYFP ) , blue fluorescent protein 
( BFP ) , enhanced blue fluorescent protein ( eBFP ) , DsRed , 
ZsGreen , MmGFP , mPlum , mCherry , tdTomato , mStraw 
berry , J - Red , mOrange , mKO , mCitrine , Venus , YPet , Emer 
ald , CyPet , Cerulean , T - Sapphire , and alkaline phosphatase . 
Such reporter genes can be operably linked to a promoter 
active in a cell being targeted . Examples of promoters are 
described elsewhere herein . 
[ 0270 ] The nucleic acid insert can also comprise one or 
more expression cassettes or deletion cassettes . A given 
cassette can comprise one or more of a nucleotide sequence 
of interest , a polynucleotide encoding a selection marker , 
and a reporter gene , along with various regulatory compo 
nents that influence expression . Examples of selectable 
markers and reporter genes that can be included are dis 
cussed in detail elsewhere herein . 
[ 0271 ] The nucleic acid insert can comprise a nucleic acid 
flanked with site - specific recombination target sequences . 
Alternatively , the nucleic acid insert can comprise one or 
more site - specific recombination target sequences . Although 
the entire nucleic acid insert can be flanked by such site 
specific recombination target sequences , any region or indi 
vidual polynucleotide of interest within the nucleic acid 
insert can also be flanked by such sites . Site - specific recom 

bination target sequences , which can flank the nucleic acid 
insert or any polynucleotide of interest in the nucleic acid 
insert can include , for example , loxP , lox511 , lox2272 , 
lox66 , lox71 , loxM2 , lox5171 , FRT , FRT11 , FRT71 , attp , 
att , FRT , rox , or a combination thereof . In one example , the 
site - specific recombination sites flank a polynucleotide 
encoding a selection marker and / or a reporter gene con 
tained within the nucleic acid insert . Following integration 
of the nucleic acid insert at a targeted locus , the sequences 
between the site - specific recombination sites can be 
removed . Optionally , two exogenous repair templates can be 
used , each with a nucleic acid insert comprising a site 
specific recombination site . The exogenous repair templates 
can be targeted to 5 ' and 3 ' regions flanking a nucleic acid of 
interest . Following integration of the two nucleic acid inserts 
into the target genomic locus , the nucleic acid of interest 
between the two inserted site - specific recombination sites 
can be removed . 
[ 0272 ] Nucleic acid inserts can also comprise one or more 
restriction sites for restriction endonucleases ( i . e . , restriction 
enzymes ) , which include Type I , Type II , Type III , and Type 
IV endonucleases . Type I and Type III restriction endonu 
cleases recognize specific recognition sites , but typically 
cleave at a variable position from the nuclease binding site , 
which can be hundreds of base pairs away from the cleavage 
site ( recognition site ) . In Type II systems the restriction 
activity is independent of any methylase activity , and cleav 
age typically occurs at specific sites within or near to the 
binding site . Most Type II enzymes cut palindromic 
sequences , however Type IIa enzymes recognize non - palin 
dromic recognition sites and cleave outside of the recogni 
tion site , Type IIb enzymes cut sequences twice with both 
sites outside of the recognition site , and Type IIs enzymes 
recognize an asymmetric recognition site and cleave on one 
side and at a defined distance of about 1 - 20 nucleotides from 
the recognition site . Type IV restriction enzymes target 
methylated DNA . Restriction enzymes are further described 
and classified , for example in the REBASE database ( web 
page at rebase . neb . com ; Roberts et al . , ( 2003 ) Nucleic Acids 
Res . 31 : 418 - 420 ; Roberts et al . , ( 2003 ) Nucleic Acids Res . 
31 : 1805 - 1812 , and Belfort et al . ( 2002 ) in Mobile DNA II , 
pp . 761 - 783 , Eds . Craigie et al . , ( ASM Press , Washington , 
D . C . ) ) . 
[ 0273 ] ( 1 ) Repair Templates for Non - Homologous - End 
Joining - Mediated Insertion 
[ 0274 ] Some exogenous repair templates have short 
single - stranded regions at the 5 ' end and / or the 3 ' end that are 
complementary to one or more overhangs created by Cas 
protein - mediated cleavage at the target genomic locus . 
These overhangs can also be referred to as 5 ' and 3 ' 
homology arms . For example , some exogenous repair tem 
plates have short single - stranded regions at the 5 ' end and / or 
the 3 ' end that are complementary to one or more overhangs 
created by Cas - protein - mediated cleavage at 5 ' and / or 3 ' 
target sequences at the target genomic locus . Some such 
exogenous repair templates have a complementary region 
only at the 5 ' end or only at the 3 ' end . For example , some 
such exogenous repair templates have a complementary 
region only at the 5 ' end complementary to an overhang 
created at a 5 ' target sequence at the target genomic locus or 
only at the 3 ' end complementary to an overhang created at 
a 3 ' target sequence at the target genomic locus . Other such 
exogenous repair templates have complementary regions at 
both the 5 ' and 3 ' ends . For example , other such exogenous 
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repair templates have complementary regions at both the 5 ' 
and 3 ' ends e . g . , complementary to first and second over 
hangs , respectively , generated by Cas - mediated cleavage at 
the target genomic locus . For example , if the exogenous 
repair template is double - stranded , the single - stranded 
complementary regions can extend from the 5 ' end of the top 
strand of the repair template and the 5 ' end of the bottom 
strand of the repair template , creating 5 ' overhangs on each 
end . Alternatively , the single - stranded complementary 
region can extend from the 3 ' end of the top strand of the 
repair template and from the 3 ' end of the bottom strand of 
the template , creating 3 ' overhangs . 
[ 0275 ] The complementary regions can be of any length 
sufficient to promote ligation between the exogenous repair 
template and the target nucleic acid . Exemplary comple 
mentary regions are between about 1 to about 5 nucleotides 
in length , between about 1 to about 25 nucleotides in length , 
or between about 5 to about 150 nucleotides in length . For 
example , a complementary region can be at least about 1 , 2 , 
3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 
21 , 22 , 23 , 24 , or 25 nucleotides in length . Alternatively , the 
complementary region can be about 5 to about 10 , about 10 
to about 20 , about 20 to about 30 , about 30 to about 40 , 
about 40 to about 50 , about 50 to about 60 , about 60 to about 
70 , about 70 to about 80 , about 80 to about 90 , about 90 to 
about 100 , about 100 to about 110 , about 110 to about 120 , 
about 120 to about 130 , about 130 to about 140 , about 140 
to about 150 nucleotides in length , or longer . 
[ 0276 ] Such complementary regions can be complemen 
tary to overhangs created by two pairs of nickases . Two 
double - strand breaks with staggered ends can be created by 
using first and second nickases that cleave opposite strands 
of DNA to create a first double - strand break , and third and 
fourth nickases that cleave opposite strands of DNA to 
create a second double - strand break . For example , a Cas 
protein can be used to nick first , second , third , and fourth 
guide RNA recognition sequences corresponding with first , 
second , third , and fourth guide RNAs . The first and second 
guide RNA recognition sequences can be positioned to 
create a first cleavage site such that the nicks created by the 
first and second nickases on the first and second strands of 
DNA create a double - strand break ( i . e . , the first cleavage site 
comprises the nicks within the first and second guide RNA 
recognition sequences ) . Likewise , the third and fourth guide 
RNA recognition sequences can be positioned to create a 
second cleavage site such that the nicks created by the third 
and fourth nickases on the first and second strands of DNA 
create a double - strand break ( i . e . , the second cleavage site 
comprises the nicks within the third and fourth guide RNA 
recognition sequences ) . Preferably , the nicks within the first 
and second guide RNA recognition sequences and / or the 
third and fourth guide RNA recognition sequences can be 
offset nicks that create overhangs . The offset window can be , 
for example , at least about 5 bp , 10 bp , 20 bp , 30 bp , 40 bp , 
50 bp , 60 bp , 70 bp , 80 bp , 90 bp , 100 bp or more . See Ran 
et al . ( 2013 ) Cell 154 : 1380 - 1389 ; Mali et al . ( 2013 ) Nat . 
Biotech . 31 : 833 - 838 ; and Shen et al . ( 2014 ) Nat . Methods 
11 : 399 - 404 , each of which is herein incorporated by refer 
ence in its entirety for all purposes . In such cases , a 
double - stranded exogenous repair template can be designed 
with single - stranded complementary regions that are 
complementary to the overhangs created by the nicks within 
the first and second guide RNA recognition sequences and 
by the nicks within the third and fourth guide RNA recog - 

nition sequences . Such an exogenous repair template can 
then be inserted by non - homologous - end - joining - mediated 
ligation . 
[ 0277 ] ( 2 ) Repair Templates for Insertion by Homology 
Directed Repair 
[ 0278 ] Some exogenous repair templates comprise homol 
ogy arms . If the exogenous repair template also comprises a 
nucleic acid insert , the homology arms can flank the nucleic 
acid insert . For ease of reference , the homology arms are 
referred to herein as 5 ' and 3 ' ( i . e . , upstream and down 
stream ) homology arms . This terminology relates to the 
relative position of the homology arms to the nucleic acid 
insert within the exogenous repair template . The 5 ' and 3 ' 
homology arms correspond to regions within the target 
genomic locus , which are referred to herein as “ 5 ' target 
sequence ” and “ 3 ' target sequence , ” respectively . 
[ 0279 A homology arm and a target sequence " corre 
spond ” or are " corresponding ” to one another when the two 
regions share a sufficient level of sequence identity to one 
another to act as substrates for a homologous recombination 
reaction . The term “ homology ” includes DNA sequences 
that are either identical or share sequence identity to a 
corresponding sequence . The sequence identity between a 
given target sequence and the corresponding homology arm 
found in the exogenous repair template can be any degree of 
sequence identity that allows for homologous recombination 
to occur . For example , the amount of sequence identity 
shared by the homology arm of the exogenous repair tem 
plate ( or a fragment thereof ) and the target sequence ( or a 
fragment thereof ) can be at least 50 % , 55 % , 60 % , 65 % , 
70 % , 75 % , 80 % , 81 % , 82 % , 83 % , 84 % , 85 % , 86 % , 87 % , 
88 % , 89 % , 90 % , 91 % 92 % 93 % , 94 % , 95 % , 96 % , 97 % , 
98 % , 99 % or 100 % sequence identity , such that the 
sequences undergo homologous recombination . Moreover , a 
corresponding region of homology between the homology 
arm and the corresponding target sequence can be of any 
length that is sufficient to promote homologous recombina 
tion . Exemplary homology arms are between about 25 
nucleotides to about 2 . 5 kb in length , are between about 25 
nucleotides to about 1 . 5 kb in length , or are between about 
25 to about 500 nucleotides in length . For example , a given 
homology arm ( or each of the homology arms ) and / or 
corresponding target sequence can comprise corresponding 
regions of homology that are between about 25 to about 30 , 
about 30 to about 40 , about 40 to about 50 , about 50 to about 
60 , about 60 to about 70 , about 70 to about 80 , about 80 to 
about 90 , about 90 to about 100 , about 100 to about 150 , 
about 150 to about 200 , about 200 to about 250 , about 250 
to about 300 , about 300 to about 350 , about 350 to about 
400 , about 400 to about 450 , or about 450 to about 500 
nucleotides in length , such that the homology arms have 
sufficient homology to undergo homologous recombination 
with the corresponding target sequences within the target 
nucleic acid . Alternatively , a given homology arm ( or each 
homology arm ) and / or corresponding target sequence can 
comprise corresponding regions of homology that are 
between about 0 . 5 kb to about 1 kb , about 1 kb to about 1 . 5 
kb , about 1 . 5 kb to about 2 kb , or about 2 kb to about 2 . 5 kb 
in length . For example , the homology arms can each be 
about 750 nucleotides in length . The homology arms can be 
symmetrical ( each about the same size in length ) , or they can 
be asymmetrical ( one longer than the other ) . 
f0280 ] The homology arms can correspond to a locus that 
is native to a cell ( e . g . , the targeted locus ) . Alternatively , for 
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example , they can correspond to a region of a heterologous 
or exogenous segment of DNA that was integrated into the 
genome of the cell , including , for example , transgenes , 
expression cassettes , or heterologous or exogenous regions 
of DNA . Alternatively , the homology arms of the targeting 
vector can correspond to a region of a yeast artificial 
chromosome ( YAC ) , a bacterial artificial chromosome 
( BAC ) , a human artificial chromosome , or any other engi 
neered region contained in an appropriate host cell . Still 
further , the homology arms of the targeting vector can 
correspond to or be derived from a region of a BAC library , 
a cosmid library , or a P1 phage library , or can be derived 
from synthetic DNA . 
[ 0281 ] When a CRISPR / Cas system is used in combina 
tion with an exogenous repair template , the 5 ' and 3 ' target 
sequences are preferably located in sufficient proximity to 
the Cas cleavage site ( e . g . , within sufficient proximity to a 
guide RNA recognition sequence ) so as to promote the 
occurrence of a homologous recombination event between 
the target sequences and the homology arms upon a single 
strand break ( nick ) or double - strand break at the Cas cleav 
age site . The term “ Cas cleavage site ” includes a DNA 
sequence at which a nick or double - strand break is created 
by a Cas enzyme ( e . g . , a Cas9 protein complexed with a 
guide RNA ) . The target sequences within the targeted locus 
that correspond to the 5 ' and 3 ' homology arms of the 
exogenous repair template are “ located in sufficient prox 
imity ” to a Cas cleavage site if the distance is such as to 
promote the occurrence of a homologous recombination 
event between the 5 ' and 3 ' target sequences and the homol 
ogy arms upon a single - strand break or double - strand break 
at the Cas cleavage site . Thus , the target sequences corre 
sponding to the 5 ' and / or 3 ' homology arms of the exogenous 
repair template can be , for example , within at least 1 
nucleotide of a given Cas cleavage site or within at least 10 
nucleotides to about 1 , 000 nucleotides of a given Cas 
cleavage site . As an example , the Cas cleavage site can be 
immediately adjacent to at least one or both of the target 
sequences . 
[ 0282 ] Alternatively , a given cleavage site can be varying 
lengths from the 5 ' target sequence , the 3 ' target sequence , or 
both target sequences . For example , if two guide RNAs are 
used , the first and / or second guide RNA recognition 
sequences or the first and / or second cleavage sites can be 
located between the 5 ' and 3 ' target sequences or can be 
adjacent to or in proximity to the 5 ' target sequence and / or 
the 3 ' target sequence , such as within 1 kb , 2 kb , 3 kb , 4 kb , 
5 kb , 6 kb , 7 kb , 8 kb , 9 kb , 10 kb , 20 kb , 30 kb , 40 kb , 50 
kb , 60 kb , 70 kb , 80 kb , 90 kb , 100 kb , 110 kb , 120 kb , 130 
kb , 140 kb , 150 kb , 160 kb , 170 kb , 180 kb , 190 kb , 200 kb , 
250 kb , 300 kb , 350 kb , 400 kb , 450 kb , or 500 kb of the 5 ' 
and / or 3 ' target sequences . Alternatively , the first and / or 
second guide RNA recognition sequences or the first and / or 
second cleavage sites can be located at least 50 bp , at least 
100 bp , at least 200 bp , at least 300 bp , at least 400 bp , at 
least 500 bp , at least 600 bp , at least 700 bp , at least 800 bp , 
at least 900 bp , at least 1 kb , at least 2 kb , at least 3 kb , at 
least 4 kb , at least 5 kb , at least 6 kb , at least 7 kb , at least 
8 kb , at least 9 kb , at least 10 kb , at least 20 kb , at least 30 
kb , at least 40 kb , at least 50 kb , at least 60 kb , at least 70 
kb , at least 80 kb , at least 90 kb , at least 100 kb , at least 110 
kb , at least 120 kb , at least 130 kb , at least 140 kb , at least 
150 kb , at least 160 kb , at least 170 kb , at least 180 kb , at 
least 190 kb , at least 200 kb , at least 250 kb , at least 300 kb , 

at least 350 kb , at least 400 kb , at least 450 kb , or at least 500 
kb from the 5 ' and / or 3 ' target sequences . For example , the 
first and / or second guide RNA recognition sequence or the 
first and / or second cleavage sites can be located between 
about 50 bp to about 100 bp , about 200 bp to about 300 bp , 
about 300 bp to about 400 bp , about 400 bp to about 500 bp , 
about 500 bp to about 600 bp , about 600 bp to about 700 bp , 
about 700 bp to about 800 bp , about 800 bp to about 900 bp , 
about 900 bp to about 1 kb , about 1 kb to about 2 kb , about 
2 kb to about 3 kb , about 3 kb to about 4 kb , about 4 kb to 
about 5 kb , about 5 kb to about 10 kb , about 10 kb to about 
20 kb , about 20 kb to about 30 kb , about 30 kb to about 40 
kb , about 40 kb to about 50 kb , about 50 kb to about 100 kb , 
about 100 kb to about 150 kb , about 150 kb to about 200 kb , 
about 200 kb to about 300 kb , about 300 kb to about 400 kb , 
or about 400 kb to about 500 kb from the 5 ' and / or 3 ' target 
sequences . Alternatively , the first and / or second guide RNA 
recognition sequences or the first and / or second cleavage 
sites can be located more than 50 bp , more than 100 bp , more 
than 200 bp , more than 300 bp , more than 400 bp , more than 
500 bp , more than 600 bp , more than 700 bp , more than 800 
bp , more than 900 bp , more than 1 kb , more than 2 kb , more 
than 3 kb , more than 4 kb , more than 5 kb , more than 6 kb , 
more than 7 kb , more than 8 kb , more than 9 kb , more than 
10 kb , more than 20 kb , more than 30 kb , more than 40 kb , 
more than 50 kb , more than 60 kb , more than 70 kb , more 
than 80 kb , more than 90 kb , or more than 100 kb from the 
5 ' and / or 3 ' target sequences . For example , the first guide 
RNA recognition sequence or the first cleavage site can be 
located more than 50 bp , more than 100 bp , more than 200 
bp , more than 300 bp , more than 400 bp , more than 500 bp , 
more than 600 bp , more than 700 bp , more than 800 bp , 
more than 900 bp , more than 1 kb , more than 2 kb , more than 
3 kb , more than 4 kb , more than 5 kb , more than 6 kb , more 
than 7 kb , more than 8 kb , more than 9 kb , more than 10 kb , 
more than 20 kb , more than 30 kb , more than 40 kb , more 
than 50 kb , more than 60 kb , more than 70 kb , more than 80 
kb , more than 90 kb , or more than 100 kb from the 5 ' target 
sequence or from both the 5 ' and 3 ' target sequences . 
Likewise , the second guide RNA recognition sequence or 
the second cleavage site can be located more than 50 bp , 
more than 100 bp , more than 200 bp , more than 300 bp , 
more than 400 bp , more than 500 bp , more than 600 bp , 
more than 700 bp , more than 800 bp , more than 900 bp , 
more than 1 kb , more than 2 kb , more than 3 kb , more than 
4 kb , more than 5 kb , more than 6 kb , more than 7 kb , more 
than 8 kb , more than 9 kb , more than 10 kb , more than 20 
kb , more than 30 kb , more than 40 kb , more than 50 kb , more 
than 60 kb , more than 70 kb , more than 80 kb , more than 90 
kb , or more than 100 kb from the 3 ' target sequence or from 
both the 5 ' and 3 ' target sequences . 
[ 0283 ] The spatial relationship of the target sequences that 
correspond to the homology arms of the exogenous repair 
template and the Cas cleavage site can vary . For example , 
target sequences can be located 5 ' to the Cas cleavage site , 
target sequences can be located 3 ' to the Cas cleavage site , 
or the target sequences can flank the Cas cleavage site . 
[ 0284 ] In cells other than one - cell stage embryos , the 
exogenous repair template can be a “ large targeting vector " 
or “ LTVEC , ” which includes targeting vectors that comprise 
homology arms that correspond to and are derived from 
nucleic acid sequences larger than those typically used by 
other approaches intended to perform homologous recom 
bination in cells . LTVECs also include targeting vectors 
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comprising nucleic acid inserts having nucleic acid 
sequences larger than those typically used by other 
approaches intended to perform homologous recombination 
in cells . For example , LTVECs make possible the modifi - 
cation of large loci that cannot be accommodated by tradi 
tional plasmid - based targeting vectors because of their size 
limitations . For example , the targeted locus can be ( i . e . , the 
5 ' and 3 ' homology arms can correspond to ) a locus of the 
cell that is not targetable using a conventional method or that 
can be targeted only incorrectly or only with significantly 
low efficiency in the absence of a nick or double - strand 
break induced by a nuclease agent ( e . g . , a Cas protein ) . 
[ 0285 ] Examples of LTVECs include vectors derived from 
a bacterial artificial chromosome ( BAC ) , a human artificial 
chromosome , or a yeast artificial chromosome ( YAC ) . Non 
limiting examples of LTVECs and methods for making them 
are described , e . g . , in U . S . Pat . Nos . 6 , 586 , 251 ; 6 , 596 , 541 ; 
and 7 , 105 , 348 ; and in WO 2002 / 036789 , each of which is 
herein incorporated by reference in its entirety for all pur 
poses . LTVECs can be in linear form or in circular form . 
[ 0286 ] LTVECs can be of any length and are typically at 
least 10 kb in length . For example , an LTVEC can be from 
about 50 kb to about 300 kb , from about 50 kb to about 75 
kb , from about 75 kb to about 100 kb , from about 100 kb to 
125 kb , from about 125 kb to about 150 kb , from about 150 
kb to about 175 kb , from about 175 kb to about 200 kb , from 
about 200 kb to about 225 kb , from about 225 kb to about 
250 kb , from about 250 kb to about 275 kb or from about 
275 kb to about 300 kb . An LTVEC can also be from about 
50 kb to about 500 kb , from about 100 kb to about 125 kb , 
from about 300 kb to about 325 kb , from about 325 kb to 
about 350 kb , from about 350 kb to about 375 kb , from about 
375 kb to about 400 kb , from about 400 kb to about 425 kb , 
from about 425 kb to about 450 kb , from about 450 kb to 
about 475 kb , or from about 475 kb to about 500 kb . 
Alternatively , an LTVEC can be at least 10 kb , at least 15 kb , 
at least 20 kb , at least 30 kb , at least 40 kb , at least 50 kb , 
at least 60 kb , at least 70 kb , at least 80 kb , at least 90 kb , 
at least 100 kb , at least 150 kb , at least 200 kb , at least 250 
kb , at least 300 kb , at least 350 kb , at least 400 kb , at least 
450 kb , or at least 500 kb or greater . The size of an LTVEC 
can be too large to enable screening of targeting events by 
conventional assays , e . g . , southern blotting and long - range 
( e . g . , 1 kb to 5 kb ) PCR 
[ 0287 ] The sum total of the 5 ' homology arm and the 3 ' 
homology arm in an LTVEC is typically at least 10 kb . As 
an example , the 5 ' homology arm can range from about 5 kb 
to about 100 kb and / or the 3 ' homology arm can range from 
about 5 kb to about 100 kb . As another example , the 5 
homology arm can range from about 5 kb to about 150 kb 
and / or the 3 ' homology arm can range from about 5 kb to 
about 150 kb . Each homology arm can be , for example , from 
about 5 kb to about 10 kb , from about 10 kb to about 20 kb , 
from about 20 kb to about 30 kb , from about 30 kb to about 
40 kb , from about 40 kb to about 50 kb , from about 50 kb 
to about 60 kb , from about 60 kb to about 70 kb , from about 
70 kb to about 80 kb , from about 80 kb to about 90 kb , from 
about 90 kb to about 100 kb , from about 100 kb to about 110 
kb , from about 110 kb to about 120 kb , from about 120 kb 
to about 130 kb , from about 130 kb to about 140 kb , from 
about 140 kb to about 150 kb , from about 150 kb to about 
160 kb , from about 160 kb to about 170 kb , from about 170 
kb to about 180 kb , from about 180 kb to about 190 kb , or 
from about 190 kb to about 200 kb . The sum total of the 5 

