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DESCRIPTION

FIELD OF THE INVENTION

[0001] The invention relates to the field of transgenic mice comprising a genetic modification
that reduces expression of endogenous Adamé genes, which are engineered to restore male
fertility. The invention specifically relates to mice comprising an exogenous Adamé transgene
expressing an ADAM6 protein that is functional in a male mouse. The invention further relates
to methods of generating such mice and their use for the production of antibodies, specifically
chimeric or humanized antibodies.

BACKGROUND OF THE INVENTION

[0002] Antibodies have emerged as important biological pharmaceuticals because they (i)
exhibit exquisite binding properties that can target antigens of diverse molecular forms, (ii) are
physiological molecules with desirable pharmacokinetics that make them well tolerated in
treated humans and animals, and (iii) are associated with powerful immunological properties
that naturally ward off infectious agents. Furthermore, established technologies exist for the
rapid isolation of antibodies from laboratory animals, which can readily mount a specific
antibody response against virtually any substance not present natively in the body. Monoclonal
antibodies (mAbs), which are derived from a single responding B lymphocyte, can be readily
isolated as immortalized hybridoma cell lines from laboratory animals, usually mice, responding
to a particular antigen. A panel of monoclonal antibodies specific for that antigen can then be
characterized for their fine specificity (epitope mapping), potential cross reactivity with other
antigens, immunoglobulin heavy chain isotype, etc. and then mAbs with the desired biological
properties can be identified.

[0003] For therapeutic purposes, ideally the mAbs should be as close as possible in protein
sequence to the endogenous immunoglobulins of the species being treated. Otherwise, the
mAbs will be recognized by the recipient as foreign and provoke an immune response.
Recipient antibodies produced against the therapeutic mAbs will neutralize them, abolishing
any long-term therapeutic efficacy.

[0004] In the case of human therapeutic antibodies, mice that contain human antibody genes
are known in the art and exist in various formats, e.g., Regeneron, US8502018B2.

Mouse reproduction and ADAM6

[0005] Spermatozoa leaving the testes enter a long tubular structure called the epididymis. At
this stage they are infertile, but undergo maturation, progressive increase in motility, and
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ultimately the ability to fertilize the ova as they travel through the epididymis. Although many
details are still unknown, maturation involves the gain, loss and modification of spermatozoa
proteins, a process involving proteins secreted from epididymal epithelial cells. There are
subregions of the epididymis where a different array of proteins is secreted to promote
progressive maturation of the spermatozoa. Proteomic studies indicate that approximately one
third of the proteins with sperm phenotypes in gene knockout mice are added to the
spermatozoa during their transit through the epididymis. After maturation, the spermatozoa are
stored in the distal epididymis until they are released at ejaculation into the female mouse
uterus. Only a small fraction of the spermatozoa then enters the oviduct via the uterotubal
junction (UTJ), the connection between the endometrial cavity of the uterus and the fallopian
tube. There is evidence for selection against abnormal sperm, particularly those with abnormal
morphology, during passage through the UTJ. The spermatozoa that survive this passage
become immobilized in the endosalpinx, the mucous membrane lining the fallopian tube, until
ovulation occurs, at which time a few of them at a time are released and migrate to the ampulla
of the fallopian tube, where fertilization takes place. Because of the limited number of sperm
actually reaching the egg, the sperm-egg ratio at the time of fertilization in vivo is close to one.
Fertilization requires the sperm acrosome reaction, which is necessary to penetrate the zona
pellucida, the glycoprotein layer surrounding the egg plasma membrane, and allow fusion of
the sperm and egg membranes. In mice, the zona pellucida sperm-binding protein 3 (ZP3)
functions in the initial species-specific sperm binding and in initiating the acrosome reaction.

[0006] ADAM®6 is part of a large "A disintegrin and metalloprotease domain-containing
protein” (ADAM) family comprising 34 known members in mice. More than half of the ADAMs
are involved in male reproduction, and the rest are important for other biological processes,
e.g. the proteolytic release of the active soluble form of tumor necrosis factor a (TNF-a) from
the inactive transmembrane form by TNF-a converting enzyme (TACE or ADAM17). The
ADAM family is characterized by a conserved multidomain structure consisting of the
prodomain, metalloprotease domain, disintegrin domain, cysteine-rich domain, and a
transmembrane and cytoplasmic tail domain (Figure 1). The ADAM6 precursor protein is
present on testicular sperm and is processed to remove the prodomain during spermatozoa
maturation. The prodomain helps maintain the stability of the protein and occupies the active
site of the metalloprotease domain, preventing enzymatic activity. However, the consensus
sequence of an active Zn-dependent metalloprotease is not present in ADAM6 and thus it is
thought to lack enzymatic activity. The disintegrin domain is involved in binding to integrins.
Because of the presence of both metalloprotease and disintegrin domains, the ADAM proteins
are related to a family of soluble snake venoms. In fact, the name ADAM for this family was
chosen to reflect the potential function of these proteins as well as their dual origin in the fields
of snakes and male fertility.

[0007] There are two ADAMG6 proteins in mice, ADAM6a and ADAM6b (SEQ ID NO:1 and 2,
respectively), encoded by two single-exon intronless genes that are both expressed, as
detected by gene-specific RT-PCR [Choi, |. et al., Genomics (2004) 83: 636-646]. The Adamé6a
and Adam6b genes (SEQ ID NO:3 and 4, respectively) are located on chromosome 12 within
the immunoglobulin heavy chain locus (/gh) between the Ighv5-1p and Ighd1-1 gene segments
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but in opposite transcriptional orientation to the Vy gene segments. There is only a single

human ADAM®6 gene, located within the /GHV locus on chromosome 14 between the /IGHV1-2
and IGHVII-1-1P gene segments. Human ADAM6 has an in-frame stop codon near the 5'
end of the putative coding sequence and a downstream frameshift and therefore is a
pseudogene (Choi ibid.).

[0008] Macdonald et al. teach a method for very large, in situ, and precise genetic
humanization of mice using large compound bacterial artificial chromosome-based targeting
vectors introduced into mouse ES cells and describe use of this method to humanize segments
of the mouse heavy and light chain Ig loci (Macdonald et al. 2014, PNAS, 111(14):5147-5152).

[0009] The mature ADAMSG protein is found on the sperm surface overlaying the acrosome and
the posterior regions of the sperm head. ADAM6 was found to form a complex with ADAM2
and ADAM3 in testis, although the association with ADAMS3 is thought to be indirect since this
protein is localized on the anterior, rather than posterior region of the sperm head. Male mice
with a deletion of Adam2 or Adam3 genes are infertile; Adam?2 knockout sperm show impaired
migration from the uterus to the oviduct and both Adam2 and Adam3 knockout sperm are
defective in binding to the zona pellucida. ADAMG6 protein was almost totally absent in Adam2
and Adam3 knockout sperm, suggesting that ADAM2 and ADAMS3 are required for the proper
localization of ADAM6 protein on the sperm head.

[0010] The requirement for Adam6 genes for full male fertility was discovered serendipitously
during the generation of mice in which the endogenous mouse Adamé genes, which are
located on chromosome 12 within the /gh locus, were deleted along with the mouse Ighv, Ighd
and /ghj gene segments. Deleted mouse /gh gene segments were replaced with their human
counterparts, thereby replacing the functional mouse Adamé6a and Adamé6b genes by the
human ADAM6 pseudogene, with the consequence that such mice suffered from male
infertility.

[0011] According to US8697940B2, mice with replaced immunoglobulin loci can comprise a
disruption or deletion of the endogenous mouse ADAMG6 locus, which is normally found
between the 3-most V4 gene segment and the 5-most D gene segment at the mouse
immunoglobulin heavy chain locus. Disruption in this region can lead to reduction or
elimination of functionality of the endogenous mouse ADAM®6 locus. If the 3'-most V4
gene segments of the human heavy chain repertoire are used in a replacement, an intergenic
region containing the human ADAM6 pseudogene is present between these V| gene
segments, i.e., between human /IGHV1-2 and IGHVII-1-1P. However, male mice that comprise
this human intergenic sequence exhibit a severe reduction in fertility.

[0012] US8697940B2 (WO2012/141798A1) discloses genetically modified mice that comprise
an ectopic mouse, rodent, or other Adamé gene (or ortholog or homolog or fragment)
functional in a mouse, and one or more human immunoglobulin variable and/or constant
region gene segments. A humanized heavy chain locus containing an ectopically placed
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genomic sequence comprising both mouse Adamé6a and Adamé6b nucleotide sequences was
necessary to produce an ADAM6 rescue mouse with male fertility.

[0013] The publicly available and published literature indicates that both Adamé6a and Adaméb
genes are required for full male fertility. This issue was directly tested by Lee, et al. [Lee, E-C,
Nature Biotech. (2014) 32:356-363], who made null mutations of Adamé6a alone, resulting in a
mouse with only Adaméb intact, or of both Adamé6a and Adamé6b, resulting in a complete
ADAMS6 deficiency. Males homozygous for either mutation had dramatically reduced fertility.
Most of the males were completely infertile. The authors conclude that mouse variable regions
should be inactivated by inversion rather than deletion to retain the Adam6 genes in the mouse
genome.

[0014] WO2017/201476A1 discloses transgenic mice, which lack a functional endogenous
Adamé6 gene and comprise a functional ectopic nucleic acid sequence to complement the loss
of the endogenous Adamé6 gene. If the mouse has a loss of a certain endogenous Adamé
gene, it requires the same functional ectopic nucleic sequence to complement the loss. It
follows from WO2017/201476A1 that if there is a lack of the two endogenous Adamé genes,
namely the endogenous Adamé6a and Adam6b genes, two ectopic functional Adamé genes are
required to complement the loss.

[0015] WO2013/079953A1 discloses transgenic mice wherein expression of endogenous
ADAMSG has been inactivated and at least one ADAM6a-encoding nucleotide sequences and at
least one ADAM6b-encoding nucleotide sequence are inserted into the genome of the mice to
rescue fertility of the mice.

[0016] There is a need to provide transgenic mice capable of producing monoclonal antibodies
comprising human V genes with retained fertility.

SUMMARY OF THE INVENTION

[0017] This summary is provided to introduce a selection of concepts in a simplified form that
are further described below in the detailed description. This summary is not intended to identify
key or essential features of the claimed subject matter, nor is it intended to be used to limit the
scope of the claimed subject matter. Other features, details, utilities, and advantages of the
claimed subject matter will be apparent from the following written detailed description, including
those aspects illustrated in the accompanying drawings and defined in the appended claims.

[0018] It is the objective of the present invention to provide transgenic mice which comprise
human V4 genes and which are fertile despite comprising a modification in their genome

reducing expression of endogenous Adamé6a and Adaméb genes.

[0019] The object is solved by the subject of the present claims and as further described
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herein.

[0020] According to the invention there is provided a transgenic mouse that is engineered by a
deletion of endogenous Adamé6a and Adam6b genes in a male mouse, wherein the mouse is
homozygous for the deletion, and comprises in its genome only one exogenous Adamé6
transgene, and expresses an ADAM6 protein comprising at least 90% sequence identity to
SEQ ID NO:1 or SEQ ID NO:2, which Adamé6 transgene is functional in a male mouse.

[0021] Specifically, herein provided is a transgenic mouse which is engineered by one or more
genetic modifications that reduce expression of endogenous Adaméa and Adaméb genes in a
male mouse compared to a male mouse without said one or more genetic modifications, which
mouse comprises in its genome only one exogenous Adamé transgene, and expresses an
ADAMG6 protein comprising at least 90% sequence identity to SEQ ID NO:1 or SEQ ID NO:2,
which Adamé transgene is functional in a male mouse.

[0022] Specifically, the transgenic mouse described herein comprises in the genome of a cell
only one exogenous Adamé transgene.

[0023] Specifically, the ADAMG6 protein expressed by said Adamé transgene is functional in a
male mouse.

[0024] Specifically, the invention provides for a strain of the transgenic mouse described
herein.

[0025] Specifically, the Adamé6 transgene is Adamé6a or Adaméb.

[0026] SEQ ID NO:1 identifies murine ADAM6a protein; and SEQ ID NO:2 identifies murine
ADAMB6b protein.

[0027] Specifically, the exogenous Adamé6 transgene expresses an ADAM6a or ADAM6b
protein which is 100% identical to mouse ADAM6a or ADAM6Eb, respectively. Alternatively, the
exogenous Adamé6 transgene expresses a functional variant of any one of the ADAM6a or
ADAMGD proteins.

[0028] According to a specific example, the exogenous Adam®6 transgene is Adamé6a (SEQ ID
NO:3) expressing murine ADAM6a (SEQ ID NO:1) or Adamé6b (SEQ ID NO:4) expressing
murine ADAM6b (SEQ ID NO:2).

[0029] Specifically, the exogenous Adamé transgene expresses an ADAM6 protein comprising
at least any one of 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% sequence identity to any one
of or both of SEQ ID NO:1 or SEQ ID NO:2.

[0030] According to a specific embodiment, the ADAM6 protein expressed by the Adamé
transgene is at least any one of 95, 96, 97, 98, or 99% identical, or is 100% identical to any
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one of SEQ ID NO:1 or SEQ ID NO:2.

[0031] Specifically, the Adamé6 transgene is functionally active in a male mouse, such that it
expresses a functional ADAM6 protein or a function variant thereof with a certain sequence
identity. A functional variant of an ADAM6 protein is characterized in that it restores fertility in
the transgenic male mouse described herein such that the mouse is capable of reproduction.
Specifically, the transgenic mouse is able to produce offspring in litter sizes comparable to
those of wild type mice.

[0032] Fertility is typically measured as the number of viable pups per litter at birth. Amouse is
considered fertile if at least one pup is viable at birth. In a wild-type fertile mouse, specifically a
C57BL/6 mouse, fertility results in an average of five to six pups per female and the average
pregnancy rate is ~85%.

[0033] Specifically, the ADAMG6 protein expressed by the Adamé6 transgene described herein is
functional with regard to the fertility of a male mouse. A substantial reduction in fertility is, e.g.,
a reduction in fertility (e.g., breeding frequency, pups per litter, litters per year, etc.) of about
50%, 60%, 70%, 80%, 90%, or 95% or more. The exogenous Adamé transgene described
herein rescues the reduction in fertility in whole or in substantial part. A rescue of fertility is,
e.g., a restoration of fertility such that the non-human animal exhibits a fertility that is at least
70%, 80%, or 90% or more as compared with, e.g., a wild-type mouse or a mouse comprising
no modification reducing expression of the endogenous Adamé6a and Adaméb genes.

[0034] It surprisingly has turned out that mice comprising only one of Adam6a or Adaméb as
an exogenous Adamé transgene did not suffer from reduction in fertility. The transgenic mouse
provided herein is fertile, despite comprising one or more genetic modifications reducing or
eliminating expression of endogenous Adamé genes.

[0035] In particular, fertility has proven if the Adamé transgene was embedded in an
immunoglobulin heavy chain gene segment that comprises mouse intergenic regions. Mouse
expression control sequences could be used to effectively express a functional ADAM6 protein
from only one Adamé transgene comprised at the immunoglobulin heavy chain variable region
locus.

[0036] Specifically, the mouse is homozygous or heterozygous with respect to said exogenous
Adamé6 transgene.

[0037] Specifically, the mouse is homozygous or heterozygous for the genetic modification,
deleting or inactivating endogenous Adamé6a and Adaméb.

[0038] The genetic modification reducing expression of endogenous Adaméa and Adaméb
may be the consequence of replacing immunoglobulin heavy chain variable regions within the
mouse genome.
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[0039] Alternatively, such genetic modification may be on purpose e.g., to replace the
endogenous Adaméa and Adaméb genes by the exogenous Adamé transgene as described
herein, which is incorporated within the mouse genome at a predetermined position.

[0040] Specifically, reduction of expression of endogenous Adaméa and Adaméb refers to
complete reduction or elimination of expression.

[0041] Specifically, said one or more genetic modifications comprises a disruption, substitution,
deletion or knockout of (i) one or more endogenous polynucleotides, or a part thereof; or (ii) an
expression control sequence, preferably the expression control sequence is selected from the
group consisting of a promoter, transcriptional start and stop sequences, enhancer and
activator sequences, a ribosome binding site, or translational start and stop sequences.

[0042] A genetic modification may comprise partial deletion or full deletion, also referred to as
"knock-out”, of the Adam6a and Adam6b genes or inactivating mutations, also referred to as
"loss-of-function” mutations including e.g. point mutations or frameshift mutations. An
inactivating mutation may comprise a sequence modification to alter one or more contiguous
amino acids, e.g. 1, 2, or 3 amino acids, which are substituted, inserted or deleted at one
position in an amino acid sequence expressed by the respective gene. An inactivating mutation
may also refer to areas of sequences, in particular changing contiguous or non-contiguous
amino acid sequences.

[0043] Specifically, the endogenous Adam6a and Adam6b genes are knocked out by said one
or more genetic modifications.

[0044] The genetic modification may comprise a replacement, wherein a nucleic acid element
is placed into the mouse genome by introducing and incorporating a heterologous nucleic acid
construct at the locus of the genomic sequence. The DNA sequence so placed may include
one or more regulatory sequences that are part of source DNA used to obtain the sequence so
placed (e.g., promoters, enhancers, 5'- or 3'-untranslated regions, appropriate recombination
signal sequences, etc.). For example, in various embodiments, the replacement is a
substitution of an endogenous sequence for a heterologous sequence that results in the
production of a gene product from the DNA sequence so placed (comprising the heterologous
sequence), but not expression of the endogenous sequence. In a specific embodiment, an
immunoglobulin gene segment is replaced with a corresponding chimeric or human
immunoglobulin gene segment or locus. In another specific embodiment, endogenous
immunoglobulin gene segment coding sequences are replaced with corresponding human
immunoglobulin gene segment coding sequences, such as an ortholog of, a homolog of
endogenous sequences, or those that are at least 90% or 95%, or 100% identical to the
endogenous sequences that are replaced. In yet another specific embodiment, endogenous
immunoglobulin gene segment coding sequences are replaced with corresponding human
immunoglobulin gene segment coding sequences embedded in mouse non-coding and
regulatory sequences.
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[0045] In a specific embodiment, the genome of the mouse described herein comprises
human immunoglobulin regions, in particular human immunoglobulin variable regions, such as
VH and optionally V| coding sequences.

[0046] Transgenic mice as described herein, in particular those that comprise a replacement
at the endogenous immunoglobulin heavy chain locus with heterologous or recombinant (e.g.,
from another species) immunoglobulin sequences, can be made in conjunction with
replacements at endogenous immunoglobulin light chain loci or in conjunction with
immunoglobulin light chain transgenes (e.g., chimeric immunoglobulin light chain transgenes,
or fully human or fully mouse immunoglobulin light chain transgenes, etc.). The species from
which the heterologous immunoglobulin heavy chain sequences are derived can vary widely;
as with immunoglobulin light chain sequences employed in immunoglobulin light chain
sequence replacements or immunoglobulin light chain transgenes.

[0047] Immunoglobulin variable region nucleic acid sequences, e.g., V, D, and/or J segments,
are specifically obtained from a human or a non-human animal. Various non-human animals
can be used as sources of variable domains or variable region gene segments and respective
immunoglobulin coding sequences. Non-human animals suitable for providing V, D, and/or J
segments or respective immunoglobulin coding sequences include, for example non-human
primates (e.g., chimpanzees, orangutans, gorillas, marmosets, rhesus monkeys, baboons) or
rodents including rats, mice, and hamsters. Further non-human animals suitable as a source
for providing immunoglobulin variable region nucleic acid sequences include, for example,
Canidae, such as e.g. dogs and wolves; Felidae, such as e.g. cats and tigers; Bovidae such as
e.g. sheep, goats and cows; Fish, Agnatha (e.g., lamprey and hagfish) and Gnathostomata
(e.g., cartilaginous and bony fish); Equidae such as e.g., horses; and Phasianidae, such as
e.g., chicken.

[0048] Numerous methods have been developed for replacing endogenous mouse
immunoglobulin regions with human immunoglobulin sequences to create partly- or fully-
human antibodies, specifically for drug discovery purposes. Examples of such mice include
those described in, for example, U.S. Pat Nos. 7,145,056; 7,064,244; 7,041,871; 6,673,986;
6,596,541; 6,570,061; 6,162,963; 6,130,364; 6,091,001; 6,023,010; 5,593,598; 5,877,397,
5,874,299; 5,814,318, 5,789,650, 5,661,016; 5,612,205; and 5,591,669.

[0049] The mouse may comprise human, chimeric and/or rodent (e.g., mouse or rat) constant
region genes or sequences. Yet, according to a specific aspect, the mouse may comprise a
deletion of an immunoglobulin heavy chain constant region gene sequence.

[0050] The mouse may comprise a human, humanized, or chimeric immunoglobulin light chain
genes or sequences. Yet, according to a specific aspect, the mouse may comprise a genetic
modification inactivating, disabling or deleting the endogenous immunoglobulin light chain
locus or parts thereof.

[0051] In one aspect, the transgenic mouse described herein comprises
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1. a) a replacement of one or more, in particular all mouse Vi gene segments or V gene
segment coding sequences with one or more human VH gene segment coding

sequence(s), respectively; and/or;
2. b) a replacement of one or more, in particular all mouse Dy gene segments or Dy gene

segment coding sequences with one or more human Dy gene segment coding

sequence(s), respectively; and/or
3. ¢) a replacement of one or more, in particular all mouse Jy gene segments or Jq gene

segment coding sequences with one or more human Jy gene segment coding

sequence(s), respectively.

[0052] In a specific aspect, the endogenous Adam6a and Adam6b genes of the transgenic
mouse provided herein are knocked-out by deleting the endogenous mouse Ighv locus and
replacement of the endogenous locus with exogenous IGHV, IGHD and /IGHJ gene segment
coding sequences, specifically human /GHV, IGHD and /IGHJ gene segment coding sequences.

[0053] According to a specific embodiment, the endogenous Adam6a and Adaméb genes of
the transgenic mouse provided herein are deleted by replacing the endogenous mouse /ghv
locus and with a chimeric IGHV locus comprising human immunoglobulin gene segment (hIGS)
coding sequences and murine expression control sequences in operable linkage to control
expression of the hlGS coding sequences. Specifically, the chimeric /GHV locus comprises the
exogenous Adamé6 transgene described herein.

[0054] According to a further specific embodiment, the expression of endogenous Adamé6a
and Adamé6b genes of the transgenic mouse provided herein is reduced by a genetic
modification and in a second modification endogenous immunoglobulin gene segment coding
sequences or endogenous immunoglobulin heavy chain gene segments are replaced by a
heterologous expression cassette as described herein. Specifically, the heterologous
expression cassette comprises the exogenous Adamé transgene described herein and
heterologous immunoglobulin gene segment coding sequences or heterologous
immunoglobulin heavy chain gene segments as described herein.

[0055] The transgenic mouse provided herein comprising the exogenous Adamé transgene is
useful where modifications disrupt the function of endogenous mouse ADAM6a and ADAM6Eb.
The probability of disrupting endogenous mouse ADAMS6 function is high when making
modifications to mouse immunoglobulin loci, in particular when modifying mouse
immunoglobulin heavy chain variable regions and surrounding sequences. The position of the
intergenic sequence in mice that encodes ADAM6a and ADAM6b renders the intergenic
sequence susceptible to modification when modifying an endogenous mouse heavy chain
locus. When Vi gene segments are deleted or replaced, or when Dy gene segments are

deleted or replaced, there is a high probability that expression of endogenous Adaméa and
Adaméb genes is reduced in the male mouse. Therefore, the transgenic mouse described
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herein provides particular benefit when making mice with immunoglobulin heavy chain loci that
are deleted in whole or in part, are humanized in whole or in part, or are replaced in whole or
in part.

[0056] According to a specific embodiment, the mouse described herein comprises an
immunoglobulin heavy chain variable region (IHVR) locus comprising human immunoglobulin
gene segment (hIGS) coding sequences and murine expression control sequences in operable
linkage to control expression of the hlGS coding sequences. Specifically, said IHVR locus is on
chromosome 12.

[0057] Specifically, said hIGS coding sequences and said murine expression control
sequences are comprised in a heterologous expression cassette further comprising said
Adamé transgene, wherein said heterologous expression cassette is integrated within the
mouse genome and replaces endogenous immunoglobulin gene segment coding sequences,
or replaces an immunoglobulin gene segment of the endogenous IHVR locus.

[0058] Specifically, the mouse described herein comprises chimeric immunoglobulin segments
such as described in US 2013/0219535, specifically, human IGH (Vy, Dy, Jr), IGK (VK, JK),

and IGL (V, and J)) coding sequences embedded in the corresponding mouse non-coding

and regulatory sequences. An immunoglobulin gene segment comprising hlGS coding
sequences and murine expression control sequences are herein also referred to as "chimeric
immunoglobulin gene segments”.

[0059] Specifically, such transgenic mice have a genome comprising an introduced exogenous
immunoglobulin region, which is partly human, where the introduced region comprises human
variable region coding sequences and murine non-coding regulatory sequences controlling
expression of the human sequences, which are of the mouse origin or of the endogenous
genome of a mouse and knocked into the mouse genome by introduction of chimeric
immunoglobulin gene segments or a chimeric immunoglobulin gene locus. In particular, the
murine sequences, specifically the murine non-coding and regulatory sequences, are based on
the corresponding mouse endogenous sequences, i.e. of an identical sequence as those of the
endogenous wild-type immunoglobulin locus.

