NON-HUMAN ANIMAL EXHIBITING DIMINISHED UPPER AND LOWER MOTOR
NEURON FUNCTION AND SENSORY PERCEPTION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application Serial Nos.
62/133,909 (filed March 16, 2015) and 62/250,229 (filed November 3, 2015), each

application of which is hereby incorporated by reference.

SEQUENCE LISTING

[0002] The official copy of the sequence listing is submitted electronically via EFS-
Web as an ASCII formatted sequence listing with a file named
2016-03-16-T0041WOO01-SEQ-LIST_ST25.txt, created on March 16, 2016, and having a size
of about 685 kilobytes, and is filed concurrently with the specification. The sequence listing
contained in this ASCII formatted document is part of the specification and is herein

incorporated by reference in its entirety.

TECHNICAL FIELD
[0003] The present application relates generally to a non-human animal that develops
diminished upper motor neuron, lower motor neuron, and/or sensory perception over time,
which animal may provide a useful model for neurodegenerative disorder, e.g., a motor

neuron disease, such as amyotrophic lateral sclerosis (ALS).

BACKGROUND OF THE INVENTION

[0004] Amyotrophic lateral sclerosis (ALS), also known as Lou Gehrig's Disease, is a
fatal neurodegenerative disease resulting from the destruction of motor neurons in the spinal
cord, brainstem and cortex that are responsible for voluntary movement. This disease
clinically manifests as progressive muscular weakness and atrophy, leading to paralysis and
death within 3-5 years of disease onset.

[0005] Approximately 20,000 people in the United States have ALS, and 5,000
people are diagnosed with ALS each year. ALS is common worldwide, affecting people of all

races and ethnic backgrounds. The average age of onset of ALS is between 40 and 60 years



of age, but ALS can strike both younger and older men and women. In 90-95% of ALS cases,
the disease is apparently random (known as sporadic ALS (sALS)). In such SALS cases,
there is no family history of the disease and no clearly associated risk factors. In 5-10% of
ALS cases there is an inherited genetic link (known as familial ALS (fALS)).

[0006] Among the mutations associated with ALS, those in the Copper-Zinc
superoxide dismutase (SOD1) gene have long been thought to cause the ALS disease through
a toxic gain of function rather than impairment of the antioxidant function of the SOD1
enzyme. Other genes with mutations associated with the fALS include alsin (ALS2),
senataxin (ALS4), vesicle associated membrane protein (VAPB, ALS8), Angiogenin and the
p150 subunit of dynactin (DCTNT). Recently, more than thirty mutations in the TDP-43-
coding region of Tardbp have been identified in ALS patients with or without apparent family
history, corresponding to approximately 4% of fALS and less than 1% of sALS. Most
patients with TDP-43 mutation(s) develop a classical ALS phenotype without cognitive
deficit suggesting an important role of TDP-43 in the development of ALS. Additionally,
expanded GGGGCC hexanucleotide repeats in the promoter of the COORF72 gene and
appear as a very common cause of fALS and sALS, as well as ALS associated frontotemporal
dementia (ALS-FTD).

[0007] Several mouse models have been established for ALS disease, which include
strains of rodents having mutations in SOD1, TDP43, or FUS, ALS2-knockout mice, and
mice with genetically engineered genes coding for the neurofilament subunits. Among these,
the human mutant SOD1 (mSOD1) transgenic mouse model is currently the most widely
used one because it shares several clinical phenotypes with ALS patients. The first symptom
of mSOD1 mice is a fine "jittering/tremor” in one or more of the limbs, which appears at
approximately 90 to 100 days of age. At later stages, the mice begin a clinical course, first
with muscle weakness and/or paresis in the hind limbs, followed by ascent of paresis to the
forelimbs and finally severe quadriplegia. None of the current animal models, however,
translate to human disease in that the animals do not exhibit upper motor neuron symptoms,
TDP43 and/or SOD1 aggregates, and/or non-motor neuron loss. Accordingly, an animal

mode] that more closely reflects ALS in humans is needed.

SUMMARY OF THE INVENTION

[0008] Provided herein is a genetically modified non-human animal that develops

conditions symptomatic of dysfunction of the upper motor neurons, lower motor neurons,