and 3 ' homology arms can be , for example , from about 10 kb 
to about 20 kb , from about 20 kb to about 30 kb , from about 
30 kb to about 40 kb , from about 40 kb to about 50 kb , from 
about 50 kb to about 60 kb , from about 60 kb to about 70 kb , 
from about 70 kb to about 80 kb , from about 80 kb to about 
90 kb , from about 90 kb to about 100 kb , from about 100 kb 
to about 110 kb , from about 110 kb to about 120 kb , from 
about 120 kb to about 130 kb , from about 130 kb to about 
140 kb , from about 140 kb to about 150 kb , from about 150 
kb to about 160 kb , from about 160 kb to about 170 kb , from 
about 170 kb to about 180 kb , from about 180 kb to about 
190 kb , or from about 190 kb to about 200 kb . The sum total 
of the 5 ' and 3 ' homology arms can also be , for example , 
from about 200 kb to about 250 kb , from about 250 kb to 
about 300 kb , from about 300 kb to about 350 kb , or from 
about 350 kb to about 400 kb . Alternatively , each homology 
arm can be at least 5 kb , at least 10 kb , at least 15 kb , at least 
20 kb , at least 30 kb , at least 40 kb , at least 50 kb , at least 
60 kb , at least 70 kb , at least 80 kb , at least 90 kb , at least 
100 kb , at least 110 kb , at least 120 kb , at least 130 kb , at 
least 140 kb , at least 150 kb , at least 160 kb , at least 170 kb , 
at least 180 kb , at least 190 kb , or at least 200 kb . Likewise , 
the sum total of the 5 ' and 3 ' homology arms can be at least 
10 kb , at least 15 kb , at least 20 kb , at least 30 kb , at least 
40 kb , at least 50 kb , at least 60 kb , at least 70 kb , at least 
80 kb , at least 90 kb , at least 100 kb , at least 110 kb , at least 
120 kb , at least 130 kb , at least 140 kb , at least 150 kb , at 
least 160 kb , at least 170 kb , at least 180 kb , at least 190 kb , 
or at least 200 kb . Each homology arm can also be at least 
250 kb , at least 300 kb , at least 350 kb , or at least 400 kb . 
[ 0288 ] LTVECs can comprise nucleic acid inserts having 
nucleic acid sequences larger than those typically used by 
other approaches intended to perform homologous recom 
bination in cells . For example , an LTVEC can comprise a 
nucleic acid insert ranging from about 5 kb to about 10 kb , 
from about 10 kb to about 20 kb , from about 20 kb to about 
40 kb , from about 40 kb to about 60 kb , from about 60 kb 
to about 80 kb , from about 80 kb to about 100 kb , from about 
100 kb to about 150 kb , from about 150 kb to about 200 kb , 
from about 200 kb to about 250 kb , from about 250 kb to 
about 300 kb , from about 300 kb to about 350 kb , from about 
350 kb to about 400 kb , or greater . The LTVEC can also 
comprise a nucleic acid insert ranging , for example , from 
about 1 kb to about 5 kb , from about 400 kb to about 450 kb , 
from about 450 kb to about 500 kb , or greater . Alternatively , 
the nucleic acid insert can be at least 1 kb , at least 5 kb , at 
least 10 kb , at least 20 kb , at least 30 kb , at least 40 kb , at 
least 60 kb , at least 80 kb , at least 100 kb , at least 150 kb , 
at least 200 kb , at least 250 kb , at least 300 kb , at least 350 
kb , at least 400 kb , at least 450 kb , or at least 500 kb . 
[ 0289 ] D . Contacting the Genome of a Cell and Introduc 
ing Nucleic Acids or Proteins into Cells 
[ 0290 ] Contacting the genome of a cell can comprise 
introducing one or more Cas proteins or nucleic acids 
encoding Cas proteins , one or more guide RNAs or nucleic 
acids encoding guide RNAs ( i . e . , one or more CRISPR 
RNAs and one or more tracrRNAS ) , and one or more 
exogenous repair templates into the cell , provided that if the 
cell is a one - cell stage embryo , for example , the exogenous 
repair template can be less than 5 kb in length . Contacting 
the genome of cell ( e . g . , contacting a cell ) can comprise 
introducing only one of the above components , one or more 
of the components , or all of the components into the cell . 
“ Introducing ” includes presenting to the cell the nucleic acid 
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or protein in such a manner that the sequence gains access 
to the interior of the cell . The introducing can be accom - 
plished by any means , and one or more of the components 
( e . g . , two of the components , or all of the components ) can 
be introduced into the cell simultaneously or sequentially in 
any combination . For example , an exogenous repair tem 
plate can be introduced prior to the introduction of a Cas 
protein and a guide RNA , or it can be introduced following 
introduction of the Cas protein and the guide RNA ( e . g . , the 
exogenous repair template can be administered about 1 , 2 , 3 , 
4 , 8 , 12 , 24 , 36 , 48 , or 72 hours before or after introduction 
of the Cas protein and the guide RNA ) . See , e . g . , US 
2015 / 0240263 and US 2015 / 0110762 , each of which is 
herein incorporated by reference in its entirety for all pur 
poses . 
[ 0291 ] A Cas protein can be introduced into the cell in the 
form of a protein , such as a Cas protein complexed with a 
ORNA , or in the form of a nucleic acid encoding the Cas 
protein , such as an RNA ( e . g . , messenger RNA ( mRNA ) ) or 
DNA . When introduced in the form of a DNA , the DNA 
encoding a guide RNA can be operably linked to a promoter 
active in the cell . Such DNAs can be in one or more 
expression constructs . 
[ 0292 ] A guide RNA can be introduced into the cell in the 
form of an RNA or in the form of a DNA encoding the guide 
RNA . When introduced in the form of a DNA , the DNA 
encoding a guide RNA can be operably linked to a promoter 
active in the cell . Such DNAs can be in one or more 
expression constructs . For example , such expression con 
structs can be components of a single nucleic acid molecule . 
Alternatively , they can be separated in any combination 
among two or more nucleic acid molecules ( i . e . , DNAS 
encoding one or more CRISPR RNAs and DNAs encoding 
one or more tracrRNAs can be components of separate 
nucleic acid molecules ) . 
[ 0293 ] In some methods , DNA encoding a nuclease agent 
( e . g . , a Cas protein and a guide RNA ) and / or DNA encoding 
an exogenous repair template can be introduced into a cell 
via DNA minicircles . See , e . g . , WO 2014 / 182700 , herein 
incorporated by reference in its entirety for all purposes . 
DNA minicircles are supercoiled DNA molecules that can be 
used for non - viral gene transfer that have neither an origin 
of replication nor an antibiotic selection marker . Thus , DNA 
minicircles are typically smaller in size than plasmid vector . 
These DNAs are devoid of bacterial DNA , and thus lack the 
unmethylated CpG motifs found in bacterial DNA . 
[ 0294 ] The methods provided herein do not depend on a 
particular method for introducing a nucleic acid or protein 
into the cell , only that the nucleic acid or protein gains 
access to the interior of a least one cell . Methods for 
introducing nucleic acids and proteins into various cell types 
are known in the art and include , for example , stable 
transfection methods , transient transfection methods , and 
virus - mediated methods . 
[ 0295 ] Transfection protocols as well as protocols for 
introducing nucleic acids or proteins into cells may vary . 
Non - limiting transfection methods include chemical - based 
transfection methods using liposomes ; nanoparticles ; cal 
cium phosphate ( Graham et al . ( 1973 ) Virology 52 ( 2 ) : 
456 - 67 , Bacchetti et al . ( 1977 ) Proc . Natl . Acad . Sci . USA 74 
( 4 ) : 1590 - 4 , and Kriegler , M ( 1991 ) . Transfer and Expres 
sion : A Laboratory Manual . New York : W . H . Freeman and 
Company . pp . 96 - 97 ) ; dendrimers ; or cationic polymers such 
as DEAE - dextran or polyethylenimine . Non - chemical meth 

ods include electroporation , Sono - poration , and optical 
transfection . Particle - based transfection includes the use of 
a gene gun , or magnet - assisted transfection ( Bertram ( 2006 ) 
Current Pharmaceutical Biotechnology 7 , 277 - 28 ) . Viral 
methods can also be used for transfection . 
[ 0296 ) Introduction of nucleic acids or proteins into a cell 
can also be mediated by electroporation , by intracytoplasmic 
injection , by viral infection , by adenovirus , by lentivirus , by 
retrovirus , by transfection , by lipid - mediated transfection , or 
by nucleofection . Introduction of nucleic acids or proteins 
into a cell can also be mediated by adeno - associated virus . 
Nucleofection is an improved electroporation technology 
that enables nucleic acid substrates to be delivered not only 
to the cytoplasm but also through the nuclear membrane and 
into the nucleus . In addition , use of nucleofection in the 
methods disclosed herein typically requires much fewer 
cells than regular electroporation ( e . g . , only about 2 million 
compared with 7 million by regular electroporation ) . In one 
example , nucleofection is performed using the LONZA? 
NUCLEOFECTORTM system . 
[ 0297 ] Introduction of nucleic acids or proteins into a cell 
( e . g . , a one - cell stage embryo ) can also be accomplished by 
microinjection . In one - cell stage embryos , microinjection 
can be into the maternal and / or paternal pronucleus or into 
the cytoplasm . If the microinjection is into only one pro 
nucleus , the paternal pronucleus is preferable due to its 
larger size . Microinjection of an mRNA is preferably into 
the cytoplasm ( e . g . , to deliver mRNA directly to the trans 
lation machinery ) , while microinjection of a Cas protein or 
a nucleic acid encoding a Cas protein or encoding an RNA 
is preferable into the nucleus / pronucleus . Alternatively , 
microinjection can be carried out by injection into both the 
nucleus / pronucleus and the cytoplasm : a needle can first be 
introduced into the nucleus / pronucleus and a first amount 
can be injected , and while removing the needle from the 
one - cell stage embryo a second amount can be injected into 
the cytoplasm . If a Cas protein is injected into the cytoplasm , 
the Cas protein preferably comprises a nuclear localization 
signal to ensure delivery to the nucleus / pronucleus . Methods 
for carrying out microinjection are well known . See , e . g . , 
Nagy et al . ( Nagy A , Gertsenstein M , Vintersten K , Beh 
ringer R . , 2003 , Manipulating the Mouse Embryo . Cold 
Spring Harbor , N . Y . : Cold Spring Harbor Laboratory Press ) ; 
Meyer et al . ( 2010 ) Proc . Natl . Acad . Sci . USA 107 : 15022 
15026 and Meyer et al . ( 2012 ) Proc . Natl . Acad . Sci . USA 
109 : 9354 - 9359 . Introduction into one - cell stage embryos 
can also be accomplished by electroporation . 
[ 0298 ] Other methods for introducing nucleic acid or 
proteins into a cell can include , for example , vector delivery , 
particle - mediated delivery , exosome - mediated delivery , 
lipid - nanoparticle - mediated delivery , cell - penetrating - pep 
tide - mediated delivery , or implantable - device - mediated 
delivery . 
102991 . The introduction of nucleic acids or proteins into 
the cell can be performed one time or multiple times over a 
period of time . For example , the introduction can be per 
formed at least two times over a period of time , at least three 
times over a period of time , at least four times over a period 
of time , at least five times over a period of time , at least six 
times over a period of time , at least seven times over a period 
of time , at least eight times over a period of time , at least 
nine times over a period of times , at least ten times over a 
period of time , at least eleven times , at least twelve times 
over a period of time , at least thirteen times over a period of 
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time , at least fourteen times over a period of time , at least 
fifteen times over a period of time , at least sixteen times over 
a period of time , at least seventeen times over a period of 
time , at least eighteen times over a period of time , at least 
nineteen times over a period of time , or at least twenty times 
over a period of time . 
[ 0300 ] In some cases , the cells employed in the methods 
and compositions have a DNA construct stably incorporated 
into their genome . In such cases , the contacting can com 
prise providing a cell with the construct already stably 
incorporated into its genome . For example , a cell employed 
in the methods disclosed herein may have a preexisting 
Cas - encoding gene stably incorporated into its genome ( i . e . , 
a Cas - ready cell ) . “ Stably incorporated ” or “ stably intro 
duced ” or “ stably integrated ” includes the introduction of a 
polynucleotide into the cell such that the nucleotide 
sequence integrates into the genome of the cell and is 
capable of being inherited by progeny thereof . Any protocol 
may be used for the stable incorporation of the DNA 
constructs or the various components of the targeted 
genomic integration system . 
[ 0301 ] E . Target Genomic Loci and Locations of Guide 
RNA Recognition Sequences 
[ 0302 ] The target genomic locus can be any genomic locus 
that affects expression of a self - antigen homologous to or 
sharing an epitope of interest with the foreign target antigen 
of interest . Preferably , the target genomic locus comprises , 
consists essentially of , or consists of all or part of the gene 
encoding the self - antigen . As an example , the target 
genomic locus can comprise , consist essentially of , or con 
sist of a region comprising the start codon of a gene 
encoding the self - antigen , or can comprise , consist essen 
tially of , or consist of the entire coding region of the gene . 
Alternatively , the target genomic locus can comprise , consist 
essentially of , or consist of another genomic locus that 
affects expression of the gene encoding the self - antigen . An 
example of such a genomic locus is all or part of a gene 
encoding a transcriptional regulator required for expression 
of the gene encoding the self - antigen . In some methods , 
multiple target genomic loci can be targeted . As an example , 
if there are multiple genes encoding multiple self - antigens 
homologous to or sharing an epitope of interest with the 
foreign antigen of interest , each of the multiple genes can be 
targeted , either sequentially or simultaneously . 
[ 0303 ] The first and second guide RNA recognition 
sequences can be anywhere within the target genomic locus . 
For example , the first and second guide RNA recognition 
sequences can flank all or part of a gene encoding a 
self - antigen that is homologous to or sharing an epitope of 
interest with a foreign target antigen of interest . In one 
example , the first guide RNA recognition sequence com 
prises the start codon for the gene encoding the self - antigen 
or is within about 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , 
or 1 , 000 nucleotides of the start codon , and the second guide 
RNA recognition sequence comprises the stop codon for the 
gene encoding the self - antigen or is within about 10 , 20 , 30 , 
40 , 50 , 100 , 200 , 300 , 400 , 500 , or 1 , 000 nucleotides of the 
stop codon . For example , the first guide RNA recognition 
sequence can comprise the start codon , and the second guide 
RNA recognition can comprise the stop codon . If third and 
fourth guide RNAs are also used , the third and fourth guide 
RNA recognition sequences can also be anywhere within the 
target genomic locus . For example , two of the guide RNA 
recognition sequences ( e . g . , the first and third , wherein the 

first and third guide RNA recognition sequences are different 
and optionally overlapping ) can comprise the start codon for 
the gene encoding the self - antigen or can be within about 10 , 
20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , or 1 , 000 nucleotides 
of the start codon , and the other two guide RNA recognition 
sequences ( e . g . the second and fourth , wherein the second 
and fourth guide RNA recognition sequences are different 
and optionally overlapping ) can comprise the stop codon for 
the gene encoding the self - antigen or can be within about 10 , 
20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , or 1 , 000 nucleotides 
of the stop codon . Targeting both the start and stop codons 
can result in deletion of the coding sequence for the gene 
encoding the self - antigen and thereby eliminate expression 
of the self - antigen . 
[ 0304 ] In another example , the first and second guide 
RNA recognition sequences are different and each comprises 
the start codon for the gene encoding the self - antigen or is 
within about 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , or 
1 , 000 nucleotides of the start codon . For example , the first 
and second guide RNA recognition sequences can be over 
lapping and can each comprise the start codon . If third 
and / or fourth guide RNAs are also used , the third and fourth 
guide RNA recognition sequences can be anywhere within 
the target genomic locus . For example , the third and fourth 
guide RNA recognition sequences can be different from each 
other and different from the first and second guide RNA 
recognition sequences , and each of the third and fourth guide 
RNA recognition sequences can also comprise the start 
codon for the gene encoding the self - antigen or can be 
within about 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , 500 , or 
1 , 000 nucleotides of the start codon . Targeting the start 
codon can disrupt the start codon and thereby eliminate 
expression of the gene encoding the self - antigen . 
0305 ) If third and fourth guide RNAs ( or additional guide 
RNAs ) are used , additional target genomic loci affecting 
expression of the first self - antigen or affecting expression of 
other self - antigens ( e . g . , a second self - antigen ) homologous 
to or sharing an epitope of interest with the foreign antigen 
of interest can also be targeted to decrease expression of the 
first self - antigen and / or the other self - antigens . As an 
example , in some methods a gene encoding a first self 
antigen homologous to or sharing an epitope of interest with 
the foreign antigen of interest can be targeted , and a second 
gene encoding a second self - antigen homologous to or 
sharing an epitope of interest with the foreign antigen of 
interest can be targeted . 
10306 ] F . Mechanisms of Recombination and Methods for 
Altering Prevalence of Non - Homologous End Joining , Gene 
Conversion , or Homologous Recombination 
[ 0307 ] Recombination includes any process of exchange 
of genetic information between two polynucleotides and can 
occur by any mechanism . Recombination in response to 
double - strand breaks ( DSBs ) occurs principally through two 
conserved DNA repair pathways : non - homologous end join 
ing ( NHEJ ) and homologous recombination ( HR ) . See Kas 
parek & Humphrey ( 2011 ) Seminars in Cell & Dev . Biol . 
22 : 886 - 897 , herein incorporated by reference in its entirety 
for all purposes . Likewise , repair of a target nucleic acid 
mediated by an exogenous repair template can include any 
process of exchange of genetic information between the two 
polynucleotides . 
[ 0308 ] NHEJ includes the repair of double - strand breaks 
in a nucleic acid by direct ligation of the break ends to one 
another or to an exogenous sequence without the need for a 
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homologous template . Ligation of non - contiguous 
sequences by NHEJ can often result in deletions , insertions , 
or translocations near the site of the double - strand break . For 
example , NHEJ can also result in the targeted integration of 
an exogenous repair template through direct ligation of the 
break ends with the ends of the exogenous repair template 
( i . e . , NHEJ - based capture ) . Such NHEJ - mediated targeted 
integration can be preferred for insertion of an exogenous 
repair template when homology directed repair ( HDR ) path 
ways are not readily usable ( e . g . , in non - dividing cells , 
primary cells , and cells which perform homology - based 
DNA repair poorly ) . In addition , in contrast to homology 
directed repair , knowledge concerning large regions of 
sequence identity flanking the cleavage site ( beyond the 
overhangs created by Cas - mediated cleavage ) is not needed , 
which can be beneficial when attempting targeted insertion 
into organisms that have genomes for which there is limited 
knowledge of the genomic sequence . The integration can 
proceed via ligation of blunt ends between the exogenous 
repair template and the cleaved genomic sequence , or via 
ligation of sticky ends ( i . e . , having 5 ' or 3 ' overhangs ) using 
an exogenous repair template that is flanked by overhangs 
that are compatible with those generated by the Cas protein 
in the cleaved genomic sequence . See , e . g . , US 2011 / 
020722 , WO 2014 / 033644 , WO 2014 / 089290 , and Maresca 
et al . ( 2013 ) Genome Res . 23 ( 3 ) : 539 - 546 , each of which is 
herein incorporated by reference in its entirety for all pur 
poses . If blunt ends are ligated , target and / or donor resection 
may be needed to generation regions of microhomology 
needed for fragment joining , which may create unwanted 
alterations in the target sequence . 
[ 0309 ] Recombination can also occur via homology 
directed repair ( HDR ) or homologous recombination ( HR ) . 
HDR or HR includes a form of nucleic acid repair that can 
require nucleotide sequence homology , uses a “ donor ” mol 
ecule as a template for repair of a “ target ” molecule ( i . e . , the 
one that experienced the double - strand break ) , and leads to 
transfer of genetic information from the donor to target . 
Without wishing to be bound by any particular theory , such 
transfer can involve mismatch correction of heteroduplex 
DNA that forms between the broken target and the donor , 
and / or synthesis - dependent strand annealing , in which the 
donor is used to resynthesize genetic information that will 
become part of the target , and / or related processes . In some 
cases , the donor polynucleotide , a portion of the donor 
polynucleotide , a copy of the donor polynucleotide , or a 
portion of a copy of the donor polynucleotide integrates into 
the target DNA . See Wang et al . ( 2013 ) Cell 153 : 910 - 918 ; 
Mandalos et al . ( 2012 ) PLOS ONE 7 : e45768 : 1 - 9 ; and Wang 
et al . ( 2013 ) Nat Biotechnol . 31 : 530 - 532 , each of which is 
herein incorporated by reference in its entirety for all pur 
poses . 
[ 0310 ] Recombination can be between first and second 
chromosomes in a homologous chromosome pair . Such 
means can include , for example , loss of heterozygosity 
( LOH ) , gene conversion , or crossover events occurring by 
any known recombination mechanism . Without wishing to 
be bound by theory , LOH can occur , for example , via mitotic 
recombination , with or without gene conversion , or via 
chromosome loss and duplication . See , e . g . , Lefebvre et al . 
( 2001 ) Nat . Genet . 27 : 257 - 258 , herein incorporated by 
reference in its entirety for all purposes . Gene conversion in 
this context can include unidirectional transfer of genetic 
material from a donor sequence to a highly homologous 

acceptor ( i . e . , the non - reciprocal exchange of genetic infor 
mation from one molecule to its homologue ) . Gene conver 
sion includes any means for copying of an allele by any 
known recombination mechanism . For example , gene con 
version can involve the non - reciprocal transfer of genetic 
information from an intact sequence to a homologous region 
containing a double - strand break , and it can occur between 
sister chromatids , homologous chromosomes , or homolo 
gous sequences on either the same chromatid or on different 
chromosomes . See , e . g . , Chen et al . ( 2007 ) Nat . Rev . Genet . 
8 : 762 - 775 , herein incorporated by reference in its entirety 
for all purposes . In specific cases , gene conversion results 
directly from homologous recombination as a result of 
copying genetic information from a homologous chromo 
some . This can lead to localized loss of heterozygosity 
( LOH ) when the homologous sequences are non - identical . 
[ 0311 ] As an example , LOH could occur through recipro 
cal chromatid exchange by mitotic cross over , or by chro 
matid copying by break - induced replication . In either case , 
a heterozygous modification could occur in which one 
chromosome is targeted before genome replication . Alter 
natively , a single chromatid could be targeted after genome 
replication , followed by inter - chromatid gene conversion . 
[ 0312 ] In any of the methods disclosed herein , the cell can 
be a cell that has been modified to increase or decrease 
NHEJ activity . Likewise , the cell can be a cell that has been 
modified to increase gene conversion or HDR activity . Such 
modifications can comprise modifications in the expression 
or activity of genes involved in regulating NHEJ , gene 
conversion , and / or HDR . For example , decreasing the activ 
ity of NHEJ and / or increasing the activity of HDR can 
promote biallelic collapsing of genomic regions between 
nuclease recognition sequences ( e . g . , guide RNA recogni 
tion sequences ) corresponding to two nuclease agents ( e . g . , 
Cas protein and two guide RNAs ) . Without wishing to be 
bound by any particular theory , one mechanism by which a 
biallelic genomic collapse can occur is by NHEJ - mediated 
repair or HDR - mediated repair within a first allele and 
creation of an identical second allele via HDR mechanisms , 
such as gene conversion ( see Example 1 ) . Thus , promoting 
HDR - mediated pathways ( e . g . , by decreasing NHEJ activity 
or by increasing HDR activity can also promote biallelic 
collapsing of genomic regions . Similarly , without wishing to 
be bound by any particular theory , conversion of a heterozy 
gous cell to a homozygous cell by using paired nuclease 
agents ( e . g . , Cas protein and paired guide RNAs ) that target 
a single locus can be promoted if NHEJ activity is decreased 
and HDR activity ( e . g . , gene conversion activity ) is corre 
spondingly increased . 
[ 0313 ] . Inhibitors can be used to increase or decrease 
NHEJ activity or to increase or decrease HDR activity . Such 
inhibitors can be , for example , small molecules or inhibitory 
nucleic acids such as short interfering nucleic acids ( e . g . , 
short interfering RNA ( siRNA ) , double - stranded RNA 
( dsRNA ) , micro - RNA miRNA ) , and short hairpin RNA 
( shRNA ) ) or antisense oligonucleotides specific for a gene 
transcript . Inhibitors can be directed at enzymes involved in 
NHEJ or HDR or their upstream regulation by post - trans 
lational modification via , for example , phosphorylation , 
ubiquitylation , and sumoylation . 
[ 0314 ] In mammalian cells , NHEJ is the predominant 
DSB repair mechanism and is active throughout the cell 
cycle . In vertebrates , the " canonical ” or “ classical ” NHEJ 
pathway ( C - NHEJ ) requires several core factors , including 