[0060] Murine expression control sequences as described herein for the purpose of
expressing human immunoglobulin gene sequences are specifically selected from the group
consisting of a promoter, transcriptional start and stop sequences, enhancer and activator
sequences, a ribosome binding site, or translational start and stop sequences. Specific
examples of such expression control sequences are sequences flanking the coding sequence,
which may include the promoter, 5' untranslated sequence, intron intervening the
coding sequences of the leader peptide, recombination signal sequence(s) (RSS), and splice
sites.

[0061] The Adam6 transgene, described herein, that rescues fertility can be placed at any
suitable position. It can be placed in the intergenic region, or in any suitable position in the
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genome. In one embodiment, the nucleotide sequence can be introduced as a transgene that
randomly integrates into the mouse genome. In one embodiment, the sequence can be
maintained episomally, that is, on a separate nucleic acid rather than on a mouse
chromosome. The exogenous Adamé transgene can, e.g., be integrated at the position of any
one of the endogenous Adaméa and Adamé6b genes, at a position that approximates its
location in a wild-type mouse (e.g., in a modified endogenous mouse immunoglobulin locus
upstream or downstream of its natural position), at a location identical to the endogenous
position, or at a position different to the endogenous position, e.g. on a chromosome other
than chromosome 12.

[0062] Specifically, the Adamé6 transgene is comprised in a nucleic acid construct comprising at
least one immunoglobulin gene segment coding sequence, in particular at least VVy, Dy and Jy

gene segment coding sequences of an immunoglobulin heavy chain locus. Such construct is
herein also referred to as "immunoglobulin gene locus".

[0063] Specifically, the Adamé6 transgene is comprised in a nucleic acid construct comprising at
least one immunoglobulin gene segment of an immunoglobulin heavy chain locus.

[0064] Specifically, the Adamé transgene is comprised in such nucleic acid construct or
immunoglobulin gene locus which is chimeric (herein referred to as "chimeric
immunoglobulin gene locus"), in particular wherein such construct comprises human
immunoglobulin coding sequences and murine regulatory sequences. Specifically, the Adam6
transgene is comprised in such nucleic acid construct or immunoglobulin gene locus, and
positioned between immunoglobulin heavy chain V4 and Dy gene segments, in particular

positioned in the opposite transcriptional orientation.

[0065] The immunoglobulin gene locus comprising the Adamé transgene can be either
exogenous and introduced into the mouse genome, or endogenous. An immunoglobulin gene
locus comprising the Adamé transgene can be introduced into the mouse genome as an
exogenous nucleic acid construct or element. Alternatively, the Adamé transgene is knocked
into the immunoglobulin gene locus within the mouse genome.

[0066] Specifically, the exogenous Adamé6 transgene is knocked in by incorporating an
exogenous chimeric immunoglobulin gene locus comprising said exogenous Adamé
transgene.

[0067] Specifically, the Adamé6 transgene is embedded within an IHVR locus.

[0068] Specifically, the Adamé6 transgene is knocked in at the mouse IHVR locus, thereby
incorporating said Adamé transgene within the locus.

[0069] Specifically, the Adamé6 transgene is embedded between immunoglobulin heavy chain
variable region (/GHV) coding genes and diversity (/GHD) coding genes.
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[0070] Specifically, the Adamé transgene is embedded between the /GHV and the IGHD
coding sequences, preferably in opposite transcriptional orientation to the /IGHV gene segment
coding sequences.

[0071] The Adamé6 transgene may be positioned between two Vy gene segments, between a

VH and a Dy gene segment or between a Dy and a J4 gene segment.

[0072] In a specific aspect, the exogenous Adam6 transgene is located between V and Dy

gene segments, which may be mouse, chimeric and/or human. Specifically, it is placed
between the 3'-most V4 gene segment and the 5-most Dy gene segment at the

immunoglobulin heavy chain locus.

[0073] According to a specific aspect, the exogenous Adamé transgene is knocked in between
the hIGS coding sequences.

[0074] According to another specific aspect, the exogenous Adamé transgene is knocked in
between two different immunoglobulin gene segment coding sequences, in particular wherein
each of the two different immunoglobulin gene segment coding sequences are chimeric, such
that the Adamé6 transgene is embedded between the immunoglobulin variable region gene
segment coding sequences.

[0075] Specifically, the exogenous Adamé6 transgene is operably linked to at least one murine
expression control sequence, such as a promoter or enhancer. Specifically, expression of the
Adamé6 transgene embedded in said hiGS is controlled by endogenous murine expression
control sequences, or those which are of mouse immunoglobulin locus origin. The promoter
and putative enhancers that regulate expression of Adam6a/b genes in wild-type mice may be
used. The Cdx1 and Ctcf binding sites identified by Choi, et al. as promoter and negative
regulatory regions of the Adam2 gene (Mol. Biol. Rep. (2013) 40:787-796) are conserved in
the ~400bp sequence upstream of the transcription start sites of both Adamé6a and Adaméb
genes. Moreover, two peaks at -51 and -92 of relatively high GC content (53% and 56%,
respectively), which are typical of eukaryotic promoter regions, are also present upstream of
both Adamé6a and Adaméb genes.

[0076] Specifically, murine Adamé6 expression control sequences are used which are
preferably endogenous in the mouse genome (in particular wild-type murine expression control
sequences) or originating from such mouse genome. The upstream region described above
can be tested and used to drive expression of the Adamé transgene if it is inserted in an
ectopic location in the mouse genome.

[0077] Specifically, the mouse is heterozygous or homozygous for the exogenous Adamé6
transgene described herein. Specifically, there is only one exogenous Adamé transgene on
one allele or in the genome of a cell of the transgenic mouse described herein. Specifically,
there is one exogenous Adamé transgene on each allele of a chromosome of the genome of
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the transgenic mouse described herein. Specifically, the Adamé6 transgene is Adam6a, Adaméb
or a functionally active variant thereof, as further described herein.

[0078] Specifically, said exogenous Adamé transgene is comprised in a heterologous
expression cassette.

[0079] Specifically, the heterologous expression cassette comprises the exogenous Adamé6
transgene in operable linkage with nucleotide sequences controlling expression of said Adamé
transgene.

[0080] According to a specific embodiment, the heterologous expression cassette comprises
the exogenous Adamé transgene, and the expression cassette is integrated into the mouse
genome such that expression of the Adamé transgene is under the control of murine
expression control sequences which are present at the IHVR locus (before or after expression
cassette integration) or which are endogenous mouse expression control sequences,
specifically endogenous murine Adam6 expression control sequences.

[0081] Specifically, the heterologous expression cassette not only comprises the exogenous
Adamé6 transgene, but further comprises hIGS coding sequences. According to a specific
embodiment the expression cassette further comprises murine expression control sequences
in operably linkage to control expression of the exogenous Adamé transgene and murine
expression control sequences in operably linkage to control expression of hIGS coding
sequences. Specifically, such murine expression control sequences in operable linkage with
Adamé6 and those in operable linkage with hIGS coding sequences are different.

[0082] Specifically, the hIGS coding sequences are of immunoglobulin heavy chain variable
region (/IGHV), diversity (/IGHD) and joining (/IGHJ) gene segments.

[0083] Specifically, human /IGHV, IGHD, and /GHJ genes are comprised at the IHVR locus, in
particular in respective immunoglobulin gene segments, which are preferably chimeric
immunoglobulin gene segments. Specifically, each of the immunoglobulin gene segments are
chimeric immunoglobulin gene segments.

[0084] According to a specific aspect, the mouse comprises immunoglobulin gene segments
that upon VDJy, VJ¢ or VJ, rearrangement encode immunoglobulin sequences of one or more

antibody variable domains. Specifically, the mouse expresses a repertoire of human or
humanized antibody variable domains.

[0085] Specifically, at least one or more (or each) of the immunoglobulin heavy chain variable
region gene segments are chimeric immunoglobulin gene segments.

[0086] Specifically, at least one or more (or each) of the immunoglobulin light chain variable
region gene segments, which may be k or A, are chimeric immunoglobulin gene segments.
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[0087] According to a further specific aspect, said heterologous expression cassette replaces
endogenous immunoglobulin gene segment coding sequences, or replaces an immunoglobulin
gene segment of the endogenous IHVR locus.

[0088] Further provided herein is a recombinant expression cassette comprising human
immunoglobulin gene segment (hIGS) coding sequences and murine expression control
sequences in operable linkage to control expression of the hIGS coding sequences, and only
one Adamé transgene capable of expressing an ADAM6 protein comprising at least 90%
sequence identity to SEQ ID NO:1 or SEQ ID NO:2, which Adam6 transgene is functional in a
male mouse. Specifically, said Adamé6 transgene expresses an ADAM6 protein comprising at
least any one of 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% sequence identity to any one of
or both of SEQ ID NO:1 or SEQ ID NO:2. According to a specific embodiment, the ADAM6
protein expressed by said Adamé transgene is at least any one of 95, 96, 97, 98, or 99%
identical, or is 100% identical to any one of SEQ ID NO:1 or SEQ ID NO:2.

[0089] Such recombinant expression cassette can, for example, be provided in the form of a
recombinase mediated cassette exchange (RMCE) vector.

[0090] Specifically, the recombinant expression cassette is used to engineer the transgenic
mouse as further described herein. For this purpose, the Adamé6 transgene comprised in the
recombinant expression cassette represents the exogenous Adam6 transgene when
incorporated in the mouse genome.

[0091] Specifically, the recombinant expression cassette provided herein comprises said
murine expression control sequences as intergenic sequences embedded in a gene segment
comprising hlGS coding sequences.

[0092] Specifically, the hlGS coding sequences comprised in the recombinant expression
cassette provided herein comprise or consist of sequences encoding human heavy chain
variable sequences, in particular those which upon VDJ rearrangement encode
immunoglobulin sequences of one or more antibody variable domains, or which are already
rearranged.

[0093] According to a specific embodiment, the recombinant expression cassette provided
herein comprises:

1. a) human Vy gene segment coding sequences including heavy chain variable region

gene segment (/IGHV) coding sequences, diversity gene segment (/GHD) coding
sequences, and joining gene segment (/GHJ) coding sequences; and

2.b) said Adamé6 transgene embedded between the /GHV and the /GHD coding
sequences, preferably in opposite transcriptional orientation to the V4 gene segment

coding sequences.
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[0094] Further provided herein is an isolated chromosomal region comprising an
immunoglobulin heavy chain variable region locus comprising the expression cassette
described herein, which is functional to express the one or more antibody heavy chain variable
domains in a mouse.

[0095] Further provided herein is a method for producing the mouse described herein,
comprising:

1. a) providing an embryonic mouse stem cell;

2. b) introducing one or more genetic modifications reducing expression of endogenous
Adamé6a and Adam6b genes, preferably by knocking out the Adam6a and Adamé6b
genes;

3. c) providing one or more vectors comprising at least one expression cassette containing
gene segments that upon VDJy rearrangement encode immunoglobulin sequences;

4. d) introducing said one or more vectors into the cell;

5. e) incorporating said gene segments into the genome of the cell, and selecting a
transgenic cell wherein said gene segments have been integrated into the cellular
genome of said transgenic cell at a target site at the endogenous immunoglobulin heavy
chain gene locus; and

6. f) utilizing said transgenic cell to create a transgenic mouse comprising said transgenic
cell;

wherein at least one of said vectors comprises the expression cassette described herein.

[0096] Specifically, the method of producing the mouse described herein comprises:

1. a) providing an embryonic mouse stem cell;

2. b) providing one or more vectors comprising at least one expression cassette containing
gene segments that upon VDJ rearrangement encode immunoglobulin sequences;

3. ¢) introducing said one or more vectors into the cell;

4.d) incorporating said gene segments into the genome of the cell, and selecting a
transgenic cell wherein said gene segments have been integrated into the cellular
genome of said transgenic cell at a target site at the endogenous immunoglobulin heavy
chain gene locus, thereby deleting endogenous Adamé6a and Adaméb genes; and

5. e) utilizing said transgenic cell to create a transgenic mouse comprising said transgenic
cell;

wherein at least one of said vectors comprises the expression cassette described herein.

[0097] According to a specific embodiment of the method provided herein, expression of
endogenous Adamé6a and Adam6b genes is reduced by deleting all or a part of the
endogenous immunoglobulin heavy chain variable locus.

[0098] According to a further specific embodiment, expression of endogenous Adamé6a and
Adaméb genes is reduced by replacing endogenous immunoglobulin gene segment coding
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sequences or an endogenous IHVR locus with the heterologous expression cassette described
herein.

[0099] Specifically, a marker is used to indicate the successful integration of said gene
segments into the cellular genome. Specifically, the marker is a selectable marker, which is
capable of expression in a host that allows for ease of selection of those hosts containing an
introduced nucleic acid or vector.

[0100] Examples of selectable markers include, e.g., proteins that confer resistance to
antimicrobial agents (e.g., puromycin, hygromycin, bleomycin, phleomycin D1, or neomycin),
proteins that confer a metabolic advantage, such as a nutritional advantage on the host cell, as
well as proteins that confer a functional or phenotypic advantage (e.g., cell division) on a cell.

[0101] Specifically, said expression cassette comprising said gene segments and/or said
exogenous Adamé transgene is integrated into the cellular genome of said mouse cell at a
target site, by any method of targeted recombination, e.g., by homologous recombination or by
site-specific recombination techniques. Specifically, the CRISPR/Cas9 genome editing system
(He et al.,, Nucleic Acids Research 2016, 44:e85) or the CRISPR-associated transpose-
mediated DNA insertion system (Strecker, et al., Science 2019, 365:448; Klompe, et al, Nature,
2019, 571:219) may be used for targeted recombination.

[0102] Further provided herein is the use of the mouse described herein for the production of
antibodies.

[0103] Further provided herein is the use of the mouse described herein for the generation of
a chimeric or humanized antibody comprising human variable regions and non-human animal
e.g., rodent such as mouse or rat, constant regions, or a fully human antibody.

[0104] Non-human animals may be used as sources of constant region sequences to be used
in connection with variable sequences, for example, rodent constant sequences can be used in
transgenes operably linked to human, chimeric or non-human variable sequences (e.g.,
human variable sequences operably linked to, e.g., rodent, e.g., mouse or rat or hamster,
constant sequences). Thus, in various embodiments, human or chimeric V, D, and J gene
segment coding sequences can be operably linked to rodent (e.g., mouse or rat or hamster)
constant region gene sequences. In some embodiments, the human or chimeric V, D, and J
gene segment coding sequences (or one or more rearranged VDJ genes) are operably linked
or fused to a mouse, rat, or hamster constant region gene sequence in, e.g., a transgene
integrated at an IHVR locus.

[0105] According to a specific embodiment, the transgenic mouse provided herein is
immunized with an antigen such that an immune response is elicited against that antigen
resulting in the generation of affinity-matured specific monoclonal or polyclonal antibodies. An
antigen can be administered to the mouse in any convenient manner to trigger an immune
response, with or without an adjuvant, and can be administered in accordance with a
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predetermined immunization schedule.

[0106] After immunization, serum or milk from immunized mice can be fractionated for the
purification of pharmaceutical grade polyclonal antibodies specific for the antigen. A
concentrated, purified immunoglobulin fraction may be obtained by chromatography (affinity,
ionic exchange, gel filtration, etc.), selective precipitation with salts such as ammonium sulfate,
organic solvents such as ethanol, or polymers such as polyethylene glycol.

[0107] For making a monoclonal antibody, antibody-producing cells, e.g., spleen and/or lymph
node cells, may be isolated from the immunized transgenic mouse and used either in cell
fusion with transformed cell lines for the production of hybridomas, or cDNAs encoding
antibodies are cloned by standard molecular biology techniques and expressed in transfected
cells. The procedures for making monoclonal antibodies are well established in the art.

[0108] Specifically, the method further comprises the step of isolating nucleic acid sequences
from the immunized mouse described herein for the production of specific antibodies, or
fragments thereof, in particular antigen-binding fragments, in a cell culture. Such antibodies or
antigen-binding fragments thereof can be hyperimmune antibodies.

[0109] Specifically provided herein is an isolated mouse cell whose genome comprises:

1. a) a knockout of the endogenous Adamé6a and Adaméb genes, and only one exogenous
Adamé6 transgene expressing an ADAM6 protein comprising at least 90% sequence
identity to SEQ ID NO:1 or SEQ ID NO:2, which exogenous Adamé transgene is
functional in a male mouse; and

2.b) an immunoglobulin heavy chain variable region (IHVR) locus comprising human
immunoglobulin gene segment (hIGS) coding sequences and murine expression control
sequences in operable linkage to control expression of the hlGS coding sequences,
preferably wherein said IHVR locus is on chromosome 12;

wherein the Adamé6 transgene is present at the IHVR locus.

[0110] Specifically, the hIGS coding sequences are operably linked to one or more mouse
immunoglobulin constant region coding sequence(s) or gene(s) encoding one or more mouse
immunoglobulin constant region domains.

[0111] Specifically, the isolated mouse cell provided herein is a cell of a B-cell lineage or of a
plasma cell lineage, specifically a mature B cell, a memory B cell, a plasmablast, or a plasma
cell. Specific embodiments refer to primary B cells, immortalized B cells, or hybridomas derived
from the transgenic mouse described herein.

[0112] Specifically, the genome of the isolated mouse cell comprises an exogenous Adamé
transgene expressing an ADAM6 protein comprising at least any one of 90, 91, 92, 93, 94, 95,
96, 97, 98, 99 or 100% sequence identity to any one or both of SEQ ID NO:1 or SEQ ID NO:2.
According to a specific embodiment, the ADAM6 protein expressed by said Adamé transgene
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is at least any one of 95, 96, 97, 98, or 99% identical, or is 100% identical to any one of SEQ ID
NO:1 or SEQ ID NO:2.

[0113] Further provided herein is a method for modifying an immunoglobulin heavy chain
variable region (IHVR) locus of a mouse, comprising making a first modification of the IHVR
locus that results in the reduction or elimination of expression of endogenous Adaméa and
Adaméb genes in a male mouse, and making a second modification of the IHVR locus
comprising inserting only one exogenous Adamé transgene expressing an ADAM6 protein
comprising at least 90% sequence identity to SEQ ID NO:1 or SEQ ID NO:2, which Adamé
transgene is functional in a male mouse, preferably wherein said first and second modifications
are made simultaneously. Specifically, the Adamé transgene expresses an ADAM6 protein
comprising at least 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% sequence identity to SEQ ID
NO:1 or SEQ ID NO:2. According to a specific embodiment, the ADAM6 protein expressed by
said Adamé6 transgene is at least any one of 95, 96, 97, 98, or 99% identical, or is 100%
identical to any one of SEQ ID NO:1 or SEQ ID NO:2.

[0114] Specifically, the method for modifying an immunoglobulin heavy chain variable region
(IHVR) locus of a mouse comprises making a first modification of the IHVR locus that deletes
endogenous Adamé6a and Adam6b genes in a male mouse, wherein the mouse is homozygous
for the deletion, and making a second modification of the IHVR locus comprising inserting only
one exogenous Adamé transgene expressing an ADAM6 protein comprising at least 90%
sequence identity to SEQ ID NO:1 or SEQ ID NO:2, which Adam6 transgene is functional in a
male mouse, wherein said first and second modifications are made simultaneously.

[0115] Some further exemplary embodiments provide transgenic mice as described herein,
further comprising changes to the immunoglobulin heavy chain gene to allow for production of
bispecific antibodies such as described in WO2017035252A1.

[0116] Other embodiments include a part of or a whole immunoglobulin protein transcribed
from the immunoglobulin heavy chain genes from the engineered portion of the transgenic
mouse described herein; and part of or whole engineered immunoglobulin proteins derived
from cells of the transgenic mouse described herein.

[0117] These and other aspects, objects and features of the invention are described in more
detail below.

FIGURES

[0118]

Figure 1: lllustrates the domain structure and proteolytic processing of the ADAM6 precursor
protein to remove the prodomain.
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Figure 2: Diagram, not to scale, of the mouse Adam6a and Adam6b genes in the embedded
in the TRN0O0O10 humanized mouse /gh locus on chromosome 12. The transcriptional
orientation of the Adam6a, Adaméb and /GHV gene segment coding sequences is indicated by
the arrows. /IGHV, heavy chain variable region gene segment coding sequences; /GHD,
diversity gene segment coding sequences; /GHJ, joining gene segment coding sequences.

Figure 3: Schematic of the methods used to generate the TRNOOO1 mouse by recombinase
mediated cassette exchange (RMCE). (A) Schematic of the endogenous mouse IHVR allele in
ES cells showing Ighv (V4 gene segments), endogenous mouse Adama6a (6a) and Adamé6b

(6b) genes, Ighd (D gene segments), Ighj (J4 gene segments), and Ighm (IgM constant

region gene). (B) The same allele after insertion of the construct for the first part of the
recombination docking site (1) downstream of the most proximal (relative to Ighm) Ighj gene
segment by homologous recombination. (C) The same allele as in (B) after insertion of the
second part of the recombination docking site docking construct (2) upstream of the most distal
Ighv gene segment by homologous recombination. (SEQ ID NO:5 shows the sequences
flanking the recombination sites (200 bp) for TRN0OQO1.) (D) The configuration of the allele
after in vitro deletion of the endogenous IHVR locus by Cre recombinase (3, FRT site; 4,
lox5171 site; 5, loxP site). These sites are contained in the docking constructs (1, 2 in Fig. 3)
and are described in detail in US 2013/0219535. The Cre-mediated deletion creates the
recombination docking site (6) to be used for RMCE. (E) Schematic of the synthetic RMCE
vector containing human IGHV, IGHD and IGHJ coding sequences embedded in mouse

flanking and regulatory sequences. A neomycin resistance gene (NeoR) is contained at the 5'
end of the vector for positive selection purposes. (F) The targeted humanized IHVR allele

in ES cells after successful RMCE. (G) The final allele configuration after removal of the NeoR
gene by in vivo Flp recombination. Note the absence of any Adam6 genes.

Figure 4: Schematic of the methods used to generate the TRNOO10 mouse by recombinase
mediated cassette exchange (RMCE). (A) Schematic of the endogenous mouse IHVR allele in
ES cells showing Ighv (V4 gene segments), endogenous moue Adama6a (6a) and Adaméb

(6b) genes, Ighd (D gene segments), Ighj (J4 gene segments), and Ighm (IgM constant

region gene). (B) The same allele after insertion of the first part of the recombination docking
site construct (1) downstream of the most proximal (relative to Ighm) Ighj gene segment by
homologous recombination. (C) The same allele as in (B) after insertion of the second part of
the recombination docking site docking construct (2) upstream of the most distal Ighv gene
segment by homologous recombination. (SEQ ID NO:5 shows the sequences flanking the
recombination sites (200 bp) for TRNOO10, which are the same sequences as for TRN00O1.)
(D) The configuration of the allele after in vitro deletion of the endogenous IHVR locus by Cre
recombinase (3, FRT site; 4, lox5171 site; 5, loxP site). These sites are contained in the
docking constructs (1, 2 in Fig. 4) and are described in detail in US 2013/0219535. The Cre-
mediated deletion creates the recombination docking site (6) to be used for RMCE. (E)
Schematic of the synthetic RMCE vector containing human IGHV, mouse Adam6a (6a), mouse
Adaméb (6b) genes, IGHD, and IGHJ coding sequences embedded in mouse flanking and

regulatory sequences. A neomycin resistance gene (NeoR) is contained at the 5' end of the
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vector for positive selection purposes. (F) The targeted humanized IHVR allele in ES cells

after successful RMCE. (G) The final allele configuration after removal of the NeoR gene by in
vivo Flp recombination. Note the presence of transgenic mouse Adam6 genes, both Adam6a
and Adam6b. The sequence of the intergenic region between IGHV and IGHD that contains in
Adam6a and Adam6b genes is shown in SEQ ID NO:6

Figure 5: Shows: (1, upper) The location of the proximal guide RNA binding site (gRNA1, SEQ
ID NO:7) and distal guide RNA binding site (QRNA2, SEQ ID NO:8) used for the CRISPR/Cas9
mediated knockout of the Adaméb gene in TRNOO10 (See Fig. 4G for a schematic showing the
partly human TRNOO10 heavy chain locus containing Adamé6 genes) homozygous zygotes.
[The last 3 nucleotides at the 3' end of these sequences correspond to the Protospacer
Adjacent Motif (PAM) required for Cas9 function.] (2, lower) The structure of the locus after
deletion of Adam6b and the location of the binding sites for the oligonucleotides used for
confirmation of the Adam6b gene knockout in founder mice by genomic PCR. Oligo 1, SEQ ID
NO:9, Oligo 2, SEQ ID NO:10, Oligo 3, SEQ ID NO:11.

Figure 6: Shows: (1, upper) The location of the proximal guide RNA binding site (gRNA3, SEQ
ID NO:12) and distal guide RNA binding site (gRNA1, SEQ ID NO:13) used for the
CRISPR/Cas9 mediated knockout of the Adamé6a gene in TRNOO10 (See Fig. 4G for a
schematic showing the partly human TRNOO10 heavy chain locus containing Adamé genes)
homozygous zygotes. (The last 3 nucleotides at the 3' end of these sequences
correspond to the PAM required for Cas9 function. (2, lower) The structure of the locus after
deletion of Adam6a and the location of the binding sites for the oligonucleotides used for
confirmation of the Adam6a gene knockout in founder mice by genomic PCR. Oligo 1, SEQ ID
NO:14, Oligo 13, SEQ ID NO:15, Oligo 3, SEQ ID NO:16.

Figure 7: Relative Adam6a expression in the testes of WT, null (TRNO0O59/TRNOOO1) and
hemizygous (TRNO048/TRN0O001) mice. (See Fig. 3G for a schematic showing the partly
human TRNOOO1 heavy chain locus.) Graph bars illustrate the relative expression of Adamé6a

in the testes of wild type (Adam6a*"*/Adaméb*'*), Adam6a”’%/Adam6p*/? (TRNO059/TRN0O001)

and Adam6a*/9/Adam6b™ (TRN0048/TRN0001) mice. Each bar represents the expression
value of a mouse tissue sample compared to the first WT mouse tissue sample (#2178063,
100%).

Figure 8: Percentage expression of Adamé6a in the testes of wild type (WT), null
(TRNOO59/TRNO001) and hemizygous (TRNOO48/TRNO001) mice relative to WT mouse
2178063. The percentage expression of Adaméa in the testes of WT (Adam6a**/Adam6b*'*),

Adam6a’%YAdaméb*’0 (TRNO059/TRN0O001) and Adamé6a*/0/Adam6b7® (TRN0O048/TRNO0O1)
mice is shown compared to the first WT mouse tissue sample (#2178063, 100%).

Figure 9: Relative Adamé6b expression in the testes of wild type (WT), hemizygous
(TRNOO59/TRNO001) and null (TRNOO48/TRNOOO1) mice. (See Fig. 3G for a schematic
showing the partly human TRNOOO1 heavy chain locus.) Graph bars lllustrate the relative

expression of Adaméb in the testes of WT (Adamé6a*"*/Adaméb*’*), Adam6a’%Adaméb*/0
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(TRNOO59/TRN0001) and Adamé6a*’%/Adamé6p”® (TRNO048/TRNO001) mice. Each bar
represents the expression value of a mouse tissue sample compared to the first WT mouse
tissue sample (#2178063, 100%).

Figure 10: Percentage expression of Adaméb in the testes of heterozygous
(TRNOO59/TRNO001) and null (TRNOO48/TRNOOO1) mice relative to wild type (WT) mouse
2178063. The percentage expression of Adaméb in the testes of wild type

(Adam6a**/Adam6éb*'*), Adamé6a”%Adaméb*/? (TRNO059/TRN0001) and

Adam6a*’%Adam6b”’® (TRNO048/TRNO001) mice is shown compared to the first WT mouse
tissue sample (#2178063, 100%).

Figure 11: Protein and amino acid sequences disclosed herein.

DETAILED DESCRIPTION

[0119] Unless indicated or defined otherwise, all terms used herein have their usual meaning
in the art, which will be clear to the skilled person. Reference is for example made to the
standard handbooks, such as Sambrook et al, "Molecular Cloning: A Laboratory Manual” (2nd
Ed.), Vols. 1 -3, Cold Spring Harbor Laboratory Press (1989); Lewin, "Genes V", Oxford
University Press, New York, (1990), and Janeway et al., "Immunobiology” (5th Ed., or more
recent editions), Garland Science, New York, 2001.

[0120] The terms "comprise”, "contain”, "have” and "include” as used herein can be used
synonymously and shall be understood as an open definition, allowing further members or
parts or elements. "Consisting™ is considered as a closest definition without further
elements of the consisting definition feature. Thus "comprising” is broader and contains
the "consisting™ definition.

[0121] The term "about” as used herein refers to the same value or a value differing by
+/-5 % of the given value.

[0122] The term "ADAMG6 protein” shall particularly refer to an ADAM6a or ADAMG6b protein
which is expressed by a wild-type mouse, or variants of the ADAM6a and ADAM6b protein,
respectively, specifically those that have a certain sequence similarity to the respective native
protein, and are expressed by an exogenous Adamé transgene in a transgenic mouse as
described herein, and in particular those that are functional in a male mouse. An ADAM6
variant is understood to be functional in so far that its expression results in fertility in a male
mouse. Functional variants may, e.g., be obtained by mutagenesis methods, in particular to
delete, exchange, introduce inserts or deletions into a specific amino acid sequence or region
or chemically derivatize an amino acid sequence, and those variants which are determined to
be functional in a suitable assay be selected from engineering a transgenic mouse described
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herein. Any of the known mutagenesis methods may be employed, including point mutations at
desired positions, e.g., obtained by randomization techniques. The term "mutagenesis”
refers to any art-recognized technique for altering a polynucleotide or polypeptide sequence.
Preferred types of mutagenesis include error prone PCR mutagenesis, saturation mutagenesis
or site directed mutagenesis.

[0123] The term "antibody” as used herein shall refer to polypeptides or proteins that
consist of or comprise antibody domains in various combinations or constructions, e.g.,
constant and/or variable domains of the heavy and/or light chains of immunoglobulins, with or
without linker sequences. Polypeptides are understood as antibody domains, if comprising a
beta-barrel structure consisting of at least two beta-strands of an antibody domain structure
connected by a loop sequence, and comprising an antigen-binding site, which is particularly
formed by loop sequences such as complementarity-determining regions (CDRs). Antibody
domains may be of native structure or modified by mutagenesis or derivatization, e.g., to
modify the antigen binding properties or any other property, such as stability or functional
properties, such as binding to Fc receptors.

[0124] Herein, the term "antibody"” and "immunoglobulin™ are used interchangeably.

[0125] The term "antibody" as used herein shall particularly refer to antibody
constructs comprising a pair of a V4 (heavy chain variable domain) and a VL (light chain

variable domain), thereby obtaining an antigen-binding site composed of the variable regions
of a combination of three CDRs of a V4 and three CDRs of a VL. Alternatively, an antigen-

binding site can be comprised in the variable region of a single V4. One or more variable

domains can be directly fused with constant antibody domains, and/or linked using one or
more linking sequence(s) or hinge region(s). Antibodies may be full-length antibodies or
antigen-binding fragments, e.g., heavy-chain only antibodies, composed of one or two single
chains, wherein each single chain comprises or consists of a variable heavy chain region (or
V) linked to one or more constant domains. Antibodies described herein may comprise or

consist of antibody domains or the full-length structure of an IgG type (e.g., an IgG1, 1gG2,
IgG3, or IgG4 subtype), IgA1, IgA2, IgD, IgE, or IgM type, or their murine counterparts.

[0126] Specifically, an antibody is typically understood as a polypeptide or protein (or protein
complex consisting of two or four antibody domain chains) that comprises an amino acid
sequence encoded by immunoglobulin genes or fragments of immunoglobulin genes. The
recognized immunoglobulin genes include the kappa, lambda, alpha, gamma, delta, epsilon,
and mu constant region genes, as well as immunoglobulin variable region genes. Light chains
(LC) are classified as either kappa or lambda. Heavy chains (HC) are classified as gamma,
mu, alpha, delta, or epsilon, which in turn define the immunoglobulin classes, 1gG, IgM, IgA,
IgD and IgE, respectively.

[0127] In a typical IgG antibody structure, HC or LC each contain at least two domains
connected to each other to produce a pair of antibody constant domains and binding site
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domains. In specific cases, a heavy chain may incorporate a LC constant domain, yet still be
considered a HC, e.g., being devoid of a light chain variable domain or region.

[0128] The HC of an antibody may comprise a hinge region connecting one or more (e.g. two)
antigen-binding parts of an antibody to an antibody Fc part. Exemplary antibody constructs
may contain antibody constant domains, such as of an Fc connected through an antibody
hinge region.

[0129] The hinge region may be a naturally-occurring heavy chain hinge region of an
immunoglobulin, e.g., of an IgG1 or an 1gG3, or an artificial hinge region comprising or
consisting of a number of consecutive amino acids which is of about the same length (+/-20%,
or +/-10%) as a naturally-occurring one. Preferred hinge regions comprise one or more, e.g.,
2, 3, or 4 cysteine residues that may form disulfide bridges to another hinge region thereby
obtaining a dimeric construct.

[0130] The term "antibody" shall apply to antibodies of animal origin, including human
species, such as mammalian, including human, murine, rabbit, rat, or avian, such as chicken,
which term shall particularly include recombinant antibodies that comprise one or more
sequence(s) of human and/or non-human animal origin, e.g., mouse sequences.

[0131] Specifically, the term "antibody" applies to antibodies produced by transgenic non-
human animals, e.g., from mice, which comprise human antigen-binding regions and non-
human (e.g., murine) constant regions and/or framework sequences.

[0132] The term "antibody" further applies to fully human antibodies.

[0133] The term “fuly human” as used with respect to an immunoglobulin, is
understood to include antibodies having variable and having constant regions derived from
human germline immunoglobulin sequences. A human antibody may include amino acid
residues not encoded by human germline immunoglobulin sequences (e.g., mutations
introduced by random or site-specific mutagenesis in vitro or by somatic mutation in vivo), for
example in the CDRs. Human antibodies include antibodies isolated from human
immunoglobulin or antibody libraries or from animals transgenic for one or more human
immunoglobulin genes.

[0134] A fully human or chimeric antibody or antibody fragment may be produced by
transgenic mice, such as, e.g., the transgenic mouse described herein, comprising a chimeric
immunoglobulin locus, e.g., an immunoglobulin heavy chain variable region locus comprising
human immunoglobulin gene segment coding sequences and murine expression control
sequences, wherein the murine expression control sequences are in operable linkage to
control expression of the human heavy chain sequences, thereby producing an antibody
comprising only human heavy chain sequences.

[0135] A human immunoglobulin is preferably selected or derived from the group consisting of
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IgA1, IgA2, IgD, IgE, IgG1, 1gG2, 1gG3, 1gG4 and IgM.

[0136] A murine immunoglobulin is preferably selected or derived from the group consisting of
IgA, IgD, IgE, 1gG1, IgG2A, IgG2B, 1gG2C, IgG3 and IgM.

[0137] The term "antibody” further applies to chimeric antibodies, with mixed sequences
that originate from different species, such as sequences of murine and human origin.

[0138] The term "chimeric" as used with respect to an immunoglobulin or an antibody
refers to those molecules wherein one portion of an antibody chain is homologous to
corresponding sequences in immunoglobulins derived from a particular species or belonging to
a particular class, while the remaining segment of the chain is homologous to corresponding
sequences in another species or class. Typically, the variable region mimics the variable
regions of immunoglobulins derived from one species of mammals, while the constant portions
are homologous to sequences of immunoglobulins derived from another. For example, the
variable region can be derived from presently known sources using human immunoglobulin
gene segment coding sequences or readily available B-cells from human host organisms, and
can be combined with one or more constant region(s) derived from, for example, non-human
animal cell preparations. Specifically, chimeric antibodies or antibody fragment may be
produced by transgenic mice, such as e.g. the transgenic mouse described herein, which
comprise human variable region sequences (or the respective variable antibody domains) and
mouse constant region sequences (or the respective constant region antibody domains).

[0139] The term "antibody" further applies to a monoclonal antibody, specifically a
recombinant antibody, which term includes all types of antibodies and antibody structures that
are prepared, expressed, created or isolated by recombinant means, such as antibodies
originating from animals, e.g., mammalians including human, that comprises genes or
sequences from different origin, e.g., chimeric, humanized antibodies, or hybridoma-derived
antibodies. Further examples refer to antibodies isolated from a host cell transformed to
express the antibody, or antibodies isolated from a recombinant, combinatorial library of
antibodies or antibody domains, or antibodies prepared, expressed, created or isolated by any
other means that involve splicing of antibody gene sequences to other DNA sequences.

[0140] Herein the term "endogenous" with reference to a nucleic acid element, e.g., a
nucleic acid construct such as an immunoglobulin gene segment, or a non-coding or coding
gene sequence, such as a gene, or locus, indicates that the nucleic acid element is comprised
in a cell to be endogenous to said cell, wherein the cell is a native or wild-type cell, or wherein
the nucleic acid element is present at a particular locus in the genome of a non-modified cell.
An endogenous gene may be a wild type gene present at that locus in a wild type cell (as
found in nature). An endogenous nucleic acid element may be a modified endogenous nucleic
acid element if it is present at the same locus in the genome as a wild type nucleic acid
element. An example of such a modified endogenous nucleic acid element is a gene into which
a foreign nucleic acid is inserted. An endogenous gene may be present in the nuclear genome,
mitochondrial genome etc.
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[0141] The term "exogenous” as used herein shall refer to those elements that originate
from sources that are external to a certain cell, thus, not "endogenous™ to such cell.
Specifically, the exogenous Adamé transgene, also called Adamé transgene, as described
herein is exogenous to the mouse cell and can replace (non-functional or knocked out)
endogenous Adam6a and Adam6b genes. Specifically, the exogenous Adamé transgene is
comprised within a heterologous expression cassette comprising such Adamé transgene
optionally besides other nucleic acid elements such as immunoglobulin gene segment coding
sequences and mouse non-coding sequences. The exogenous Adamé transgene may be an
ortholog or homolog of a closely related species with respect to the mouse, e.g., a rodent, such
as a mouse of a different strain or species, or a rat of any species. The addition of the ortholog
or homolog to the mouse rescues the loss of fertility due to loss of ADAM6 function.

[0142] The term “expression cassette” as described herein refers to nucleic acid
molecules, elements or genetic constructs containing desired coding sequences in operable
linkage, so that hosts comprising such expression cassette are capable of producing the
encoded proteins. The expression system may be included in a vector to transform a host;
however, the relevant coding sequence may also be directly integrated into the host
chromosome.

[0143] Typically, the expression cassette comprises restriction sites that are designed to
ensure insertion of the cassette in the proper reading frame. Foreign DNA can be inserted at
one or more restriction sites of a vector DNA, and then be carried by the vector into a host cell
along with the transmissible vector DNA.

[0144] Expression vectors typically comprise an expression cassette and additionally usually
comprise an origin for autonomous replication in the host cells or a genome integration site,
one or more selectable markers (e.g. an amino acid synthesis gene or a gene conferring
resistance to antibiotics such as zeocin, kanamycin, G418 or hygromycin), a number of
restriction enzyme cleavage sites, a suitable promoter sequence and a transcription
terminator, which components are operably linked together. The term vector includes
autonomously replicating nucleotide sequences as well as genome integrating nucleotide
sequences. A common type of vector is a "plasmid”, which generally is a self-contained
molecule of double-stranded DNA that can be propagated in a bacterial host and readily
accepts additional (foreign) DNA and which can readily be introduced into a suitable host cell.
A plasmid vector often contains coding DNA and promoter DNA and has one or more
restriction sites suitable for inserting foreign DNA. Specifically, the term "vector” or "plasmid™
refers to a vehicle by which a DNA or RNA sequence (e.g. a foreign gene) can be
introduced into a host cell, so as to transform the host and promote expression (e.g.,
transcription and translation) of the introduced sequence.

[0145] The expression cassette described herein specifically comprises an exogenous Adam6
as described herein. Such expression cassette is specifically designed to incorporate the
exogenous Adamé6 transgene into the mouse genome, to enable its expression in vivo.
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[0146] As described herein, expression of the endogenous Adam6a and Adam6b genes is
reduced by one or more "genetic modifications™. Specifically, reduction of expression
of endogenous Adamé6a and Adam6b may also refer to complete reduction or elimination of
expression of the endogenous Adam6 genes.

[0147] Specifically, said one or more genetic modifications comprises a disruption, substitution,
deletion or knockout of (i) one or more endogenous polynucleotides, or a part thereof; or (ii) an
expression control sequence, preferably the expression control sequence is selected from the
group consisting of a promoter, transcriptional start and stop sequences, enhancer and
activator sequences, a ribosome binding site, or translational start and stop sequences.

[0148] A genetic modification may comprise partial deletion or full deletion, also referred to as
"knock-out”, of the Adam6a and Adaméb genes or inactivating mutations, also referred to
as "loss-of-function” mutations including e.g. point mutations or frameshift mutations.
An inactivating mutation may comprise a sequence modification to alter one or more
contiguous amino acids, e.g. 1, 2, or 3 amino acids, which are substituted, inserted or deleted
at one position in an amino acid sequence expressed by the respective gene. An inactivating
mutation may also refer to areas of sequences, in particular changing contiguous or non-
contiguous amino acid sequences.

[0149] The genetic modification may comprise a replacement, wherein a nucleic acid element
is placed into the mouse genome by a heterologous nucleic acid element at the locus of the
genomic sequence. The DNA sequence so placed may include one or more regulatory
sequences that are part of the source DNA used to obtain the sequence so placed (e.g.,
promoters, enhancers, 5'- or 3'-untranslated regions, appropriate recombination signal
sequences, etc.). For example, in various embodiments, the replacement is a substitution of an
endogenous sequence for a heterologous sequence that results in the production of a gene
product from the DNA sequence so placed (comprising the heterologous sequence), but not
expression of the endogenous sequence. In a specific embodiment, an immunoglobulin gene
segment is replaced with a corresponding human immunoglobulin gene segment. In another
specific embodiment, endogenous immunoglobulin gene segment coding sequences are
replaced with corresponding human immunoglobulin gene segment coding sequences, such
as an ortholog of, a homolog of endogenous sequences, or those that are at least 90% or
95%, or 100% identical to the endogenous sequences that are replaced. In yet another specific
embodiment, endogenous immunoglobulin gene segment coding sequences are replaced with
corresponding human immunoglobulin coding sequences embedded in mouse non-coding and
regulatory sequences.

[0150] Herein, the term "heterologous™ with reference to a nucleic acid element, e.g., a
nucleic acid construct such as an immunoglobulin gene segment, or a non-coding or coding
gene sequence, such as a gene, or locus, indicates that the gene, gene segment, and locus,
respectively, is not native to a cell (i.e., not natively occurring in a wild-type cell of the same
species at the same location within the cellular genome), or foreign to a cell to produce a
recombinant cell, i.e., the nucleic acid element is present in the genome of a modified
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(recombinant) cell which is not a wild-type cell. A heterologous gene segment may be a wild
type gene segment present at a locus which is different from the respective locus in a wild type
cell (thus not found in nature at the same locus). A heterologous gene segment may comprise
a (modified or unmodified) endogenous coding sequence or gene, if it is present at a different
locus in the genome other than found in a wild type gene or organism. An example of such
heterologous nucleic acid element is a modified endogenous one, such as the immunoglobulin
heavy chain variable region (IHVR) locus described herein, comprising the Adamé transgene
described herein, human immunoglobulin gene segment (hIGS) coding sequences and murine
expression control sequences.

[0151] The term "host"” as used herein with regard to a cell, cell line, or higher organism
such as non-human animals, and any progeny of any of the foregoing, shall refer to a primary
subject transformed to produce a particular recombinant protein, such as an antibody. It should
be understood that not all progeny are exactly identical to the parental cell (due to deliberate or
inadvertent mutations or differences in environment), however, such altered progeny are
included in these terms, so long as the progeny retain the same functionality as that of the
originally transformed cell. The term "host cell line"” refers to a cell line of host cells as
used for expressing a recombinant gene to produce recombinant polypeptides such as
recombinant antibodies. The term “cell line” as used herein refers to an established
clone of a particular cell type that has acquired the ability to proliferate over a prolonged period
of time. Such host cell or host cell line may be maintained in cell culture and/or cultivated to
produce a recombinant polypeptide.

[0152] The antibodies produced by a transgenic mouse described herein are specifically used
as a template to provide antibody sequences e.g. of the antigen-binding site and in particular
the CDR sequences. Such sequences can be used to provide coding nucleic acid molecules to
engineer recombinant host cells for the producing recombinant antibodies comprising said
antigen-binding site and CDRs, respectively.

[0153] The term “isolated” or "isolation™ as used herein with respect to a compound
such as a nucleic acid, a nucleic acid element, or an antibody shall refer to such compound
that has been sufficiently separated from the environment with which it would naturally be
associated, so as to exist in "substantially pure™ form. "Isolated” does not necessarily
mean the exclusion of artificial or synthetic mixtures with other compounds or materials, or the
presence of impurities that do not interfere with the fundamental activity, and that may be
present, for example, due to incomplete purification. In particular, isolated nucleic acid
molecules as described herein are also meant to include those chemically synthesized.

[0154] With reference to nucleic acids or a nucleic acid elements as described herein, the term
"isolated"”, when applied to DNA, refers to a DNA molecule that is separated from sequences
with which it is immediately contiguous in the naturally occurring genome of the organism in
which it originated. For example, an "isolated nucleic acid” may comprise a DNA
molecule inserted into an expression cassette or a vector, such as a plasmid or virus vector, or
integrated into the genomic DNA of a prokaryotic or eukaryotic cell or host organism. When
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applied to RNA, the term "isolated” refers primarily to an RNA molecule encoded by an
isolated DNA molecule as defined above. Alternatively, the term may refer to an RNA molecule
that has been sufficiently separated from other nucleic acids with which it would be associated
in its natural state (i.e., in cells or tissues). An "isolated nucleic acid” (either DNA or RNA)
may further represent a molecule produced directly by biological or synthetic means and
separated from other components present during its production.

[0155] With reference to polypeptides or proteins, such as isolated antibodies, the term
"isolated"” shall specifically refer to compounds that are free or substantially free of
material with which they are naturally associated such as other compounds with which they
are found in their natural environment, or the environment in which they are prepared (eg., cell
culture) when such preparation is by recombinant DNA technology practiced in vitro or in vivo.
Isolated compounds can be formulated with diluents or adjuvants and still for practical
purposes be isolated - for example, the polypeptides or polynucleotides can be mixed with
pharmaceutically acceptable carriers or excipients when used in diagnosis or therapy.

[0156] Antibodies generated using the transgenic mouse described herein are particularly
provided in the isolated form, which are substantially free of other antibodies directed against
different target antigens and/or comprising a different structural arrangement of antibody
domains. Still, an isolated antibody may be comprised in a combination preparation, containing
a combination of the isolated antibody, e.g., with at least one other antibody, such as
monoclonal antibodies or antibody fragments having different specificities.

[0157] The term "locus™ as used herein refers to a DNA coding sequence or segment of
DNA that codes for an expression product, which is a genomic sequence, such as part of (or
isolated from) a genome of a host organism, or which is part of a vector, and is placed within
the host organism’'s genome at a certain chromosomal site, or can be integrated, e.g., at
a predetermined target site, such as by defined restriction sites, or regions of homology by
homologous recombination.

[0158] Restriction sites can be designed to ensure insertion of an expression cassette in the
proper reading frame. Typically, foreign (herein also referred to as exogenous) DNA is inserted
at one or more restriction sites of a vector DNA, and then is carried by the vector into a host
cell along with the transmissible vector DNA.

[0159] Typically, a locus encompasses at least one gene or one or more gene segment(s).
The term "locus™ does not imply that a gene is actively transcribed or intact. Genes may be
encompassed that have been inactivated.

[0160] A specific example of a locus described herein is an immunoglobulin heavy chain
variable region (IHVR) locus in a mouse, comprising an exogenous Adamé transgene as
described herein. Specifically, the IHVR locus comprises a first modification which results in the
reduction or elimination of expression of endogenous ADAM6a and ADAM6b protein in a male
mouse and a second modification comprising inserting an exogenous Adamé transgene as
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described herein. The first and second modifications of the locus can be made simultaneously
or sequentially.

[0161] A further specific example of a locus described herein is an immunoglobulin heavy
chain variable region (IHVR) locus in a mouse, comprising an exogenous Adamé transgene as
described herein, human immunoglobulin gene segment (hIGS) coding sequences and murine
expression control sequences. Specifically, the hIGS coding sequences are of immunoglobulin
heavy chain variable region (IGHV), diversity (IGHD) and joining (IGHJ) gene segments.

[0162] A locus may be engineered to express exons encoding an antibody or one or more
antibody domains, such as described herein.

[0163] A recombinant locus can be created using various conventional techniques for site-
specific editing and/or recombination. Preferably, a modified locus is generated by inserting a
piece of DNA (referred to here as the "donor DNA") containing gene segments
encoding, e.g., human immunoglobulin gene segments or coding sequences of human
immunoglobulin gene segments, into a modified version of a murine immunoglobulin locus
such as a heavy chain locus of a host organism (herein referred to as the "acceptor allele").
The acceptor allele may contain recognition sites for a site-specific DNA recombinase, such as
the Cre recombinase (a loxP site and a mutated version of the loxP site). The donor DNA may
be flanked by the same Cre recombinase recognition sites (at both, the 5'-end and the 3'-end,
e.g., on one side there is a loxP site and on the other there will be a mutated version of the
loxP site). The Cre recombinase may be used to catalyze the insertion of the donor DNA into
the acceptor allele in a process called Recombinase Mediated Cassette Exchange (RMCE).

[0164] Introduction of the site-specific recombination sites may also be achieved by
conventional homologous recombination techniques. Such techniques are described in
references such as e.g., Sambrook and Russell (2001) Molecular cloning: a laboratory manual,
3d ed. (Cold Spring Harbor, N.Y.: Cold Spring Harbor Laboratory Press); Nagy, (2003)
Manipulating the mouse embryo: a laboratory manual, 3d ed. (Cold Spring Harbor, N.Y.: Cold
Spring Harbor Laboratory Press); Renault and Duchateau, Eds. (2013) Site-directed insertion
of transgenes. (Topics in Current Genetics 23, Springer); and Tsubouchi, H. Ed. (2011) DNA
recombination, Methods and Protocols. (Humana Press).