US 2017 / 0332610 A1 Nov . 23 , 2017 
49 

DNA - PK , Ku70 - 80 , Artemis , ligase IV ( Lig4 ) , XRCC4 , 
CLF , and Pol u to repair a DSB . See Kasparek & Humphrey 
( 2011 ) Seminars in Cell & Dev . Biol . 22 : 886 - 897 , herein 
incorporated by reference in its entirety for all purposes . 
During NHEJ , DNA ends are bound by the highly abundant 
end - protecting Ku protein , which functions as a docking 
station for loading of the other NHEJ components . 
[ 0315 ] Thus , in some of the methods disclosed herein , the 
cell has been modified to reduce or eliminate or to increase 
the expression or activity of factors involved in C - NHEJ . 
For example , in some methods , the cell has been modified to 
reduce or eliminate DNA - PK , Ku70 - 80 , Artemis , ligase IV 
( Lig4 ) , XRCC4 , CLF , and / or Pol u expression or activity . In 
specific methods , the cell has been modified to reduce or 
eliminate DNA - PK expression or activity or to increase 
DNA - PK expression or activity ( e . g . , expression or activity 
of DNA - PKcs ; exemplary UniProt sequence designated 
P97313 ) . Examples of DNA - PKcs inhibitors include , for 
example , NU7026 , and NU7441 . See , e . g . , U . S . Pat . No . 
6 , 974 , 867 , herein incorporated by reference in its entirety 
for all purposes . In specific methods , the cell has been 
modified to reduce or eliminate ligase IV expression or 
activity or to increase ligase IV expression or activity . An 
example of a ligase IV inhibitor is SCR7 . 
[ 0316 ] Inhibitors targeting cell cycle checkpoint proteins 
like ATM ( e . g . , KU55933 ) , CHK1 / CHK2 ( e . g . , KLD1162 or 
CHIR - 124 ) and ATR ( e . g . , VE 821 ) can also be used to 
either synergistically enhance the effects of specific DNA 
repair inhibitors or to prevent unintended side - effects like 
cell cycle arrest and / or apoptosis ( see Ciccia et al . ( 2010 ) 
Mol Cell 40 : 179 , herein incorporated by reference in its 
entirety for all purposes ) . 
0317 . Disruption of C - NHEJ can increase levels of 
abnormal joining mediated by “ alternative ” NHEJ 
( A - NHEJ ) pathways and can also increase HR repair . 
A - NHEJ pathways display a bias towards microhomology 
mediated joins and follow slower kinetics than C - NHEJ . 
Several factors , including the MRN complex ( MRE11 , 
RAD50 , NBS1 ) , CtIP , XRCC1 , PARP , Lign , and Lig3 have 
been proposed to participate . See Kasparek & Humphrey 
( 2011 ) Seminars in Cell & Dev . Biol . 22 : 886 - 897 and 
Claybon et al . ( 2010 ) Nucleic Acids Res . 38 ( 21 ) : 7538 - 7545 , 
each of which is herein incorporated by reference in its 
entirety for all purposes . 
[ 0318 ] Thus , in some of the methods disclosed herein , the 
cell has been modified to reduce or eliminate or to increase 
the expression or activity of factors involved in A - NHEJ . 
For example , in some methods , the cell has been modified to 
reduce or eliminate MRE11 , RAD50 , NBS1 , CtIP , XRCC1 , 
PARP ( e . g . , PARP1 ) , Ligl , and / or Lig3 expression or activ 
ity . In other methods , the cell has been modified to increase 
MRE11 , RAD50 , NBS1 , CtIP , XRCC1 , PARP ( e . g . , 
PARP1 ) , Ligl , and / or Lig3 expression or activity . In specific 
methods , the cell has been modified to reduce or eliminate 
PARP1 expression or activity or to increase PARP1 expres 
sion or activity ( exemplary UniProt sequence designated 
P11103 ) . Examples of PARP inhibitors ( e . g . , NU1025 , Ini 
parib , Olaparib ) include nicotinamides ; isoquinolinones and 
dihydroisoquinolinones ; benzimidazoles and indoles ; 
phthalazin - 1 ( 2H ) - ones and quinazolinones ; isoindolinones 
and analogues and derivatives thereof ; phenanthridines and 
phenanthridinones ; benzopyrones and analogues and deriva 
tives thereof ; unsaturated hydroximic acid derivatives and 
analogues and derivatives thereof ; pyridazines , including 

fused pyridazines and analogues and derivatives thereof ; 
and / or other compounds such as caffeine , theophylline , and 
thymidine , and analogues and derivatives thereof . See , e . g . , 
U . S . Pat . No . 8 , 071 , 579 , herein incorporated by reference in 
its entirety for all purposes . 
[ 0319 ] C - NHEJ also exhibits a competitive relationship 
with HR such that disrupting C - NHEJ can also lead to 
increased HR repair . Such competition between NHEJ and 
HR can be exploited as disrupting NHEJ can lead to 
enhanced gene targeting through reduced random integra 
tion and possibly increased target integration by homolo 
gous recombination . 
[ 0320 ] There are several forms of homologous recombi 
nation repair , including single - strand annealing , gene con 
version , crossovers , and break - induced replication . Single 
strand annealing is a minor form of HR repair in which 
homologous single - stranded sequences on either side of a 
resected DSB anneal , resulting in chromosome reconstitu 
tion . Single - strand annealing generates deletions of varying 
size , depending on the distance separating the two regions of 
sequence homology . Gene conversion includes the non 
reciprocal exchange of genetic information from one mol 
ecule to its homologue , resulting directly from HR as a result 
of copying genetic information from a homologous chro 
mosome . This can lead to localized LOH when the homolo 
gous sequences are non - identical . Normally , the extent of 
gene conversion is limited to a few hundred base pairs . 
However , long tract gene conversion has been reported in 
some genetic backgrounds , including RAD51C deficiency . 
See Nagaraju et al . ( 2006 ) Mol . Cell . Biol . 26 : 8075 - 8086 , 
herein incorporated by reference in its entirety for all pur 
poses . Crossovers can occur , for example , between homolo 
gous chromosomes , and have the potential to lead to recip 
rocal translocations if occurring in Gl or non - reciprocal 
translocations and LOH extending from the break site to the 
distal telomere if occurring in G2 . Break - induced replication 
is a variant of HR in which following strand invasion , DNA 
replication continues through to the end of the chromosome . 
Thus , there are many mechanisms by which HR can promote 
LOH . 
[ 0321 ] Thus , in some of the methods disclosed herein , the 
cell has been modified to reduce or eliminate or to increase 
the expression or activity of factors involved in HR . For 
example , in some methods , the cell has been modified to 
increase RAD51 , RAD52 , RAD54 , RAD55 , RAD51C , 
BRCA1 , and / or BRCA2 expression or activity . In other 
methods , the cell has been modified to reduce or eliminate 
RAD51 , RAD52 , RAD54 , RAD55 , RAD51C , BRCA1 , and / 
or BRCA2 expression or activity . 
[ 0322 ] In some methods , the expression or activity of yet 
other proteins involved in regulating NHEJ and / or HR can 
be altered . For example , in some methods , the cell has been 
modified to reduce or eliminate Chk2 expression or activity , 
to reduce or eliminate Clspn expression or activity , to reduce 
or eliminate Setd2 expression or activity , to increase Kat2a 
expression or activity , and / or to increase Rad51 expression 
or activity . In other methods , the cell has been modified to 
increase Chk2 expression or activity , to increase Clspn 
expression or activity , to increase Setd2 expression or activ 
ity , to reduce or eliminate Kat2a expression or activity , 
and / or to reduce or eliminate Rad51 expression or activity . 
( 03231 Chk2 ( also known as Chek2 and Rad53 ; S . pombe 
homolog is Cdsl ) is a serine / threonine protein kinase 
required for checkpoint - mediated cell cycle arrest , activa 
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tion of DNA repair , and apoptosis in response to the pres 
ence of DNA double - strand breaks . See Blaikley et al . 
( 2014 ) Nucleic Acids Research 42 : 5644 - 5656 , herein incor 
porated by reference in its entirety for all purposes . Clspn 
( also known as Claspin ; S . pombe homolog is Mrcl ) is a 
protein required for checkpoint mediated cell cycle arrest in 
response to DNA damage . Deletion of homologs of Chk2 or 
Clspn in S . pombe has been reported to result in a hyper 
recombinant phenotype exhibiting significantly elevated 
levels of break - induced gene conversion compared to wild 
type . Specifically , levels of gene conversion were reported to 
be significantly increased , whereas levels of non - homolo 
gous end joining ( NHEJ ) , sister chromatid conversion 
( SCC ) , and loss of heterozygosity ( LOH ) were reported to 
be decreased . See Blaikley et al . ( 2014 ) Nucleic Acids 
Research 42 : 5644 - 5656 . 
[ 0324 ] Kat2a ( also known as Gen5 and Gcn512 ) is a 
ubiquitous histone acetyltransferase that promotes transcrip 
tional activation and has been reported to be associated with 
double - strand break repair . Kat2a - dependent histone H3 
lysine 36 ( H3K36 ) acetylation increases chromatin accessi 
bility , increases resection , and promotes homologous recom 
bination while suppressing non - homologous end joining . 
See Pai et al . ( 2014 ) Nat . Commun . 5 : 4091 , herein incor 
porated by reference in its entirety for all purposes . Setd2 
( also known as Kiaa1732 , Kmt3a , and Set2 ) is a histone 
methyltransferase that specifically trimethylates lysine 36 of 
histone H3 ( H3K36me3 ) using demethylated lysine 36 
( H3K36me2 ) as a substrate . Setd2 - dependent H3K36 meth 
ylation reduces chromatin accessibility , reduces resection , 
and promotes NHEJ . See Pai et al . ( 2014 ) Nat . Commun . 
5 : 4091 . 
[ 0325 ] Rad 51 ( also known as Reca , Rad51A , and DNA 
repair protein Rad51 homolog 1 ) is a protein that functions 
with Rad52 and other proteins to effect strand exchange 
during homologous recombination , forming heteroduplex 
DNA that is resolved by mismatch repair to yield a gene 
conversion tract . In mammalian cells , Rad51 and Rad52 
overexpression have been reported to increase the frequency 
of homologous recombination and gene conversion . See 
Yanez & Porter ( 1999 ) Gene Ther . 6 : 1282 - 1290 and Lam 
bert & Lopez ( 2000 ) EMBO J . 19 : 3090 - 3099 , herein incor 
porated by reference in its entirety for all purposes . 
[ 0326 ] Modifications in the expression or activity of genes 
involved in regulating NHEJ , gene conversion , and / or 
homology - directed repair can be spatially or temporally 
specific and can also be inducible or temporary and revers 
ible . For example , various forms of cassettes can be con 
structed to allow for deletion in specific cell or tissue types , 
at specific developmental stages , or upon induction . Such 
cassettes can employ a recombinase system in which the 
cassette is flanked on both sides by recombinase recognition 
sites and can be removed using a recombinase expressed in 
the desired cell type , expressed at the desired developmental 
stage , or expressed or activated upon induction . Such cas 
settes can further be constructed to include an array of pairs 
of different recombinase recognition sites that are placed 
such that null , conditional , or combination conditional / null 
alleles can be generated , as described in US 2011 / 0104799 , 
herein incorporated by reference in its entirety for all pur 
poses . Regulation of recombinase genes can be controlled in 
various ways , such as by operably linking a recombinase 
gene to a cell - specific , tissue - specific , or developmentally 
regulated promoter ( or other regulatory element ) , or by 

operably linking a recombinase gene to a 3 - UTR that 
comprises a recognition site for an miRNA that is active only 
in particular cell types , tissue types , or developmental 
stages . A recombinase can also be regulated , for example , by 
employing a fusion protein placing the recombinase under 
the control of an effector or metabolite ( e . g . , CreER72 , 
whose activity is positively controlled by tamoxifen ) , or by 
placing the recombinase gene under the control of an 
inducible promoter ( e . g . , one whose activity is controlled by 
doxycycline and TetR or TetR variants ) . Examples of vari 
ous forms of cassettes and means of regulating recombinase 
genes are provided , for example , in U . S . Pat . No . 8 , 518 , 392 ; 
U . S . Pat . No . 8 , 354 , 389 ; and U . S . Pat . No . 8 , 697 , 851 , each 
of which is incorporated by reference in its entirety . 
[ 0327 ] In other methods disclosed herein , the cell has been 
modified to increase or decrease NHEJ activity or to 
increase gene conversion or HDR activity by blocking the 
cell at a phase of the cell cycle , such as the M - phase or the 
S - phase of the cell cycle . See , e . g . , WO 2016 / 036754 , herein 
incorporated by references in its entirety for all purposes . 
This can be achieved with a cell cycle blocking composition . 
Examples of such compositions include nocodazole , 
hydroxyurea ; colchicine ; demecolcine ( colcemid ) ; lovasta 
tin ; mimosine ; thymidine ; aphidicolin ; latrunculin A ; and 
latrunculin B . Such modifications can comprise modifica 
tions in the expression or activity of genes involved in 
regulating NHEJ , gene conversion , and / or HDR . 
[ 0328 ] G . Types of Targeted Genetic Modifications 
10329 ] Various types of targeted genetic modifications can 
be introduced using the methods described herein . Such 
targeted genetic modifications can include any modification 
that reduces or eliminates expression of a self - antigen that is 
homologous to or shares an epitope of interest with the 
foreign target antigen of interest . Preferably , such modifi 
cations disrupt the target genomic locus . Examples of dis 
ruption include alteration of a regulatory element ( e . g . , 
promoter or enhancer ) , a missense mutation , a nonsense 
mutation , a frame - shift mutation , a truncation mutation , a 
null mutation , or an insertion or deletion of small number of 
nucleotides ( e . g . , causing a frameshift mutation ) . Disruption 
can result in inactivation ( i . e . , loss of function ) or loss of an 
allele . Such targeted genetic modifications can include , for 
example , insertion of one or more nucleotides , deletion of 
one or more nucleotides , or substitution ( replacement ) of 
one or more nucleotides . Such insertions , deletions , or 
replacements can result , for example , in a point mutation , a 
knockout of a nucleic acid sequence of interest or a portion 
thereof , a knock - in of a nucleic acid sequence of interest or 
a portion thereof , a replacement of an endogenous nucleic 
acid sequence with a heterologous or exogenous nucleic acid 
sequence , alteration of a regulatory element ( e . g . , promoter 
or enhancer ) , a missense mutation , a nonsense mutation , a 
frame - shift mutation , a truncation mutation , a null mutation , 
or a combination thereof . For example , at least 1 , 2 , 3 , 4 , 5 , 
7 , 8 , 9 , 10 or more nucleotides can be changed ( e . g . , deleted , 
inserted , or substituted ) to form the targeted genetic modi 
fication . The deletions , insertions , or replacements can be of 
any size , as disclosed elsewhere herein . See , e . g . , Wang et al . 
( 2013 ) Cell 153 : 910 - 918 ; Mandalos et al . ( 2012 ) PLOS One 
7 : e45768 ; and Wang et al . ( 2013 ) Nat Biotechnol . 31 : 530 
532 , each of which is herein incorporated by reference in its . 
Such mutations can result in a reduction of expression or 
elimination of expression ( e . g . , mRNA and / or protein 
expression ) of the self - antigen ( e . g . , deletion of an allele ) . 
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[ 0330 ] The targeted genetic modification ( e . g . , insertion , 
deletion , or substitution ) can occur at one or more locations 
in the target genomic locus . For example , the targeted 
genetic modification can comprise two separate modifica 
tions at two locations within the target genomic locus if two 
exogenous repair templates are used . 
[ 0331 ] In methods in which an exogenous repair template 
is used , for example , a deletion can be between the 5 ' and 3 ' 
target sequences . In methods in which two or more guide 
RNAs are used , the deletion can be between the first and 
second guide RNA recognition sequences or the first and 
second Cas cleavage sites . Such deletions can be any length . 
The deleted nucleic acid can be , for example , from about 1 
bp to about 5 bp , from about 5 bp to about 10 bp , from about 
10 bp to about 50 bp , from about 50 bp to about 100 bp , from 
about 100 bp to about 200 bp , from about 200 bp to about 
300 bp , from about 300 bp to about 400 bp , from about 400 
bp to about 500 bp , from about 500 bp to about 1 kb , from 
about 1 kb to about 5 kb , from about 5 kb to about 10 kb , 
from about 10 kb to about 20 kb , from about 20 kb to about 
40 kb , from about 40 kb to about 60 kb , from about 60 kb 
to about 80 kb , from about 80 kb to about 100 kb , from about 
100 kb to about 150 kb , or from about 150 kb to about 200 
kb , from about 200 kb to about 300 kb , from about 300 kb 
to about 400 kb , from about 400 kb to about 500 kb , from 
about 500 kb to about 1 Mb , from about 1 Mb to about 1 . 5 
Mb , from about 1 . 5 Mb to about 2 Mb , from about 2 Mb to 
about 2 . 5 Mb , or from about 2 . 5 Mb to about 3 Mb . 
[ 0332 ] Alternatively , the deleted nucleic acid can be , for 
example , at least 1 bp , at least 5 bp , at least 10 bp , at least 
50 bp , at least 100 bp , at least 200 bp , at least 300 bp , at least 
400 bp , at least 500 bp , at least 1 kb , at least 5 kb , at least 
10 kb , at least 20 kb , at least 30 kb , at least 40 kb , at least 
50 kb , at least 60 kb , at least 70 kb , at least 80 kb , at least 
90 kb , at least 100 kb , at least 110 kb , at least 120 kb , at least 
130 kb , at least 140 kb , at least 150 kb , at least 160 kb , at 
least 170 kb , at least 180 kb , at least 190 kb , at least 200 kb , 
at least 250 kb , at least 300 kb , at least 350 kb , at least 400 
kb , at least 450 kb , or at least 500 kb or greater . In some 
cases , the deleted nucleic acid can be at least 550 kb , at least 
600 kb , at least 650 kb , at least 700 kb , at least 750 kb , at 
least 800 kb , at least 850 kb , at least 900 kb , at least 950 kb , 
at least 1 Mb , at least 1 . 5 Mb , at least 2 Mb , at least 2 . 5 Mb , 
at least 3 Mb , at least 4 Mb , at least 5 Mb , at least 10 Mb , 
at least 20 Mb , at least 30 Mb , at least 40 Mb , at least 50 Mb , 
at least 60 Mb , at least 70 Mb , at least 80 Mb , at least 90 Mb , 
or at least 100 Mb ( e . g . , most of a chromosome ) . 
[ 0333 ] In a specific example , the deletion size can be 
between about 0 . 1 kb and about 1 Mb , between about 0 . 1 kb 
and about 900 kb , between about 0 . 1 kb and about 400 kb , 
between about 0 . 1 kb and about 200 kb , between about 0 . 1 
kb and about 100 kb , or up to about 1 Mb , up to about 900 
kb , up to about 400 kb , up to about 200 kb , or up to about 
100 kb . In a specific example , the deletion size can be 
between about 0 . 1 - 200 , 0 . 1 - 190 , 0 . 1 - 180 , 0 . 1 - 170 , 0 . 1 - 160 , 
0 . 1 - 150 , 0 . 1 - 140 , 0 . 1 - 130 , 0 . 1 - 120 , 0 . 1 - 110 , 0 . 1 - 100 , 0 . 1 - 90 , 
0 . 1 - 80 , 0 . 1 - 70 , 0 . 1 - 60 , 0 . 1 - 50 , 0 . 1 - 40 , 0 . 1 - 30 , 0 . 1 - 20 0 . 1 - 10 , 
0 . 1 - 9 , 0 . 1 - 8 , 0 . 1 - 7 , 0 . 1 - 6 , 0 . 1 - 5 , 0 . 1 - 4 , 0 . 1 - 3 , 0 . 1 - 2 , or 0 . 1 - 1 
kb . The biallelic deletion ( collapse ) efficiency in targeted 
cell clones such as targeted embryonic stem cell clones ( i . e . , 
percentage of screened clones with biallelic deletion ) can be 
between about 1 - 100 % , 1 - 90 % , 1 - 80 % , 1 - 70 % , 1 - 60 % , 
1 - 50 % , 1 - 40 % , 1 - 30 % , or 1 - 27 % , or can be at least about 
1 % , 2 % , 3 % , 4 % , 5 % , 6 % , 7 % , 8 % , 9 % , 10 % , 11 % , 12 % , 