[0165] In a specific embodiment, nucleic acid sequences and gene segments can be
introduced into an immunoglobulin locus by homologous recombination. In such an
embodiment, targeting sequences or vectors are employed that are comprised of genomic
targeting homology arms flanking a nucleic acid sequence comprising antibody encoding gene
segments (i.e., a nucleotide sequence at both, the 5-end and the 3'-end, which is
homologous to and capable of hybridizing with a target sequence). These genomic homology
arms facilitate insertion of the antibody encoding DNA into an immunoglobulin locus, such as
DNA that encodes the immunoglobulin heavy chain. The targeting sequence refers to a
sequence that is homologous to DNA sequences in the genome of a cell that flank or occur
adjacent to the region of an immunoglobulin genetic locus that is to be modified. The flanking
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or adjacent sequence may be within the locus itself or upstream or downstream of coding
sequences in the genome of the host cell. Targeting sequences are inserted into recombinant
DNA vectors for use in cell transfections such that sequences to be inserted into the cell
genome, such as the sequence of a recombination site, are flanked by the targeting
sequences of the vector.

[0166] In many instances in which homologous recombination is employed to accomplish a
genetic change in a genome (such as an insertion or a deletion), a further modification would
involve the use of engineered site-specific endonucleases to increase the likelihood that a
desired outcome can be accomplished. Such endonucleases are of value because they can be
engineered to be highly specific for unique sequences in a target genome, and because they
cause double-stranded DNA breaks at the sites they recognize. Double-stranded breaks
promote homologous recombination with targeting vectors that carry targeting homology with
DNA in the immediate vicinity of the breaks. Thus, the combination of a targeting vector and a
site-specific endonuclease that cleaves DNA within or close to the region targeted by a vector
typically results in much higher homologous recombination efficiency than use of a targeting
vector alone. Furthermore, it is possible to facilitate the creation of a genomic deletion through
use of one or more site-specific endonucleases and a targeting vector comprised of two
targeting homology arms in which one arm targets one side of the region to be deleted and the
other arm targets the other side.

[0167] Site-specific recombination differs from general homologous recombination in that short
specific DNA sequences, which are required for the recombinase recognition, are the only sites
at which recombination occurs. Site-specific recombination requires specialized recombinases
to recognize the sites and catalyze the recombination at these sites. A number of
bacteriophage and yeast-derived site-specific recombination systems, each comprising a
recombinase and specific cognate target sites, have been shown to work in eukaryotic cells for
the purpose of DNA integration and are therefore applicable for use as described herein.
These include the bacteriophage P1 Cre/lox, yeast FLP-FRT system, and the Dre system of
the tyrosine family of site-specific recombinases. Such systems and methods of use are well-
described in the prior art. The recombinase-mediated cassette exchange (RMCE) procedure is
facilitated by usage of the combination of wild-type and mutant loxP (or FRT, etc.) sites
together with the appropriate recombinase (e.g., Cre or Flp), and negative and/or positive
selection. RMCE will occur when the sites employed are identical to one another and/or in the
absence of selection, but the efficiency of the process is reduced because excision rather than
insertion reactions are favored and, without incorporating positive and/or negative selection,
there will be no enrichment for appropriately mutated cells.

[0168] Other systems of the tyrosine family of site-specific recombinases, such as
bacteriophage lambda Int integrase and HK2022 integrase, and in addition systems belonging
to the separate serine family of recombinases such as bacteriophage phiC31, R4Tp901
integrases are known to work in mammalian cells using their respective recombination sites,
and are also applicable for use as described herein.
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[0169] The methods described herein specifically utilize site-specific recombination sites that
utilize the same recombinase, but which do not facilitate recombination between the sites. For
example, a loxP site and a mutated loxP site can be integrated into the genome of a host, but
introduction of Cre into the host will not cause the two sites to undergo recombination; rather,
the loxP site will recombine with another loxP site, and the mutated site will only recombine
with another likewise mutated loxP site.

[0170] Two classes of variant recombinase sites are available to facilitate recombinase-
mediated cassette exchange. One harbors mutations within the 8 bp spacer region of the site,
while the other has mutations in the 13-bp inverted repeats.

[0171] Spacer mutants such as lox511 (Hoess, et al., Nucleic Acids Res., 14:2287-00 (1986)),
lox5171 and lox2272 (Lee and Saito, Gene, 216:55-65 (1998)), m2, m3, m7, and m11 (Langer,
et al., Nucleic Acids Res., 30:3067-77 (2002)) recombine readily with themselves but have a
markedly reduced rate of recombination with the wild-type site. Examples of the use of mutant
sites of this sort for DNA insertion by recombinase-mediated cassette exchange can be found
in Baer and Bode, Curr. Opin. Biotechnol., 12:473-80 (2001).

[0172] Inverted repeat mutants represent a second class of variant recombinase sites. For
example, loxP sites can contain altered bases in the left inverted repeat (LE mutant) or the
right inverted repeat (RE mutant). An LE mutant, lox71 , has 5 bp on the 5’ end of the left
inverted repeat that are changed from the wild type ATAAC sequence to TACCG (Araki, Nucleic
Acids Res., 25:868-72 (1997); Missirlis, et al., BMC Genomics, 7:73 (2006)). Similarly, the RE
mutant, lox66, has the five 3'-most bases changed from GTTAT to CGGTA. Inverted repeat
mutants can be used for integrating plasmid inserts into chromosomal DNA. For example,
the LE mutant can be used as the "target" chromosomal loxP site into which the
"donor" RE mutant recombines. After recombination a donor piece of DNA that contained
an RE site will be found inserted in the genome flanked on side by a double mutant site
(containing both the LE and RE inverted repeat mutations) and on the other by a wild-type site
(Lee and Sadowski, Prog. Nucleic Acid Res. Mol. Biol., 80: 1-42 (2005)). The double mutant is
sufficiently different from the wild-type site that it is unrecognized by Cre recombinase and the
inserted segment therefore cannot be excised by Cre-mediated recombination between the
two sites.

[0173] In certain aspects, site-specific recombination sites can be introduced into introns or
intergenic regions, as opposed to coding nucleic acid regions or regulatory sequences. This
may avoid inadvertently disrupting any regulatory sequences or coding regions necessary for
proper gene expression upon insertion of site-specific recombination sites into the genome of
the animal cell.

[0174] Specific recombination into the genome can be facilitated using vectors designed for
positive or negative selection as known in the art. In order to facilitate identification of cells that
have undergone the replacement reaction, an appropriate genetic marker system may be
employed and cells selected by, for example, use of a selection medium. However, in order to
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ensure that the genome sequence is substantially free of extraneous nucleic acid sequences at
or adjacent to the two end points of the replacement interval, desirably the marker
system/gene can be removed following selection of the cells containing the replaced nucleic
acid.

[0175] The recombinase may be provided as a purified protein, or may be expressed from a
construct transiently expressed within the cell in order to provide the recombinase activity.
Alternatively, the cell may be used to generate a transgenic animal, which may be crossed with
an animal that expresses said recombinase, in order to produce progeny that lack the marker
gene and associated recombination sites.

[0176] In a specific embodiment, gene segments or respective immunoglobulin coding
sequences can be introduced into an immunoglobulin locus by a CRISPR/Cas9 technology
using a non-homologous end joining approach, e.g., see He et al. (supra) or by using the
CRISPR-associated transpose-mediated DNA insertion system (Strecker, et al., supra; Klompe,
et al, supra).

[0177] The term "sequence identity” as used herein is understood as the relatedness
between two amino acid sequences or between two nucleotide sequences and described by
the degree of sequence identity. The sequence identity of a variant, homologue or orthologue
as compared to a parent nucleotide or amino acid sequence indicates the degree of identity of
two or more sequences. Two or more amino acid sequences may have the same or conserved
amino acid residues at a corresponding position, to a certain degree, up to 100%. Two or more
nucleotide sequences may have the same or conserved base pairs at a corresponding
position, to a certain degree, up to 100%.

[0178] Sequence similarity searching is an effective and reliable strategy for identifying
homologs with excess (e.g., at least 50%) sequence identity. Sequence similarity search tools
frequently used are e.g., BLAST, FASTA, and HMMER. Sequence similarity searches can
identify such homologous proteins or polynucleotides by detecting excess similarity, and
statistically significant similarity that reflects common ancestry. Homologues may encompass
orthologues, which are herein understood as the same protein in different organisms, e.g.,
variants of such protein in different different organisms or species.

[0179] "Percent (%) identity™ with respect to an amino acid sequence of homologs and
orthologues described herein is defined as the percentage of amino acid residues in a
candidate sequence that are identical with the amino acid residues in the specific polypeptide
sequence, after aligning the sequence and introducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering any conservative substitutions as
part of the sequence identity. Those skilled in the art can determine appropriate parameters for
measuring alignment, including any algorithms needed to achieve maximal alignment over the
full length of the sequences being compared.

[0180] For purposes described herein, the sequence identity between two amino acid
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sequences is determined using the NCBI BLAST program version 2.9.1 (Apr-19-2019) with
BLASTp set at the default parameters.

[0181] "Percent (%) identity" with respect to a nucleotide sequence e.g., of a nucleic acid
molecule or a part thereof, in particular a coding DNA sequence, is defined as the percentage
of nucleotides in a candidate DNA sequence that is identical with the nucleotides in the DNA
sequence, after aligning the sequence and introducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering any conservative substitutions as
part of the sequence identity. Alignment for purposes of determining percent nucleotide
sequence identity can be achieved in various ways that are within the skill in the art, for
instance, using publicly available computer software. Those skilled in the art can determine
appropriate parameters for measuring alignment, including any algorithms needed to achieve
maximal alignment over the full length of the sequences being compared.

[0182] Optimal alignment may be determined with the use of any suitable algorithm tor aligning
sequences, non-limiting examples of which include the Smith-Waterman algorithm, the
Needleman-Wunsch algorithm, algorithms based on the Burrows-VWheeler Transform (e.g., the
Burrows Wheeler Aligner), ClustalW, ClustalX, BLAT, Novoalign (Novocraft Technologies;
available at novocraft.com), ELAND (lllumina, San Diego, CA), and Maq (available at
magq.sourceforge.net).

[0183] The term "recombinant” refers to a polynucleotide (nucleic acid element) or polypeptide
that does not naturally occur in a host cell or animal. A recombinant molecule may contain two
or more naturally-occurring sequences that are linked together in a way that does not occur
naturally. A recombinant cell contains a recombinant polynucleotide or polypeptide. If a cell
receives a recombinant nucleic acid, the nucleic acid is "exogenous” to the cell and to the
animal comprising said cells.

[0184] The term "recombinant” particularly means "being prepared by or the result of
genetic engineering”. Alternatively, the term "engineered" is used.

[0185] The term "transgene” is used herein to describe genetic material that has been or
is about to be artificially inserted into the genome of a cell, and particularly a cell of a host
animal. The term "transgene” as used herein refers to a nucleic acid molecule or element,
e.g., a nucleic acid comprised in an expression construct and/or a targeting vector to be
expressed in a host organism upon its introduction and incorporation into the host's
genome. Thereby, the host organism is engineered as a "transgenic” host.

[0186] As used herein, the term "Adamé transgene"” refers to the coding sequence of a
nucleotide sequence encoding a protein comprising a certain sequence identity to SEQ ID
NO:1 and/or SEQ ID NO:2. The coding sequence may be artificial or of animal origin,
specifically a mouse gene, or coding cDNA.

[0187] The term "transgenic animal” is herein understood as a non-human animal, usually a
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mammal, e.g., a rodent, particularly a mouse or rat, although other mammals are envisioned,
having an exogenous nucleic acid sequence present as a chromosomal or extrachromosomal
element in a portion of its cells or stably integrated into its germ line DNA (i.e., in the genomic
sequence of most or all of its cells).

[0188] In certain aspects, the transgenic animals described herein comprise one or more
nucleic acid molecule(s) or element(s) encoding human immunoglobulin regions. Numerous
methods have been developed for replacing endogenous mouse immunoglobulin regions with
human immunoglobulin sequences to create partially- or fully-human antibodies for drug
discovery purposes. Examples of such mice include those described in, for example, U.S. Pat
Nos. 7,145,056; 7,064,244; 7,041,871; 6,673,986; 6,596,541; 6,570,061; 6,162,963;
6,130,364; 6,091,001; 6,023,010; 5,593,598; 5,877,397; 5,874,299; 5,814,318; 5,789,650;
5,661,016; 5,612,205; and 5,591,669.

[0189] According to a specific aspect, the transgenic cells and animals described herein have
a genome in which part or all of the endogenous immunoglobulin region is removed.

[0190] In another favored aspect, the animal's genome is modified so that its B cells are
capable of expressing more than one functional V4 domain per cell, e.g., producing bispecific

antibodies comprising two different Vy domains and two different antigen-binding sites,
respectively, such as described in WO2017035252A1.

[0191] In the particularly favored aspects, the transgenic animals described herein comprise
one or more nucleic acid molecule(s) or element(s) that are chimeric immunoglobulin gene
segments encoding IGHV, IGHK and IGHL as described in US20130219535. Such transgenic
animals have a genome comprising an introduced nucleic acid element which is a partly
human immunoglobulin region, wherein the introduced nucleic acid element comprises human
variable region coding sequences and non-coding sequences based on the endogenous
genome of the non-human vertebrate.

[0192] According to a specific embodiment a pharmaceutical composition is provided,
comprising an antibody or antibody fragment derived from the transgenic mouse described
herein, such as for example a full-length antibody, a heavy chain only antibody, a F(ab')2
fragment, a Fab fragment, or a single chain variable fragment (e.g. a scFV). A pharmaceutical
composition can be provided which comprises an antibody and a pharmaceutically acceptable
carrier or excipient in a formulation suitable for a specific administration route. Pharmaceutical
compositions can be administered, e.g., as a bolus injection, infusion or by continuous infusion.
Exemplary formulations as used for parenteral administration include those suitable for
subcutaneous, intramuscular or intravenous injection as, for example, a solution, emulsion or
suspension. Pharmaceutical carriers suitable for facilitating such means of administration are
well-known in the art.

[0193] Pharmaceutically acceptable carriers generally include any and all suitable solvents,
dispersion media, coatings, isotonic and absorption delaying agents, and the like that are
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physiologically compatible with an antibody. Further examples of pharmaceutically acceptable
carriers include sterile water, saline, phosphate buffered saline, dextrose, glycerol, ethanol,
and the like, as well as combinations of any thereof.

[0194] Additional pharmaceutically acceptable carriers are known in the art and described in,
e.g., Remington: The Science and Practice of Pharmacy, 22nd revised edition (Allen Jr, LV, ed.,
Pharmaceutical Press, 2012). Liquid formulations can be solutions, emulsions or suspensions
and can include excipients such as suspending agents, solubilizers, surfactants, preservatives,
and chelating agents.

[0195] The foregoing description will be more fully understood with reference to the following
examples. Such examples are, however, merely representative of methods of practicing one or
more embodiments of the present invention and should not be read as limiting the scope of
invention.

EXAMPLES

[0196] In mice, there are two ADAM6 proteins, ADAM6a and ADAM6b (SEQ ID NO:1 and 2),
encoded by two single-exon intronless genes that are both expressed, as detected by gene-
specific RT-PCR [Choi, |, et al., Genomics (2004) 83:636-646]. The Adam6a and Adaméb
genes (SEQ ID NO:3 and 4) are located on chromosome 12 within the immunoglobulin heavy
chain locus (/gh) between the Ighv5-1p and Ighd1-1 gene segments but in opposite
transcriptional orientation to the V4 gene segments [Featherstone, K, JBC (2010) 285:9327-

9338] This is shown schematically for the TRNOO10 /gh locus in Figure 2. (See below and Fig.
4 for a description of the TRNOO10 mouse.) The Adamé6a and Adamé6b genes are 94%
identical and the proteins are 90% identical.

[0197] Demonstrated herein is the discovery that only one exogenous Adamé transgene, i.e.,
only one of Adamé6a or Adam6b or a functionally active variant thereof, is required for full male
fertility.

[0198] Two existing Trianni mouse strains, TRNOOO1 and TRNO0010, were used in the
experiments described in the Examples. These mice were generated using conventional
technologies well known in the art. For TRNOOO1 mice, the endogenous mouse IHVR locus
was deleted and replaced by a synthetic DNA construct containing human IGHV, IGHD and
IGHJ gene coding segments embedded in mouse regulatory and flanking sequences. No
functional mouse Adamé6 genes were included in the construct. This mouse is described in
detail in US 2013/0219535 and was generated using Recombinase Mediated Cassette
Exchange (RMCE) as outlined in Fig. 3. (A) Schematic of the endogenous mouse IHVR allele
in ES cells showing Ighv (V4 gene segments), Adam6a and Adaméb genes, Ighd (D gene

segments), Ighj (J4 gene segments), and the Ighm (IgM constant region gene). (B) The same

allele after insertion of the first part of the recombination docking site construct (1) downstream
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of the most proximal (relative to Ighm) Ighj gene segment by homologous recombination. (C)
The same allele as in (B) after insertion of the second part of the recombination site docking
construct (2) upstream of the most distal Ighv gene segment by homologous recombination.
(SEQ ID NO:5 shows the sequence flanking the recombination sites (200 bp) for TRNO0O1.)
(D) The configuration of the allele after in vitro deletion of the endogenous IHVR locus by Cre
recombinase (3, FRT site; 4, lox5171 site; 5, loxP site) These sites are contained in the
docking constructs (1, 2 in Fig. 3), which are described in detail in US 2013/0219535. The Cre-
mediated deletion creates the recombination docking site (6), which is also described in detail
in US 2013/0219535, to be used for RMCE. Recent publications describing RMCE and docking
sites include Turan, S. Gene (2013) 515:1-27 and Pieters, T. J. Vis. Exp. (2017) 122:€55575,
doi:10.3791/55575. (E) Schematic of the synthetic RMCE vector containing human IGHV, IGHD
and IGHJ coding sequences embedded in mouse flanking and regulatory sequences. A

neomycin resistance gene (NeoR) is contained at the 5' end of the vector for positive
selection purposes. (F) The targeted humanized IHVR allele in ES cells after successful
RMCE. The modified ESC clones were validated for the correct insertion of the human
synthetic locus by Southern Blot and/or Pulse Field Gel Electrophoresis (G) The final allele

configuration after removal of the NeoR gene by in vivo Flp recombination. Note the absence of
any Adam6 genes. Validated ESC clones were injected into blastocysts and the resulting
chimeras were bred in order to obtain heterozygous and ultimately homozygous mice Details
about these methods can be found in US 2013/0219535.

[0199] The TRNOO10 mouse was generated in the same way as the TRNOOO1 mouse except
that the synthetic RMCE vector contained mouse Adamé6a and Adam6b genes located
between the most proximal IGHV and the most distal IGHD gene segments (SEQ ID NO:6).
The method is outlined in Fig. 4. Note the presence of transgenic mouse Adamé genes, both

Adam6a and Adaméb, in the final TRN0010 IgH allele configuration after removal of the NeoR
gene by in vivo Flp recombination (Fig. 4G).

Example 1: Disruption of the Adamé6b gene in TRN0010 zygotes using CRISPR/Cas?9.

[0200] Overview of the Adamé6b targeting strategy. According to NCBI and Ensembl databases,
only one transcript exists for the Adaméb gene. The targeting strategy was based on NCBI
transcript NM_001009545.1, which corresponds to Ensembl transcript
ENSMUSTO00000063317.3. Figure 5 illustrates the location of the Adamé6a and Adaméb genes
within the TRNOO10 /gh locus (top) and the expected configuration of the locus after deletion of
the Adamé6b gene (bottom). TRNOO10 mice are homozygous for humanized IGH, IGK and IGL
alleles and contain synthetic mouse Adaméa and Adaméb genes in their normal location on
chromosome 12. Also indicated are the locations of the guide RNA binding sites, proximal
(gRNA1, SEQ ID NO:7) and distal (gRNA2, SEQ ID NO:8), that were used in the
CRISPR/Cas9-mediated deletion of Adamé6b. These two guide RNAs were selected based on
their position relative to Adaméb and the low number of potential off-targets. There were no
sequences present in the TRN0O0O10 mouse genome that were 100% identical to gRNA1 or
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gRNA2. The off-target analysis was based on the NCBI BLASTn analysis of the
GRCmM38/mm10 mouse genome assembly [UCSC Genome Browser assembly ID: mm10;
Sequencing/Assembly provider ID: Genome Reference Consortium Mouse Build 38
(GCA_000001635.2); Assembly date: Dec. 2011; Accession ID: GCA_000001305.2] and the
TRNOO10 /gh allele sequence. This targeting strategy allowed for the generation of constitutive
knockout of the Adam6b gene within the TRNOO10 /gh locus via CRISPR/Cas9-mediated gene

editing. Heterozygous (Adamé6a*’*/Adaméb’*) and homozygous (Adaméa*’*/Adaméb™)
TRNOO10 mice are herein referred to as heterozygous TRN0048 and homozygous TRNO048
mice, respectively.

[0201] Pronuclear injection. After administration of hormones, superovulated TRNOO10
females were mated with TRNOO10 males. One cell stage fertilized embryos were isolated from
the oviducts at dpc 0.5. For microinjection, the one cell stage embryos were placed in a drop of
M2 medium under mineral oil. A microinjection pipette with an approximate internal diameter of
0.5 micrometer (at the tip) was used to inject the mixed nucleotide preparation (see below) into
the pronucleus of each embryo. After recovery, 25 - 35 injected one cell stage embryos were
transferred to one of the oviducts of 0.5 dpc, pseudopregnant NMRI strain females.

[0202] Mixed nucleotide preparation (MNP). The MNP consisted of trans-activating CRISPR
RNA (tracrRNA), gRNA1, gRNA2, and Cas9 protein. The Cas9 nuclease used for these
pronuclear injections did not contain a nuclear localization signal (NLS).

Example 2: Confirmation of Adaméb gene disruption by genomic PCR.

[0203] Genomic DNA was extracted from biopsies and analyzed by PCR (below). The following
templates were used as controls: H,O (no template) and wildtype genomic DNA (positive
control). The PCR amplicons were analyzed by using a Caliper LabChip GX device. The
locations of the PCR primers used in this analysis are shown in Figure 3 (Oligo 1, SEQ ID
NO:9, Oligo 2, SEQ ID NO:10 and Oligo 3, SEQ ID NO:11). The fragment amplified with Oligos
1 and 2 detected the deleted (by non-homologous end joining) Adam6 locus. The unmodified
wild type locus on the second TRNOO1 allele and potential indel (see below) modifications at
the proximal gRNA cleavage site were detected by Oligos 1 and 3. Genomic PCR conditions
were as follows:

Reaction

[0204]
5 ul PCR Buffer 10X (Invitrogen)

2 pl MgCly (50mM)
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1 I dNTPs (10mM)

2 pl Primer 1 (SEQ ID NO:9, 5uM)

1 pl Primer 2 (SEQ ID NO:10, 5uM) OR 1 pl Primer 3 (SEQ ID NO:11, 5uM)
0.2 ul Tag (5U/ul, Invitrogen)

36.8 pl H,O

2 Ul DNA template

50 ul total volume

Program

[0205]
95°C 5'
95°C 30"
60°C 30"
72°C 1’
72°C 10’

35 cycles

Expected Fragments (bp)

[0206]
265 (Adaméb deletion. The exact size depended on how the locus was modified)
467 (Adam6b WT)

467 (Adaméb indel. The exact size depends on the extent of the indel)

[0207] Indels and heteroduplex formation. Indels are short insertions or deletions in genomic
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DNA. To distinguish indel modifications that do not result in deletion of Adaméb from the
TRNOO10 allele and unmodified wildtype sequences, a heteroduplex analysis via capillary
electrophoresis was performed on Adaméb PCR products. Heteroduplex formation can occur
during mixed-template polymerase chain reaction (PCR) using one pair of primers. A
heteroduplex is a DNA double helix formed by annealing single strands of slightly different
sequences. e.g., in this case Adaméb PCR products from TRNOO10 indel and WT alleles,
resulting in the formation of secondary structures, i.e. loops due to unpaired regions. Such
loops may influence the migration of the amplicon during the capillary electrophoresis. Mice
with indels near the Adaméb gene were identified by this analysis and excluded from further
use.

[0208] Indels could occur at other regions of the TRNOO10 genome as could off-target
mutations. The frequency of such mutations in vivo has been difficult to determine precisely.
There have been reports indicating a very low frequency in zygotes [lyer, V, et al., Nat.
Methods (2015) 12:479], but another report using PCR to amplify and then sequence predicted
off-target sites indicated that off-target mutations are common in vivo [Aryal, NK, et al., Cell
Death and Disease (2018) 9:1099-1101].

[0209] In any case, it is highly unlikely that any hypothetical off-target mutations in the
TRNO048 Adaméb gene-deleted mice are responsible for the observed normal fertility of
heterozygous TRNO048/TRNO0OO1 male mice (see below) with only one copy of the Adam6a
gene. For this to be the case, such mutated gene(s), which in their unmutated state have no
male fertility restoring capabilities otherwise the Adaméa/6b KO would be fertile, would have to
complement the ADAMG6b deficiency.

Example 3: Disruption of the Adamé6a gene in TRN0010 zygotes using CRISPR/Cas9.

[0210] Overview of the Adam®6a targeting strategy. According to NCBI and Ensembl databases,
only one transcript exists for the Adamé6a gene. The targeting strategy is based on NCBI
transcript NM_174885.3, which corresponds to Ensembl transcript ENSMUST00000053086.2.
Figure 6 illustrates the location of the Adamé6a and Adamé6b genes within the TRNOO10 /gh
locus (top) and the expected configuration of the locus after deletion of the Adamé6a gene
(bottom). Also indicated are the locations of the guide RNA binding sites, proximal (gRNAS3,
SEQ ID NO:12) and distal (gRNA1, SEQ ID NO:13) that were used in the CRISPR/Cas9-
mediated deletion of Adamé6a. These two guide RNAs were selected based on their position
relative to Adaméa and the low number of potential off-targets. There were no sequences
present in the TRNOO10 mouse genome that were 100% identical to gRNA3 or gRNA1. The
off-target analysis was based on NCBI BLASTn analysis of the GRCm38/mm10 mouse
genome assembly [UCSC Genome Browser assembly ID: mm10; Sequencing/Assembly
provider ID: Genome Reference Consortium Mouse Build 38 (GCA_000001635.2); Assembly
date: Dec. 2011; Accession ID: GCA_000001305.2] and the TRNOO10 /gh allele sequence.
This targeting strategy allowed for the generation of constitutive knockout of the Adaméa gene
within the TRNO0O010 /gh locus via CRISPR/Cas9-mediated gene editing. Heterozygous
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(Adam6a*IAdaméb*"*) and homozygous (Adam6a’/Adaméb*"*) TRNOO10 mice are herein
referred to as heterozygous TRN0059 and homozygous TRNO059 mice, respectively.

[0211] Pronuclear injection. After administration of hormones, superovulated TRNO0010
females were mated with TRNOO10 males. One cell stage fertilized embryos were isolated from
the oviducts at dpc 0.5. For microinjection, the one cell stage embryos were placed in a drop of
M2 medium under mineral oil. A microinjection pipette with an approximate internal diameter of
0.5 micrometer (at the tip) was used to inject the mixed nucleotide preparation (see below) into
the pronucleus of each embryo. After recovery, 25 - 35 injected one cell stage embryos were
transferred to one of the oviducts of 0.5 dpc, pseudopregnant NMRI strain females.

[0212] Mixed nucleotide preparation (MNP). The MNP consisted of trans-activating CRISPR
RNA (tracrRNA), gRNA3, gRNA1, and Cas9 protein. The Cas9 nuclease used for these
pronuclear injections did not contain a nuclear localization signal (NLS).

Example 4: Confirmation of Adamé6a gene disruption by genomic PCR.

[0213] Genomic DNA was extracted from biopsies and analyzed by PCR (below). The following
templates were used as controls: H>O (no template) and wildtype genomic DNA (positive

control). The PCR amplicons were analyzed by using a Caliper LabChip GX device. The
locations of the PCR primers used in this analysis are shown in Figure 4, Oligo 1, SEQ ID
NO:14, Oligo 2, SEQ ID NO:15 and Oligo 3, SEQ ID NO:16. The fragment amplified with Oligos
1 and 2 detects the deleted (by non-homologous end joining) Adam6a locus. The unmodified
wild type locus on the second TRNOO1 allele and potential indel modifications (see below) at
the proximal gRNA cleavage site are detected by Oligos 1 and 3. Genomic PCR conditions
were as follows:

Reaction

[0214]

5 ul PCR Buffer 10X (Invitrogen)

2 pl MgCl, (50mM)

1 I dNTPs (10mM)

2 pl Primer 1 (SEQ ID 14, 5uM)

1 pl Primer 2 (SEQ ID 15, 5uM) OR 1 pl Primer 3 (SEQ ID 16, 5uM)

0.2 ul Tag (5U/ul, Invitrogen)
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36.8 ul H,0

2 Ul DNA template

50 ul total volume

Program

[0215]
95°C 5
95°C 30"
60°C 30"
72°Cc 1’
35 cycles

72°C10'

Expected Fragments (bp)

[0216]
276 (Adaméb deletion. The exact size depended on how the locus was modified)
517 (Adaméb WT)

517 (Adamé6b indel. The exact size depended on the extent of the indel)

[0217] Indels and heteroduplex formation. Indels are short insertions or deletions in genomic
DNA. To distinguish indel modifications that do not result in deletion of Adamé6a from the
TRNOO10 allele and unmodified wildtype sequences, a heteroduplex analysis via capillary
electrophoresis was performed on Adaméa PCR products. Heteroduplex formation can occur
during mixed-template polymerase chain reaction (PCR) using one pair of primers. A
heteroduplex is a DNA double helix formed by annealing single strands of slightly different
sequences. e.g., in this case Adamé6a PCR products from TRNOO10 indel and WT alleles,
resulting in the formation of secondary structures, i.e. loops due to unpaired regions. Such
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loops may influence the migration of the amplicon during the capillary electrophoresis. Mice
with indels near the Adaméa gene were identified by this analysis and excluded from further
use.

[0218] Indels could occur at other regions of the TRNOO10 genome as could off-target
mutations. The frequency of such mutations in vivo has been difficult to determine precisely.
There have been reports indicating a very low frequency in zygotes [lyer, V, et al., Nat.
Methods (2015) 12:479], but another report using PCR to amplify and then sequence predicted
off-target sites indicated that off-target mutations are common in vivo [Aryal, NK, et al., Cell
Death and Disease (2018) 9:1099-1101].

[0219] In any case, it is highly unlikely that any hypothetical off-target mutations in the
TRNO059 Adaméa gene-deleted mice are responsible for the observed normal fertility of
heterozygous TRNOO59/TRNO001 male mice (see below) with only one Adam6b gene. For this
to be the case, such mutated gene(s), which in their unmutated state have no male fertility
restoring capabilities otherwise the Adaméa/6b KO would be fertile, would have to complement
the ADAM6a deficiency.

Example 5: Breeding strategy

[0220] Once mice were identified in which the Adamé6a (TRN0059) or Adaméb (TRN0048)
genes had been deleted on one TRN0O010 allele, they were bred to TRNOOO1 mice, which have
no Adamé6a/b genes in their genome since these genes were deleted when the endogenous
mouse /ghv locus was replaced with a humanized /GHV locus, i.e., they have the genotype

Adam6a%9%Adam6b99. The synthetic DNA construct containing the partly human /GHV locus
that was introduced by RMCE into ES cells in which the endogenous mouse /ghv locus,
including the Adamé6a/b genes, had been deleted, did not include any Adamé6 genes. Male
TRNOOO1 mice are thus infertile.

[0221] This breeding strategy allowed for rapid analysis of Adamé6a/b mRNA expression and
male fertility studies since these could be performed on F1 mice of the genotypes

Adam6a*’9Adam6b70 [from TRN0048 X TRNO0O1 matings] or Adamé6a’0/Adaméb*’? [from
TRN0059 X TRN0O0OO1 matings].

Example 6: Expression of Adamé6a transcripts in wild type and Adamé mutant mice.

[0222] Expression of Adamé6a in WT (Adamé6a*’*/Adaméb*"*), Adamé6a heterozygous
TRNO048/TRN0001  (Adamé6a*/%Adam6b’® and Adam6a null TRN0O059/TRN0001

(Adam6a”%Adam6b*/%) mutant mice was analyzed by gPCR using the following protocol.

Total RNA extraction:
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[0223] Tissue disruption was carried out using the TissuelLyser (QIAGEN) according to the
manufacturer's protocol. Extraction of RNA was done with an RNeasy Plus Mini Kit
(QIAGEN) and the QiaCube Minirobot according to the manufacturer's protocol. RNA
concentration and 260/280 Ratio was determined using a Nanodrop ND-2000 UV-Vis
spectrophotometer.

c¢DNA Synthesis:

[0224] cDNA synthesis was performed with the High Capacity cDNA Reverse Transcription Kit
(Fisher Scientific GmbH) according to the manufacturer's protocol. The input of RNA was
standardized to 1000ng per 50uL sample.

TagMan Run:

[0225] Expression was measured on TagMan 7900HT Fast Real-Time PCR System (Applied
Biosystems, 384 well format) and the primers and probe shown at SEQ ID NO:17-19. TagMan
Assays and Gene Expression Master Mix were used in a reaction volume of 10uL. 2uL cDNA
were used for each well, each sample was measured in triplicates. Results were normalized
with a housekeeping Gene Expression Assay, Heterochromatin Protein 1 Binding Protein 3.
Thermal profile:

Stage 1: 95°C - 10 min

Stage 2: 95°C - 15 sec
60°C - 1 min
40 Cycles

[0226] Relative Adamé6a expression in the testes of WT, null (TRNO059) and heterozygous
(TRNOO048) mice is shown in Figure 7. Each bar represents the expression value of a mouse
tissue sample compared to the first wildtype mouse tissue sample (#2178063). As expected,
there was no Adamé6a gPCR signal in the TRNO059/TRNO001 Adamé6a null sample. The
relative expression in the TRNO048/TRNO0OO1 Adaméa heterozygous mice was ~50% of wild
type since these mice have only one copy of the Adamé6a gene. These data are quantified in
Figure 8. The column labeled "Heavy" refers to the allele designation for the Adamé6a and
Adam6b and human /GH genes on chromosome 12. HUM, human immunoglobulin VVy, Dy and

Jy gene segment coding sequences embedded in mouse /gh flanking and regulatory

sequences.
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Example 7: Expression of Adam6b transcripts in wild type and Adam6é mutant mice.

[0227] Expression of Adamé6b in WT (Adam6a**/Adamé6b*’*), heterozygous
TRNO059/TRN0001  (Adamé6a”9/Adam6b*® and Adamé6b null TRN0OO048/TRN00O1

(Adam6a*/9Adam6b®) mutant mice was analyzed by qPCR using the primers and probes
shown at SEQ ID NO:20-22. Relative Adaméb expression in the testes of WT, heterozygous
(TRNOO59/TRNO001) and null (TRNOO48/TRNOOO1) mice is shown in Figure 9. Each bar
represents the expression value of a mouse tissue sample compared to the first wildtype
mouse tissue sample (#2178063). The relative expression in the TRNO059/TRNO001 Adamé6b
heterozygous mouse was ~50% of wild type since this mouse has only one copy of the
Adaméb gene. As expected, there was no Adaméb gPCR signal in the TRN0O048/TRNO0O1
Adamé6a null samples. These data are quantified in Figure 10. The column labeled "Heavy"
refers to the allele designation for the Adamé6a and Adamé6b and human IGH genes on
chromosome 12. HUM, human immunoglobulin V4, Dy and Jq gene segment coding

sequences embedded in mouse /gh flanking and regulatory sequences.

Example 8: Fertility studies of male mice with only one Adam6é gene, Adam6a or
Adamé6b.

[0228] Heterozygous Adam6a TRNO00048/TRNO001 (Adam6a*’%Adaméb’®) or Adaméb

TRNO059/TRN0001 (Adam6a’%Adam6b*/%) male mice were allowed to mate with wild type
C57BL/6 female mice. The number of litters, the total number of pups born and the average
litter size are shown in Table 1.

Table 1. Fertility data for hemizygous Adaméa and Adamé6b male mice compared to WT.
Females were WT C57BL/6.

Male designation {Adam6 genotype Number |Total Average
of litters jnumber of {litter size

viable

pups
TRNOO48/TRNO0O1 { (Adam6a*’9%Adaméb”9) {10 77 7.7
C57BL/E WT* (Adamé6a**IAdam6b*’*) 5-6
TRNOOS9/TRNOQO1 {(Adam6a9Adam6b*/9) {4 21 5.25
*Historical data from Charles River Laboratories, where the TRNO0OO1, TRN0048,
TRNOO59 and respective F1 mice were housed.

[0229] These results show that the fertility of the TRN0O0O48/TRN0OOO1 and TRNOO59/TRN00O1
male mice was comparable to WT C57BL/6 male mice. This is despite the fact that the
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TRNO048/TRNO0OO1 mice and the TRNOO0O59/TRNO0O1 mice have only one Adamé6 gene,
namely Adaméa or Adaméb respectively, whereas the WT mice have four Adamé6 genes,
namely two Adaméa and two Adaméb genes. Thus, contrary to previous reports and to
expectation, only one Adam6 gene, Adam6a or Adaméb, is required for full male fertility in
mice.

SEQUENCE LISTING

[0230]

<110> Trianni, Inc.

<120> ADAM6 KNOCKIN MICE
<130> TI107EP

<160> 25

<170> PatentIn version 3.5

<210>1

<211> 754

<212> PRT

<213> Mus musculus

<400> 1
Met Leu Ser Leu Thr Trp Gly Met Arg Leu Val Glu Arg Pro Val Val
1 5 10 15

Pro Arg Val Leu Leu Leu Leu Phe Ala Leu Trp Leu Leu Leu Leu Val
20 25 30

Pro Val Trp Cys Ser Gln Gly His Pro Thr Trp Arg Tyr Ile Ser Ser

Glu Val val Ile Pro Arg Lys Glu Ile Tyr His Thr Lys Gly Leu Gln
50 55 60

Ala Gln Arg Leu Leu Ser Tyr Ser Leu Arg Phe Arg Gly Gln Arg His
65 70 75 80

Ile Ile His Leu Arg Arg Lys Thr Leu Ile Trp Pro Arg His Leu Leu
85 90 85

Leu Thr Thr Gln Asp Asp Gln Gly Ala Leu Gln Met Glu Tyr Pro Phe
100 105 110

Phe Pro Val Asp Cys Tyr Tyr Ile Gly Tyr Leu Glu Gly Ile Leu Gln
115 120 125



Ser

Lys
145

Ser

Gly

Ser

Asn

His

225

Glu

Leu

Asp

Phe

Ile

305

Arg

Arg

Ser

Asn

Asn

385

Met

Thr

Asp

Met
130

Vval Thr Vval Asp Thr

135

Leu Asp Asn Leu Thr Tyr

Phe

Pro

Ser

Tyr

210

Ser

Tyr

His

Pro

Tyr

230

Tle

Ser

Asn

Leu

Thr

370

Cys

Pro

Tyr

Cvs

Glu His

Met

Arg

195

Ala

val

Leu

Met

Phe

275

Glu

Asn

Ile

Pro

Gly

355

Cys

Ser

Cys

Lys

Glv

Asn

180

Leu

Thr

Tyr

Phe

Arg

260

Ser

Arg

Lys

Cys

Leu

340

Leu

Ile

Leu

Leu

Phe
420

Ser

150

Leu Val Ser

165

Ala

Glu

His

Ser

Lys

245

Tyr

Gln

Val

Asn

Ser

325

Phe

Lys

Met

Ala

Phe

405

Cys

Gln

Trp

Tyr

Pro

Ala

230

Val

Tyr

Asp

Phe

Ser

310

Pro

Leu

His

Phe

Glu

390

Tyr

Gly

Tvs

Lys

Ala

Ala

215

Ser

Ile

Val

Phe

Tyr

295

Pro

Ser

Ser

Asp

Lys

375

Ile

Asp

Asn

Ala

Cys Tyr Gly Gly Leu Ser Gly Val Ile

Glu Ile Lys Pro Leu Asn Asp Ser Gln

Gln Ile Val Ser Glu Ser Asp Asp Thr

His

Asp

200

Ala

Gly

Ser

Phe

Arg

280

Ala

Gly

Ala

Ile

Glu

360

Asn

Ser

Arg

Phe

Cvs

140

155

170

Trp Ser
185

Gly Ala

Ile Lys

Gly Asp

Leu Met
250

Leu Met
265

Val Pro

His Phe

Asp Asp

Leu Ile
330

Ile Ile
345

Gly Tyr

Pro Gln

Asn Ile

His Val
410

Lys Val
425

Tvr Ser

His

Pro

Gly

Lys

235

Asp

Thr

Gly

Arg

Ala

315

Cys

Thr

Cys

Leu

Leu

395

Tyr

Asp

Asp

Asn

Arg

His

220

Leu

Thr

val

Gly

Pro

300

Val

Leu

Asn

Ile

Thr

380

Asn

Tyr

Asn

Pro

Thr

Leu

205

Phe

Ser

Tyr

Tyr

Gln

285

Asp

Asn

Gly

Arg

Cys

365

Asp

Thr

Asn

Asn

Cvs

Gly

190

Ser

Gln

Ser

Leu

Thr

270

Ala

Ala

Pro

Gln

Val

350

Gln

Ala

Pro

Thr

Glu
430

Cvs

160

175

Ser

Ser

Ala

Thr

Thr

255

Glu

His

Gly

Ala

His

335

Gly

Arg

Phe

Asp

Ser

415

Gln

Glv

Pro

Lys

Thr

Val

240

Asn

Ala

Thr

Ala

Glu

320

Gly

Arg

Arg

Ser

Leu

400

Leu

Cys

Asn

DK/EP 3785536 T3



et

Asp

Ala

465

Asn

Pro

Tyr

Ile

Asn

545

Leu

Gln

Phe

His

Pro

625

Leu

Gly

Pro

Ser

Val

705

Leu

Phe

Cys

450

Asn

Ile

Asp

Cys

Phe

530

Lys

Thr

Cys

His

Arg

610

Cys

Ser

Val

Pro

Pro

690

Tyr

Leu

11

-z

435

Arg

Cys

Cys

Asp

Tyr

515

Gly

Gln

Phe

Thr

Gln

595

Gly

Ser

Arg

Cys

Lys
675

Pro

Leu

Phe

Asn

Leu

Thr

Asp

Thr

500

Lys

val

Arg

Asn

Asn

580

Ser

Thr

Arg

Leu

Asn

660

Cys

Val Gln Arg Arg Ile Ile Lys Gln
695

Arg Ile Leu Phe Gly Arg Ile Tyr
710

Gly Ile Ala Thr Arg Val Gly Val
725

Ten G1In Ala Ala Ten Avrca Ser Tro

Thr

Tyr

Leu

485

Tyr

Gly

Ser

Phe

Ala

565

Val

Val

Glu

Gly

Gly

645

Asn

Lys

Pro

Ser

470

Pro

Leu

Asn

Ala

Arg

550

Cys

Thr

Ile

Thr

Lys

630

Tyr

Arg

Glu

Gly

455

Pro

Glu

Gln

Cys

Lys

535

Phe

Ala

Asn

Ser

Ala

615

Phe

Asp

Arg

Glu

- —

440

Ser

Ser

Tyr

Asp

Thr

520

Asn

Gly

Asp

Leu

Gly

600

Asp

Cys

Cys

Asn

Gly
680

Tle

Gly

Cys

Gly

505

Asp

Ala

His

Gln

Pro

585

Val

Ala

Asp

Thr

Cys

665

His

Cys

Thr

Ser

490

Thr

Arg

Asn

Cys

Asp

570

Fhe

Thr

Gly

Arg

Pro

€50

His

Ser

bt

Asp

Leu

475

Gly

Pro

Asn

Ile

Thr

555

Lys

Leu

Cys

Leu

Gly

635

Glu

Cys

Gly

Lys

460

Cys

Ser

Cys

Ile

Lys

540

Arg

Leu

Gln

Phe

Val

620

Ala

Lys

His

Ser

J—

445

Glu

Arg

Lys

Ser

Gln

5§25

Cys

Ala

Cys

Glu

Gly

605

Arg

Cys

Cys

Phe

Ile
685

Asn Leu

700

715

730

Phe Leu

Thr Lys

GIn Gl

Leu

Pro

Phe

Glu

510

Cys

Tyr

Glu

Gly

His

530

Leu

His

Asn

Asn

Gly

670

Asp

Cys

Ile

Ile

495

Glu

Met

Asp

Glu

Arg

575

Val

Asp

Gly

Gly

Phe

655

Trp

Ser

Cys

Gln

480

Cys

Gly

Glu

Ile

Ser

560

Leu

Ser

Glu

Thr

Ser

640

Arg

Ser

Gly

Glu Pro Val

Phe Val Ala

720

Ile Phe Arg

735

GIn Ala Tw=

DK/EP 3785536 T3



DK/EP 3785536 T3

T a0 T T s T T T T s0
Asp Lys

<210> 2

<211> 756

<212> PRT

<213> Mus musculus

<400> 2
Met Leu Ser Leu Thr Trp Gly Met Arg Leu Val Glu Arg Pro Val Val
1 5 10 15

Pro Arg Val Leu Leu Leu Leu Phe Ala Leu Trp Leu Leu Leu Leu Val
20 25 30

Pro Val Trp Cys Ser Gln Gly His Pro Thr Trp Arg Tyr Ile Ser Ser

Glu Val Val Ile Pro Arg Lys Glu Ile Tyr His Thr Lys Gly Leu Gln
50 55 60

Ala Gln Arg Leu Leu Ser Tyr Ser Leu His Phe Arg Gly Gln Arg His
65 70 75 80

Ile Ile His Leu Arg Arg Lys Thr Leu Ile Trp Pro Arg His Leu Leu

Leu Thr Thr Gln Asp Asp Gln Gly Ala Leu Gln Met Asp Tyr Pro Phe
100 105 110

Phe Pro Val Asp Cys Tyr Tyr Ile Gly Tyr Leu Glu Gly Ile Pro Gln
115 120 125

Ser Met Val Thr Val Asp Thr Cys Tyr Gly Gly Leu Ser Gly Val Met
130 135 140

Lys Leu Asp Asp Leu Thr Tyr Glu Ile Lys Pro Leu Asn Asp Ser Gln
145 150 155 160

Ser Phe Glu His Leu Val Ser Gln Ile Val Ser Glu Ser Asp Asp Thr
165 170 175

Gly Pro Met Asn Ala Trp Lys His Trp Ser His Asn Thr Gly Ser Pro
180 185 190

Ser Ser Arg Leu Glu Tyr Ala Asp Gly Ala Pro Arg Ile Ser Ser lys
195 200 205

Asn Tyr Ala Thr His Pro Ala Ala Ile Lys Gly His Phe Gln Ala Thr
210 215 220

Asn Ser Val Tyr Asn Ser Ala Ala Gly Asp Lys Leu Ser Ser Thr Val
225 230 235 240



Gly

Leu

Asp

Tyr

Leu

305

Arg

Arg

Ser

Asn

Asn

385

Met

Thr

Asp

Asp

Ala

465

Asn

Pro

Tyr

Tle

Tyr

His

Pro

Tyr

290

Leu

Ser

Asn

Leu

Thr

370

Cys

Pro

Tyr

Cys

Cys

450

Asn

Ile

Asp

Cys

Phe

Leu

Met

Phe

275

val

Asn

Ile

Pro

Gly

355

Cys

Ser

Cys

Lys

Gly

435

Arg

Cys

Cys

Asp

Tyr

515

Glv

Phe

Arg

260

Arg

Ser

Lys

Cys

Leu

340

Leu

Ile

Leu

Leu

Phe

420

Ser

Leu

Thr

Asp

Thr

500

Lys

Val

Gln

245

Tyr

Leu

val

Tyr

Ser

325

Phe

Lys

Met

Ala

Phe

405

Cys

Gln

Thr

Tyr

Leu

485

Tyr

Gly

Ser

Val

Tyr

Glu

Phe

Gly

310

Ser

Leu

Tyr

Phe

Glu

390

Tyr

Gly

Lys

Pro

Ser

470

Pro

Leu

Asgn

Ala

Ile Ser

Vval Phe

Phe Ala
280

Tyr Asn
295

Pro Gln

Leu Ala

Ser Pro

Asp Glu
360

Arg His
375

Ile Ser

Asp Arg

Asn Phe

Ala Cys
440

Gly Ser
455

Pro Ser

Glu Tyr

Gln Asp

Cys Thr

520

Lva Asn

Leu

Leu

265

Val

Lys

Asp

Leu

Ile

345

Gly

Pro

Asn

His

Lys

425

Tyr

Ile

Gly

Cys

Gly

505

Asp

Ala

Met

250

Met

Pro

Phe

Asn

Ile

330

Ile

Tyr

Gln

Ile

vVal

410

val

Ser

Cys

Thr

Asn

490

Thr

Arg

Asn

Asp

Thr

Gly

Lys

Gln

315

Cys

Thr

Cys

Leu

Leu

395

Tyr

Asp

Asp

Asp

Leu

475

Gly

Pro

Asn

Tle

Thr

val

Gly

Pro

300

Val

Ile

Asn

Val

Thr

380

Asn

Tyr

Asn

Pro

Lys

460

Cys

Thr

Cys

Ile

Lvs

Tyr

Tyr

Ser

285

Asp

Asn

Gly

Arg

Cys

365

Asp

Thr

Asn

Asp

Cys

445

Glu

Arg

Lys

Ser

Gln

525

Cvs

Leu

Thr

270

Ala

Ala

Pro

Lys

Val

350

Gln

Ala

Pro

Thr

Glu

430

Cys

Leu

Pro

Tyxr

Glu

510

Cys

Tvr

Thr

255

Asn

Tyr

Gly

Ala

Tyr

335

Gly

Arg

Phe

Gly

Ser

415

Gln

Gly

Cys

Ile

Ile

495

Asp

Met

Asp

Asn

Ser

Asn

vVal

Glu

320

Asp

Arg

Arg

Ser

Leu

400

Leu

Cys

Asn

Cys

Gln

480

Cys

Gly

Glu

Tle

DK/EP 3785536 T3



Asn

545

Leu

Gln

Phe

His

Pro
625

Leu

Gly

Pro

Ser

val

705

Leu

Phe

Asp

530

Lys

Thr

Cys

His

Arg

610

Cys

Ser

Val

Pro

Pro

690

Tyr

Leu

Glu

Lys

<210>3
<211> 2507
<212> DNA
<213> Mus musculus

<400> 3
ggtaaccact taggttggga gcctgaggag gtttttagte

Gln

Phe

Thr

Gln

595

Gly

Ser

His

Cys

Glu

675

Pro

Leu

Phe

Asp

Pro
755

Arg

Asn

Asn

580

Ser

Thr

Lys

Leu

Asn

660

Cys

val

Arg

Gly

Leu

740

Lys

Phe

Ala

565

Val

Ile

Glu

Ser

Gly

645

Asn

Lys

Gln

Ile

Ile

725

Gln

Arg

550

Cys

Thr

Ile

Thr

Lys
630

Tyr

His

Glu

Arg

Leu

710

Ala

Ala

—_— ~

535

Phe

Ala

Asn

Ser

Thr

615

Phe

Asp

Arg

Glu

His

695

Phe

Thr

Thr

Gly

Asp

Leu

Gly

600

Asp

Cys

Cys

Asn

Gly

680

Thr

Gly

Arg

Leu

His

Gln

Pro

585

Phe

Ala

Asp

Thr

Cys

665

Leu

Ile

Arg

val

Arg
745

Cys

Asp

570

Tyr

Thr

Gly

Gln

Pro

650

His

Ser

Lys

Ile

Gly

730

Ser

Thr

555

Lys

Leu

Cys

Met

Gly
635

Glu

Cys

Gly

Gln

Tyr

715

val

Gly

ccaggcagtyg gccacagcag agggagttag ctccacccag

gcatgaggcet agtggaaaga cctgtggtcc ccagggtect

aqactactect cctaoattcca otctaatatt ctcaagocca

540

Arg

Leu

Gln

Phe

Val

620

Ala

Lys

His

Ser

Lys

700

Phe

Thr

Gln

~g o~

Ala

Cys

Glu

Gly

605

Arg

Cys

Glu

Gly

His

590

Leu

His

Ser

———p m——

Glu Ser
560

Arg Leu

575

Val Ser

Asp Glu

Gly Thr

Gly Ser
640

Cys Ser Phe Arg

Phe

Ile

685

Gln

Leu

Lys

Gly

655

Gly Trp Lys

670

Asp Ser Gly

Glu Pro Val

Phe Vval Ala

720

Ile Phe Arg

Pro
750

ctetgtcagt

gatgttatct

cctettgeta

tcececacttaa

735

Ala Arg

attttctaga
ctgacctggg
tttgcactct

cattacatct

DK/EP 3785536 T3

60
120
180

240



catcggaggt
gactgeteto
agacactcat
agatggagta
tgcaatccat
ataaccttac
ctcagatagt
ataatacagg