13 % , 14 % , 15 % , 16 % , 17 % , 18 % , 19 % , 20 % , or 25 % . For 
example , in one embodiment the deletion size is about 50 kb 
or less and the biallelic deletion efficiency is between about 
1 - 30 % or 1 - 27 % , or the deletion size is about 50 kb or higher 
( e . g . , between about 50 kb to about 200 kb ) and the biallelic 
deletion efficiency is about 1 - 5 % or 1 - 3 % . In experiments in 
which one - cell stage embryos are targeted , the biallelic 
deletion ( collapse ) efficiency in live pups born following 
CRISPR / Cas injection in one - cell stage embryos ( i . e . , per 
centage of live pups with biallelic deletions ) can be between 
about 1 - 100 % , 1 - 90 % , or 1 - 85 % , or at least about 1 % , 2 % , 
3 % , 4 % , 5 % , 6 % , 7 % , 8 % , 9 % , 10 % , 11 % , 12 % , 13 % , 14 % , 
15 % , 16 % , 17 % , 18 % , 19 % , 20 % , 25 % , 30 % , 40 % , 50 % , 
60 % , 70 % , 80 % , or 85 % . For example , in one embodiment 
the deletion size is about 50 kb or less and the biallelic 
deletion efficiency is between about 1 - 85 % or 20 - 85 % , or 
the deletion size is about 50 kb or higher ( e . g . , between 
about 50 kb to about 100 kb ) and the biallelic deletion 
efficiency is about 1 - 20 % or 1 - 15 % . 
[ 0334 ] In methods in which an exogenous repair template 
is used , for example , an insertion can be between the 5 ' and 
3 ' target sequences . Such insertions can be of any length . For 
example , the inserted nucleic acid can be , for example , from 
about 1 bp to about 5 bp , from about 5 bp to about 10 bp , 
from about 10 bp to about 50 bp , from about 50 bp to about 
100 bp , from about 100 bp to about 200 bp , from about 200 
bp to about 300 bp , from about 300 bp to about 400 bp , from 
about 400 bp to about 500 bp , from about 500 bp to about 
1 kb , from about 1 kb to about 5 kb , from about 5 kb to about 
10 kb , from about 10 kb to about 20 kb , from about 20 kb 
to about 40 kb , from about 40 kb to about 60 kb , from about 
60 kb to about 80 kb , from about 80 kb to about 100 kb , from 
about 100 kb to about 150 kb , from about 150 kb to about 
200 kb , from about 200 kb to about 250 kb , from about 250 
kb to about 300 kb , from about 300 kb to about 350 kb , from 
about 350 kb to about 400 kb , from about 400 kb to about 
450 kb , from about 450 kb to about 500 kb , or greater . 
Alternatively , the insertion can be at least 1 bp , at least 5 bp , 
at least 10 bp , at least 50 bp , at least 100 bp , at least 200 bp , 
at least 300 bp , at least 400 bp , at least 500 bp , at least 1 kb , 
at least 5 kb , at least 10 kb , at least 20 kb , at least 30 kb , at 
least 40 kb , at least 60 kb , at least 80 kb , at least 100 kb , at 
least 150 kb , at least 200 kb , at least 250 kb , at least 300 kb , 
at least 350 kb , at least 400 kb , at least 450 kb , or at least 500 
kb . 
[ 0335 ] . The targeted genetic modification can be a precise 
modification or an imprecise modification . For example , in 
methods using an exogenous repair template , the deletion 
can be a precise deletion wherein the deleted nucleic acid 
consists of only the nucleic acid sequence between the 5 ' and 
3 ' homology arms such that there are no additional insertions 
or deletions ( indels ) at the modified target genomic locus . 
Similarly , if paired gRNAs are used that flank the entire 
coding region of a gene encoding the self - antigen , the 
deletion between the first and second Cas protein cleavage 
sites can be a precise deletion wherein the deleted nucleic 
acid consists of only the nucleic acid sequence between the 
first and second Cas protein cleavage sites such that there are 
no additional insertions or deletions ( indels ) at the modified 
target genomic locus . In methods in which both an exog 
enous repair template and paired gRNAs flanking a region of 
interest are used , the deletion can be either of the precise 
deletions mentioned above . Alternatively , the deletion 
between the first and second Cas protein cleavage sites can 
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be an imprecise deletion extending beyond the first and 
second Cas protein cleavage sites , consistent with imprecise 
repair by non - homologous end joining ( NHEJ ) , resulting in 
additional deletions and / or insertions at the modified 
genomic locus . For example , the deletion can extend about 
1 , 2 , 3 , 4 , 5 , 10 , 20 , 30 , 40 , 50 , 100 , 200 , 300 , 400 , or 500 
bp or more beyond the first and second Cas protein cleavage 
sites . Likewise , the modified genomic locus can comprise 
additional insertions consistent with imprecise repair by 
NHEJ , such as insertions of about 1 , 2 , 3 , 4 , 5 , 10 , 20 , 30 , 
40 , 50 , 100 , 200 , 300 , 400 , or 500 bp or more . Use of 
exogenous repair templates ( e . g . , single - stranded oligode 
oxynucleotides ( sSODNs ) together with the CRISPR / Cas9 
can increase the chances for precise modifications by pro 
moting homology - directed repair rather than NHEJ . 
[ 0336 ] The targeted modification can comprise replace 
ment of a sequence at the target genomic locus ( e . g . , all or 
part of the gene encoding the self - antigen , such as a portion 
of the gene encoding a particular region or motif of the 
self - antigen ) with a corresponding homologous or ortholo 
gous sequence . Deletion of all or part of the gene encoding 
the self - antigen and replacement with a corresponding 
homologous or orthologous sequence that lacks an epitope 
that is shared between the foreign antigen of interest and the 
self - antigen can result in expression of a homologue or 
orthologue of the self - antigen that retains the function of the 
wild - type self - antigen but lacks the epitope that is present on 
the foreign antigen of interest and is shared with the wild 
type self - antigen . Alternatively or additionally , the targeted 
modification can comprise one or more point mutations 
( e . g . , 1 , 2 , 3 , 4 , 5 , or more ) at the target genomic locus ( e . g . , 
all or part of the gene encoding the self - antigen ) . Such point 
mutations can serve , for example , to eliminate expression of 
one or more epitopes in the self - antigen that are shared with 
the foreign antigen of interest . Optionally , such point muta 
tions can result in a conservative amino acid substitution 
( e . g . , substitution of aspartic acid ( Asp , D ] with glutamic 
acid [ Glu , E ] ) in the encoded polypeptide . Such amino acid 
substitutions can result in expression of a self - antigen that 
retains the function of the wild - type self - antigen but lacks an 
epitope that is present on the foreign antigen of interest and 
is shared with the wild - type self - antigen . 
[ 0337 ] The methods described herein promote and 
increase the frequency of biallelic and particularly homozy 
gous modifications . In particular , by contacting the cell with 
first and second first and second guide RNAs that target first 
and second guide RNA recognition sequences within the 
target genomic locus , the efficiency of producing biallelic 
modifications can be increased compared to contacting the 
cell with either guide RNA alone . The efficiency of produc 
ing biallelic modifications can also be increased by contact 
ing the cell with the first , second , and third guide RNAs that 
target guide RNA recognition sequences within the target 
genomic locus , or the first , second , third , and fourth guide 
RNAs that target guide RNA recognition sequences within 
the target genomic locus . In addition or alternatively , the 
efficiency of producing biallelic modifications and particu 
larly homozygous modifications can be increased by select 
ing a target genomic locus so that the sequence identity is 
maximized between corresponding first and second chro 
mosomes in a homologous chromosome pair in all or part of 
the target genomic locus . Methods for selecting such target 
genomic loci are described in further detail elsewhere 
herein . 

[ 0338 ] Preferably , the targeted genetic modification is a 
biallelic modification . Biallelic modifications include events 
in which the same modification is made to the same locus on 
corresponding homologous chromosomes ( e . g . , in a diploid 
cell ) , or in which different modifications are made to the 
same locus on corresponding homologous chromosomes . 
Homologous chromosomes ( i . e . , a homologous chromo 
some pair ) include chromosomes that have the same genes 
at the same loci but possibly different alleles ( e . g . , chromo 
somes that are paired during meiosis ) . The term allele 
includes any of one or more alternative forms of a genetic 
sequence . In a diploid cell or organism , the two alleles of a 
given sequence typically occupy corresponding loci on a 
pair of homologous chromosomes . 
[ 0339 ] A biallelic modification can result in homozygosity 
for a targeted genetic modification . Homozygosity includes 
situations in which both alleles of a target genomic locus 
( i . e . , corresponding alleles on both homologous chromo 
somes ) have the targeted genetic modification . For example , 
the biallelic modification can comprise , consist essentially 
of , or consist of homozygous deletion of all or part a gene 
encoding a self - antigen , or the biallelic modification can 
comprise , consist essentially of , or consist of homozygous 
disruption of the start codon of a gene encoding a self 
antigen , such that the start codon is no longer functional . 
[ 0340 ] Alternatively , a biallelic modification can result in 
compound heterozygosity ( e . g . , hemizygosity ) for the tar 
geted modification . Compound heterozygosity includes situ 
ations in which both alleles of the target locus ( i . e . , the 
alleles on both homologous chromosomes ) have been modi 
fied , but they have been modified in different ways ( e . g . , a 
targeted modification in one allele and inactivation or dis 
ruption of the other allele ) . For example , in the allele without 
the targeted modification , a double - strand break created by 
the Cas protein may have been repaired by non - homologous 
end joining ( NHEJ ) - mediated DNA repair , which generates 
a mutant allele comprising an insertion or a deletion of a 
nucleic acid sequence and thereby causes disruption of that 
genomic locus . For example , a biallelic modification can 
result in compound heterozygosity if the cell has one allele 
with the targeted modification and another allele that is not 
capable of being expressed . Compound heterozygosity 
includes hemizygosity . Hemizygosity includes situations in 
which only one allele ( i . e . , an allele on one of two homolo 
gous chromosomes ) of the target locus is present . For 
example , a biallelic modification can result in hemizygosity 
for a targeted modification if the targeted modification 
occurs in one allele with a corresponding loss or deletion of 
the other allele . 

[ 0341 ] In a specific example , the biallelic modification can 
comprise a homozygous deletion between first and second 
guide RNA recognition sequences or Cas cleavage sites in 
the pair of first and second homologous chromosomes . 
Alternatively , the biallelic modification can comprise a 
biallelic deletion between first and second guide RNA 
recognition sequences or Cas cleavage sites in the pair of 
first and second homologous chromosomes ( i . e . , deletions in 
both chromosomes , but not necessarily the same deletion in 
each ) . The deletions can occur simultaneously , or the dele 
tion can occur initially in the first homologous chromosome , 
with homozygosity then being achieved by the cell using the 
first homologous chromosome as a donor sequence to repair 
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one or more double - strand breaks in the second homologous 
chromosome via homologous recombination , such as by 
gene conversion . 
[ 0342 ] In another specific example , the biallelic modifi 
cation can comprise a homozygous disruption of the start 
codon region of the target gene in the pair of first and second 
homologous chromosomes . Alternatively , the biallelic dis 
ruption of the start codon region of the target gene in the pair 
of first and second homologous chromosomes ( i . e . , disrup 
tions in both chromosomes , but not necessarily the same 
modification in each ) . The modifications can occur simul 
taneously , or the modification can occur initially in the first 
homologous chromosome , with homozygosity then being 
achieved by the cell using the first homologous chromosome 
as a donor sequence to repair one or more double - strand 
breaks in the second homologous chromosome via homolo 
gous recombination , such as by gene conversion . 
[ 0343 ) If a donor sequence ( e . g . , exogenous repair tem 
plate ) is used , the biallelic modification can comprise a 
deletion between first and second guide RNA recognition 
sequences or Cas cleavage sites as well as an insertion of the 
nucleic acid insert between the 5 ' and 3 ' target sequences in 
the pair of first and second homologous chromosomes , 
thereby resulting in a homozygous modified genome . Alter 
natively , the biallelic modification can comprise a deletion 
between the 5 ' and 3 ' target sequences as well as an insertion 
of the nucleic acid insert between the 5 ' and 3 ' target 
sequences in the pair of first and second homologous chro 
mosomes , thereby resulting in a homozygous modified 
genome . The deletion and insertion can occur simultane 
ously in both chromosomes , or the deletion and insertion can 
initially occur in the first homologous chromosome , with 
homozygosity then being achieved by the cell using the first 
homologous chromosome as a donor sequence to repair the 
double - strand break ( s ) in the second homologous chromo 
some via homologous recombination , such as by gene 
conversion . For example , without wishing to be bound by 
any particular theory , insertion of the nucleic acid insert 
could occur in the first homologous chromosome ( with or 
without cleavage by the Cas protein ) , and the second 
homologous chromosome can then be modified by a gene 
conversion event that is stimulated by cleavage by the Cas 
protein on the second homologous chromosome . 
[ 0344 ] Alternatively , if the exogenous repair template 
comprises 5 ' and 3 ' homology arms with no nucleic acid 
insert , the biallelic modification can comprise a deletion 
between the 5 ' and 3 ' target sequences in the pair of first and 
second homologous chromosomes , thereby resulting in a 
homozygous modified genome . The deletion can occur 
simultaneously in both chromosomes , or the deletion can 
initially occur in the first homologous chromosome , with 
homozygosity then being achieved by the cell using the first 
homologous chromosome as a donor sequence to repair the 
double - strand break ( s ) in the second homologous chromo 
some via homologous recombination , such as by gene 
conversion . For example , without wishing to be bound by 
any particular theory , the deletion could occur in the first 
homologous chromosome ( with or without cleavage by the 
Cas protein ) , and the second homologous chromosome can 
then be modified by a gene conversion event that is stimu 
lated by cleavage by the Cas protein on the second homolo 
gous chromosome . 
[ 0345 ] The deletion between the first and second guide 
RNA recognition sequences or the deletion between the 5 

and 3 ' target sequences can be a precise deletion wherein the 
deleted nucleic acid consists of only the nucleic acid 
sequence between the first and second nuclease cleavage 
sites or only the nucleic acid sequence between the 5 ' and 3 ' 
target sequences such that there are no additional deletions 
or insertions at the modified genomic target locus . The 
deletion between the first and second guide RNA recognition 
sequences can also be an imprecise deletion extending 
beyond the first and second nuclease cleavage sites , consis 
tent with imprecise repair by non - homologous end joining 
( NHEJ ) , resulting in additional deletions and / or insertions at 
the modified genomic locus . For example , the deletion can 
extend about 1 bp , about 2 bp , about 3 bp , about 4 bp , about 
5 bp , about 10 bp , about 20 bp , about 30 bp , about 40 bp , 
about 50 bp , about 100 bp , about 200 bp , about 300 bp , 
about 400 bp , about 500 bp , or more beyond the first and 
second Cas protein cleavage sites . Likewise , the modified 
genomic locus can comprise additional insertions consistent 
with imprecise repair by NHEJ , such as insertions of about 
1 bp , about 2 bp , about 3 bp , about 4 bp , about 5 bp , about 
10 bp , about 20 bp , about 30 bp , about 40 bp , about 50 bp , 
about 100 bp , about 200 bp , about 300 bp , about 400 bp , 
about 500 bp , or more . 
[ 0346 ) Targeted insertions created through use of exog 
enous repair template can be of any size . Examples of 
nucleic acid inserts in exogenous repair templates and 
examples of sizes of nucleic acid inserts are described 
elsewhere herein . 
[ 0347 ] Homozygous targeted genetic modifications are 
advantageous because the process for making genetically 
modified animals with these modifications ( described in 
more detail below ) can be more efficient and less time 
consuming . In many situations , such as removing or dis 
rupting a gene to study the effect of its absence , mere 
heterozygosity for a targeted genetic modification ( i . e . , 
modification in one allele and no change to the other allele ) 
is not sufficient . With conventional targeting strategies , FO 
generation animals that are heterozygous for a large targeted 
genomic deletion might be obtainable , but subsequent inter 
breeding of these heterozygous animals is required to pro 
duce F1 generation animals that are homozygous for the 
deletion . These additional breeding steps are costly and 
time - consuming . The capability of creating FO generation 
genetically modified animals that are homozygous for a 
targeted genetic modification results in significant efficiency 
gains and time savings because fewer breeding steps are 
required . 
[ 0348 ] H . Identifying Cells with Targeted Genetic Modi 
fications 
[ 0349 ] The methods disclosed herein can further comprise 
identifying a cell having a modified target nucleic acid ( e . g . , 
a modified genome ) . Various methods can be used to iden 
tify cells having a targeted genetic modification , such as a 
deletion or an insertion . Such methods can comprise iden 
tifying one cell having the targeted genetic modification at 
a target genomic locus . Screening can be done to identify 
such cells with modified genomic loci . 
0350 ] The screening step can comprise a quantitative 
assay for assessing modification of allele ( MOA ) ( e . g . , 
loss - of - allele ( LOA ) and / or gain - of - allele ( GOA ) assays ) of 
a parental chromosome . For example , the quantitative assay 
can be carried out via a quantitative PCR , such as a real - time 
PCR ( qPCR ) . The real - time PCR can utilize a first primer set 
that recognizes the target genomic locus and a second primer 
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set that recognizes a non - targeted reference locus . The 
primer set can comprise a fluorescent probe that recognizes 
the amplified sequence . 
[ 0351 ] To identify homozygous collapsed ES cell clones , 
TAQMAN® probe qPCR strategies can be used with greater 
efficiency and accuracy compared with traditional methods . 
Homozygous collapsed alleles can be identified with one 
qPCR plate due to the inclusion of a “ middle ” LOA assay 
( see , e . g . , mTM probe in FIG . 4 ) and the absence of GOA 
assays . Because every assay used to screen the ES cell 
clones is an LOA assay , copy numbers can be calculated 
accurately for every region tested , without using any non 
mouse DNA calibrator . 
[ 0352 ] The screening step can also comprise a retention 
assay , which is an assay used to distinguish between correct 
targeted insertions of a nucleic acid insert into a target 
genomic locus from random transgenic insertions of the 
nucleic acid insert into genomic locations outside of the 
target genomic locus . Retention assays can also be used to 
distinguish between correct deletions and deletions that 
extend beyond the region targeted for deletion . Conven - 
tional assays for screening for targeted modifications , such 
as long - range PCR or Southern blotting , link the inserted 
targeting vector to the targeted locus . Because of their large 
homology arm sizes , however , LTVECs do not permit 
screening by such conventional assays . To screen LTVEC 
targeting , modification - of - allele ( MOA ) assays including 
loss - of - allele ( LOA ) and gain - of - allele ( GOA ) assays can be 
used ( see , e . g . , US 2014 / 0178879 and Frendewey et al . 
( 2010 ) Methods Enzymol . 476 : 295 - 307 , each of which is 
herein incorporated by reference in its entirety for all pur 
poses ) . The loss - of - allele ( LOA ) assay inverts the conven 
tional screening logic and quantifies the number of copies of 
the native locus to which the mutation was directed . In a 
correctly targeted cell clone , the LOA assay detects one of 
the two native alleles ( for genes not on the X or Y chromo 
some ) , the other allele being disrupted by the targeted 
modification . The same principle can be applied in reverse 
as a gain - of - allele ( GOA ) assay to quantify the copy number 
of the inserted targeting vector . For example , the combined 
use of GOA and LOA assays will reveal a correctly targeted 
heterozygous clone as having lost one copy of the native 
target gene and gained one copy of the drug resistance gene 
or other inserted marker . 
[ 0353 ] As an example , quantitative polymerase chain 
reaction ( qPCR ) can be used as the method of allele quan 
tification , but any method that can reliably distinguish the 
difference between zero , one , and two copies of the target 
gene or between zero , one , and two copies of the nucleic 
acid insert can be used to develop a MOA assay . For 
example , TAQMAN® can be used to quantify the number of 
copies of a DNA template in a genomic DNA sample , 
especially by comparison to a reference gene ( see , e . g . , U . S . 
Pat . No . 6 , 596 , 541 , herein incorporated by reference in its 
entirety for all purposes ) . The reference gene is quantitated 
in the same genomic DNA as the target gene ( s ) or locus 
( loci ) . Therefore , two TAQMAN® amplifications ( each with 
its respective probe ) are performed . One TAQMAN® probe 
determines the “ Ct ” ( Threshold Cycle ) of the reference gene , 
while the other probe determines the Ct of the region of the 
targeted gene ( s ) or locus ( loci ) which is replaced by success 
ful targeting ( i . e . , a LOA assay ) . The Ct is a quantity that 
reflects the amount of starting DNA for each of the TAQ - 
MAN® probes , i . e . a less abundant sequence requires more 

cycles of PCR to reach the threshold cycle . Decreasing by 
half the number of copies of the template sequence for a 
TAQMAN® reaction will result in an increase of about one 
Ct unit . TAQMAN® reactions in cells where one allele of 
the target gene ( s ) or locus ( loci ) has been replaced by 
homologous recombination will result in an increase of one 
Ct for the target TAQMAN® reaction without an increase in 
the Ct for the reference gene when compared to DNA from 
non - targeted cells . For a GOA assay , another TAQMAN® 
probe can be used to determine the Ct of the nucleic acid 
insert that is replacing the targeted gene ( s ) or locus ( loci ) by 
successful targeting . 
[ 0354 ] Because paired gRNAs can create large Cas - me 
diated deletions at a target genomic locus , it can be useful 
augment standard LOA and GOA assays to verify correct 
targeting by LTVECs ( i . e . , in cells other than one - cell stage 
embryos ) . For example , LOA and GOA assays alone may 
not distinguish correctly targeted cell clones from clones in 
which a large Cas - induced deletion of the target genomic 
locus coincides with random integration of a LTVEC else 
where in the genome , particularly if the GOA assay employs 
a probe against a selection cassette within the LTVEC insert . 
Because the selection pressure in the targeted cell is based 
on the selection cassette , random transgenic integration of 
the LTVEC elsewhere in the genome will generally include 
the selection cassette and adjacent regions of the LTVEC but 
will exclude more distal regions of the LTVEC . For 
example , if a portion of an LTVEC is randomly integrated 
into the genome , and the LTVEC comprises a nucleic acid 
insert of around 5 kb or more in length with a selection 
cassette adjacent to the 3 ' homology arm , generally the 3 ' 
homology arm but not the 5 ' homology arm will be trans 
genically integrated with the selection cassette . Alterna 
tively , if the selection cassette adjacent to the 5 ' homology 
arm , generally the 5 ' homology arm but not the 3 ' homology 
arm will be transgenically integrated with the selection 
cassette . As an example , if LOA and GOA assays are used 
to assess targeted integration of the LTVEC , and the GOA 
assay utilizes probes against the selection cassette , a het 
erozygous deletion at the target genomic locus combined 
with a random transgenic integration of the LTVEC will give 
the same readout as a heterozygous targeted integration of 
the LTVEC at the target genomic locus . To verify correct 
targeting by the LTVEC , retention assays can be used , alone 
or in conjunction with LOA and / or GOA assays . 
[ 0355 ] Retention assays determine copy numbers of a 
DNA template in the 5 ' target sequence ( corresponding to 
the 5 ' homology arm of the LTVEC ) and / or the 3 ' target 
sequence ( corresponding to the 3 ' homology arm of the 
LTVEC ) . In particular , determining the copy number of a 
DNA template in the target sequence corresponding to the 
homology arm that is adjacent to the selection cassette is 
useful . In diploid cells , copy numbers greater than two 
generally indicate transgenic integration of the LTVEC 
randomly outside of the target genomic locus rather than at 
the target genomic locus , which is undesirable . Correctly 
targeted clones will retain a copy number of two . In addition , 
copy numbers of less than two in such retention assays 
generally indicate large Cas - mediated deletions extending 
beyond the region targeted for deletion , which are also 
undesirable . 
[ 0356 ] In an exemplary retention assay for identifying a 
targeted insertion of a nucleic acid insert at a target genomic 
locus in a diploid cell , DNA is first obtained from a cell 
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having a genome that has been contacted with a large 
targeting vector ( LTVEC ) comprising the nucleic acid insert 
flanked by a first homology arm that hybridizes to a first 
target sequence and a second homology arm that hybridizes 
to a second target sequence , wherein the nucleic acid insert 
comprises a selection cassette adjacent to the first homology 
arm . Optionally , the selection cassette can comprise a drug 
resistance gene . The DNA is then exposed a probe that binds 
within the first target sequence , a probe that binds within the 
nucleic acid insert , and a probe that binds within a reference 
gene having a known copy number , wherein each probe 
generates a detectable signal upon binding . Signals from the 
binding of each of the probes are then detected . The signal 
from the reference gene probe is compared to the signal from 
the first target sequence probe to determine a copy number 
for the first target sequence , and the signal from the refer 
ence gene probe is compared to the signal from the nucleic 
acid insert probe to determine a copy number for the nucleic 
acid insert . A nucleic acid insert copy number of one or two 
and a first target sequence copy number of two generally 
indicates targeted insertion of the nucleic acid insert at the 
target genomic locus , and a nucleic acid insert copy number 
of one or more and a first target sequence copy number of 
three or more generally indicates a random insertion of the 
nucleic acid insert at a genomic locus other than the target 
genomic locus . 
[ 0357 ] The signal from the binding of the first target 
sequence probe can be used to determine a threshold cycle 
( Ct ) value for the first target sequence , the signal from the 
binding of the reference gene probe can be used to determine 
a threshold cycle ( Ct ) value for the reference gene , and the 
copy number of the first target sequence can be determined 
by comparing the first target sequence Ct value and the 
reference gene Ct value . Likewise , the signal from the 
binding of the nucleic acid insert probe can be used to 
determine a threshold cycle ( Ct ) value for the nucleic acid 
insert , and the copy number of the nucleic acid insert can be 
determined by comparing the first target sequence Ct value 
and the reference gene Ct value . 
[ 0358 ] The nucleic acid insert in the LTVEC can be , for 
example , at least 5 , 10 , 20 , 30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 , 
150 , 200 , 250 , 300 , 350 , 400 , 450 , or 500 kb . The distance 
between the sequences to which the probes bind in the first 
target sequence and the selection cassette can be , for 
example , no more than 100 nucleotides , 200 nucleotides , 
300 nucleotides , 400 nucleotides , 500 nucleotides , 600 
nucleotides , 700 nucleotides , 800 nucleotides , 900 nucleo 
tides , 1 kb , 1 . 5 kb , 2 kb , 2 . 5 kb , 3 kb , 3 . 5 kb , 4 kb , 4 . 5 kb , 
or 5 kb . 
[ 0359 ] Such methods can further comprise additional 
retention assays to determine the copy number of the second 
target sequence . For example , such methods can further 
comprise exposing the DNA of the cell to a probe that binds 
the second target sequence , detecting the signal from the 
binding of second target sequence probe , and comparing the 
signal from the reference gene probe to the signal from the 
second target sequence probe to determine a copy number 
for the second target sequence . 
0360 ) Likewise , such methods can further comprise addi 
tional GOA assays to determine the copy number of one or 
more additional sequences within the nucleic acid insert . For 
example , such methods can further comprise exposing the 
DNA of the cell to one or more additional probes that bind 
the nucleic acid insert , detecting the signal from the binding 