gtaagaatta

tatatagtgce
ttagtttaat
ctgtgtatac
atactttcta
acaagaattc
cagacctaat
ccaatcgtgt
gaaggaacac
ccecttgecaga
accgtcatgt
ataacaatga
gaaatgattg
gcacttacag
agtactgtag
catgctcaga
tggaaatctt
aacggttteg
ctgatcagga
tgcaagaaca
atgaacatcg
caaggggtaa
actgcacece
gccattttgg
gtgggtcecce
taagaatact
ctegtgtagy

ggcaagaaca

ggttattcct
gtatagcttg
ttggecccaga
ccectttttt
ggtcactgtg
ctatgaaatc
atctgagtct
ttcteectee

cgotacacat

ttctggaggt
ggacacctat
cgaggctgat
tgagagagta
gccaggagat
ttgtettggt
tggaaggagt
ctgcatcatg
gataagcaac
ttattataat
gcagtgtgac
caggttaaca
tcettetggg
tggetctaag
agagggttac
tggtgtaagt
atttgggcat
caagctgtgt
tgtttcatte
tgggacagaa
gttctgtgat
agaaaaatgc
ttggagceccet
tceggttcaa
ctttggtegt
agttactaag

agcaaaggac

cggaaggaga
cgtttteggg
cacttgttge
acctgtagatt
gatacttgtt
aaacccctea
gatgacacag
tccagattgg

ccagctgeta

gacaaacttt
ctgaccaatc
ccattttcac
ttttatgectc
gatgctgtta
caacatggte
ttaggecctaa
ttcaaaaatc
atacttaata
acatcattga
tgtggctecc
cctggtagea
acactctgea
ttcatttgee
tgctataaag
gctaagaatg
tgtactagag
ggaaggttge
catcaatcgg
acagcagatg
cgaggagctt
aatttcagag
ccaaagtgca
aggcgcataa
atttacttcc
atatttaggt

aagtaaaatg

tctaccatac
gocagagaca
tgacaactca
gttactatat
atgggggect
atgattcaca
ggcctatgaa
aatatgcaga

taaaaggcca

catctactgt
ttcatatgcg
aagattttcg
attttaggce
atccagectga
gaaatccttt
aacatgatga
ctcaattaac
ctcctgatct
cttataagtt
aaaaggcatg
tttgtgataa
gacctatcca
cagatgacac
gtaactgcac
ctaatattaa
cagaagaaag
agtgtaccaa
ttatctctgg
ctggattggt
gcaatggaag
gagtgtgtaa
aagaagaggg
taaaacagaa
tetttgttge
ttgaagactt

agttagccecc

caaaggactt
tatcatccac
agatgaccaa
tggctacctyg
gtcaggggte
gagctttgaa
tgcatggaag
tggagctcce

ctttcaageca

tgagtatttg
gtactatgtc
agttccagga
tgatgcagga
gaggagtata
atttttatet
ggggtactgt
agatgctttc
gatgccatgt
ttgtggaaac
ttattcagat
agaattatgce
gaacatatgt
ttatctgcaa
tgatcgecaac
gtgctatgac
cctcacatte
tgtcaccaat
ggttacctge
gagacatggt
tttatctcegt
caatcgtegg
acacagtggg
cctagageca
actgctcttt
gcaagctget

ctgtcteccte

- - oo

caagcacaaa
ctgeggagaa
ggageccttac
gaggggatcc
ataaagttgg
caccttgttt
cactggagec
agactatcta

acccattctg

tttaaagtca
tttctcatga
gggcaggcte
gctataatta
tgttotecot
attataataa
atctgccaga
agcaattgtt
cttttctatg
ttcaaagtag
cactgetgtg
tgtgcaaatt
gatcttccag
gatgggacac
atacaatgca
atcaacaaac
aatgcttgtg
cttccatttt
tttgggettg
accceceogtgtt
ttgggttatg
aattgcecatt
agcatagaca
gtagtgtatt
ggcattgeca
ttacgttett

taagataaag
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300
360
420
480
540
600
660
720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340

2400



agaatggaaa aaaaatctga atgtcattag gggacaaggt agaactccag tccacagttc

tggatggect ttgtttatat catgggacat aagacgtgtt ggactcg

<210> 4
<211> 2271
<212> DNA

<213> Mus musculus

<400> 4
atgttatete

ctettgetat
cctacttgge
aaaggacttc
atcatccacc
gatgaccaag
ggctacctgg
tcaggggtca
agctttgaac
gcatggaage
ggagctececa
tttcaagcaa
gggtatttgt
tactatgtct
gttccaggag
gatgcaggag
aggagtatat
tttttatcte
gggtactgtg
gatgetttea
atgecatgte
tgtggaaact
tattcagatc
gaattatgct
aacatatgtg
tatctgeaag
gatcgcaaca
tgctatgaca
ctcacattca

gtcaccaatc

tgacctgggg
ttgcactcetg
gttacatctc
aagcacaaag
tgcggagaaa
gagccttaca
aggggatcece
tgaagttaga
accttgttte
actggagcca
gaatatctag
ccaattctgt
ttcaagtcat
ttctcatgac
ggtcggetta
ttttacttaa
gttctteoctt
ctataataac
tctgecagag
gcaattgtte
ttttctatga
tcaaagtaga
cctgetgtgg
gtgcaaattg
atcttccaga
atgggacacc
tacaatgcat
tcaacaaaca
atgettgtge

ttccatattt

catgaggcta
gctgetecte
atcggaggtg
actgctcteca
gacactcatt
gatggattac
acaatccatg
tgaccttacc
tcagatagta
taatacaggt
taagaactac
atataattct
tagtttaatg
tgtgtacacc
taattactat
taagtatggg
agccctaatt
caategtgtt
aaggaacacc
ccttgecagag
cegteatgtt
taacgatgag
aaatgattge
cacttacagt
gtactgtaat
atgctcagaa
ggaaatcttt
acggtttcga
tgatcaggac

gcaagaacat

gtggaaagac
ctggttccag
gttattcete
tatagcttge
tggcccagac
ccetttttte
gtcactgtgg
tatgaaatca
tetgagtetg
tctecectect
gctacacate
gctgcaggtg
gacacctate
aattctgatc
gtgtcagtct
ccacaagata
tgtattggta
ggaaggagtt
tgcattatgt
ataagcaaca
tattataata
cagtgtgact
aggttaacac
ccttetggga
gggactaaat
gatggttact
ggtgtaagtg
tttgggecatt
aagctgtgtg

gtttcattce

ctgtggtcece
tetggtgtte
ggaaggagat
attttcgggg
acttgttgct
ctgtagattg
atacttgtta
aaccectcaa
atgacacagg
ccagattgga
cagctgetat
acaaactttc
tgaccaatct
catttcgact
tttataataa
accaggttaa
aatatgatcg
taggcttaaa
tcagacatcc
tacttaatac
catcattgac
gtggctecca
ctggtagcat
cactctgcag
acatttgccce
gctataaagg
ctaagaatge
gtactagage
gaaggttgca

atcaatcgat

cagggtactce
tcaaggecat
ctaccatacc
ccagagacat
gacaactcaa
ttactatatt
tgggggectyg
tgattcacag
gaectatgaat
atatgcagat
aaaaggccac
atctactgtt
tecatatgegg
tgagtttgeca
atttaagccet
tccagectgag
aaatccttta
atatgatgag
tcaattaaca
tecetggtetg
ttataagttt
aaaggcatgt
ttgtgataaa
acctatccag
agatgacact
taactgcact
taatattaag
agaagaaagc
gtgtaccaat

tatctctggg
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2460

2507

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

1800



tttacctget
agacatggta
ttatctcatt
aatcatcgga
ctaagtggga
caagagccag
ctgctetttg
caagctactt

<210>5
<211> 200

<212> DNA

ttgggcttga
cceceectgete
tgggttatga
attgccattg
gcatagacag
tggtgtattt
gcattgccac

tacgttctgg

tgaacatcgt
caaaagtaag
ctgcaceccca
tcattttggt
tgggtccccet
aagaatactc
tegtgtagga

gcaaggacca

<213> Artificial Sequence

<220>

<223> Homology arm sequence

<400> 5

gggacagaaa
ttctgtgatce
gaaaaatgca
tggaagccte
ccagttcaaa
tttggtcgta
gttactaaga

gcaagggaca

caacagatgce
aaggagcttg
gttttagagg
cagagtgcaa
ggcacacaat
tttacttcct
tttttagatt

agccaaagta

tggaatggtg
cagtggaagt
agtgtgtaac
agaagaggga
aaaacaaaaa
ctttgttgeca
tgaagacttyg

a

tgtcctaaag gctctgagat ccctagacag tttatttece aacttcectcecte agecggetece

ctcagggaca aatatccaag attagtctge aatgetcaga aaactccata acaaaggtta

aaaataaaga cctggagagg ccattcttac ctgaggagac ggtgactgag gttccttgac

cccagtagtce

<210>6

<211> 9777
<212> DNA

catagcatag

<213> Artificial Sequence

<220>

<223> Adam6a and Adam6b and flanking sequences

<400> 6

aaggcagaag
ctcagggtct
gcecctgtceag
aagccatgge
ggtgatgatt
catctattee
catcaaaaaa
aaaagatatc
ccagaggect

acgtagagca

gtecagattca
gccteoccacga
tggaaatctg
tttgtgttaa
ctatgttcct
tctaaggaat
cacagtgaca
gtaaataact
aaggctaaga

gtttctaatg

gattcaggta
gaatcaccat
gagagcatgc
tggtgatgtt
gtaacgettc
gatcctgaaa
aagaggtggg
tcttaaaaga
accaatggtg

atttatttaa

acagggatga
gtcotttete
ttccatgage
ctacatatca
ctcaactggg
atcccatcac
aacgcatcag
gatatagaca
gctecaaggte

aatatagaat

cagattctet
aagactgtgt
ttgtgagtag
gttctctgge
tcctaagtet
aaactatagg
ggttcaggaa
aatctccatt
teetgetace

caaaagtacce

gttcagtgca
tctgtgeagt
tatatctagt
ttaataatga
ttettecacte
agatgggaac
ccatatttta
aatacggaga
cgaggagcaa

agtttgcaat
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1860
1920
1980
2040
2100
2160
2220

2271

60
120
180

200

60
120
180
240
300
360
420
480
540

600



tttgaaagat
atgtccceatg
ctaatgacat
cattttactt
acctaaatat
ggaagtaaat
ttatgcgeet
tgcactttgg
ctcotgaaatt
aagctcctcg
catctgetgt
ccgattgatg
gcaaccttcec
ctectagtaca
cattcottage
ctttatagea
ggcaaatgaa
tgcagagtgt
tgctaccagg
gggagccaca
tcaatgatgt
tattaagtat
gatttttgaa
ttaggcctaa
gaccatgttg
taacagcatc
gagcataaaa
gtgaaaatgg
gattggtcag
aaagtttgtc

tagcagetgg

ccaatctgga
ctgtgtcatc
tgaggggttt
aacaagtatc
aatctacagg

gcaacaagtg

ttatttcage
atataaacaa
tecagattttt
gtecectttget
cttagtaact
acgaccaaag
ttgaaccgga
agggctcocaa
gcatttttet
atcacagaac
ttctgtecca
gaatgaaaca
acacagcttg
atgcccaaat
acttacacca
gtaaccctet
cttagagcca
cccagaagga
tgttaacctg
gtcacactgce
attataataa
gttgcttatc
catgatgcag
actccttcca
accaagacaa
atctcetgge
tactctetca
atcagcctceg
ataggtgtce
acctccagaa

atgtgtageg

ggagggagaa
agactcagat
gatttcatag
cacagtgacc
aaaaaagggg

tctgggecaa

aatgcaacaa
aggccatcca
tttecattet
tgttettgee
cctacacgag
agtattcetta
ggggacccac
ccaaaatggce
ggggtgcagt
ttaccccttg
cgatgttcat
tgttettgea
tecctgatcag
cgaaaccgtt
aagattteca
tetgageatg
ctacagtact
ctgtaagtge
caatcatttc
tcattgttat
acatgacggt
tctgcaaggg
gtgttcette
acacgattgg
attagggctg
gaattecttgt
tagaaagtat
gtatacacag
attaaactaa
gcactatata

taattcttac

cctgtattat
actatctgag
gtaaggttat
atggattgeca
tactccatct

atgagtgtcet

catcaggtgg
gaactgtgga
ctttatctta
aagaacgtaa
tggcaatgcc
aatacactac
tgtctatgct
aatggcaatt
cataacccaa
aacacggggt
caagcccaaa
aaaatggaag
cacaagcatt
gtttgttgat
tgcattgtat
gtgteccatce
ctggaagatc
aatttgcaca
cacagcaggyg
ctactttgaa
catagaaaag
aacaattgct
tctggragat
ttattataat
agggagaaca
taattatagc
gagcctgece
tcatgagaaa
tgactttaaa
cagaatgggt

tagatagtct

aaacaaggtg ttcaaagctc
ccaactttat gaccectgac
ggatceoccte caggtageca
gtaaggctcee ttggtcatct

ttcteccgeag gtggatgata

tgcegagtcee
ctggagttct
gaggagacag
agcagettge
aaagagcagt
tggetcetagg
cccactgtgt
ccgaagattg
acgagataaa
accatgtctce
gcaggtaacc
attggtgaca
gaatgtgagg
gtcatagcac
gttgegatca
ttgcagataa
acatatgttc
gcataattct
atctgaataa
gttteccacaa
acatggecatc
gaaagcatct
acagtaccce
agataaaaat
tatactcete
tcectgecatca
tcctggaact
gacatagtac
caaatactca
tgcttgaaag

gggagctceca

aacacgtctt
accttgtece
ggggctaact
aagtcttcaa
gcaacaaaga
ttectgtttta
ccctettett
ttacacactc
ctteccattge
accaatccag
ccagagataa
ttggtacact
ctttecttetg
ttaatattag
gtgcagttac
gtgtcatctg
tggataggtc
ttatcacaaa
catgcctttt
aacttataag
agatcaggag
gttaattgag
tcatcatgtt
aaaggatttc
tcagctggat
ggcctaaaat
cgaaaatctt
cgcatatgaa
acagtagatg
tggcctttta

tctgeatatt

ggctccagtg cttoccatgeca ttecataggec
tgtgaatcat
aggcccceat
atatagtaac
tgagttgtca

tgtctetgge
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660

720

780

840

800

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1320
1980
2040
2100
2160
2220
2280
2340
2400

2460

2520
2580
2640
2700
2760

2820



cccgaaaacqg
teteocttecg
aacaccagac
ggaccacagyg
ctaactcect
ctcecteocagge
ggtgtggcag
gggatgtcta
aggctcaatc
ttggttcocca
tcatgttttt
gttagaagta
ctaatcatgt
ttgggtgttyg
ttattagacc
tctettggga
tttagtatct
cagcagtgag
ttcatcaaca
tcteccaagaa
gcectggete
gtatttataa
caaacatata
tgctecaccee
actgcacctg

ctggttaagg

ctctatcatt
ctgtgtacca
aggaggtttt
cagggceagc
ctcaaggtec
atctttgcat
ttcaggaaca
ccgggaaggt
ggaatcagcet
gtttaaacag
gtttggtteca

agaacacact

caagctatac
aggaataacc
tggaaccagg
tetttccact
ctgetgtgge
tecccaaccta
gaattgagtce
taaatgtgce
ctttetttte
gtgtgactct
cacagttgtt
aatactgtct
tttgtttgag
ctcgaaagtt
tgagaattct
acattatctc
ttettteectg
accagtagac
gtgctttege
atcattgatg
agacacgtga
gataggagaa
tatctcatct
caggagcctce
atacccctge

taagaggaga

ggtgacccag
ccaggctgaa
aggactaaac
ctectctaace
ttagcactga
aatctgecta
gacgatttaa
ggccagatgt
tatgaaagat
agaagctgac
aaaggtcctc

tttcccattg

gagagcagtce
accteocgatg
aggagcagcc
agcctcatge
cactgectgg
agtggttacc
tgaatgtgtt
tggacaagaa
tttttttgaa
gggtctettt
ctaacttctt
atattagecct
ttttggttaa
tggagctttc
acctgggtac
tgacceccgtce
actattggga
tgtecggtatg
gtctettact
aaagggtgaa
gcaaggtcta
aaaaatgggt
aagtgtgcag
atgaataagt
agcttectag

taaatccott

ttgggacatg
ctecccatate
tgaaggacag
actataggac
ttacagagca
tccagattca
aaacaggcgc
ctggctacac
gtcacatcaa
cctgecacctg
acctgggtct

gacaattacc

tttgtgettg
agatgtaacg
agagtgcaaa
cccaggtcag
tectagaaaat
cagacaactg
agctgaggtt
aagtcagaag
gttcaaaata
ctaggagtca
gttttgtttt
tttagectata
actatttaca
tgttaatatt
ctgtgaactc
tgaggecgaa
tttettecaag
aacgtcgaag
tttgtagaag
aagatgggta
cagccccaaa
agttggaggg
gggaaaactc
ctetgettet
ggaagaggga

ctcattgatt

aagtcctttg
ccaagtggga
tagcaagagg
agataacatc
actgacagag
gagttaggta
gaggttaaat
cagcaaggag
tcatttccac
atatttottt
gtttgtttgt
aatgattgtt
aatgagtttt
gtgttgttgt
cagaattttt
gtggectgtce
caatcaggct
agtctgecac
gaaatgecage
tcacccggag
gataggctgce
ttgatcaact
tgtagaacta
gecttgtage
ggaagtgact

agggtgagag

gtatggtaga
tggecottgag
aggaccctgg
ctgggtggag
gactaaaaac
acagtcactg
attgtcaaaa
tgtctetgac
gtgaatgtat
atatcttgge
ttgtttgaaa
tttatttctt
tttttteett
ttctccaata
aaaaattcca
ccctecaace
gatgggttet
acactceggy
ctetgagttt
ttcatgacaa
cctgcaacat
tacttecetet
ctgggatacc
catgagcatt

tggceccetgt

gggtcatgtg

ggtttatacc
ctacatggac
agatgeggtt
actgtggagt
tatectecagat
gaaaattgat
tceoectetetg
taactttett
aatgttgata
gaatttgttc
taatacctaa

ctecctttat

aaagtcatca
ataggacaac
tctaaacaac
ctggttacaa
gaottetget
gccacatage
cttggaccce
aataaactte
ctgecagact
cattccactt
agagatgatt

ttaaaaaata

ctetgaggtt
accaagcaga
tagggagtge
agagagatta
gaccagatgt
caagtggact
cttcectttgg
ctatttataa
gtcaggtgcet
taaacatagt
gttctactcc

gcatgtetcet
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2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320

4380

4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040

5100



ctgectttat
tgtcttecatt
aaatggectg
gttgttcatg
gctecttgtta
acacatgcaa
gtgggcttca
acattcacac
tttgtgttge
ggcaacagta
gtcaagctag
agcagctaca
aaggcagtga
aacagccctt
gtaatcccat
agtgtacccet
acagtgataa
tagaatcaaa

tgcaccaaca

aaaaaaaagqg
gattttecttt
ttactttgge
aaatctaaaa
gaggaagtaa
tattgtgtge
tttgcactet
tcctctaaaa
gcaagctcet
agcatctgtt
aatcgattga
ctgeaacctt
tgctctagta
agcattctta
acctttatag
tgggcaaatg
tctgcagagt
aatgctacca

ttgggagceca

tacacacaca
attttctcat
atggtccaga
actccctecag
gotacagtat
ggaataaaag
gggcctcecag
aaaacaagtc
cagaactttc
actatgatgt
agaaaacctg
gacactgtac
tcccaaggaa
accccaaact
cagtctcegtg
gaatctgaat
tgatgtggga
agtaccaatt

tcaggtgatt

ccatccagaa
tttgcattct
ttgtecettg
atcttagtaa
atacgaccaa
ctttgaactg
ggaggcttee
ctgecattttt
tgatcacaga
gtttctgtee
tggaatgaaa
ccacacagct
caatgcccaa
gcacttacac
cagtaaccat
tatttagtcc
gtcccagaag
ggtgttaacc

cagtcacact

cacacacaca
tttagtecett
tecaattggaa
ggaaaaattc
gatagatgaa
aggctaaggt
agggatgaac
aatccctett
tttgeategg
gtcccaaatt
aggatgaaca
atcatttttce
ggttattgge
ccttcagaat
gaggaagact
atgaccttct
acgcttecagt
tgcagttttg

tctgaatcca

ctgtgaactt
ctttatctta
ctggtecttyg
ctectacacg
agagtattct
gaggggaccc
aaccaaaatg
ctggggtgeca
acttactttt
cacgatgttc
catgttcttg
tgtecetgate
atcgaaaccg
caaagatttc
cttetgagea
cattacagta
gactgtaagt
tgcaatcatt

gctecateaegtt

cacacacaca
ctacttagga
ctttataaaa
agtcgttgca
gtcageccttg
gaaccttaga
tgcagactct
ctetgettge
ttaagaatta
ctgccagtag
gctgagaaag
agttgactaa
gttccgaaaa
aaactagttt
ctgagtgcat
gctataggag
gttcaggaac
aaagatttat

acacgtctta

cacacacaca
ccctgtecaat
aaggagagga
catctgtcac
catacatacc
tctggtttaa
caagatgttc
ttggtgacce
ttaggaagtg
agggatgtga
gagtaaggca
tatacatcga
atatatgagce
caaacacagt
ggaacagaga
aaaggaacca
catatgattt
tccagtgtaa

tgtecctcatg

cacactttcc
aaaaaaaaaa
gggaataaat
agcttttgta
ctgcacacct
acaccagtta
tgggagctcc
agtggtaget
caggatcaag
attatctctt
gactgcagtc
tgcagctaag
acattaacag
tgtctagcat
atctgtcago
tcaaaaaagce
atttaaaata
gcattagcaa

atattaaaaa

gagttctace ttgttcccta ctgacattca

caggagacag
cccagaacgt
agtggcaatg
taaatacacc
actgtctatg
acaatggcaa
gtcataaccec
ggagcagggyg
atcaagccca
caaatatgga
agcacaagea
ttgtttgttg
catgcattgt
tggtgtccca
cteotggaaga
gcaatttgca
tccacagcag

atctactttqg

gaggggagag
aaagtagett
ccaaagagca
actggctett
ctcccactta
ttcegatgat
aaatgagata
gtaccatgtc
aagcaggtaa
agattggtga
ttgaatgtga
atgtcatage
atgttgecgat
tettgecagat
tcacatatgt
cagcataatt
ggatctgaat

aagtttccac

ctaactcatt
gcaagtctte
gtgcaacaaa
gtttttgttt
gtcecetette
tgttacacac
aacttcecact
tcaccattec
acccagagat
cattggtaca
ggctttettce
acttaatatt
cagtgcagtt
aagtgtcatc
tetggatagg
ctttatcaca
aacatgcctt

aaaacttata
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5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
53940
6000
6060
6120
6180