of the one or more additional probes , and comparing the 
signal from the reference gene probe to the signal from the 
one or more additional nucleic acid insert probes to deter 
mine copy numbers for the one or more additional sequences 
within the nucleic acid insert . 
[ 0361 ] Likewise , when the LTVEC is designed to delete 
an endogenous sequence from the target genomic locus or 
when paired gRNAs are used ( e . g . , to create paired double 
strand breaks at different sites within a single genomic target 
locus and delete the intervening endogenous sequence ) , such 
methods can further comprise a LOA assay to determine the 
copy number of the endogenous sequences at target genomic 
locus . For example , such methods can further comprise 
exposing the DNA of the cell to a probe that binds the 
endogenous sequence at the target genomic locus , detecting 
the signal from the binding of the endogenous sequence 
probe , and comparing the signal from the reference gene 
probe to the signal from the endogenous sequence probe to 
determine a copy number for the endogenous sequence . 
[ 0362 ] Retention assays can also be used in experiments in 
which paired gRNAs are used but an exogenous repair 
template is not necessarily used . Because paired gRNAs can 
create large Cas - mediated deletions at a target genomic 
locus , it can be useful augment standard LOA assays to 
verify correct targeting deletions by paired gRNAs as 
opposed to deletions extending beyond the region targeted 
for deletion due to indels following NHEJ repair . 
[ 0363 ] Retention assays determine copy numbers of a 
DNA template in a region comprising and / or upstream of the 
first guide RNA recognition sequence ( i . e . , the 5 ' guide RNA 
recognition sequence ) and / or a region comprising and / or 
downstream of and adjacent to the second guide RNA 
recognition sequence ( i . e . , the 3 ' guide RNA recognition 
sequence ) . In diploid cells , copy numbers less than one will 
indicate large NHEJ - mediated deletions extending beyond 
the region targeted for deletion , which are undesirable . 
Correctly targeted clones will retain a copy number of two . 
The probe to determine copy number can be , for example , 
within about 100 nucleotides , 200 nucleotides , 300 nucleo 
tides , 400 nucleotides , 500 nucleotides , 600 nucleotides , 700 
nucleotides , 800 nucleotides , 900 nucleotides , 1 kb , 1 . 5 kb , 
2 kb , 2 . 5 kb , 3 kb , 3 . 5 kb , 4 kb , 4 . 5 kb , or 5 kb of the guide 
RNA recognition sequence . 
[ 0364 ] Other examples of suitable quantitative assays 
include fluorescence - mediated in situ hybridization ( FISH ) , 
comparative genomic hybridization , isothermic DNA ampli 
fication , quantitative hybridization to an immobilized probe 
( s ) , INVADER® Probes , TAQMAN® Molecular Beacon 
probes , or ECLIPSETM probe technology ( see , e . g . , US 
2005 / 0144655 , herein incorporated by reference in its 
entirety for all purposes ) . Conventional assays for screening 
for targeted modifications , such as long - range PCR , South 
ern blotting , or Sanger sequencing , can also be used . Such 
assays typically are used to obtain evidence for a linkage 
between the inserted targeting vector and the targeted 
genomic locus . For example , for a long - range PCR assay , 
one primer can recognize a sequence within the inserted 
DNA while the other recognizes a target genomic locus 
sequence beyond the ends of the targeting vector ' s homol 
ogy arms . 
[ 0365 ] Next generation sequencing ( NGS ) can also be 
used for screening , particularly in one - cell stage embryos 
that have been modified . Next - generation sequencing can 
also be referred to as “ NGS ” or “ massively parallel sequenc 
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ing ” or “ high throughput sequencing . ” Such NGS can be 
used as a screening tool in addition to the MOA assays and 
retention assays to define the exact nature of the targeted 
genetic modification and to detect mosaicism . Mosaicism 
refers to the presence of two or more populations of cells 
with different genotypes in one individual who has devel 
oped from a single fertilized egg ( i . e . , zygote ) . In the 
methods disclosed herein , it is not necessary to screen for 
targeted clones using selection markers . For example , the 
MOA and NGS assays described herein can be relied on 
without using selection cassettes . 
[ 0366 ] Targeted cells can also be screened for reduction or 
elimination of expression of the self - antigen homologous to 
or sharing an epitope of interest with the foreign antigen of 
interest . For example , if the self - antigen is a protein , expres 
sion can be assessed by any known techniques for assaying 
protein expression , including , for example , Western blot 
analysis or protein immunostaining . 

III . Methods of Making Genetically Modified Non - Human 
Animals 
103671 Genetically modified non - human animals can be 
generated employing the various methods disclosed herein . 
Any convenient method or protocol for producing a geneti 
cally modified organism , including the methods described 
herein , is suitable for producing such a genetically modified 
non - human animal . Such methods starting with genetically 
modifying a pluripotent cell such as an embryonic stem ( ES ) 
cell generally comprise : ( 1 ) modifying the genome of a 
pluripotent cell that is not a one - cell stage embryo using the 
methods described herein ; ( 2 ) identifying or selecting the 
genetically modified pluripotent cell ; ( 3 ) introducing the 
genetically modified pluripotent cell into a host embryo ; and 
( 4 ) implanting and gestating the host embryo comprising the 
genetically modified pluripotent cell in a surrogate mother . 
The surrogate mother can then produce FO generation non 
human animals comprising the targeted genetic modification 
and capable of transmitting the targeted genetic modification 
though the germline . Animals bearing the genetically modi 
fied genomic locus can be identified via a modification of 
allele ( MOA ) assay as described herein . The donor cell can 
be introduced into a host embryo at any stage , such as the 
blastocyst stage or the pre - morula stage ( i . e . , the 4 cell stage 
or the 8 cell stage ) . Progeny that are capable of transmitting 
the genetic modification though the germline are generated . 
The pluripotent cell can be , for example , an ES cell ( e . g . , a 
rodent ES cell , a mouse ES cell , or a rat ES cell ) as discussed 
elsewhere herein . See , e . g . , U . S . Pat . No . 7 , 294 , 754 , herein 
incorporated by reference in its entirety for all purposes . 
[ 0368 ] Alternatively , such methods starting with geneti 
cally modifying a one - cell stage embryo generally comprise : 
( 1 ) modifying the genome of a one - cell stage embryo using 
the methods described herein ; ( 2 ) identifying or selecting the 
genetically modified embryo ; and ( 3 ) implanting and ges 
tating the genetically modified embryo in a surrogate 
mother . The surrogate mother can then produce FO genera 
tion non - human animals comprising the targeted genetic 
modification and capable of transmitting the targeted genetic 
modification though the germline . Animals bearing the 
genetically modified genomic locus can be identified via a 
modification of allele ( MOA ) assay as described herein . 
[ 0369 ] Nuclear transfer techniques can also be used to 
generate the non - human mammalian animals . Briefly , meth - 
ods for nuclear transfer can include the steps of : ( 1 ) enucle 

ating an oocyte or providing an enucleated oocyte ; ( 2 ) 
isolating or providing a donor cell or nucleus to be combined 
with the enucleated oocyte ; ( 3 ) inserting the cell or nucleus 
into the enucleated oocyte to form a reconstituted cell ; ( 4 ) 
implanting the reconstituted cell into the womb of a non 
human animal to form an embryo ; and ( 5 ) allowing the 
embryo to develop . In such methods , oocytes are generally 
retrieved from deceased animals , although they may be 
isolated also from either oviducts and / or ovaries of live 
animals . Oocytes can be matured in a variety of media 
known to those of ordinary skill in the art prior to enucle 
ation . Enucleation of the oocyte can be performed in a 
number of manners well known to those of ordinary skill in 
the art . Insertion of the donor cell or nucleus into the 
enucleated oocyte to form a reconstituted cell can be by 
microinjection of a donor cell under the zona pellucida prior 
to fusion . Fusion may be induced by application of a DC 
electrical pulse across the contact / fusion plane ( electrofu 
sion ) , by exposure of the cells to fusion - promoting chemi 
cals , such as polyethylene glycol , or by way of an inacti 
vated virus , such as the Sendai virus . A reconstituted cell can 
be activated by electrical and / or non - electrical means 
before , during , and / or after fusion of the nuclear donor and 
recipient oocyte . Activation methods include electric pulses , 
chemically induced shock , penetration by sperm , increasing 
levels of divalent cations in the oocyte , and reducing phos 
phorylation of cellular proteins ( as by way of kinase inhibi 
tors ) in the oocyte . The activated reconstituted cells , or 
embryos , can be cultured in medium well known to those of 
ordinary skill in the art and then transferred to the womb of 
an animal . See , e . g . , US 2008 / 0092249 , WO 1999 / 005266 , 
US 2004 / 0177390 , WO 2008 / 017234 , and U . S . Pat . No . 
7 . 612 , 250 , each of which is herein incorporated by reference 
in its entirety for all purposes . 
[ 0370 ] The various methods provided herein allow for the 
generation of a genetically modified non - human FO animal 
wherein the cells of the genetically modified FO animal that 
comprise the targeted genetic modification . It is recognized 
that depending on the method used to generate the FO 
animal , the number of cells within the F0 animal that have 
the targeted genetic modification will vary . The introduction 
of the donor ES cells into a pre - morula stage embryo from 
a corresponding organism ( e . g . , an 8 - cell stage mouse 
embryo ) via , for example , the VELOCIMOUSE® method 
allows for a greater percentage of the cell population of the 
FO animal to comprise cells having the targeted genetic 
modification . For example , at least 50 % , 60 % , 65 % , 70 % , 
75 % , 85 % , 86 % , 87 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , 
93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or 100 % of the 
cellular contribution of the non - human FO animal can com 
prise a cell population having the targeted genetic modifi 
cation . In addition , at least one or more of the germ cells of 
the F0 animal can have the targeted genetic modification . 
[ 0371 ] A . Types of Non - Human Animals and Cells 
[ 0372 ] The methods provided herein employ non - human 
animals and cells and embryos from non - human animals . 
Such non - human animals are preferably mammals , such as 
rodents ( e . g . , rats , mice , and hamsters ) . Other non - human 
mammals include , for example , humans , non - human pri 
mates , monkeys , apes , cats , dogs , rabbits , horses , bulls , deer , 
bison , livestock ( e . g . , bovine species such as cows , steer , and 
so forth ; ovine species such as sheep , goats , and so forth ; and 
porcine species such as pigs and boars ) . The term " non 
human ” excludes humans . In some methods provided 
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herein , the non - human animals and cells and embryos from 
non - human animals are hybrid . 
[ 0373 ] A non - human animal cell employed in the methods 
provided herein can be , for example , a totipotent cell or a 
pluripotent cell ( e . g . , an embryonic stem ( ES ) cell such as a 
rodent ES cell , a mouse ES cell , or a rat ES cell ) ) . Totipotent 
cells include undifferentiated cells that can give rise to any 
cell type , and pluripotent cells include undifferentiated cells 
that possess the ability to develop into more than one 
differentiated cell types . Such pluripotent and / or totipotent 
cells can be , for example , ES cells or ES - like cells , such as 
an induced pluripotent stem ( iPS ) cells . ES cells include 
embryo - derived totipotent or pluripotent cells that are 
capable of contributing to any tissue of the developing 
embryo upon introduction into an embryo . ES cells can be 
derived from the inner cell mass of a blastocyst and are 
capable of differentiating into cells of any of the three 
vertebrate germ layers ( endoderm , ectoderm , and meso 
derm ) . 
103741 The non - human animal cells employed in the meth 
ods provided herein can also include one - cell stage embryos 
( i . e . , fertilized oocytes or zygotes ) . One - cell stage embryos 
are eukaryotic cells formed by a fertilization event between 
two gametes . Such one - cell stage embryos can be from any 
genetic background ( e . g . , BALB / c , C57BL / 6 , 129 , or a 
combination thereof ) , can be fresh or frozen , and can be 
derived from natural breeding or in vitro fertilization . 
[ 0375 ] Mice and mouse cells employed in the methods 
provided herein can be , for example , from a 129 strain , a 
C57BL / 6 strain , a BALB / c strain , a Swiss Webster strain , a 
mix of 129 and C57BL / 6 , strains , a mix of BALB / c and 
C57BL / 6 strains , a mix of 129 and BALB / c strains , and a 
mix of BALB / c , C57BL / 6 , and 129 strains . For example , a 
mouse or mouse cell employed in the methods provided 
herein can be at least partially from a BALB / c strain ( e . g . , 
at least about 25 % , at least about 50 % , at least about 75 % 
derived from a BALB / c strain , or about 25 % , about 50 % , 
about 75 % , or about 100 % derived from a BALB / c strain ) . 
In one example , the mice or mouse cells can have a strain 
comprising 50 % BALB / c , 25 % C57BL / 6 , and 25 % 129 . 
Alternatively , the mice or mouse cells can comprise a strain 
or strain combination that excludes BALB / c . In such mice , 
the BALB / c background is not required to produce a suffi 
cient repertoire of antigen - binding proteins against a foreign 
antigen of interest . 
[ 0376 ] Examples of 129 strains include 129P1 , 129P2 , 
129P3 , 129X1 , 129S1 ( e . g . , 129S1 / SV , 129S1 / Svim ) , 
129S2 , 12954 , 129S5 , 12959 / SvEvH , 12956 ( 129 / 
SvEv Tac ) , 129S7 , 12958 , 129T1 , and 129T2 . See , e . g . , 
Festing et al . ( 1999 ) Mammalian Genome 10 ( 8 ) : 836 , herein 
incorporated by reference in its entirety for all purposes . 
Examples of C57BL strains include C57BL / A , C57BL / An , 
C57BL / GrFa , C57BL / Kal _ wN , C57BL / 6 , C57BL / 6J , 
C57BL / 6By ) , C57BL / 6NJ , C57BL / 10 , C57BL / 10ScSn , 
C57BL / 10Cr , and C57BL / 01a . Mice and mouse cells 
employed in the methods provided herein can also be from 
a mix of an aforementioned 129 strain and an aforemen 
tioned C57BL / 6 strain ( e . g . , 50 % 129 and 50 % C57BL / 6 ) . 
Likewise , mice and mouse cells employed in the methods 
provided herein can be from a mix of aforementioned 129 
strains or a mix of aforementioned BL / 6 strains ( e . g . , the 
129S6 ( 129 / SvEvTac ) strain ) . A specific example of a mouse 
ES cell is a VGF1 mouse ES cell . VGF1 mouse ES cells 
( also known as F1H4 ) were derived from hybrid embryos 

produced by crossing a female C57BL / 6NTac mouse to a 
male 129S6 / SvEvTac mouse . See , e . g . , Auerbach et al . 
( 2000 ) Biotechniques 29 , 1024 - 1028 , herein incorporated by 
reference in its entirety for all purposes . 
[ 0377 ] Mice and mouse cells employed in the methods 
provided herein can also have any combination of MHC 
haplotypes . The function of MHC molecules is to bind 
foreign peptide fragments and display them on the cell 
surface for recognition by the appropriate T cells . For 
example , the mice and mouse cells can comprise an MHC 
haplotype ( e . g . , C57BL / 6 ) , an MHC haplotype ( e . g . , 
BALB / c ) , or can comprise both MHC and MHCd ( e . g . , a 
combination of C57BL / 6 and BALB / c ) . Such MHC com 
binations can result in increased antibody titer . 
[ 0378 ] Rats or rat cells employed in the methods provided 
herein can be from any rat strain , including , for example , an 
ACI rat strain , a Dark Agouti ( DA ) rat strain , a Wistar rat 
strain , a LEA rat strain , a Sprague Dawley ( SD ) rat strain , or 
a Fischer rat strain such as Fisher F344 or Fisher F6 . Rats or 
rat cells can also be obtained from a strain derived from a 
mix of two or more strains recited above . For example , the 
rat or rat cell can be from a DA strain or an ACI strain . The 
ACI rat strain is characterized as having black agouti , with 
white belly and feet and an RTavl haplotype . Such strains are 
available from a variety of sources including Harlan Labo 
ratories . An example of a rat ES cell line from an ACI rat is 
an ACI . G1 rat ES cell . The Dark Agouti ( DA ) rat strain is 
characterized as having an agouti coat and an RT1avl 
haplotype . Such rats are available from a variety of sources 
including Charles River and Harlan Laboratories . Examples 
of rat ES cell lines from a DA rat are the DA . 2B rat ES cell 
line and the DA . 2C rat ES cell line . In some cases , the rats 
or rat cells are from an inbred rat strain . See , e . g . , US 
2014 / 0235933 A1 , herein incorporated by reference in its 
entirety for all purposes . In other cases , the rats or rat cells 
are from a hybrid rat strain . 
[ 0379 ] Cells that have been implanted into a host embryo 
can be referred to as “ donor cells . " The donor cell can be 
from the same strain as the host embryo or from a different 
strain . Likewise , the surrogate mother can be from the same 
strain as the donor cell and / or the host embryo , or the 
surrogate mother can be from a different strain as the donor 
cell and / or the host embryo . 
[ 0380 ] A variety of host embryos can be employed in the 
methods and compositions disclosed herein . For example , a 
donor cell ( e . g . , donor ES cell ) can be introduced into a 
pre - morula stage embryo ( e . g . , an 8 - cell stage embryo ) from 
a corresponding organism . See , e . g . , U . S . Pat . No . 7 , 576 , 
259 ; U . S . Pat . No . 7 , 659 , 442 ; U . S . Pat . No . 7 , 294 , 754 ; and 
US 2008 / 0078000 , each of which is herein incorporated by 
reference in its entirety for all purposes . In other methods , 
the donor cells may be implanted into a host embryo at the 
2 - cell stage , 4 - cell stage , 8 - cell stage , 16 - cell stage , 32 - cell 
stage , or 64 - cell stage . The host embryo can also be a 
blastocyst or can be a pre - blastocyst embryo , a pre - morula 
stage embryo , a morula stage embryo , an uncompacted 
morula stage embryo , or a compacted morula stage embryo . 
When employing a mouse embryo , the host embryo stage 
can be a Theiler Stage 1 ( TS1 ) , a TS2 , a TS3 , a TS4 , a TS5 , 
and a TS6 , with reference to the Theiler stages described in 
Theiler ( 1989 ) “ The House Mouse : Atlas of Mouse Devel 
opment , ” Springer - Verlag , New York , herein incorporated 
by reference in its entirety for all purposes . For example , the 
Theiler Stage can be selected from TS1 , TS2 , TS3 , and TS4 . 
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In some methods , the host embryo comprises a zona pellu 
cida , and the donor cell is an ES cell that is introduced into 
the host embryo through a hole in the zona pellucida . In 
other methods , the host embryo is a zona - less embryo . In yet 
other methods , the morula - stage host embryo is aggregated . 
[ 0381 ] B . Non - Human Animals for Generating Antigen 
Binding Proteins 
[ 0382 ] The non - human animal used in the methods pro 
vided herein can be any non - human animal capable of 
producing antigen - binding proteins , such as a mammal , a 
rodent , a rat , or a mouse . For example , a non - human animal 
( e . g . , rodent , such as a rat or mouse ) genetically modified to 
optimize antibody production can be used . Such non - human 
animals may be non - human animals engineered to facilitate 
the large scale production of antibodies that could be used as 
human therapeutics , including non - human animals that com 
prise a humanized immunoglobulin locus . For example , the 
non - human animal ( e . g . , rodent , such as a rat or mouse ) can 
comprise one or more of the following modifications in its 
germline : the non - human animal ( e . g . , rodent , such as a rat 
or mouse ) heavy chain variable region locus is replaced , in 
whole or in part , with a human heavy chain variable gene 
locus ; the non - human animal ( e . g . , rodent , such as a rat or 
mouse ) kappa light chain variable region locus is replaced , 
in whole or in part , with a human kappa light chain variable 
region locus ; the non - human animal ( e . g . , rodent , such as a 
rat or mouse ) lambda light chain variable region locus is 
replaced , in whole or in part , with a human lambda light 
chain variable region locus ; and the heavy and light chain 
variable region gene loci are replaced , in whole , with their 
human homologs or orthologs . The non - human animal ( e . g . , 
rodent , such as a rat or mouse ) can also comprise one or 
more of the following modifications in its germline : entirely 
human heavy and light chain variable region loci operably 
linked to a non - human animal ( e . g . , rodent , such as a rat or 
mouse ) constant region nucleic acid sequence such that the 
non - human animal ( e . g . , rodent , such as a rat or mouse ) 
produces a B cell or an antibody comprising a human 
variable domain fused to a non - human animal ( e . g . , rodent , 
such as a rat or mouse ) constant domain ; or a human heavy 
and / or light chain variable region operably linked to a 
non - human animal ( e . g . , rodent , such as a rat or mouse ) 
constant region nucleic acid sequence such that the non 
human animal ( e . g . , rodent , such as a rat or mouse ) produces 
a B cell or an antibody comprising a human variable domain 
fused to a non - human animal ( e . g . , rodent , such as a rat or 
mouse ) constant region . As an example , VELOCIM 
MUNE® mice can be used . See , e . g . , U . S . Pat . No . 6 , 596 , 
541 , U . S . Pat . No . 8 , 791 , 323 , U . S . Pat . No . 8 , 895 , 802 , U . S . 
Pat . No . 8 , 895 , 801 , U . S . Pat . No . 7 , 105 , 348 , US 2002 / 
0106629 , US 2007 / 0061900 , US 2011 / 0258710 , US 2011 / 
0283376 , US 2013 / 0210137 , US 2014 / 0017781 , US 2014 / 
0020124 , US 2014 / 0020125 , US 2014 / 0017782 , US 2014 / 
0018522 , US 2014 / 0033337 , US 2014 / 0033336 , US 2014 / 
0041068 , US 2014 / 0073010 , US 2014 / 0023637 , US 2014 / 
0017238 , US 2014 / 0013457 , US 2014 / 0017229 , US 2002 / 
0183275 , U . S . Pat . No . 8 , 502 , 018 , US 2012 / 0322108 , US 
2013 / 0254911 , US 2014 / 0213773 , US 2015 / 0201589 , US 
2015 / 0210776 , US 2014 / 0017228 , U . S . Pat . No . 8 , 642 , 835 , 
U . S . Pat . No . 8 , 697 , 940 , and Murphy et al . ( 2014 ) Proc . 
Natl . Acad . Sci . U . S . A . 111 ( 14 ) : 5153 - 5158 , each of which is 
herein incorporated by reference in its entirety for all pur 
poses . VELOCIMMUNE® mice contain a precise , large 
scale replacement of germline variable regions that encode 

mouse immunoglobulin heavy chain ( IgH ) and immuno 
globulin light chain ( e . g . , K light chain , Igk ) with corre 
sponding human immunoglobulin variable regions , at the 
endogenous loci . This precise replacement results in a 
mouse with hybrid immunoglobulin loci that make heavy 
and light chains that have human variable regions and a 
mouse constant region . The precise replacement of mouse 
Vy - D - Jy and VK - JK segments leaves flanking mouse 
sequences intact and functional at the hybrid immunoglobu 
lin loci . The humoral immune system of the mouse functions 
like that of a wild type mouse . B cell development is 
unhindered in any significant respect and a rich diversity of 
human variable regions is generated in the mouse upon 
antigen challenge . 
[ 0383 ] The non - human animals ( e . g . , rodents , such as rats 
or mice ) described above ( e . g . , VELOCIMMUNE® mice ) 
can also comprise in their germline a functional ectopic 
nucleic acid sequence that encodes a non - human animal 
( e . g . , rodent , such as a rat or mouse ) ADAM6 gene or 
homolog or ortholog or functional fragment thereof . For 
example , such a non - human animal ( e . g . , rodent , such as a 
rat or mouse ) can lack a functional endogenous ADAM6 
gene and comprise the functional ectopic nucleic acid 
sequence to complement the loss of non - human animal ( e . g . , 
rodent , such as a rat or mouse ) ADAM6 function . For 
example , the functional ectopic sequence can comprise one 
or more Adamá genes , such as a mouse Adamba gene , a 
mouse Adamáb gene , or both Adamba and Adamób genes . 
The ectopic nucleic acid sequence can be present at the 
human heavy chain variable region locus or elsewhere . See , 
e . g . , US 2012 / 0322108 ; US 2013 / 0254911 ; US 2014 / 
0213773 ; US 2015 / 0201589 ; US 2015 / 0210776 ; US 2014 / 
0017228 ; and US 2013 / 0198879 , each of which is herein 
incorporated by reference in its entirety for all purposes . 
[ 0384 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include non - human animals 
( e . g . , rodents , such as rats or mice ) genetically modified to 
express a limited repertoire of human light chain variable 
domains , or a single human light chain variable domain , 
from a limited repertoire of human light chain variable 
region gene segments . Such non - human animals generate 
“ universal light chains ” or “ common light chains ” and can 
be useful in making bispecific antibodies . See , e . g . , US 
2011 / 0195454 ; US 2012 / 0021409 ; US 2012 / 0192300 ; US 
2015 / 0059009 ; US 2013 / 0045492 ; US 2013 / 0198880 ; US 
2013 / 0185821 ; US 2013 / 0302836 ; US 2013 / 0247234 ; US 
2014 / 0329711 ; and US 2013 / 0198879 , each of which is 
herein incorporated by reference in its entirety for all pur 
poses . For example , the non - human animal ( e . g . , rodent , 
such as a rat or mouse ) can be genetically engineered to 
include a single unrearranged human light chain variable 
region gene segment ( or two human light chain variable 
region gene segments ) that rearranges to form a rearranged 
human light chain variable region gene ( or two rearranged 
light chain variable region genes ) that express a single light 
chain ( or that express either or both of two light chains ) . The 
rearranged human light chain variable domains are capable 
of pairing with a plurality of affinity - matured human heavy 
chains selected by the non - human animals ( e . g . , rodents , 
such as rats or mice ) , wherein the heavy chain variable 
regions specifically bind different epitopes . 
[ 0385 ] To achieve a limited repertoire of light chain 
options , the non - human animal ( e . g . , rodent , such as a rat or 
mouse ) can be engineered to render nonfunctional or sub 

m 
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stantially nonfunctional its ability to make , or rearrange , a 
native non - human animal ( e . g . , rodent , such as a rat or 
mouse ) light chain variable domain . This can be achieved , 
for example , by deleting the non - human animal ' s ( e . g . , 
rodent , such as a rat or mouse ) light chain variable region 
gene segments . The endogenous non - human animal ( e . g . , 
rodent , such as a rat or mouse ) locus can then be modified 
by an exogenous suitable human light chain variable region 
gene segment of choice , operably linked to a non - human 
animal ( e . g . , rodent , such as a rat or mouse ) light chain 
constant region , in a manner such that the exogenous human 
variable region gene segments can rearrange and recombine 
with the endogenous non - human animal ( e . g . , rodent , such 
as a rat or mouse ) light chain constant region gene and form 
a rearranged reverse chimeric light chain gene ( human 
variable , non - human animal ( e . g . , rodent , such as a rat or 
mouse ) constant ) . 
[ 0386 ] The non - human animals ( e . g . , rodents , such as rats 
or mice ) described above ( e . g . , " universal light chain ” or 
“ common light chain ” ) can also comprise in their germline 
a functional ectopic nucleic acid sequence that encodes a 
non - human animal ( e . g . , rodent , such as a rat or mouse ) 
ADAM6 gene or homolog or ortholog or functional frag 
ment thereof . Similarly , any of the other non - human animals 
( e . g . , rodents , such as rats or mice ) described herein can also 
comprise in their germline a functional ectopic nucleic acid 
sequence that encodes a non - human animal ( e . g . , rodent , 
such as a rat or mouse ) ADAM6 gene or homolog or 
ortholog or functional fragment thereof . For example , such 
a non - human animal ( e . g . , rodent , such as a rat or mouse ) 
can lack a functional endogenous ADAM6 gene and com 
prise the functional ectopic nucleic acid sequence to comple 
ment the loss of non - human animal ( e . g . , rodent , such as a 
rat or mouse ) ADAM6 function . The ectopic nucleic acid 
sequence can be present at the human heavy chain variable 
region locus or elsewhere . See , e . g . , US 2012 / 0322108 ; US 
2013 / 0254911 ; US 2014 / 0213773 ; US 2015 / 0201589 ; US 
2015 / 0210776 ; US 2014 / 0017228 ; and US 2013 / 0198879 , 
each of which is herein incorporated by reference in its 
entirety for all purposes . 
[ 0387 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
comprising in its germline an unrearranged light chain V 
segment and an unrearranged J segment operably linked to 
a heavy chain constant region nucleic acid sequence . See , 
e . g . , US 2012 / 0096572 , US 2014 / 0130194 , and US 2014 / 
0130193 , each of which is herein incorporated by reference 
in its entirety for all purposes . One example of such a 
non - human animal is a non - human animal whose germline 
genome comprises a modified endogenous immunoglobulin 
heavy chain locus comprising a replacement of all functional 
endogenous non - human animal immunoglobulin heavy 
chain variable ( VH ) gene segments , all functional endog 
enous non - human animal immunoglobulin heavy chain 
diversity ( D ) gene segments , and all functional endogenous 
non - human animal immunoglobulin heavy chain joining 
( J ) gene segments at the endogenous non - human animal 
immunoglobulin heavy chain locus with a nucleotide 
sequence that comprises a plurality of unrearranged human 
immunoglobulin light chain variable ( VK ) gene segments 
and a plurality of unrearranged human immunoglobulin light 
chain joining ( JK ) gene segments and is operably linked to 
an endogenous non - human animal immunoglobulin heavy 
chain constant ( Ch ) region , wherein the plurality of unre 

arranged human immunoglobulin light chain V gene seg 
ments and the plurality of unrearranged human immuno 
globulin light chain I gene segments participate in 
rearrangement in a B cell during B cell development to form 
a rearranged human immunoglobulin light chain VK / JK gene 
sequence operably linked to the endogenous non - human 
animal immunoglobulin heavy chain Ch region at the modi 
fied endogenous heavy chain locus . Another example of 
such a non - human animal is a non - human animal compris 
ing in its germline a first unrearranged human kappa light 
chain variable ( VK ) gene segment and an unrearranged 
human kappa light chain joining ( JK ) gene segment operably 
linked to the endogenous non - human animal heavy chain 
constant region at the endogenous non - human animal heavy 
chain locus , wherein the first unrearranged human VK gene 
segment and the unrearranged human JK gene segment 
replace all functional endogenous non - human animal heavy 
chain variable ( V ) gene segments , all functional endog 
enous non - human animal diversity ( D ) gene segments and 
all functional endogenous non - human animal heavy chain 
joining ( JH ) gene segments , wherein the first unrearranged 
human V . gene segment and unrearranged human Jk gene 
segment participate in rearrangement to form a rearranged 
VRIJK sequence operably linked to the endogenous non 
human animal heavy chain constant region in the non 
human animal , and wherein the non - human animal further 
comprises in its germline a second human light chain 
variable ( V ) gene segment and a human light chain joining 
( JL ) gene segment operably linked to a non - human animal 
light chain constant gene . Yet another example of such as 
non - human animal is a non - human animal whose genome 
comprises : ( a ) an endogenous immunoglobulin heavy chain 
locus modified to comprise a replacement of all functional 
endogenous non - human animal immunoglobulin heavy 
chain variable ( V ) gene segments , all functional endog 
enous non - human animal immunoglobulin heavy chain 
diversity ( D ) gene segments , and all functional endogenous 
non - human animal immunoglobulin heavy chain joining 
( J ) gene segments at the endogenous non - human animal 
immunoglobulin heavy chain locus with a first plurality of 
unrearranged human light chain variable ( VK ) gene seg 
ments and a first plurality of unrearranged human light chain 
joining ( JK ) gene segments , wherein the first pluralities of 
unrearranged human immunoglobulin light chain Vk and JK 
gene segments are operably linked to the endogenous heavy 
chain constant ( Cy ) region nucleic acid sequence at the 
endogenous immunoglobulin heavy chain locus and partici 
pate in rearrangement in a B cell during B cell development 
to form a first rearranged human light chain VK / Jk gene 
sequence operably linked to the endogenous non - human 
animal Ch region nucleic acid sequence ; and ( b ) a modified 
immunoglobulin light chain locus comprising a second 
plurality of unrearranged human light chain variable ( VK ) 
gene segments and a second plurality of unrearranged 
human light chain joining ( JK ) gene segments operably 
linked to an endogenous non - human animal light chain 
constant ( CK ) region nucleic acid sequence at an endog 
enous non - human animal light chain locus , wherein the 
second pluralities of unrearranged human immunoglobulin 
light chain Vk and JK gene segments replace all functional 
endogenous non - human animal light chain variable ( VK ) 
gene segments and all functional endogenous non - human 
animal light chain joining ( JK ) gene segments at the endog 
enous chain locus and participate in rearrangement in a B 
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cell during B cell development to form a second rearranged 
human immunoglobulin light chain VK / JK region gene 
sequence operably linked to the endogenous non - human 
animal Ck region nucleic acid sequence . 
[ 0388 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
comprising in its germline genome an immunoglobulin 
heavy chain locus that comprises a rearranged human immu 
noglobulin heavy chain variable region nucleotide sequence 
operably linked to an endogenous non - human animal immu 
noglobulin constant region gene sequence . See , e . g . , US 
2015 / 0020224 , US 2014 / 0245468 , US 2016 / 0100561 , U . S . 
Pat . No . 9 , 204 , 624 , and U . S . Ser . No . 14 / 961 , 642 , each of 
which is herein incorporated by reference in its entirety for 
all purposes . One example of such a non - human animal is a 
non - human animal comprising in its germline genome at an 
endogenous immunoglobulin heavy chain locus a rear 
ranged human immunoglobulin heavy chain variable region 
nucleotide sequence operably linked to an endogenous 
heavy chain constant region gene sequence , wherein the 
rearranged heavy chain variable region nucleotide sequence 
encodes the sequence of V53 - 23 / X X / Jh , wherein X? is 
any amino acid , and X , is any amino acid . Another example 
of such a non - human animal is a non - human animal com 
prising in its germline genome a genetically modified endog 
enous immunoglobulin heavy chain locus that comprises a 
rearranged human immunoglobulin heavy chain variable 
region nucleotide sequence operably linked to an endog 
enous non - human immunoglobulin constant region gene 
sequence , wherein the non - human animal exhibits a humoral 
immune system substantially similar to wild type non 
human animals with respect to B cell populations . Yet 
another example of such a non - human animal is a non 
human animal comprising a genetically modified endog 
enous immunoglobulin heavy chain locus that comprises a 
rearranged human immunoglobulin heavy chain variable 
region nucleotide sequence comprising a heavy chain V 
segment ( V ) sequence that is operably linked , via a spacer , 
to a heavy chain J segment ( JH ) sequence , wherein the 
spacer comprises encodes at least two amino acid residues , 
wherein the rearranged human immunoglobulin heavy chain 
variable region nucleotide sequence is operably to an endog 
enous non - human animal immunoglobulin constant region 
gene sequence . In one example , the Vh segment is V3 - 23 . 
[ 0389 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
whose germline genome comprises : a restricted immuno 
globulin heavy chain locus characterized by the presence of 
a single human unrearranged Vy gene segment , one or more 
human unrearranged Du gene segments , and one or more 
human unrearranged Ju gene segments operably linked to a 
non - human immunoglobulin heavy chain constant region 
nucleic acid sequence , wherein the non - human animal fur 
ther comprises a B cell comprising a rearranged human 
heavy chain variable region gene sequence derived from the 
restricted immunoglobulin heavy chain locus . See , e . g . , US 
2013 / 0323791 and US 2013 / 0096287 , each of which is 
herein incorporated by reference in its entirety for all pur 
poses . In some such non - human animals , the single unrear 
ranged human Vu gene segment is V21 - 69 . In some such 
non - human animals , the single unrearranged human Vh 
gene segment is V , 1 - 2 . Other non - human animals that can 
be used include a non - human animal whose endogenous 
immunoglobulin heavy chain locus is restricted in that it 

comprises a single human Vy gene segment , one or more 
human Dh gene segments , and one or more human Jh gene 
segments and which does not comprise a functional endog 
enous immunoglobulin heavy chain variable region locus ; 
the non - human animal further comprising one or more 
human immunoglobulin V , gene segments operably linked 
to one or more human J? gene segments , wherein the single 
human Vh gene segment , one or more human Du gene 
segments , and one or more Jy gene segments are operably 
linked to a non - human immunoglobulin heavy chain con 
stant region gene , wherein the single human V , gene seg 
ment is V , 1 - 69 or a polymorphic variant thereof . 
[ 0390 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
comprising in its germline genome a genetically modified 
immunoglobulin heavy chain locus comprising an unrear 
ranged human immunoglobulin heavy chain variable region 
nucleotide sequence , wherein the unrearranged heavy chain 
variable region nucleotide sequence comprises an addition 
of at least one histidine codon or a substitution of at least one 
non - histidine codon with a histidine codon , wherein the 
histidine codon is not encoded by a corresponding human 
germline heavy chain variable region gene segment ; and 
wherein the added or substituted histidine codon is present 
in a complementary determining region 3 ( CDR3 ) encoding 
sequence . See , e . g . , US 2013 / 0247235 , U . S . Pat . No . 9 , 301 , 
510 , and U . S . Ser . No . 14 / 046 , 501 , each of which is herein 
incorporated by reference in its entirety for all purposes . 
[ 0391 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
comprising a germline genetic modification that comprises a 
deletion of at least part of a nucleotide sequence encoding a 
Cyl domain of an endogenous IgG constant region gene ; 
wherein the non - human animal expresses an IgM constant 
region gene that comprises a functional Cyl domain and the 
non - human animal expresses in its serum an IgG antibody 
that lacks a Cyl domain , in whole or in part , and that lacks 
a cognate light chain . See , e . g . , US 2011 / 0145937 , US 
2014 / 0289876 , US 2015 / 0197553 , US 2015 / 0197554 , US 
2015 / 0197555 , US 2015 / 0196015 , US 2015 / 0197556 , US 
2015 / 0197557 , and U . S . Pat . No . 8 , 754 , 287 , each of which 
is herein incorporated by reference in its entirety for all 
purposes . An example of such a non - human animal is a 
non - human animal comprising a germline modification , 
which modification comprises : ( a ) a deletion of a nucleotide 
sequence encoding a Cyl domain of an endogenous IgG 
constant region gene ; and ( b ) an inclusion of one or more 
human heavy chain variable region gene segments , wherein 
the one or more human heavy chain variable region gene 
segments is operably linked to the endogenous IgG constant 
region of ( a ) ; wherein the non - human animal comprises an 
intact IgM constant region gene and the non - human animal 
expresses an IgG heavy chain antibody comprising a human 
variable domain , lacking a Cyl domain , in whole or in part , 
and lacking a cognate light chain and secretes said IgG 
heavy chain antibody into its serum . See , e . g . , US 2011 / 
0145937 . Another example of such a non - human animal is 
a non - human animal comprising a germline modification , 
which modification comprises : ( a ) a deletion of a nucleic 
acid sequence encoding a Chl domain and a hinge region of 
an endogenous IgG constant region gene ; and ( b ) an inclu 
sion of one or more human heavy chain variable region gene 
segments , wherein the one or more human heavy chain 
variable region gene segments is operably linked to the 
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endogenous IgG constant region of ( a ) ; wherein the non 
human animal comprises an intact IgM constant region 
gene . See , e . g . , US 2015 / 0197553 . Yet another example of 
such a non - human animal is a non - human animal compris 
ing a germline modification , which modification comprises : 
( a ) a deletion of a nucleic acid sequence encoding a Chl 
domain of an endogenous IgG constant region gene ; ( b ) a 
deletion of an endogenous IgG2a constant region gene ; ( c ) 
a deletion of an endogenous IgG2b constant region gene ; 
and ( d ) an inclusion of one or more human heavy chain 
variable region gene segments , wherein the one or more 
human heavy chain variable region gene segments is oper 
ably linked to the endogenous IgG constant region of ( a ) ; 
wherein the non - human animal comprises an intact IgM 
constant region gene . See , e . g . , US 2015 / 0197554 . Yet 
another example of such a non - human animal is a non 
human animal comprising a germline modification , which 
modification comprises : ( a ) a deletion of a nucleic acid 
sequence encoding a Chl domain and a hinge region of an 
endogenous IgG constant region gene ; ( b ) a deletion of an 
endogenous IgG2a constant region gene ; ( c ) a deletion of an 
endogenous IgG2b constant region gene ; and ( d ) an inclu 
sion of one or more human heavy chain variable region gene 
segments , wherein the one or more human heavy chain 
variable region gene segments is operably linked to the 
endogenous IgG constant region of ( a ) ; wherein the non 
human animal comprises an intact IgM constant region 
gene . See , e . g . , US 2015 / 0197555 . Yet another example of 
such a non - human animal is a non - human animal compris 
ing a germline modification , which modification comprises : 
( a ) a deletion of a nucleic acid sequence encoding a Chl 
domain of an endogenous IgGl constant region gene ; ( b ) a 
deletion of an endogenous IgD constant region gene ; ( c ) a 
deletion of an endogenous IgG3 constant region gene ; ( d ) a 
deletion of an endogenous IgG2a constant region gene ; ( e ) 
a deletion of an endogenous IgG2b constant region gene ; ( f ) 
a deletion of an endogenous IgE constant region gene ; ( g ) a 
deletion of an endogenous IgA constant region gene ; and ( h ) 
an inclusion of one or more human heavy chain variable 
region gene segments , wherein the one or more human 
heavy chain variable region gene segments is operably 
linked to the endogenous IgG1 constant region of ( a ) ; 
wherein the non - human animal comprises an intact IgM 
constant region gene . See , e . g . , US 2015 / 0196015 . Yet 
another example of such a non - human animal is a non 
human animal comprising a germline modification , which 
modification comprises : ( a ) a deletion of a nucleic acid 
sequence encoding a Cyl domain of an endogenous IgG1 
constant region gene ; ( b ) a deletion of a nucleic acid 
sequence encoding a Chl domain of an endogenous IgG2a 
constant region gene ; ( c ) a deletion of an endogenous IgD 
constant region gene ; ( d ) a deletion of an endogenous IgG3 
constant region gene ; ( e ) a deletion of an endogenous IgG2b 
constant region gene ; ( f ) a deletion of an endogenous IgE 
constant region gene ; ( g ) a deletion of an endogenous IgA 
constant region gene ; and ( h ) an inclusion of one or more 
human heavy chain variable region gene segments , wherein 
the one or more human heavy chain variable region gene 
segments is operably linked to the endogenous IgGl con 
stant region of ( a ) ; wherein the non - human animal com 
prises an intact IgM constant region gene . See , e . g . US 
2015 / 0197556 . Yet another example of such a non - human 
animal is a non - human animal comprising a germline modi 
fication , which modification comprises : ( a ) a deletion of a 

nucleic acid sequence encoding a Cyl domain and a hinge 
region of an endogenous IgG1 constant region gene ; ( b ) a 
deletion of an endogenous IgD constant region gene ; ( c ) a 
deletion of an endogenous IgG3 constant region gene ; ( d ) a 
deletion of an endogenous IgG2a constant region gene ; ( e ) 
a deletion of an endogenous IgG2b constant region gene ; ( f ) 
a deletion of an endogenous IgE constant region gene ; ( g ) a 
deletion of an endogenous IgA constant region gene ; and ( h ) 
an inclusion of one or more human heavy chain variable 
region gene segments , wherein the one or more human 
heavy chain variable region gene segments is operably 
linked to the endogenous IgG1 constant region of ( a ) ; 
wherein the non - human animal comprises an intact IgM 
constant region gene . See , e . g . , US 2015 / 0197557 . 
[ 0392 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
comprising a à light chain variable region sequence ( V2 ) 
and at least one J sequence ( J ) , contiguous with a non - human 
animal k light chain constant region sequence . See , e . g . , US 
2012 / 0073004 , US 2014 / 0137275 , US 2015 / 0246976 , US 
2015 / 0246977 , US 2015 / 0351371 , U . S . Pat . No . 9 , 035 , 128 , 
U . S . Pat . No . 9 , 066 , 502 , U . S . Pat . No . 9 , 163 , 092 , and U . S . 
Pat . No . 9 , 150 , 662 , each of which is herein incorporated by 
reference in its entirety for all purposes . One example of 
such a non - human animal is a non - human animal compris 
ing : ( a ) at least 12 to at least 40 unrearranged human a light 
chain variable region gene segments and at least one human 
JN gene segment at an endogenous non - human animal light 
chain locus ; ( b ) a human VK - JK intergenic sequence located 
between the at least 12 to at least 40 human light chain 
variable region gene segments and the at least one human 
Jasequence ; wherein the non - human animal expresses an 
antibody that comprises a light chain comprising a human 
Vadomain and a non - human animal CK domain . Yet another 
example of such a non - human animal is a non - human animal 
comprising at an endogenous k light chain locus in its 
germline : ( a ) an unrearranged light chain variable region 
comprising a plurality of contiguous unrearranged func 
tional human î light chain V ( hV2 ) gene segments and a 
plurality of contiguous unrearranged functional human à 
light chain J ( hJ2 ) gene segments , wherein the plurality of 
hva gene segments and the plurality of hd , gene segments 
are the only functional variable region gene segments in the 
unrearranged light chain variable region ; and ( b ) a non 
human animal K light chain constant region gene , wherein 
the plurality of contiguous unrearranged human ^ light chain 
V ( hV ) gene segments and the plurality of contiguous 
unrearranged human à light chain J ( hja ) gene segments are 
operably linked to the non - human animal k light chain 
constant region gene such that the unrearranged light chain 
variable region is capable of rearranging to form a rear 
ranged human a light chain variable region and the non 
human animal expresses antibodies comprising a light chain 
comprising a variable region encoded by the rearranged 
human a light chain variable region and a constant region 
encoded by the non - human animal K light chain constant 
region gene . Yet another example of such a non - human 
animal is a non - human animal comprising at an endogenous 
K light chain locus in its germline : ( a ) an unrearranged light 
chain variable region comprising : ( i ) at least 12 contiguous 
unrearranged functional human à light chain variable region 
( hV ) gene segments and a plurality of contiguous unrear 
ranged functional human à light chain J ( hja ) gene seg 
ments , wherein the at least 12 functional hva gene segments 
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and the plurality of functional hJ2 gene segments are the 
only functional variable region gene segments in the unre 
arranged light chain variable region ; and ( ii ) a human VK - JK 
intergenic sequence located between the contiguous hva 
gene segments and the plurality of contiguous hjà gene 
segments ; and ( b ) a non - human animal k light chain con 
stant region gene ; wherein the at least 12 contiguous unre 
arranged functional human à light chain V ( hV2 ) gene 
segments and the plurality of contiguous unrearranged func 
tional human à light chain J ( hJ2 ) gene segments are 
operably linked to the non - human animal K light chain 
constant region gene such that the unrearranged light chain 
variable region is capable of rearranging to form a rear 
ranged human a light chain variable region and the non 
human animal expresses antibodies comprising a light chain 
comprising a variable region encoded by the rearranged 
human à light chain variable region and a constant region 
encoded by the non - human animal k light chain constant 
region gene . Yet another example of such a non - human 
animal is a non - human animal comprising in its germline : 
( a ) an unrearranged light chain variable region comprising a 
plurality of contiguous unrearranged functional humana 
light chain V ( hva ) gene segments and a plurality of 
contiguous unrearranged functional human à light chain J 
( hJ2 ) gene segments , wherein the plurality of hVagene 
segments and the plurality of hJa gene segments are the only 
functional variable region gene segments in the unrear 
ranged light chain variable region ; and ( b ) a non - human 
animal K light chain constant region gene , wherein the 
plurality of contiguous unrearranged functional hva gene 
segments and the plurality of contiguous unrearranged func 
tional ha gene segments are operably linked to the non 
human animal k light chain constant region gene such that 
the unrearranged light chain variable region is capable of 
rearranging to form a rearranged human a light chain 
variable region and the non - human animal expresses anti 
bodies comprising a light chain comprising a variable 
domain encoded by the rearranged human à light chain 
variable region and a constant domain encoded by the 
non - human animal K light chain constant region gene . Yet 
another example of such a non - human animal is a non 
human animal comprising in its germline : ( a ) an unrear 
ranged light chain variable region comprising : ( i ) at least 12 
contiguous unrearranged functional human î light chain V 
( hva ) gene segments and a plurality of contiguous unrear 
ranged functional human à light chain J ( ha ) gene seg 
ments , wherein the at least 12 functional hva gene segments 
and the plurality of functional ha gene segments are the 
only functional variable region gene segments in the unre 
arranged light chain variable region ; and ( ii ) a human VK - JK 
intergenic sequence located between the contiguous hva 
gene segments and the plurality of contiguous ha gene 
segments ; and ( b ) a non - human animal k light chain con 
stant region gene ; wherein the at least 12 contiguous unre 
arranged functional hva gene segments and the plurality of 
contiguous unrearranged functional hd gene segments are 
operably linked to the non - human animal k light chain 
constant region gene such that the unrearranged light chain 
variable region is capable of rearranging to form a rear 
ranged human À light chain variable region and the non 
human animal expresses antibodies comprising a light chain 
comprising a variable domain encoded by the rearranged 
human a light chain variable region and a constant domain 
encoded by the non - human animal k light chain constant 