6240

6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320

7380



agtcaatgat
agtattaagt
aggatgtctg
ttttaagecct
tcgatcatat
attaacctgg
tttattataa
aagtcgaaat
aagattggte
tgaaagtttg
tatagcagct
ttccaatctg

ccctgtgtea

gtattataat
atgttgotta
aacataatge
aaactcctte
ttaccaatac
ttatettgtg
aagactgaca
ggatcagaat
agataggtgt
tcacctgecag
ggatgtgtag
gaggagggag

tcagactcag

aaacatgacg
tetetgeaag
aggtgttect
caacacgatt
aaattaggge
gcccatactt
catagtaatt
tggtgtacac
ccattaaact
cagaattata
cgtagttett
aacctgtatt

atactatctg

gtcatagaaa
ggaacaattg
tctetggecag
ggttattata
taaggaagaa
attaagtaaa
ataagccgac
agtcatgaga
aatgacttga
tacagaattg
actagatatt
atggctccag

agaaacaagg

agacatggca
ctgaaagcat
acacagtacc
ggagataaaa
catatactece
actcctgecat
cctectggaa
aagacatagt
aacaaatacc
gttgettgaa
ctgggagetc
tgcttceatg

tgttcaaage

tcagaccagg
ctgttaattg
cctecatcata
ataaaggatt
tetcagetgg
caggcttaaa
ctgcaaactc
accgcatatg
caacagtaga
agtggeccottt
catctgcata
cattcatagg

tetgtgaate

attgaggggt ttgatttcat aggtaaggtc atctaactte atgaccecctg acaggecccece

ataacaagta
acaatctaca
cagcaacaag
gccccgaaaa
gatctecctte
agaacaccag
ggggaccaca
agctaaatcc
acctcctcag
tgggtgtgge
aagggatgtc
acaggctcaa
atttggttce
gctcatgttt
tagtagtaaa
aatcatattt
ttgggtgttg
ttattagacc
tctcttggga
tttagtatct
cagcagtgag
ttcatcaaca

tetecaagaa

tccacagtga
ggaaaaaagg
tgtctgggee
tgcaagctat
cgaggaataa
actggaacca
ggtctttcca
ctetgetgtyg
gctcccaace
aggaattgag
tataaatgtg
tcetttettt
cagtgtgact
ctcacagttg
tactgtctat
tgtttgagtt
ctcgaaagtt
tgagaattcect
acattacctc
ttetttectg
accagtagac
gtgetttege

atcattaatg

ccatggattg
ggtaatcecat
aaatgagtgt
atgagagcag
ccacctcecga
ggaggagcag
ctagcctcat
gccactgect
taagtggtta
tctgaatgtyg
cctggacaag
tatttttttg
ctgggtectet
ttctaatttc
attagececttt
ttggttaaac
tggagctttc
atctgggtac
tgacccegtc
actattggga
tgceggtatg
gtctettact

aaagagttaa

tgggatcecce
ctgtaagget
cttteteege
tetttgtget
tgagatgtaa
ccagagtgca
gecacaggte
ggtctagaaa
cccagacaac
ttagctgagg
aaaagtcaga
aagttcaaaa
ttctaggagt
ttgttttgtt
tagctataaa
tatttacaaa
tgttaatatt
ctgtgaactc
tgaggccgaa
tttcttecaag
aacgtcgaag
tttgtagaag

aagatgggta

tccaggtage
cacttggtcat
aggtggatga
tgaagtcctt
cgccaagtag
aatagcaaga
agagataaca
atactgacag
tggagttagg
ttgaggttaa
agcagcaagg
tatcatttcece
caatatttect
ttgtttgttt
tgattgtttt
tgagtttttt
gtgttgttat
tagaattttt
gtggctgtcc
caatcaggct
agactgccac
gaaaagcagc

tcacececggag

caatatagta
cttgagttgt
tatgtctetg
tggtatggta
gatggcettyg
ggaggaccct
tcectgggtgg
aggactaaaa
taacagtcac
atattgtcaa
agtgtctctg
acgtgaatgt
ttatatcttg
gtttgaacgt
tatttcettet
ttttttectt
ttttccaata
aaaaattcca
ccetecaacce
gatgggttct
acactccagg
ctctgagtta

ttcatgacaa
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7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

29600



gococtggete agacacgtga gcaaggtcta cagcoccccaaa gataggetge cetgeaacat
gtatttataa gatagaagaa aaaaatgggt ggttggaggg ttgatcaact tacttcctet

caaacatata tatctcatct aagtgtgcag gggaaaactc tgtaggacta ctgggat

<210>7

<211> 23

<212>DNA

<213> Artificial Sequence

<220>
<223> TRN0048 Proximal guide RNA (gRNAT)

<400> 7
gctaaggtga accttagatc tgg 23

<210> 8

<211> 23

<212>DNA

<213> Artificial Sequence

<220>
<223> TRN0048 Distal guide RNA (GRNA2)

<400> 8
agagagtata ggaggttccg ggg 23

<210>9

<211> 21

<212>DNA

<213> Artificial Sequence

<220>
<223> TRN0048 PCR Oligo 1(forward primer)

<400> 9
cagtcgttgc acatctgtca ¢ 21

<210>10

<211> 20

<212>DNA

<213> Artificial Sequence

<220>
<223> TRN0048 PCR Oligo 2(reverse primer)

<400> 10
gcctagtagg ccatcaatgg 20
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9720
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<210> 11

<211> 22

<212>DNA

<213> Artificial Sequence

<220>
<223> TRN0048 PCR Oligo 3(reverse primer)

<400> 11
agtgtctgta gctgcetgact gc 22

<210>12

<211> 23

<212>DNA

<213> Artificial Sequence

<220>
<223> TRN0059 Proximal guide RNA (gRNA3)

<400> 12
cccagttgag gaagcgttac agg 23

<210> 13

<211> 23

<212>DNA

<213> Artificial Sequence

<220>
<223> TRNOO59 Distal guide RNA (gRNA1

<400> 13
gctaaggtga accttagatc tgg 23

<210> 14

<211> 20

<212>DNA

<213> Artificial Sequence

<220>
<223> TRN0059 PCR Oligo 1(forward primer)

<400> 14
ccetgtcagt ggaaatctgg 20

<210>15

<211> 19

<212>DNA

<213> Artificial Sequence
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<220>
<223> TRN0O059 PCR Oligo 2(reverse primer)

<400> 15
actgggtcac caagcaagc 19

<210> 16

<211> 20

<212>DNA

<213> Artificial Sequence

<220>
<223> TRN0O059 PCR Oligo 3(reverse primer)

<400> 16
acctgatgtt gttgcattge 20

<210> 17

<211> 20

<212>DNA

<213> Artificial Sequence

<220>
<223> Adam6a Tagman forward primer

<400> 17
ataccgaggc tgatccattt 20

<210> 18

<211> 27

<212>DNA

<213> Artificial Sequence

<220>
<223> Adamba Tagman reverse primer

<400> 18
ctcetggega attcttgtta attatag 27

<210>19

<211> 24

<212>DNA

<213> Artificial Sequence

<220>
<223> Adam6a Tagman probe

<400> 19



ccaggagggc aggctcatac tttc 24

<210> 20

<211> 21

<212>DNA

<213> Artificial Sequence

<220>
<223> Adam6b Tagman forward primer

<400=> 20
tcgacttgag tttgcagttc ¢ 21

<210=> 21

<211> 22

<212>DNA

<213> Artificial Sequence

<220>
<223> Adam6b Tagman reverse primer

<400> 21
ctggttatct tgtggcccat ac 22

<210> 22

<211> 30

<212>DNA

<213> Artificial Sequence

<220>
<223> Adam6b Tagman probe

<400> 22
tgacacatag taattataag ccgaccctcc 30

<210> 23

<211> 200

<212>DNA

<213> Artificial Sequence

<220>
<223> Homology arm sequence

<400> 23

gogtcctgaag tatattccac aactaatact tttattctaa aaactgaaaa tctccaacta
cagccccaac tatccctcoca gecataggat tgttttageca tettettcaa atgagectec

aaagtcccta tcccatcatce cagggactcc accaacacca tcacacagat tcttagtttt

tcaaagatgt ggagataatc
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<210> 24

<211> 200

<212>DNA

<213> Artificial Sequence

<220>
<223> Homology arm sequence

<400> 24

ctatgaatat gtacatttag atatatctga aactgagaaa cccagtttga gtttctcatg
ccatcaatge caactatatc atgcagtata agactaatca ggctaatgac agtatgecett

tcacacttgg gatggaggaa gaagcaaaaa gaattgataa tgatggtgac acacaggtcce

acaggetttc ccagecatcce

<210=> 25

<211> 200

<212>DNA

<213> Artificial Sequence

<220>
<223> Homology arm sequence

<400> 25

agggaaatta ttttatcagt aagtatatgt ttaatatttc aaaatagcaa aaactctttg
aagttaaaca ttaagaaaat gctaatttca agcacagtga gaaaattatc aataataatt

ccacgtttgt agaacatgat tttaatattt tcaactgcta atagtctaca aacagattaa

ttattttaag atatatttca
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PATENTKRAV

1. Transgen mus, der er genmodificeret ved hjaelp af en deletion af endogene Adaméa- og
Adam6b-gener hos en hanmus, hvor musen er homozygot for deletionen og i dens
genom kun omfatter ét exogent Adam6-transgen og udtrykker et ADAMB-protein, der
omfatter mindst 90 % sekvensidentitet med SEQ ID NO: 1 eller SEQ ID NO: 2, hvilket

Adame6-transgen er funktionelt i en hanmus.

2. Mus ifelge krav 1, hvor Adamé6-transgenet er Adam6a eller Adaméb.

3. Mus ifelge krav 1 eller 2, som i dens genom omfatter immunoglobulingensegmenter,
der ved VDJ-omlejring koder for immunoglobulinsekvenser for et eller flere variable

antistofdomeener.

4. Mus ifelge et hvilket som helst af kravene 1 til 3, som omfatter et immunoglobulin-tung
keede-variabel region (IHVR)-locus, der omfatter humane immunoglobulin-gensegment
(hIGS)-kodende sekvenser og murine ekspressionskontrolsekvenser, der er operabelt
koblet til kontrol af ekspression af de hiIGS-kodende sekvenser, fortrinsvis hvor det

exogene Adamé-transgen er indlejret i IHVR-locuset.

5. Mus ifelge krav 4, hvor de hiIGS-kodende sekvenser og de murine
ekspressionskontrolsekvenser er indeholdt i en heterolog ekspressionskassette, der
yderligere omfatter Adamé-transgenet, hvor den heterologe ekspressionskassette er
integreret i musegenomet og erstatter endogene immunoglobulin-gensegmentkodende

sekvenser eller erstatter et immunoglobulin-gensegment af det endogene IHVR-locus.

6. Anvendelse af musen ifelge et hvilket som helst af kravene 3 til 5 i en fremgangsmade

til produktion af antistoffer.

7. Rekombinant ekspressionskassette, som omfatter humane immunoglobulin-
gensegment (hIGS)-kodende sekvenser og murine ekspressionskontrolsekvenser, der
er operabelt koblet til kontrol af ekspressionen af de hIGS-kodende sekvenser, og kun
ét Adamé6-transgen, der er i stand til at udtrykke et ADAM6-protein, der omfatter mindst
90 % sekvensidentitet med SEQ ID NO: 1 eller SEQ ID NO: 2, hvilket Adam6-transgen
er funktionelt i en hanmus.

8. Ekspressionskassette ifslge krav 7, som omfatter de murine

ekspressionskontrolsekvenser som intergeniske sekvenser, der er indlejret i et
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gensegment, der omfatter de hIGS-kodende sekvenser.

Ekspressionskassette ifslge krav 7 eller 8, som omfatter

a) humane Vu-gensegmentkodende sekvenser, herunder tung keede-variabel
region-gensegment (/GHV)-kodende sekvenser, diversitetsgensegment (/GHD)-
kodende sekvenser og sammenkaedningsgensegment (/GHJ)-kodende
sekvenser; og

b)  Adamé-transgenet, der er indlejret mellem de /GHV- og IGHD-kodende
sekvenser, fortrinsvis i modsat transkriptionel orientering i forhold til de /IGHV-

gensegmentkodende sekvenser.

Fremgangsmade til frembringelse af en mus ifelge et hvilket som helst af kravene 1 til

5, som omfatter:

a) tilvejebringelse af en embryonal musestamcelle;

b)  tilvejebringelse af en eller flere vektorer, der omfatter mindst én
ekspressionskassette, der indeholder gensegmenter, der ved VDJ-omlejring
koder for immunoglobulinsekvenser;

C) indfgrelse af den ene eller de flere vektorer i cellen;

d) inkorporering af gensegmenterne i genomet i cellen og selektion af en transgen
celle, hvor gensegmenterne er blevet integreret i det celluleere genom i den
transgene celle i et malsted i genlocuset for tung keede af det endogene
immunoglobulin til séledes deletion af endogene Adam6a- og Adam6b-gener; og

e) anvendelse af den transgene celle til frembringelse af en transgen mus, der
omfatter den transgene celle;

hvor mindst én af vektorerne omfatter ekspressionskassetten ifelge et hvilket som helst

af kravene 7 til 9.

Isoleret musecelle, hvis genom omfatter:

a) et knockout af de endogene Adamé6a- og Adam6b-gener og kun ét exogent
Adame6-transgen, der udtrykker et ADAM6-protein, der omfatter mindst 90 %
sekvensidentitet med SEQ ID NO: 1 eller SEQ ID NO: 2, hvilket Adam6-transgen
er funktionelt i en hanmus; og

b) et immunoglobulin-tung keaede-variabel region (IHVR)-locus, der omfatter humane
immunoglobulin-gensegment (hIGS)-kodende sekvenser og murine
ekspressionskontrolsekvenser, der er operabelt koblet til kontrol af ekspression af
de hiGS-kodende sekvenser, fortrinsvis hvor IHVR-locuset er pa kromosom 12;

hvor Adameé6-transgenet er til stede i IHVR-locuset.



10

12.

13.

DK/EP 3785536 T3

Celle ifslge krav 11, som er en celle af en B-cellelinje eller af en plasmacellelinje,
specifikt en moden B-celle, en hukommelses-B-celle, en plasmablast eller en

plasmacelle.

Fremgangsmade til modificering af et immunoglobulin-tung kaede-variabel region
(IHVR)-locus hos en mus, som omfatter frembringelse af en farste modifikation af
IHVR-locuset, som deleterer endogene Adamé6a- og Adaméb-gener hos en hanmus,
hvor musen er homozygot for deletionen, og frembringelse af en anden modifikation af
IHVR-locuset, som omfatter insertion af kun ét exogent Adamé-transgen, der udtrykker
et ADAMB6-protein, der omfatter mindst 90 % sekvensidentitet med SEQ ID NO: 1 eller
SEQ ID NO: 2, hvilket Adam6-transgen er funktionelt i en hanmus, hvor den fgrste og

anden modifikation frembringes samtidigt.
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DRAWINGS

Figure 1

Domain structure and processing of ADAMGE

PIMIDICIT/Cy | —> | M|D]| C| T/Cy

P, prodomain

M, metalloprotease domain
D, disintegrin domain

C, cysteine-rich domain
T/Cy, transmembrane and
cytoplasmic tail domain

Figure 2
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Figure 3
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Figure 4
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Figure 5
=i Oy ol
- =)
a0 8 oo
[e}+] e
IGHV Adam6a I l AdamGh l IGHD IGH1
» . sRNAL ; gRMAZ
i ™
0.5
2000
0T
IGHV Adamba 1GHD fGH!
R BRMA3
Figure 6
= o ™~
o ¢ [+]
g 20
[e)a) ]
{GHV l Adambg l Adameh ighd Ighj
. BANAZ gRNAL
i~
o0
B0 bo
[S15]
IGHV Adarméb ighd Ighj

T eRNas



DK/EP 3785536 T3

Figure 7
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Figure 8
Tissue Project lD' ' Heawy % Expression
' 2178063 WT 100.0
BENTac WT| 2178068 WT 1071
2178069 WT B84.0
TRNOO59 | 2182080 HUm{TRNOOOT)HUmM(TRNODSS) Q.0
Testis 2182081 Hum(TRNOOO1)/Hum(TRNQ048 dek3) 519
) 2182082 Hum(TRNODO1/Hurm(TRINOC48 deltd) 575
TRNOOsg | 2182083 Hum{TRNODO1 yHUm(TRNOGAS dei#1) 58.3
2182084 Hum(TRNODO1)/Hum(TRNO048 del#2) 64,2
2182085 Hum(TRNDDOf)lHum (TRNGO4B del#2) 49.6
2182086 Hum(TRNODOTYHUm(TRNO04S delé4) 444
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Figure 9
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Figure 10
Tissue Project D Heavy % Expression
2178063 WT 100.0
B6NTac WT| 2178068 WT 109.1
2178069 WT 6.8
TRNOO58 2182080 Hum{TRNODO1YHum(TRNOOS2) 67.9
Testis 2182081 Hurm(TRNOOOT)/Hum{TRNO048 del#3) 0.0
2182082 Hum{TRNOOOT/ Hum{TRNOG48 deli#d) 0.0
TRNO004S 2482083 Hum{TRNOOO1)/Hum({TRNOO4S8 deli#l) 0.0
2182084 Hum{TRNOOCT)YHUmM{TRMNOD48 del#?) 0.0
2182085 Hurn{TRNGOO 1)/ Hum{TRNOD4S del#2) 0.0
2182086 Hurm{TRNOOGT)/Hum(TRNQOD48 delgd) 0.0
Figure 11
SEQ TD NO:1 ADAMGz protein, NM_174885.3, 754 AR, #5148 Wi
MLSLTWGMRL VERPVVPRVL LLLFALWLLL LVPVRHCSQGH PTWRYISSEV VIPREEIYHT
KGLDADRLLS YSLRERGORH WPRHLLDLTTQ DLQGALOMEY PEFEFPVLCYYT
GYLECILQSM VIVDTCYGCL SCVIKLD YEIXKPLNDSQ SFEHLVEQIV SESDDTGPMN
AWKHWSHNTG SPSSRLEYAD GAPRLSSKENY ATHFPAAIKGH FOATHSVYSA SGGDELS3STV
EYLFEVISLM DTYLTNLHMR YYVEFLMTVYT EADRPESQODFR VPGCGRAHTEFY ERVEYAHFRP
DAGAITNENS PGDDAVNPAE CLGOHGRNPL FLSITITNRV GRSLGLEKHDE
CYCICORRNT CIMFENPQLT D ISNILNTPDRL MPCLEYDRHV YYNTSLTYEFR
CGNFEVDNNE QCDCGSQKAC YSD RLTFGSICDE ELCCANCTYZ PSGTLCREIQ
IICDLPEYCS GSKFICPDDT EGYCYKGNCT DRMIQOCMEILF GVSAKNANIK
CYDINEQRFER FGHCTRAEES LTFNRCADQ KLOGRLOQCTN VINLPFLOEH VSIH J“”ISG
VICFGLDEHR GUETADAGLY RHGTPCSRGK FCDRGACNGS LSRLGYDCTE EKCHE
NRRNCHCHFG WSPPECEEES HSGSIDSGSP PVQRRIIKQON LEPVVYLRIL FGRIYFLEVA
LLFGIATRVG VTEIFRFEDL QAALRSWOLG AKDK
EQ ID NO:2Z ADAMGD protein, NM 0010039545 & AA, 85351 M¥
MLSLTWGMRL VERPVVPRVL ALTALWLML LVPVHCSOGH ; VIPREEIYHT
RGLOAQRLLS YSLHFE] BH ITHLRRKT WPR PEEPV YYTI
CYLEGIPQOSM ””VDTQ&GFL SCVMALLDJL YEIR s 7 SESDDTGPMN
AWKHWSHNTG SPS3RLEYAD GAPRTO“BNX ATHPARTKGH FQAT\SV&NS AAGDRLSSTV
GYLFOVISLM DTYLTNLHME YYVELMI SOEFFRLEEFA TSAYNYY VIEVEYNKEKP
DAGYVLLNE PODNON RE RSICS CIGRYDRNPL FLSPIITHRV GRSLGLEYDE
GYCVCORRNT CIMPREPQLT DAFSMNC ISHNILNTPGL MPCLEYDRHV YYNTSLTYKE
LUJFBYDNDE QUDCGSQKAC YSDPCCGNDC RLTPGSICDE ELCCANCTYS PSCGTLCRPIO
NICDLPEYCH GTRYICPDDT YLODGTPCSE DGYCYKGNCT DRNIQC IF GVSARNANIK
CYDINKORFR FTGHCTRAEES LTEMAL 0D RLCG )TN VINL QOEH VSFHQSIISG
FTCFGLDEHR GTETTDAGMYV RHGTPCSEKSK FCDQGACSGS LSHLGYDCTP ERKCSFRGVCN
NHRNCHCHFG WEPPECEEEG LSGSIDSGSPE PVQRHTIKOK QEPVVYLRIL FGRIYFLEFVA

LLEGIATRVG

VIKIFRFEDL

OATLRSGOGE

ARDEPK
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SEQ ID NO:

61
121
181
241
301
36l
421
481
541
601
66l
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461

{continued)

3 Adaméa gens, NM 174885.3,

ggtaaccact
ccaggcagtg
gcatgaggcet
ggctgectect
categgaggt
gactgcteta
agacactcat
agatggagta
tgcaatccat
ataaccttac
ctragatagt
ataatacagyg
gtaagaatta
tatatagtgc
ttagtttaat
ctgtgtatac
atactttcta
acaagaattc
cagecctaat
ccaatcgtgt
gaaggaacac
ccecttgeaga
adcgtecatgt
atadcaatga
gaaatgattg
geacttacag
agtactgtag
catgoteaga
tggaaatctt
aacggttteyg
ctgatcagga
tgraagaaca
atgaacatcy
caaggggtaa
actgcaccee
gecattttgyg
gtgggtcccce
taagaatact
ctcgtgtagyg
ggcaagaaca
agaatggaaa
tggatggeet

taggttyggga
gocacagcaqg
agtggaaaga
cctggtteca
ggttattcecet
gtatagcttg
ttggeccaga
ccecetttttt
ggtcactgtyg
ctatgaaatc
atctgagtet
ttctecetece
cgctacacat
ttctggagot
ggacacctat
cgaggctgat
tgagagagta
gccaggagat
ttgtekbtggt
tggaaggagt
ctgratcatyg
gataagcaac
ttattataatc
gcagtgtgac
caggttaaca
teettotggyg
tggectctaag
agagggttac
tggtgtaagt
atttggygeat
caagetgtygt
tgtttedatte
tgggacagaa
gttctgtgat
agaaaaatgc
Ctggagccct
tceggttcaa
ctttggtogt
agttactaag
agcaaaggac
aaasatctga
ttgtttatat

2507

gecetgaggag
agggagttag
cctgtggtec
gtctggtgtt
cggaaggaga
cgtttteggy
cacttgttge
cctgtagatt
gatacttgtt
aaacccctcea
gatgacacag
toccagattgyg
ccagetgeta
gacaaacttt
ctgaccaate
ccattttcac
tctttatgete
gatgctgtta
caacatggtec
ttaggcctaa
ttcaaaaatc
atacttaata
acatcattga
tgtggetcce
coctggtagea
acactctgca
ttcatttgce
tygctataaay
gctaagaatyg
tgtactagag
ggaaggttge
catcaatcygyg
acagcagatyg
cgaggagett
aatttcagag
ccaagagltgca
aggcgcataa
atttacttec
atatttaggt
aagtzaaatyg
atgtcattag
catgggacat

caaggceca
tetaccatac
gocagagaca
tgacaactca
gttactatat
atgggggcect
atgattcaca
ggcetatgaa
aatatgcaga
taaaaggcca
catctactygt
ttcatatgeg
sagatttteg
attttaggee
atccagetga
gaaatccttt
aacatgatga
ctcaattaac
ctcetgatet
cttataagtt
aaaaggcatg
tttgtgataa
gacetatcea
cagatgacac
gtaactgeac
ctaatattas
cagaagaaag
agtgtaccaa
ttatctotgg
ctggattggt
geaatgyaag
gagtgtgtaa
aagaagagyyg
taaaacagaa
tetttgttge
ttgaagactt
agttagecec
gggacaaggt
aagacgtgtt

ctetgteagt
gatgttatct
cetettgeta
toccacttogg
caaaggactt
tatcatccac
agatgaccaa
tggctacctyg
gtcaggggte
gagctttgaa
tgratggaaqg
tggageteoec
ctttcaagca
tgagtatttyg
gtactatgtce
agttccagga
tgatgcagga
gaggagtata
atttttatcet
ggggtactgt
agatgcttte
gatgccatgt
ttgtggaaac
ttattcagat
agaattatge
gaacatatgt
ttatectgcaa
tgategeaac
gtgctatgac
ceteacatte
tgtcaccaat
ggttacctge
gagacatggt
tttatetegt
caatcgtcog
acacagltgyg
cctagagcca
actgotettt
gcaagctgcet
ctgtetecte
agaactccag
ggactcg
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attttctaga
ctgacctggy
tttgcactct
cgttacatct
caagcacaaa
ctgeggagaa
ggagccttac
gaggggatcc
ataaagttgg
caccttgttt
cactggagee
agactatcta
acccattctyg
tttaaagtca
ttteteatga
gggcaggcte
gotataatta
tgttcteeet
attataataa
atctgccaga
agcaattgtt
cttttctatg
ttcaaagtag
ccetgetgtyg
tgtgcaaatt
gatcttececag
gatgggacac
atacaatgca
atcaacaaac
aatgettgtg
ctteccatttt
tttgggcttyg
acceccgtgtt
ttgggttatyg
aattgccatt
agcatagaca
gtagtgtatt
ggcattgecca
ttacgttctt
taagataaag
tccacagtte
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SEQ ID NO:4 Adaméb gene, NM 001008545.1,