region gene . Yet another example of such a non - human 
animal is a non - human animal whose genome comprises an 
immunoglobulin locus comprising human Va and Ja gene 
segments operably linked to a non - human animal CK gene 
such that the non - human animal expresses an immunoglobu 
lin light chain that comprises a human à variable domain 
sequence fused with a non - human animal K constant 
domain . See , e . g . , U . S . Pat . No . 9 , 226 , 484 . 
[ 0393 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
comprising in its germline , at an endogenous non - human 
animal light chain locus , a human à light chain variable 
region sequence , wherein the human lambda variable region 
sequence is expressed in a light chain that comprises a 
non - human animal immunoglobulin constant region gene 
sequence . See , e . g . , US 2013 / 0323790 , US 2013 / 0326647 , 
US 2015 / 0089680 , US 2015 / 0173331 , US 2015 / 0176002 , 
US 2015 / 0173332 , US 2012 / 0070861 . US 2015 / 0320023 . 
US 2016 / 0060359 , US 2016 / 0057979 , U . S . Pat . No . 9 , 029 , 
628 , U . S . Pat . No . 9 , 006 , 511 , U . S . Pat . No . 9 , 012 , 717 , U . S . 
Pat . No . 9 , 206 , 261 , U . S . Pat . No . 9 , 206 , 262 , U . S . Pat . No . 
9 , 206 , 263 , and U . S . Pat . No . 9 , 226 , 484 , each of which is 
herein incorporated by reference in its entirety for all pur 
poses . An example of such a non - human animal is a non 
human animal that expresses an immunoglobulin light chain 
that comprises a human lambda variable sequence fused 
with a non - human animal constant region , wherein the 
non - human animal exhibits a k usage to à usage ratio of 
about 1 : 1 . See , e . g . , U . S . Pat . No . 9 , 029 , 628 . Yet another 
example of such a non - human animal is a non - human animal 
whose genome comprises an endogenous unrearranged K 
light chain immunoglobulin locus comprising a replacement 
of endogenous VK and JK gene segments with human Và 
and J2 gene segments , and wherein the human Va and Ja 
gene segments are operably linked to a non - human animal 
CK gene such that the non - human animal expresses an 
immunoglobulin light chain that comprises a humana 
variable sequence fused with a non - human animal K con 
stant region . See , e . g . , U . S . Pat . No . 9 , 006 , 511 . Yet another 
example of such a non - human animal is a non - human animal 
whose genome comprises an endogenous à light chain 
immunoglobulin locus comprising : ( i ) a deletion of a first 
endogenous V2 - J2 - C2 gene cluster ; and ( ii ) a replacement 
a fragment of endogenous V2 and Ja gene segments in a 
second endogenous V2 - J - C gene cluster with human V 
and Jìgene segments , wherein the human Và and Jì gene 
segments comprise at least one human Vagene segment and 
at least one human Ja gene segment , and wherein the human 
Và and Jì gene segments are operably linked to a non 
human animal Cà gene . See , e . g . , U . S . Pat . No . 9 , 012 , 717 . 
[ 0394 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
having a genome comprising a modification of an immuno 
globulin heavy chain locus , wherein the modification 
reduces or eliminates endogenous ADAM6 function , and the 
non - human animal further comprises a nucleic acid 
sequence encoding a non - human animal ADAM6 protein or 
an ortholog or homolog thereof or a functional fragment of 
the corresponding ADAM6 protein . See , e . g . , US 2012 / 
0322108 , US 2013 / 0254911 , US 2014 / 0213773 , US 2015 / 
0201589 , US 2015 / 0210776 , US 2014 / 0017228 , U . S . Pat . 
No . 8 , 642 , 835 , and U . S . Pat . No . 8 , 697 , 940 , each of which 
is herein incorporated by reference in its entirety for all 
purposes . An example of such a non - human animal is a 
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non - human animal whose genome comprises : ( a ) ectopic 
placement of an ADAM6 gene ; and ( b ) a human immuno 
globulin heavy chain variable region locus comprising an 
insertion of one or more human Vh gene segments , one or 
more human Dy gene segments , and one or more human Jy 
gene segments into the endogenous non - human animal 
heavy chain locus , wherein the human V . , Dh and Jh gene 
segments are operably linked to a heavy chain constant 
region gene ; so that the non - human animal is characterized 
in that : ( i ) it is fertile ; and ( ii ) when it is immunized with an 
antigen , it generates antibodies comprising heavy chain 
variable domains encoded by the one or more human Vy , 
one or more human Dy , and one or more human Jy gene 
segments , operably linked to heavy chain constant domains 
encoded by the heavy chain constant region gene , wherein 
the antibodies show specific binding to the antigen . See , e . g . , 
U . S . Pat . No . 8 , 642 , 835 . 
[ 0395 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
comprising : ( a ) an insertion of one or more human Và and 
Ja gene segments upstream of an non - human immunoglobu - 
lin light chain constant region , ( b ) an insertion of one or 
more human Vy , one or more human Dy and one or more 
human Ju gene segments upstream of an non - human immu 
noglobulin heavy chain constant region , and ( c ) a nucleotide 
sequence that encodes an ADAM6 protein or a functional 
fragment thereof , wherein the ADAM6 protein is expressed 
from an ectopic ADAM6 nucleic acid sequence . See , e . g . , 
US 2013 / 0160153 and US 2014 / 0017228 , each of which is 
herein incorporated by reference in its entirety for all pur 
poses . An example of such a non - human animal is a non 
human animal whose genome comprises : ( a ) an insertion of 
one or more human V2 gene segments and one or more 
human Ja gene segments upstream of a non - human animal 
immunoglobulin light chain constant region gene , ( b ) an 
insertion of one or more human Vh gene segments , one or 
more human Du gene segments , and one or more human Jy 
gene segments upstream of a non - human animal immuno 
globulin heavy chain constant region gene , and ( c ) a an 
ectopic nucleotide sequence that encodes a non - human 
animal ADAM6 protein , wherein the non - human animal 
ADAM6 protein is expressed from an the ectopic nucleotide 
sequence . See , e . g . , US 2013 / 0160153 . 
[ 0396 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
comprising in its germline an immunoglobulin locus that 
comprises an unrearranged immunoglobulin variable gene 
sequence comprising in a CDR3 encoding sequence a sub 
stitution of at least one non - histidine codon with a histidine 
codon or an insertion of at least one histidine codon , wherein 
the non - human animal further comprises in vivo a diverse 
repertoire of antibodies , each of which is specific for an 
antigen of interest and comprises in a CDR3 of a variable 
domain at least one histidine amino acid encoded by the at 
least one histidine codon substitution or insertion in the 
unrearranged immunoglobulin variable gene sequence . See , 
e . g . , US 2013 / 0247236 and US 2014 / 0082760 , each of 
which is herein incorporated by reference in its entirety for 
all purposes . In one example , the first immunoglobulin 
variable region gene locus comprises a functional portion of 
an unrearranged immunoglobulin heavy chain variable 
region sequence that comprises unrearranged VH , DH , and 
Jy gene segments , and wherein one or more of the unrear - 
ranged Vh , Du , and Jh gene segments comprises the inserted 

or substituted histidine codon that is not encoded by a 
corresponding wild type germline gene segment . In another 
example , the unrearranged VH , Dh , and Jh gene segments 
are unrearranged human Vh , unrearranged human Du , and 
unrearranged human Jh gene segments . In another embodi 
ment , comprise in its germline a second immunoglobulin 
variable region gene locus comprising an immunoglobulin 
light chain variable region sequence comprising an insertion 
of at least one histidine codon or a substitution of at least one 
non histidine codon with a histidine codon , wherein the 
inserted or substituted histidine codon is not encoded by a 
corresponding wild type germline immunoglobulin variable 
region sequence , wherein the non - human animal expresses 
an immunoglobulin light chain variable domain that com 
prises a histidine derived from a histidine substitution or 
insertion in the germline of the non - human animal . See , e . g . , 
US 2013 / 0247236 . 
[ 0397 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
comprising : ( a ) an insertion of one or more human V , and 
one or more human J , gene segments upstream of an 
non - human immunoglobulin light chain constant region ; ( b ) 
an insertion of one or more human V , and one or more 
human Ji gene segments upstream of an non - human immu 
noglobulin heavy chain constant region ; and ( c ) a nucleotide 
sequence that encodes an ADAM6 protein or a functional 
fragment thereof , wherein the ADAM6 protein is expressed 
from an ectopic ADAM6 nucleic acid sequence . See , e . g . , 
US 2013 / 0212719 , herein incorporated by reference in its 
entirety for all purposes . An example of such a non - human 
animal is a non - human animal whose genome comprises : ( a ) 
an insertion of one or more human V , gene segments and 
one or more human J , gene segments upstream of a non 
human immunoglobulin light chain constant region gene , 
wherein the one or more human V , gene segments and one 
or more human Ji gene segments are operably linked to the 
non - human immunoglobulin light chain constant region 
gene ; ( b ) an insertion of one or more human V gene 
segments and one or more human J , gene segments 
upstream of a non - human immunoglobulin heavy chain 
constant region gene , wherein the one or more human V 
gene segments and one or more human J , gene segments are 
operably linked to the non - human immunoglobulin heavy 
chain constant region gene ; and ( c ) an inserted nucleic acid 
sequence that encodes a non - human animal ( e . g . , rodent , 
such as a rat or mouse ) ADAM6 protein , wherein the 
non - human animal ( e . g . , rodent , such as a rat or mouse ) 
ADAM6 protein is expressed from the inserted nucleic acid 
sequence , so that B cells of the non - human animal express 
antibodies that each include two immunoglobulin light 
chains paired with two immunoglobulin heavy chains , 
wherein each light chain comprises a human light chain 
variable domain and a non - human light chain constant 
domain and each heavy chain comprises a human light chain 
variable domain and a non - human heavy chain constant 
domain . See , e . g . , US 2013 / 0212719 . 
[ 0398 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
having in its germline : ( a ) a human genomic sequence 
comprising a single human Vy gene segment , one or more 
Du gene segments , and one or more Jy gene segments ; and 
( b ) a sequence that encodes an ADAM6 protein that is 
functional in a male non - human animal , wherein the 
sequence that encodes the ADAM6 is located at a position 
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different than an ADAM6 locus of a wild type non - human 
animal . See , e . g . , US 2013 / 0333057 , herein incorporated by 
reference in its entirety for all purposes . An example of such 
a non - human animal is a non - human animal having in its 
germline : ( a ) an unrearranged human genomic sequence 
comprising a single human Vh gene segment , one or more 
human Dh gene segments , and one or more human Jh gene 
segments , wherein the single human Vy gene segment is 
VH1 - 2 , VH1 - 69 , V22 - 26 , V22 - 70 , or a polymorphic variant 
thereof ; and ( b ) a sequence that encodes an ADAM6 protein 
that is functional in a male non - human animal , wherein the 
sequence that encodes the ADAM6 protein is located at a 
position different than an ADAM6 locus of a wild type 
non - human animal . See , e . g . , US 2013 / 0333057 . 
10399 ) Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
comprising : ( a ) a single rearranged human immunoglobulin 
light chain variable region ( V / JL ) that encodes a human V 
domain of an immunoglobulin light chain , wherein the 
single rearranged human V / J , region is selected from a 
human VK1 - 39 / J gene segment or a human VK3 - 20 / J gene 
segment ( e . g . , a VK1 - 39 / JK5 gene segment or a human 
VK3 - 20 / JK1 gene segment ) ; and ( b ) a replacement of endog 
enous heavy chain variable ( V ) gene segments with one or 
more human Vy gene segments , wherein the human Vy gene 
segments are operably linked to an endogenous heavy chain 
constant ( Cy ) region gene , and the human Vy gene segments 
are capable of rearranging and forming a human / non - human 
animal chimeric heavy chain gene . Such non - human animals 
can be referred to as “ Universal Light Chain " ( ULC ) or 
“ Common Light Chain ” non - human animals . See , e . g . , US 
2011 / 0195454 , US 2012 / 0021409 , US 2012 / 0192300 , US 
2015 / 0059009 , US 2013 / 0045492 , US 2013 / 0198880 , US 
2013 / 0185821 , US 2013 / 0302836 , US 2015 / 0313193 , and 
U . S . Ser . No . 15 / 056 , 713 , each of which is herein incorpo 
rated by reference in its entirety for all purposes . Likewise , 
another non - human animal ( e . g . , rodent , such as a rat or 
mouse ) that can be used includes a non - human animal that 
expresses a population of antibodies , wherein the non 
human animal ' s germline includes only a single immuno 
globulin kappa light chain variable region gene , which is a 
rearranged human germline kappa light chain variable 
region gene , which non - human animal is either heterozy 
gous for the single immunoglobulin kappa light chain vari 
able region gene in that it contains only one copy , or is 
homozygous for the single immunoglobulin kappa light 
chain variable region gene in that it contains two copies ; the 
non - human animal being characterized by active affinity 
maturation so that : ( i ) each immunoglobulin kappa light 
chain of the population comprises a light chain variable 
domain that is encoded by the rearranged human germline 
kappa light chain variable region gene , or by a somatically 
mutated variant thereof ; ( ii ) the population includes anti 
bodies comprising the immunoglobulin kappa light chains 
whose light chain variable domain is encoded by the rear 
ranged human germline kappa light chain variable region 
gene and antibodies comprising the immunoglobulin kappa 
light chains whose light chain variable domain is encoded by 
the somatically mutated variants thereof ; and ( iii ) the non 
human animal generates a diverse collection of somatically 
mutated high affinity heavy chains that successfully pair 
with the immunoglobulin kappa light chains to form the 
antibodies of the population . An example of such a non 
human animal is a non - human animal that is heterozygous or 

homozygous in its germline for : ( a ) an insertion at an 
endogenous non - human animal k immunoglobulin light 
chain variable region locus of a rearranged VK / JK sequence 
comprising : a single human germline VK sequence , which 
single human germline VK sequence is present in SEQ ID 
NO : 148 or SEQ ID NO : 149 ; and a single human germline 
JK sequence , wherein the rearranged VK / JK sequence is 
operably linked to the endogenous non - human animal K 
constant region ; and ( b ) an insertion at an endogenous 
non - human animal immunoglobulin heavy chain variable 
region locus of a plurality of human immunoglobulin heavy 
chain variable region gene segments , wherein the human 
immunoglobulin heavy chain variable region gene segments 
are operably linked to an endogenous non - human animal 
immunoglobulin heavy chain constant region , and the 
human immunoglobulin heavy chain variable region gene 
segments are capable of rearranging and forming a rear 
ranged human / non - human animal chimeric immunoglobulin 
heavy chain gene . SEQ ID NO : 148 is the sequence of an 
engineered human VK1 - 39JK5 locus , and SEQ ID NO : 149 
is the sequence of an engineered human VK3 - 20JK1 locus . 
See , e . g . , US 2011 / 0195454 , herein incorporated by refer 
ence in its entirety for all purposes . 

[ 0400 ) Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
useful for generating a human V , / CYXULC domain com 
prising in its germline genome : ( i ) a hybrid immunoglobulin 
locus that encodes an immunoglobulin hybrid chain , 
wherein the hybrid immunoglobulin locus comprises unre 
arranged human immunoglobulin light chain variable region 
gene segments ( V , and JL ) operably linked to an immuno 
globulin heavy chain constant region nucleic acid sequence 
comprising one or more heavy chain constant region genes , 
each of which encodes at least a functional Chl domain , 
wherein the V , and J . gene segments are capable of rear 
ranging to form a hybrid sequence comprising a rearranged 
human V / J gene sequence operably linked to the immu 
noglobulin heavy chain constant region nucleic acid 
sequence ; ( ii ) a light chain locus that encodes a human 
universal light chain and comprises a human universal 
rearranged light chain variable region nucleotide sequence 
operably linked to an immunoglobulin light chain constant 
region nucleic acid sequence ; wherein the non - human ani 
mal is capable of producing an antigen - binding protein that 
comprises a human immunoglobulin hybrid chain derived 
from the hybrid locus and a cognate human universal light 
chain derived from the light chain locus , wherein the human 
immunoglobulin hybrid chain comprises a human immuno 
globulin light chain variable ( hV _ / CHXULC ) domain fused 
to a heavy chain constant IgD , IgG , IgE or IgA region 
comprising a functional Chl domain , and wherein the 
human universal light chain comprises a human immuno 
globulin light chain fused to a light chain constant domain . 
See , e . g . , PCT / US2016 / 023289 , herein incorporated by ref 
erence in its entirety for all purposes . An example of such a 
non - human animal is non - human animal useful for gener 
ating a human V / CyXULC domain comprising in its ger 
mline genome : ( i ) a modified endogenous immunoglobulin 
heavy chain locus comprising a replacement of all functional 
endogenous non - human animal immunoglobulin heavy 
chain variable Vy gene segments , all functional endogenous 
non - human animal immunoglobulin heavy chain diversity 
Du gene segments and all functional endogenous non 
human animal immunoglobulin heavy chain joining Jh gene 
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segments with a plurality of unrearranged human immuno - 
globulin light chain variable VK gene segments and a 
plurality of unrearranged human immunoglobulin light 
chain joining JK gene segments operably linked to an 
endogenous non - human animal immunoglobulin heavy 
chain constant region nucleic acid comprising one or more 
heavy chain constant region genes , each of which encodes at 
least a functional Chl domain , wherein the plurality of 
unrearranged human immunoglobulin light chain Vk gene 
segments and the plurality of unrearranged human immu 
noglobulin light chain JK gene segments participate in 
rearrangement in a B cell during B cell development to form 
a first rearranged human immunoglobulin light chain vari 
able region VK / JK nucleotide sequence operably linked to 
the endogenous non - human animal immunoglobulin heavy 
chain constant region nucleic acid sequence at the endog 
enous non - human animal immunoglobulin heavy chain 
locus ; and ( ii ) a modified endogenous light chain locus 
comprising a single rearranged human immunoglobulin 
light chain variable region gene sequence derived from a 
rearranged Vk1 - 39 / JK5 or VK3 - 20 / JK1 gene sequence , 
wherein the single rearranged human immunoglobulin light 
chain variable region gene sequence is operably inked to an 
endogenous non - human animal immunoglobulin light chain 
constant region k gene sequence ; wherein the non - human 
animal is capable of producing an antigen - binding protein 
that comprises a human immunoglobulin hybrid chain 
derived from the modified endogenous immunoglobulin 
heavy chain locus and a cognate human universal light chain 
derived from the modified endogenous light chain locus , 
wherein the human immunoglobulin hybrid chain comprises 
a human immunoglobulin light chain variable ( hV / CHX 
ULC ) domain fused to a heavy chain constant IgD , IgG , IgE 
or IgA region comprising a functional Chl domain , and 
wherein the human universal light chain comprises a human 
immunoglobulin light chain fused to a light chain constant 
domain . 

[ 0401 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
comprising in its germline genome a light chain immuno 
globulin locus , e . g . , at an endogenous non - human light chain 
locus , comprising a rearranged human immunoglobulin light 
chain variable region nucleotide sequence operably linked to 
an immunoglobulin light chain constant region nucleic acid 
sequence , wherein the rearranged human immunoglobulin 
light chain variable region nucleotide sequence operably 
linked to an immunoglobulin light chain constant region 
nucleic acid sequence encodes a universal light chain , and 
wherein the non - human animal is capable of producing or 
does produce a cell , e . g . , a lymphocyte , e . g . , a B cell , that 
expresses an antigen - binding protein comprising the immu 
noglobulin hybrid chain and the universal light chain . See , 
e . g . , US 2013 / 0247234 , US 2014 / 0329711 , US 2014 / 
0013456 , US 2015 / 0119556 , US 2015 / 0250151 , U . S . Pat . 
No . 9 , 334 , 334 , and U . S . Pat . No . 9 , 332 , 742 , each of which 
is herein incorporated by reference in its entirety for all 
purposes . Some such non - human animals are homozygous 
for the rearranged human immunoglobulin light chain vari 
able region nucleotide sequence . Some such non - human 
animals are heterozygous for the rearranged human immu 
noglobulin light chain variable region nucleotide sequence . 
In some such non - human animals , the light chain constant 
region nucleic acid sequence is a kappa sequence . In some 
such non - human animals , the light chain constant region 

nucleic acid sequence is a lambda sequence . In some such 
non - human animals , the second immunoglobulin locus is a 
light chain kappa locus . In some embodiments , the second 
immunoglobulin locus is a light chain lambda locus . An 
example of such a non - human animal is a non - human animal 
comprising in its germline an immunoglobulin light chain 
locus that comprises a single rearranged human immuno 
globulin light chain variable region gene sequence compris 
ing human Vk and JK segment sequences , wherein the VK 
segment sequence is derived from a human VK1 - 39 or 
VK3 - 20 gene segment , and wherein the single rearranged 
human immunoglobulin light chain variable region gene 
sequence comprises a substitution of at least one non 
histidine codon of the VK segment sequence with a histidine 
codon that is expressed at a position selected from the group 
consisting of 105 , 106 , 107 , 108 , 109 , 111 and a combination 
thereof ( according to IMGT numbering ) . 
[ 0402 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
whose genome comprises : ( a ) a humanized immunoglobulin 
heavy chain variable locus comprising at least one unrear 
ranged human Vh , at least one unrearranged human Dh , and 
at least one unrearranged human Jy segment operably linked 
to a heavy chain constant region gene ; ( b ) a humanized 
immunoglobulin light chain variable locus comprising no 
more than one , or no more than two , rearranged human light 
chain V / J sequences operably linked to a light chain constant 
region gene ; and ( c ) an ectopic nucleic acid sequence that 
expresses a functional non - human animal ADAM6 protein 
or functional ortholog or functional homolog or functional 
fragment thereof . See , e . g . , US 2013 / 0198879 , herein incor 
porated by reference in its entirety for all purposes . An 
example of such a non - human animal is a non - human animal 
comprising in its germline : ( a ) a humanized immunoglobu 
lin heavy chain variable locus comprising at least one 
unrearranged human Vu gene segment , at least one unrear 
ranged human Dy gene segment , and at least one unrear 
ranged human Jy gene segment , wherein the humanized 
immunoglobulin heavy chain variable locus is operably 
linked to an immunoglobulin heavy chain constant region 
gene ; ( b ) a humanized immunoglobulin light chain variable 
locus comprising ( i ) a single rearranged human light chain 
V / J sequence , wherein the single rearranged human light 
chain V / J sequence is a rearranged human VK1 - 39 / JK 
sequence or a rearranged human VK3 - 20 / JK sequence , or ( ii ) 
no more than one human light chain V gene segment and no 
more than one human light chain J gene segment , wherein 
the no more than one human light chain V gene segment is 
VK1 - 39 or VK3 - 20 , wherein the humanized immunoglobulin 
light chain variable locus is operably linked to an immuno 
globulin light chain constant region gene ; and ( c ) an ectopic 
nucleic acid sequence that expresses a non - human animal 
ADAM6 protein or ortholog or homolog or functional 
fragment thereof , which is functional in a male non - human 
animal . 
[ 0403 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
comprising in its germline : ( a ) a deletion or inactivating 
mutation in a nucleotide sequence encoding a Cyl domain 
of at least one endogenous immunoglobulin heavy chain 
constant region gene at an endogenous immunoglobulin 
heavy chain locus , wherein the at least one endogenous 
immunoglobulin heavy chain constant region gene is IgG , 
IgA , IgE , IgD , or a combination thereof ; and ( b ) either or 
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with a human Ji gene segment ( selected from one or a 
plurality of Jy segments ) and encoding a human variable 
domain of an immunoglobulin light chain , wherein each of 
the no more than two V , gene segments and / or the J , gene 
segment comprise a substitution of at least one non - histidine 
residue with a histidine residue . See , e . g . , US 2014 / 0013456 . 
Yet another example of such a non - human animal is a 
non - human animal comprising in its germline an immuno 
globulin light chain locus comprising two unrearranged 
human VK gene segments and one or more unrearranged 
human JK gene segment ( s ) operably linked to an immuno 
globulin light chain constant region sequence , wherein the 
two unrearranged human VK gene segments are human 
Vk1 - 39 and VK3 - 20 gene segments each comprising one or 
more substitutions of a non - histidine codon with a histidine 
codon , and wherein the human Vk and JK gene segments are 
capable of rearranging and the human VK and JK gene 
segments encode a human light chain variable domain 
comprising one or more histidines at a position selected 
from the group consisting of 105 , 106 , 107 , 108 , 109 , 111 
( according to IMGT numbering ) , and a combination thereof , 
wherein the one or more histidines are derived from the one 
or more substitutions . See , e . g . , US 2015 / 0250151 . 