1

6l
121
181
241
301
36l
421
481
541
601
661
721
781
841
G01
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
186l
1921
1981
2041
2101
2161
2221

e

{continued)

atgttatete
ctcttgetat
cetacttggce
aaaggacttc
atcatceacc
gatgaccaag
ggctacctygg
tcaggggtca
agctttgaac
gcatggaagc
ggagcteoea
tttcaagcaa
gggtatttgt
tactatgtct
gttocaggag
gatgcaggag
aggagtatat
tttttatete
gggtactagt

gatgctttea
atgccatgte
tgtggaaact
tattcagatc
gaattatget
aacatatgtg
tatctgeaag
gatcgcaaca
tgctatgaca
ctcacattca
gtcaccaatc
tttacctget
agacatggta
ttatctcatt
aatcatcgga
ctaagtgoga
caagagccag
ctgctetttg
caagctactt

tgacetgggg
ttgcactctg
gttacatcte
aagcacaaag
tgoggagaaa
gagecttaca
aggggatcoce
tgaagttaga
accttgttte
actggagcca
gaatatctag
ccaattetgt
ttcaagtcat
ttctecatgac
ggteggcetta
ttttacttaa
gttettoctt
ctataataac
tetgecagag
graattgttc
ttttctatga
tcaaagtaga
cctgetgtagy
gtgcaaattg
atcttccaga
atgggacace
tacaatgcat
tcaacaaaca
atgettgtygc
ttegatattt
ttgggcttga
cecectgeto
tgggttatga
attgacattg
gratagacag
tggtgtattt
gcattgecac
tacgttctgg

catgaggeta
gotgcteete
atcggaggty
actgctctca
gacactcatt
gatggattac
acaatccatg
tgaccttace
tcagatagta
taatacaggt
taagaactac
atataattct
tagtttaatg
tgtgtacacc
taattactat
taagtatgygy
agccctaatt
caategtgtt
aaggaacacce
ccttgcagag
ccgtcatgtt
taaccgatgag
aaatgattgc
cacttacagt
gtactgtaat
atgctcagaa
ggaaatcttt
acggtttcga
tgatcaggac
gcaagaacat
tgaacatcgt
caaaagtaag
ctgcacccca
tcattttggt
tgggtcecect
aagaatactc
teghgtagga
gcaaggacca

2271 bp

gtggaaagac
ctggttccag
gttatteete
tatagcttgce
tggceragac
ccctttttte
gtcactgtgg
tatgaaatca
tetgagtotg
tectecctect
gctacacatc
gctgecaggty
gacacctatc
aattctgatce
gtgtcagtet
ccacaagata
tgtattggta
ggaaggagtt
tgcattatgt
ataagcaaca
tattataata
cagtgtgact
aggttaacac
ccttetgaga
gggactaaat
gatggttact
ggtgtaagtyg
tttgggcatt
aagctgtgty
gtttcattee
gggacagaaa
ttctgtgatce
gaaaaatgca
tggaagecte
ccagttceaaa

ttggtegta
gttactaaga
gcaagggaca

ctgtggtcce
tctggtgtte
ggaaggagat
attttcgggg
acttgttget
ctgtagattg
atacttgtta
aacccctcaa
atgacacagqg
ccagattgga
cagctgetat
acaaactttce
tgaccaatct
catttcgact
tttataataa
accaggttaa
aatatgatcc
taggettaaa
tcagacatcec
tacttaatac
catcattgac
gtggetecca
ctggtageat
cactcetgeaqg
acatttgcce
getataaagg
ctaagaatgc
gtactagagce
gaaggttgca
atcaatcgat
caacagatgce
aaggagettg
gttttagagg
cagagtgcaa
ggracacaat
tttacttcet
tttttagatt
agccaaagta
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cagggtcecte
tcaaggccat
ctaccatace
ccagagacat
gacaactcaa
ttactatatt
tgggggecty
tgattcacag
gcctatgaat
atatgcagat
aaaaggccac
atctactgtt
tcatatgcgg
tgagtttgca
atttaagect
tccagetgay
aaatccttta
atatgatgag
tcaattaaca
teectggtetyg
ttataagttt
aaaggcatgt
ttgtgataaa
acctatccag
agatgacact
taactgeact
taatattaag
agaagaaagc
gtgtaccaat
tatctetggg
tggaatggty
cagtogaagt
agtgtgtaac
agaagaggga
aaaacaaaaa
ctttgttgca
tgaagactlty
a
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Fig. 11 {(continued)

Homology arm seguences (200 bp) used to create the first and second parts of
the RMCE docking sites for TRNOOOL and TRNCO10.

First Targeting {(Downstream of and including JH4)
>Right homology arm (NC_000078.6 113428364-113428563) (SEQ ID NG:5

< aacttetoto

aaactococata

First part of the RMCE docking site {(Described in US 2013/0213535)

Second Targeting (Upstream of Igh 5
>Right homology arm (NC_000078.6 =116027791y (SEQ ID NG:24)

atttag
tatatc
tbggaggnn gangy
atooe

cecagtttga ¢

. ¢t

Second part of the RMCE docking site (Described in US 2013/0219535)

(NC_000078.6 11e012927-116013127) (SEQ ID NO:25;

aaaatal
aogaaaattat
atagt

atsbatets]
cabittgt
ttattttasg
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Fig. 11 (continued)

SEQ ID NO:6 Adaméa and Adaméb and flanking sequences present in the IgH locus

of the T

NOOLO mouse 9777 bp

1 aaggcagaag gtcagattca gattcaggta acagggstga cagattotot gttoagtgoa
6l e¢tecagggtoet gectecacga gaatecaccat gtectttete aagactgtgt tetgtgeagt
121 geoectatecayg tggaaatcty gagageatge ttecatgage ttgtgagtag tatatctagt
181 aagecatgge tttgtgttaa tggtgatgtt ctacatatca gttotetgyge ttaataastga
241 ggtgatgatt ctatgttcct gtaacgette ctcaactggg toctaagtot ttottcacte
301 catctatteoo totaaggaat gatootbgaaa atcoccabcac aadactatagyg agatgggaac
36l catcaaaaaa cacagtgaca aagaggtggyg aacgeatcag ggttcaggasa ccatatttta
421 aaaagatatc gtaaataact tcttaaaaga gatatagaca aatctccatt aatacggaga
481 ccagaggect aaggctaaga accazatggtg gctcaagghte teetgetace cgaggageas
541 acogtagagca gtttorastg atttatttas astatagaat caaaagtacce agtttgoaat
601 tttgaaagalt ttatticage aatgcaacaa catcagotygyg tgocgagtoo *ﬂa“gtctt
66l atgtccrcatg atatasacas aggccatcca gaactgtgga chtggagttcoct
721 ctaatgacat tcagattttt tttccattet ctttatetta gaggagacag
781 cattttactt gtcetttget tgttecttgee aagaacgtsa agcagetbtge
841 acctaaatat cttagtaact cetacacgag tggcaatgoe aaagagoagt aaga
901 ggsagtaaat acgaccasag agtattctta aatacactac tggctctagg tttta
96l ttatgegect ttgaaccoggas ggggacccac tgtcotatget cocactgtgt
1 tgcactttgy agggctccasa ccazaatgygce aatqqcaatt cegacgattg
ctotgaaatt geatttttet gggotgecagl cataacccaa acgagataaa
aagetecteg atcacagaac ttacccettyg aacacggggt accatgtete
1 catctgotgt trhotgtcoces cgatgttoat ceagoocaaa gcagghaaco
1281 ccgattgaty gaatgaaaca tgttecttgea asaatggaag attggtgaca
1321 geaaccttoo acacagottyg tootgatcag cacaagoatt gaatotgagg of
1381 ctetagtaca atgoorcaaat cgaaaccogtt gtittgttgat gteatageac
1441 cattcttage acttacacca aagattteca tgecattgtat gttgcgatca
1501 ctttatagea gtaacoctot totgageatg gtgteccato ttgcagataa
1561 ggcaaatgaa cttagagcca ctacagtact ctggaagatc acatatgtte
1621 tgcagagtgt cocagaagga atgtadagtge aatttgcaca gcatasattot tt
1681 tgetaccagg tgttaaccty caatecatttc cacageaggyg atetgaataa catgocetttt
1741 gggagecacs gtoacactge tcathgttat ctactttgaa gtttCCaCda sacttatsag
1801 teasatgatgt attataataa acat gyt catagacaay acatyggcate agatcagoag
18¢l ¢ gttgottate tcectgeaaggy aacaatitgoet gaaagcatot gttaattgag
1921 gatttttgaa catgatgcag gtgttcecctte tcetggeagat acagtacccce teatcatgtt
1981 ttaggectaa actecttoca acacgattgg ttattataat agataasaat aaaggatitce
2041 gaccatgttyg accaagacas attagggetg agggagaada tatacteocto teagoctggat
2101 tascagcatc atctoctggce gaattcettgt taattatage toctgeatca ggcctaaaat
216l gagcataaaa tactctctcea teagaaagtat gagoctgooe toctggaact cgaaaatcett
2221 gtgaasaatygg atcagoectey grtatacacag tcatgagaaa gacatagtac cgcatatgas
21 gattggtcag ataggtgtec atta ‘taa tgactttasa caaatactca acagtagatg
41 aaagtttgte acctccagaa gcactatata cagaatggot tgottgaaag tggectttta
01 tagcagetgy atgtgtageg taattcttac tagatagtct gggagotceca totgeatatt
1 cezatctgga ggagggagaa cctgtattat ggctccggtg ctiecatgea tteataggeo
2521 ctgtgtcate agactcagat @ e aaacaaggtg trteasagcetce tgtgaatcat
2581 tgagyggttt gatiltcatag gta guutdt ccaactttat gaccccoctgac aggeoccrat
2641 sacaagtatc cacagtgacc atguattgca ggatcccecte caggtageca a agtaac
2701 aatcracagy aaaaldsgugy rtacteocatet grtaaggotoo Ltggteateot tgagttgheoa
2761 gcaacaagty tctgggecaa atgagtgtct ttctceocgcag gtggatgata tgtctcetoge
2821 cccgaaaacyg caagotatac gagageagte tttgtgettg aagtccetttg grtatggtaga
2881 tetecttecy gggaatascce acctecgatyg agatgtaacyg ccaasgtygygga tggeottgag
2941 aacaccagac tggaacoagy aggagreages agagtgrasa tagcaagagg aggacoctgg
3001 ggaccacagyg tettteocact agectcecatge cccaggteag agatascatce ctgggtggag
3061 ctaactccet ctgetgtgge cactgcoctgg totagasaat actgacagag gactaaaaac



s Ll Ly B
o OB R D e 00 D
[ S

W

3
3
3
3
3
3
3

ctecctcagge
gItgTggeay
gggatgtota
aggcteaato
ttggttocca
teatgtitttt
gttagaagta
ctaatcatygt
rtg"gtut.q
ttattagacc
tctct,ggw

tttagtatct
cagcagtgay
tteatcaaca
tctecaagaa
geoctygycte
gtatttatsa
caaacatata
tgotocacooe
actgeaccty
ctggttaagy
ctectatcatt
ctgtgtacce

aggaggbitt
caggyocage
cteaagohto

ttcaggaaca
cegggaaggt
ggaatcaget
gtttaaacaqg
gtttggttca
agaacacact
ctgecetttat
tgtctteatt
aaatggecty
gttgttcatg
geboettygtta
acacatgcaa
gtgggcttca
acattcacac
tttgtgttge
ggtaacagta
gtcaagctag
agcagctaca
aaggcag

aacagcococtt
gtaatcecat
agtgtacoect
acagtgataa
tagaatcdaaa ¢
tgecadcaaca
aaazaaaagy
gattttettt
tractittgyce
aaatctaaaa
gaggaagtaa

toccaaccta
gaattgagtc
taaatgtgeg
ctttotttoe
gtgtgactet
cacagttgtt
aatactgtot
tttgtttoag
tcgaaagtt
tgagaattct
acattatectce
ttetttoctag
accagtagac
gtgotttege
atcattgatyg
agacacgtga
gataggagaa
tatctcatct
caggagecto
ataccoctge
taagagyagsa
ggtgacceag
cecaggctogaa
aggactaaac
ctctectaace
ttagcactga
aatotgecta
gacgatttaa
ggccagaltgt
tatgaaagat
agaagctgac
aaaggtecte
ttteccat
tacacacaca
attttetcat
atggtcdaga
actccetcag
gctacagtat
gyaataaaag
gggec
aaaacaagtc
cagaactttc
actatgatgt
agaaaaccty
gacactgtac
teccaaggas
acvcxaaac?

Tocayg

gqathqa,.

*ttg“atfc?
ttgtcececttg

atcttagtaa
atacgaccaa

agtggttacc
tgastotgtt
tgguc@agaa
ttttttogaa
gygtotettt
ctaacttcto
atattagoet
ttttggttaa
tggagettto
acctgggtac
tgaccecegtc
actattggga
togteggtaty
gtctcottact
azagggtgaa
gcaaggtcta
aaaaatgyyt
aagtgtgcag
atgaataagt
agettoectay
taastcoctt
ttgggacatg
ctcecatate
tg Tacaqg
actataggac
ttacagagea
tecagattea
aaacaggcygce
clyggetacac
gtcacatcaa
cetgeaccty
acctgggtet

agaca

tttagtecctt
tcaattyggaa
ggaaasatte

aggotaagyt
agggatgaac
aatcoohott
tttgecatcgy
gtoccaaatt
aggatgaaca
atcattitto
ggttattgyce
cettoagaat
gaggaagact
atgacctict
acgetteagt
tgoagttteg
tctgaatoca
ctgtgaactt
ctttatctta
ctggtecttyg
ct vzacacg

sleli o} ¥ slatets

cagacaactyg
agetyaggrt
aagtcagaayg
gttcaaaatsa
ctaggagtca
gttttgtttt
thtagetata
actatttacsa

gagttaggta
gaggttaaat
cagcaaggayg
tcatttccac
atatitettt
gtttgtttgt

tgttaatatt uqurw "

ctgtgaacte cagaatittt
tgaggecgaa gtggetgtec
tttettoaag caatcagget
aacgtcgaag agtctgecac
tttgtagaag gaaatgoago
aagatgggta Ltcacccggag
cagcccecaaa gataggetge
agttygaggy ttgatcaact
gggaaaactc tgtagasacta
ctotgettet gocttgtago
ggaagaggga ggaagtgact
ctcattgatt agggtgagag
ggtttabace aaagtcatca
ctacatggac ataggacaac
agatgcggtt totaasacaac
actgtggagt ctggttacaa
tatctcagat gocttotget
gaaaattgal gecacatago
tooctotety cthggaccee
taactttett aataaacttc
aatgttgata ctgccagact
gaatttgttc cattccactt
taatacctaa agagatgatt

ctat
cacacacacs
ctacttaggs

qaacc:taqo
tgeagactot
ctetgettge
trtaagaatia
ctgecagtay
getgagaaay

agttgactaa
gttecgaasa
azactagttt
ctgagtgeat
goetataggay
grtltecaggaac
asagatttat
acacgtetes
gagttoetace
Ccaygagacay
creagaacgt
agtggcaaty
taaatacacc

ttaaaaaata
cacacacaca
cectgtcaat
aagygagagga
catectgtecac
catacatacc
tetggtotaa
caagatgttco
ttggtgaccc
ttaggaagty
agggatgtya
gagtaaggcea
tatacatcga
atatatgagce
caaacacagt
ggaacagaga
aaaggaacca
catatgattt
toecagtgtas
tgtecoteaty
ttgttececta
Jaggggagygyg
aaagbagoltt
ccaaagagca
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acagtcactyg
attgtcaaaa
tgtetotgac
gtgaatgtat
atatctigge
ttgtttgaaa
tttatttott
tttttteectt
tteteooaata
aaaaattcca
cetocaaco
gatgggttct
acactcecgyy
ctotgagttt
ttcatgacasa
cectgoaacat
tacttoctoet
ctgggatace
catgageatt
tggoccotgt
gggtcatgty
ctobgaggtt
accaagraga
tagggagtgo
agagagatta
gaccagatgt
caagtggact
cttootitygy
ctatttataa
gtcaggtgct
taaacatagt
gtitctactec
geatgtatet
cacactttoee
azaaaasaaa
gogaataaatl
agetttigta
ctgcacacct
acaccagtta
tgggageto
dgﬁgnggCt
caggatcasy
attatctolt
gactgcagte
tgcagotaay
acattaacag
tgtoctageat
atctgteage
tcaagasage
atttaaaata
geattagcda
atattaaaaa
ctgacattea
ctaactcatt
graagtette
gtgcaacaaa

Cogtttttgtrot
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cteccactta
tecgatgat
» agatgagata
gga"cQQGgq grtaccatgtc
atcadd ca aageaggtaa
caaatatgga agattggtoa
agcacaagca ttgaatgtyga
ttgtttygtty atgtcatage

(o1

tattgtgtge
tttgecactet
+-n(«f "erddd
geaagetcot
agecatctgtt
aatcgattyga
ctgcaacctt
tgotetagta

ctttgaactyg
ggaggcttoe
ctgecattttt
tgatcacaga acttactttt
gttitotgtco cacgatgtte
tggaatyg catgttecttyg
tgtectgate
abogaaacey

gaggggacce actatctatg
aaccaaaatq a
ctggggtgea

gtecctette
tgttacacac
aacttec
tcaccattee
acccagagat
cattggtaca
ggotttotto
acttaatatt

o
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agcattetta
accbttatag
tgggcaaaty
rotgeagagt
aatgetacca

ttgggageea ca

agtcaatgat
agtattaagt
aggetgbotyg
ttttaagect
togatcatat
attaacctygg
tttattatasa
aaghtogaaat
aagattgygtc
tgaaagtttg
tatagcaget
ttcecaatctyg
cectgtgtea
attgaggggt
ataacaagta
acaatctaca
Ccagoaacaagy
goeceegaaaa
gatcteootte
agaacaccag
ggggaccaca
agctaaatce
acctectcag
tggotgtggce
aagggatygte
acaggctcaa
atttggttco
getcatgttt
tagtagtaaa
aatcatattt
ttgggtatty
ttattagace
tetettggga
tttagtatoet
cagcagtgag
ttcatcaaca
teteocaagaa
geecctggeto
gtatttataa
caaacatata

cacttacac

cagtaaccat
tatttagtecco
gtecocagaayg
ggtgttaace
gtcacact
gtattataat
atgttgetta
aacataatge
agactoctte
ttaccaatac
ttatcttgtyg
aagactgaca
ggatcagaat
agataggtgt
tcacctycag
ggatgtgtag
gaggagggaqg
tcagactcag
rttgattteat
tecacagtga
gyaaaaaagqg
tgtoctgggee
tgeaagetat
cgaggaataa
actygaacca
ggtctttoca
chtetgotgtyg
geteocaace
aggaattgaqg
tataaatgty
teottbottt
cagtgtgact
ctcacagtty
tactgtotat
tgtttgagtt
cteygaaaghtt
tgagaattot
acattaccte
ttettboetg
accagtagac t©
gtgctttoge o

aqacacccqa
gatagaagaa
tatctecatce

caaagattte
ctitctgagea
cattacagta
gactgtaagt
tgcaatdatt
gotcategtt
aaacatgacy
tctetygcaag
aggtgttoct
caacacgatt
aasttagggc
grecatactt
catagtaatt
tggtgtacac
coattaaact
cagaattata
cygtagttett
zacctgtatt
atactatcty
aggtaaggte
ceatggatlyg
ggtaatccat
aaatgagtgt
g agageag
ccaccotooga
ggaggageayg
ctagectceat
gocactgoot

taagtggtta
totgaatota
cotggacaad
tetttttttyg
ctgggtotet
ttetaattte

ué@g}qtfda
geaaggtcta
aaaaatgggh

catgeattgt
tggtgtceaeca
ctectggaaga
geaatttgea
tecacageay
atctacttty
gteatagaaa
ggaacaatty
tctotgycag
ggttattata
taaggaagaa
attaagtaaa
atasgocgac
agtcatgaga
aatgacttga
tacagaattqg
actagatatt
atggctccag
agaaacas
atot
tggga
ctgtaaggcet
ctttoteege
tetttgtyet
tgagatgtaa
ccagagtgea
geeocaggte
gagtctagaaa
ceccagacaac
ttagotgagy
aaaagtceaga
aagttcaaaa
ttctaggagt

~att
‘rqtgjdv_b

ol tgaggccqaa

ttbohtcaag
aacgtegaay
tttogtagaag

aagatygyuta
cagocecaaa
ggttggagyg

g gggaaaactc

atgttgegat
tottgeagat
tecacatatgt
cagcataatt
gyatctgaat
gmqtttC”aP
agacatggea
ctgaaagcat
acacagtace
ggagataaaa
catatacta

actectygeat
coteatggaa
aagacatagt
aacaaatacc
gttgettgaa
ctgggagete
tgottecatyg
tgttcaaage

 atgaccectyg

tccaggtage
cettggteat
aggtggatga
tgaagteott
cgocaagbay
aatagcaaga
agagataaca
atactgacaqg
tggagttagy
ttgaggttaa
ageagcaagy
tatcatttce
caatatittct
ttgtttgttt
tgattgtttt
tgagttttte
gtgttgttat

tagaattttt
gtggctygtee
caabcaggen
agactgecac
gaaaagoage
teacceggayg
gataggctygce
ttgatcaact
tytaggacta

cagtgcagtt
aaghbgteatc
tetggatagy
ctttatcacs
aacatgeott
aaaacttata
tecagaccagy
ctgttaatty

ccteatecata

totocagotygy
caggcttaaa
ctgtaaacto
accgcataty
caacagtaga
agtggoecttt
catctgeata
cattecatagy
tetgbgaate

cttgagttyt
tatgtetoty
tggtatggta
gatggeottg
ggaggaccct
tcetgggrgy
aggactaaaa
taacagtcac
atattgtoas
agtgtctety
acgtgaatgt
ttatatottg
gtitgaacgt
tatttcttet
ttttttectt
ttttccaata
daaaatteca
caocteccaacce
gatgggtict
acactccayyg
ctetgagtta
ttecatgacaa
ccfg”aacar
tacttecte
ctgggat




SEQ

SEQ

SEQ I

SEQ

SEQ

i1

D

ID

{continued)
NO: 7 TRNC048 Proximal guide RNA (gRNAL)
5/ ~GCTAAGGTGAACCTTAGATCTGG-37
NO: 8 TRNO048 Distal guide RNA (gRNAZ)
57 =AGAGAGTATAGGAGETTCCGGGEG-37
NC: 9 TRNOO48 PCR Oligo l{forward primer)
5 =CAGTCGTTGCACATCTGTCAC-3"
NO: 10 TRNOQ48 PCR Oligo 2(reverse primer)
57 —~GCCTAGTAGGCCATCAATGG-3"
MO:11 TRNO048 PCR Oligo 3(reverse primer)
57 —AGTGTCTGTAGCTGCTGACTGC-37
NC:12 TRNOO59 Proximal guide RNA (gRNAZ)
57 =CCCAGTTCAGGCAAGCGTTACAGG-3"
NO:13 TRNGO59 Distal guide RNA (gRNAL)
57 =GCTAAGGTGAACCTTAGATCTGG-37
MO:14 TRNOU59 PCR Oligo 1l(forward primer)
57 -CCCTGTCAGTGGRAATCTGG-3"
NO:15 TRNCO59 PCR Oligo Z2{reverse primer)
57 ~ACTGGGTCACCAAGCAAGC~3’
NO:16 TRNO059 PCR Oligo 3(reverse primer)
57 ~-ACCTGATGTTGTTGCATTGC-37
NO:17 Adamea Tagman forward primer
57 ~ATACCGAGGCTGATCCATTT-3"
NO:18 Adamta Tagman reverse primer
57 ~CTCCTGGCGAATTCTTGTTAATTATAG-3"
NC:19 Adamoa Tagman probe
57 ~CCAGGAGGGCAGGCTCATACTTTC~37
NOC:20 Adameb Tagman forward primer
57 -TCGACTTGAGTTTGCAGTTCC-3
NO:21 Adaméb Tagman reverse primer
57 =CTGCTTATCTTGTCCCCCATAC-3
NQ:22 Adambb Tagman probe

57 ~TGACACATAGTAATTATAAGCCGACCCTCC-3/
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