both ( i ) a nucleic acid sequence comprising at least one 
unrearranged immunoglobulin light chain variable region 
( V ) gene segment and at least one unrearranged immuno 
globulin light chain joining ( J _ ) gene segment , wherein the 
unrearranged V , and JL gene segments are capable of recom 
bining to form a rearranged immunoglobulin light chain 
variable region ( V / 1 _ ) nucleotide sequence operably linked 
to the immunoglobulin heavy chain constant region gene 
comprising the deletion or inactivating mutation in the 
nucleotide sequence encoding the Chl domain ; and / or ( ii ) 
an immunoglobulin light chain locus that comprises a single 
rearranged immunoglobulin light chain variable region 
V / J , gene sequence comprising V , and J? gene segment 
sequences , wherein the single rearranged immunoglobulin 
light chain variable region gene sequence is operably linked 
to an immunoglobulin light chain constant region gene 
sequence . See , e . g . , US 2015 / 0289489 , herein incorporated 
by reference in its entirety for all purposes . An example of 
such a non - human animal is a non - human animal compris 
ing : ( a ) a replacement at a non - human animal heavy chain 
locus of all or substantially all endogenous immunoglobulin 
heavy chain V , D , and J gene segments with either ( i ) one or 
more unrearranged human immunoglobulin heavy chain Vy 
gene segments , one or more unrearranged human immuno 
globulin heavy chain Dy gene segments , and one or more 
unrearranged human immunoglobulin heavy chain Jy gene 
segments , wherein the one or more human unrearranged 
immunoglobulin heavy chain Vh , Dy , and Jh gene segments 
are operably linked to a non - human animal heavy chain 
constant region gene sequence ; or ( ii ) one or more unrear 
ranged human light chain Vi gene segments and one or more 
human unrearranged light chain Ju gene segments , wherein 
the one or more unrearranged human light chain Vy , and J , 
gene segments are operably linked to non - human animal 
heavy chain constant region gene sequence , wherein the 
non - human animal heavy chain constant region gene 
sequence comprises a full - length IgM gene and a deletion or 
an inactivating mutation in a nucleotide sequence encoding 
a Cyl domain in an IgG gene selected from the group 
consisting of an IgG1 , IgG2a , IgG2b , IgG2c , IgG3 , and a 
combination thereof ; and ( b ) a replacement of all or sub 
stantially all endogenous immunoglobulin light chain V and 
J gene segments with a single rearranged human variable 
VK / JK gene sequence , and wherein the non - human animal 
expresses a B cell receptor that comprises an IgM heavy 
chain associated with a cognate light chain . 

[ 0404 ] Other non - human animals ( e . g . , rodents , such as 
rats or mice ) that can be used include a non - human animal 
comprising in its germline an immunoglobulin light chain 
locus comprising no more than two human V , gene seg 
ments and one or more human J , gene segments operably 
linked to an immunoglobulin light chain constant region 
sequence , wherein each of the no more than two human V 
gene segments comprises at least one histidine codon that is 
not encoded by the corresponding human germline V , gene 
segment , and wherein the human V? gene segments and J? 
gene segments are capable of rearranging and encoding a 
human light chain variable domain of an antibody . See , e . g . , 
US 2014 / 0013456 , US 2015 / 0119556 , US 2015 / 0250151 , 
US 2013 / 0247234 , and U . S . Pat . No . 9 , 332 , 742 , each of 
which is herein incorporated by reference in its entirety for 
all purposes . An example of such a non - human animal is a 
non - human animal that comprises no more than two human 
V2 gene segments , each of which is capable of rearranging 

IV . Methods of Generating Antigen - Binding Proteins 
[ 0405 ] The genetically modified FO generation non - human 
animals generated by the methods disclosed herein can be 
used to make an antigen - binding protein against a foreign 
target antigen of interest . Several techniques for the produc 
ing antigen - binding proteins ( e . g . , antibodies ) have been 
described . Antigen - binding proteins can be isolated directly 
from B cells of an immunized mouse ( see , e . g . , US 2007 / 
0280945 , herein incorporated by reference in its entirety for 
all purposes ) and / or the B cells of the immunized mouse can 
be used to make hybridomas ( see , e . g . , Kohler and Milstein 
( 1975 ) Nature 256 : 495 - 497 , herein incorporated by refer 
ence in its entirety for all purposes ) . DNA encoding the 
antigen - binding proteins ( heavy and / or light chains ) from 
non - human animals as described herein can be readily 
isolated and sequenced using conventional techniques . 
Hybridomas and / or B cells derived from non - human animals 
as described herein serve as a preferred source of such DNA . 
Once isolated , the DNA may be placed into expression 
vectors , which are then transfected into host cells that do not 
otherwise produce immunoglobulin protein , to obtain the 
synthesis of monoclonal antibodies in the recombinant host 
cells . 
[ 0406 ] For example , the genetically modified F0 genera 
tion non - human animals generated by the methods disclosed 
herein can be exposed to the target antigen and maintained 
under conditions sufficient to initiate an immune response to 
a foreign target antigen of interest . A first nucleic acid 
sequence encoding a human immunoglobulin heavy chain 
variable domain and / or a second nucleic acid sequence 
encoding a human immunoglobulin light chain variable 
domain can then be obtained from the genetically modified 
FO generation non - human animal . Alternatively , an antigen 
binding protein can then be isolated from the genetically 
modified FO generation non - human animal . As an example , 
a clonally selected lymphocyte can be identified that 
expresses an antibody that specifically binds the foreign 
antigen of interest . 
[ 0407 ] In one example , antigen - binding proteins can be 
generated by immunizing the genetically modified F0 gen 
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eration non - human animal with the foreign target antigen of 
interest , allowing the non - human animal to mount an 
immune response , harvesting a lymphocyte ( e . g . , a B cell ) 
from the immunized animal , fusing the lymphocyte with a 
myeloma cell to form a hybridoma cell , obtaining from the 
hybridoma cell a nucleic acid sequence that encodes a V , 
domain that specifically binds the target antigen and / or a 
nucleic acid sequence that encodes a V , domain that spe 
cifically binds the target antigen , cloning the nucleic acid 
sequence in frame ( i . e . , in operable linkage ) with a nucleic 
acid sequence encoding an immunoglobulin constant region 
or functional fragment thereof sequence to create an immu 
noglobulin heavy chain and / or an immunoglobulin light 
chain , and expressing the heavy and light chains in a cell 
( e . g . , CHO cell ) capable of expressing antigen - binding pro 
tein . 
[ 0408 ] In another example , antigen - binding proteins can 
be generated by immunizing the genetically modified FO 
generation non - human animal with the foreign target antigen 
of interest , allowing the non - human animal to mount an 
immune response , harvesting a lymphocyte ( e . g . , a B cell ) 
from the immunized animal , obtaining from the lymphocyte 
a nucleic acid sequence that encodes a Vh domain that 
specifically binds the target antigen and / or a nucleic acid 
sequence that encodes a V , domain that specifically binds 
the target antigen , cloning the nucleic acid sequence in 
frame ( i . e . , in operable linkage ) with a nucleic acid sequence 
encoding an immunoglobulin constant region or functional 
fragment thereof sequence to create an immunoglobulin 
heavy chain and / or an immunoglobulin light chain , and 
expressing the heavy and light chains in a cell ( e . g . , CHO 
cell ) capable of expressing the antigen - binding protein . 
[ 0409 ] The immunization with the foreign antigen of 
interest can be carried out with protein , DNA , a combination 
of DNA and protein , or cells expressing the foreign antigen 
of interest . The lymphocytes that are obtained can be from 
any source , including , for example , the spleen , a lymph 
node , or bone marrow from the immunized animal . 
[ 0410 ] In some such methods , the Vy domain and / or the 
V , domain are human ( e . g . , when the genetically modified 
FO generation non - human animal is homozygous humanized 
at both IgH and IgK ) , the V , domain and / or the V? domain 
is cloned in frame with a nucleic acid sequence encoding a 
human constant region , and the antigen - binding proteins that 
are produced are fully human antibodies . 
[ 0411 ] Production of antigen - binding proteins against the 
foreign antigen of interest produced in the genetically modi 
fied F0 generation non - human animals described herein ( i . e . , 
genetically modified at the first target genomic locus ) is 
typically increased when compared with control non - human 
animals ( i . e . , that are wild type at the first target genomic 
locus . That is , antigen - binding proteins against the foreign 
antigen of interest produced in the genetically modified FO 
generation non - human animals described herein ( i . e . , geneti 
cally modified at the first target genomic locus ) typically 
have a higher titer than antigen - binding proteins obtained 
following immunization of a control non - human animal that 
is wild type at the first target genomic locus . For example , 

the titer can be at least 1 . 5 - fold , 2 - fold , 3 - fold , 4 - fold , 5 - fold , 
6 - fold , 7 - fold , 8 - fold , 9 - fold , or 10 - fold higher . The term 
antibody titer includes a measurement of a concentration of 
a specific antibody present in the serum . For example , an 
antibody titer can be a measurement of how much antibody 
an organism has produced that recognizes a particular 
epitope , expressed as the inverse of the greatest dilution that 
still gives a positive result . Likewise , a more diverse reper 
toire of antigen - binding proteins against the foreign antigen 
of interest is typically obtained following immunization of 
the genetically modified FO generation non - human animals 
with the foreign antigen of interest compared with antigen 
binding proteins obtained following immunization of a 
control non - human animal that is wild type at the first target 
genomic locus . A control non - human animal refers to a 
non - human animal that is wild type at the first target 
genomic locus . Preferably , the only substantial difference 
between the genetically modified F0 generation non - human 
animal and the control animal is the status of the first target 
genomic locus . For example , preferably the control animal 
has no other substantial genetic modifications and is the 
same species of non - human animal , is the same strain of 
non - human animal , has the same genetic background ( other 
than the first target genomic locus ) , and is the same age as 
the genetically modified FO generation non - human animal . 
[ 0412 ] All patent filings , websites , other publications , 
accession numbers and the like cited above or below are 
incorporated by reference in their entirety for all purposes to 
the same extent as if each individual item were specifically 
and individually indicated to be so incorporated by refer 
ence . If different versions of a sequence are associated with 
an accession number at different times , the version associ 
ated with the accession number at the effective filing date of 
this application is meant . The effective filing date means the 
earlier of the actual filing date or filing date of a priority 
application referring to the accession number if applicable . 
Likewise , if different versions of a publication , website or 
the like are published at different times , the version most 
recently published at the effective filing date of the appli 
cation is meant unless otherwise indicated . Any feature , 
step , element , embodiment , or aspect of the invention can be 
used in combination with any other unless specifically 
indicated otherwise . Although the present invention has 
been described in some detail by way of illustration and 
example for purposes of clarity and understanding , it will be 
apparent that certain changes and modifications may be 
practiced within the scope of the appended claims . 

BRIEF DESCRIPTION OF THE SEQUENCES 
[ 0413 ] The nucleotide and amino acid sequences listed in 
the accompanying sequence listing are shown using standard 
letter abbreviations for nucleotide bases , and three - letter 
code for amino acids . The nucleotide sequences follow the 
standard convention of beginning at the 5 ' end of the 
sequence and proceeding forward ( i . e . , from left to right in 
each line ) to the 3 ' end . Only one strand of each nucleotide 
sequence is shown , but the complementary strand is under 
stood to be included by any reference to the displayed 
strand . The amino acid sequences follow the standard con 
vention of beginning at the amino terminus of the sequence 
and proceeding forward ( i . e . , from left to right in each line ) 
to the carboxy terminus . 
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TABLE 1 
Description of Sequences . 

SEQ 
ID NO Type Description 

Dovau AWNA 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

?? ?? ?? ?? ?? ?? ?? ??? 

33 
34 
35 
36 
37 
38 
39 
40 
41 

DNA Guide RNA Recognition Sequence v . 1 
DNA Guide RNA Recognition Sequence v . 2 
DNA Guide RNA Recognition Sequence v . 3 
DNA C5 ( Hc ) ORNA A DNA - targeting segment ( 100 bp from target locus endpoint ) 
DNA C5 ( Hc ) ORNA B DNA - targeting segment ( 500 bp from target locus endpoint ) 
DNA C5 ( HC ) GRNA C DNA - targeting segment ( 38200 and 37500 bp from target locus endpoints ) 
DNA C5 ( Hc ) ORNA D DNA - targeting segment ( 43500 and 32200 bp from target locus endpoints ) 
DNA C5 ( Hc ) gRNA E DNA - targeting segment ( 500 bp from target locus endpoint ) 
DNA C5 ( Hc ) ORNA E2 DNA - targeting segment ( 100 bp from target locus endpoint ) 
DNA Lrp5 ORNA A DNA - targeting segment ( 50 bp from target locus end point ) 
DNA Lrp5 ORNA B DNA - targeting segment ( 500 bp from target locus end point ) 
DNA Lrp5 ORNA B2 DNA - targeting segment ( 1000 bp from target locus end point ) 
DNA Lrp5 ORNA C DNA - targeting segment ( 29900 and 38430 bp from target locus end points ) 
DNA Lrp5 ORNA D DNA - targeting segment ( 29950 and 38380 bp from target locus end points ) 
DNA Lrp5 ORNA E2 DNA - targeting segment ( 1000 bp from target locus end point ) 
DNA Lrp5 ORNA E DNA - targeting segment ( 500 bp from target locus end point ) 
DNA Lrp5 ORNA F DNA - targeting segment ( 50 bp from target locus end point ) 
DNA Rorl gRNA A DNA - targeting segment ( 200 bp from target locus end point ) 
DNA Rorl gRNA B DNA - targeting segment ( 1000 bp from target locus end point ) 
DNA Rorl gRNA D DNA - targeting segment ( 54300 and 55500 bp from target locus end points ) 
DNA Rorl gRNA C DNA - targeting segment ( 54500 and 55300 bp from target locus end points ) 
DNA Rorl gRNA E DNA - targeting segment ( 1000 bp from target locus end point ) 
DNA Rorl gRNA F DNA - targeting segment ( 200 bp from target locus end point ) 
DNA Trpal gRNA A DNA - targeting segment ( 100 bp from target locus end point ) 
DNA Trpal gRNA A2 DNA - targeting segment ( 500 bp from target locus end point ) 
DNA Trpal gRNA B DNA - targeting segment ( 1000 bp from target locus end point ) 
DNA Trpal gRNA C DNA - targeting segment ( 25600 and 19740 bp from target locus end points ) 
DNA Trpal gRNA D DNA - targeting segment ( 26970 and 18370 bp from target locus end points ) 
DNA Trpal gRNA E2 DNA - targeting segment ( 1000 bp from target locus end point ) 
DNA Trpal gRNA E DNA - targeting segment ( 500 bp from target locus end point ) 
DNA Trpal gRNA F DNA - targeting segment ( 100 bp from target locus end point ) 
DNA 190045 forward primer 
DNA 190061 forward primer 
DNA 190068 forward primer 
DNA 190030 forward primer 
DNA 190033 forward primer ( same as forward primer for SV 48 . 3 in FIG . 6 ) 
DNA 190013 forward primer 
DNA 190045 reverse primer 
DNA 190061 reverse primer 
DNA 190068 reverse primer 
DNA 190030 reverse primer 
DNA 190033 reverse primer ( same as reverse primer for SV 48 . 3 in FIG . 6 ) 
DNA 190013 reverse primer 
DNA C2 probe ( B6 ) - SNV 0 . 32 in FIG . 6 
DNA T3 probe ( B6 ) - SNV 1 . 2 in FIG . 6 
DNA T6 probe ( B6 ) - SNV 11 . 1 in FIG . 6 
DNA T7 probe ( B6 ) - SNV 13 . 2 in FIG . 6 
DNA T8 probe ( B6 ) - SNV 17 . 5 in FIG . 6 
DNA T9 probe ( B6 ) - SNV 25 . 8 in FIG . 6 
DNA T10 probe ( B6 ) - SNV 33 . 0 in FIG . 6 
DNA T11 probe ( B6 ) - SNV 38 . 3 in FIG . 6 
DNA T13 probe ( B6 ) - SNV 49 . 6 in FIG . 6 
DNA T14 probe ( B6 ) - SNV 57 . 2 in FIG . 6 
DNA C2 probe ( 129 ) - SNV 0 . 32 in FIG . 6 
DNA T3 probe ( 129 ) - SNV 1 . 2 in FIG . 6 
DNA T6 probe ( 129 ) - SNV 11 . 1 in FIG . 6 
DNA T7 probe ( 129 ) - SNV 13 . 2 in FIG . 6 
DNA T8 probe ( 129 ) - SNV 17 . 5 in FIG . 6 
DNA T9 probe ( 129 ) - SNV 25 . 8 in FIG . 6 
DNA T10 probe ( 129 ) - SNV 33 . 0 in FIG . 6 
DNA T11 probe ( 129 ) - SNV 38 . 3 in FIG . 6 
DNA T13 probe ( 129 ) - SNV 49 . 6 in FIG . 6 
DNA T14 probe ( 129 ) - SNV 57 . 2 in FIG . 6 
DNA C2 forward primer - SNV 0 . 32 in FIG . 6 
DNA T3 forward primer - SNV 1 . 2 in FIG . 6 
DNA T6 forward primer - SNV 11 . 1 in FIG . 6 
DNA T7 forward primer - SNV 13 . 2 in FIG . 6 
DNA T8 forward primer - SNV 17 . 5 in FIG . 6 
DNA T9 forward primer - SNV 25 . 8 in FIG . 6 
DNA T10 forward primer - SNV 33 . 0 in FIG . 6 
DNA T11 forward primer - SNV 38 . 3 in FIG . 6 
DNA T13 forward primer - SNV 49 . 6 in FIG . 6 

51 
52 
53 
54 

57 
58 
59 
60 
61 
62 . 

63 
64 
65 

68 
69 
70 
71 
72 



US 2017 / 0332610 A1 Nov . 23 , 2017 
69 

TABLE 1 - continued 
Description of Sequences . 

SEQ 
ID NO Type Description 

? 

? ?? 

73 DNA T14 forward primer - SNV 57 . 2 in FIG . 6 
74 DNA C2 reverse primer - SNV 0 . 32 in FIG . 6 
75 DNA T3 reverse primer - SNV 1 . 2 in FIG . 6 
76 DNA T6 reverse primer - SNV 11 . 1 in FIG . 6 
77 DNA T7 reverse primer - SNV 13 . 2 in FIG . 6 
78 DNA T8 reverse primer - SNV 17 . 5 in FIG . 6 
79 DNA T9 reverse primer - SNV 25 . 8 in FIG . 6 
80 DNA T10 reverse primer - SNV 33 . 0 in FIG . 6 
81 DNA T11 reverse primer - SNV 38 . 3 in FIG . 6 
82 DNA T13 reverse primer - SNV 49 . 6 in FIG . 6 
83 DNA T14 reverse primer - SNV 57 . 2 in FIG . 6 
84 DNA Forward primer for SV 13 . 7 in FIG . 6 
85 DNA Reverse primer for SV 13 . 7 in FIG . 6 
86 DNA Forward primer for SV 20 . 0 in FIG . 6 
87 DNA Reverse primer for SV 20 . 0 in FIG . 6 
88 DNA Forward primer for SV 36 . 9 in FIG . 6 
89 DNA Reverse primer for SV 36 . 9 in FIG . 6 
90 DNA Forward primer for SV 56 . 7 in FIG . 6 
91 DNA Reverse primer for SV 56 . 7 in FIG . 6 
92 DNA m - lr - f primer for Lrp5 locus 
93 DNA m - 5 ' - f primer for Lrp5 locus 
94 DNA m - A primer for Lrp5 locus 
95 DNA h - Ir - r primer for Lrp5 locus 
96 DNA m - 5 ' - r primer for Lip5 locus 
97 DNA h - 5 ' - r primer for Lip5 locus 
98 DNA m - F primer for Lrp5 locus 
99 DNA m - E2 primer for Lrp5 locus 
100 DNA 7064retU forward primer 
101 DNA 7064retU reverse primer 
102 DNA 7064retU TAQMAN ® probe 
103 DNA 7064retD forward primer 
104 DNA 7064retD reve ner 
105 DNA 7064retD TAQMAN ® probe 
106 DNA 7140retU forward primer 
107 DNA 7140retU reverse primer 
108 DNA 7140retU TAQMAN ® probe 
109 DNA 7140retD forward primer 
110 DNA 7140retD reverse primer 
111 DNA 7140retD TAQMAN ® probe 
112 DNA Folhl gRNA A DNA - targeting segment 
113 DNA Folhl gRNA A2 DNA - targeting segment 
114 DNA Folh1 gRNA B DNA - targeting segment 
115 DNA Folh1 gRNA C DNA - targeting segment 
116 DNA Folh1 gRNA D DNA - targeting segment 
117 DNA Folh1 ORNA E DNA - targeting segment 
118 DNA Folhl gRNA E2 DNA - targeting segment 
119 DNA Folh1 gRNA F DNA - targeting segment 
120 DNA Adamts5 ORNA A DNA - targeting segment 
121 DNA Adamts5 gRNA A2 DNA - targeting segment 
122 DNA Adamts5 gRNA B DNA - targeting segment 
123 DNA Adamts5 gRNA C DNA - targeting segment 
124 DNA Adamts5 gRNA D DNA - targeting segment 
125 DNA Adamts5 gRNA E2 DNA - targeting segment 
126 DNA Adamts5 gRNA E DNA - targeting segment 
127 DNA Adamts5 ORNA F DNA - targeting segment 
128 DNA Dpp4 gRNA A DNA - targeting segment 
129 DNA Dpp4 ORNA B DNA - targeting segment 
130 DNA Dpp4 ORNA B2 DNA - targeting segment 
131 DNA Dpp4 ORNA C DNA - targeting segment 
132 DNA Dpp4 ORNA D DNA - targeting segment 
133 DNA Dpp4 ORNA E2 DNA - targeting segment 
134 DNA Dpp4 ORNA E DNA - targeting segment 
135 DNA Dpp4 ORNA F DNA - targeting segment 
136 DNA Forward primer for SV 6 . 1 in FIG . 8 
137 DNA Reverse primer for SV 6 . 1 in FIG . 8 
138 DNA Forward primer for SV 6 . 3 in FIG . 8 
139 DNA Reverse primer for SV 6 . 3 in FIG . 8 
140 DNA Forward primer for SV 7 . 8 in FIG . 8 
















































































