and/or sensory perception, and as such, may be useful as model for one or more
neurodegenerative diseases that affect motor neurons, such as amyotrophic lateral sclerosis
(ALS), primary lateral sclerosis, primary lateral sclerosis, progressive muscular dystrophy,
etc. Specifically, provided herein is a rodent, e.g., a rat or a mouse, comprising a modified
endogenous DR6 locus, wherein the modified DR6 locus lacks (e.g., does not comprise, is
absent of, etc.) a first nucleotide (e.g., a first DNA, a first cDNA, a first genomic DNA, etc.)
sequence that encodes a DR6 cytoplasmic death domain, or a DR6 cytoplasmic domain, in its
entirety, e.g., the modified DR6 locus lacks a nucleotide sequence that encodes any portion of
a DR6 cytoplasmic death domain, or a DR6 cytoplasmic domain. The modified DR6 locus
may further lack (i) a second nucleotide (e.g., a second cDNA, a second DNA, a second
genomic DNA) sequence that encodes a DR6 transmembrane domain in its entirety, e.g., a
second nucleotide sequence encoding any portion of a DR6 transmembrane domain; (ii) a
third nucleotide (e.g., a third cDNA, a third DNA, a third genomic DNA) sequence encoding
a DR6 extracellular domain, or any portion thereof, e.g., a third nucleotide sequence that
encodes any portion of a DR6 extracellular domain (iii) a fourth nucleotide sequence, e.g., a
fourth genomic sequence spanning from the entirety of exon 3 to the entirety of exon 6,
including intervening introns, of the endogenous rodent DR6 gene; and/or (iv) a fifth
nucleotide sequence, e.g., a fourth genomic sequence, spanning from part of exon 2, e.g.,
base 4103, to the entirety of exon 6, e.g., the stop codon, including intervening introns, of the
endogenous rodent DR6 gene, wherein the fifth nucleotide sequence encodes the full-length
and mature endogenous rodent DR6 protein. In some embodiments, the rodent is a mouse
and the modified DR6 allele lacks a first nucleotide sequence encoding a DR6 cytoplasmic
death domain, e.g., the modified DR6 allele lacks a first nucleotide sequence encoding amino
acids 388-454 of SEQ ID NO:15, or any portion thereof. In some embodiments, provided is
a mouse comprising a modified DR6 allele lacking a nucleotide sequence encoding a
cytoplasmic domain, e.g., a cytoplasmic domain having the amino acid sequence set forth as
amino acids 330-614 of SEQ ID NO:15. In some embodiments, a mouse provided herein
comprises a modified DR6 allele lacking a nucleotide sequence encoding a mature DR6
protein, e.g., as set forth as amino acids 1-614 of SEQ ID NO:15. In some embodiments, the
modified DR6 allele lacks more than 5 kb of an endogenous genomic sequence. In some
embodiments, the modified DR6 allele lacks more than 10 kb of an endogenous genomic
sequence. In some embodiments, the modified DR6 allele lacks more than 20 kb of an
endogenous genomic sequence. In some embodiments, the modified DR6 allele lacks more

than 30 kb of an endogenous genomic sequence. In some embodiments, the modified DR6
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allele lacks more than 40 kb of an endogenous genomic sequence. In some embodiments, the
modified DR6 allele lacks more than 50 kb of an endogenous genomic sequence. In some
embodiments, the rodent is heterozygous or homozygous for the modified DR6 locus lacking
a nucleotide sequence encoding any part of an endogenous DR6 extracellular domain, an
endogenous transmembrane domain and/or an endogenous DR6 cytoplasmic domain.

[0009] A genetically modified rodent as provided herein may express a nucleic acid,
e.g., which may be randomly inserted into the rodent's genome or which may be operably
linked to an endogenous DR6 transcriptional regulatory sequence, e.g., at an endogenous
DR6 locus (e.g., a modified endogenous DR6 locus as described herein), wherein the nucleic
acid encodes a polypeptide comprising a functional DR6 signal peptide (e.g., a functional
heterologous DR6 signal peptide, a functional endogenous DR6 signal peptide, a functional
rat DR6 signal peptide, a functional mouse DR6 signal peptide, etc.), a transmembrane
domain (e.g., a DR6 transmembrane domain or a heterologous transmembrane domain (e.g.,
an RORI1 transmembrane domain)), a reporter protein (e.g., a f-galactosidase protein) or a
combination thereof, and wherein the polypeptide lacks (e.g., is not operably fused to, does
not comprise, etc.) a functional DR6 cytoplasmic domain, or any portion thereof. In some
embodiments, the polypeptide also lacks a functional DR6 extracellular domain, or any
portion thereof. In some embodiments, the polypeptide consists essentially or consists of a
functional DR6 signal peptide. In some embodiments, the polypeptide consists essentially or
consists of a functional DR6 signal peptide operably fused to a transmembrane domain. In
some embodiments, the polypeptide consists essentially or consists of a functional DR6
signal peptide operably fused to a transmembrane domain, which is operably fused to a
reporter protein. In some embodiments, the polypeptide consists essentially or consists of a
functional DR6 signal peptide operably fused to a transmembrane domain. In some
embodiments, the polypeptide consists essentially or consists of a transmembrane domain. In
some embodiments, the polypeptide consists essentially or consists of a transmembrane
domain operably fused to a reporter protein. In some embodiments, the polypeptide consists
essentially or consists of a reporter protein. In some embodiments, the DR6 signal peptide is
a rodent DR6 signal peptide, e.g., a mouse DR6 signal peptide, e.g., as set forth as amino
acids -1 to -41 of SEQ ID NO:15 (or any portion thereof), e.g., is encoded by the sequence set
forth as SEQ ID NO:6 or a degenerate variant thereof that encodes the same amino acid
sequence but differs from SEQ ID NO:6 only because of the degeneracy of the genetic code.
In some embodiments, a rodent as provided herein comprises and expresses a nucleic acid

comprising, consisting essentially of, or consisting of a sequence set forth as SEQ ID NO:6 or
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a degenerate variant thereof that encodes the same amino acid sequence but differs from SEQ
ID NO:6 only because of the degeneracy of the genetic code. In some embodiments, the
transmembrane domain is an RORI1 transmembrane domain, e.g., is encoded by the sequence
set forth as SEQ ID NO:7 or a degenerate variant thereof that encodes the same amino acid
sequence but differs from SEQ ID NO:7 only because of the degeneracy of the genetic code.
In some embodiments the nucleic acid sequence comprises, consists essentially or, or consists
of a sequence set forth as SEQ ID NO:7 or a degenerate variant thereof that encodes the same
amino acid sequence but differs from SEQ ID NO:7 only because of the degeneracy of the
genetic code. In some embodiments, reporter protein is [3-galactosidase, e.g., is encoded by
the sequence set forth as SEQ ID NO:8 or a degenerate variant thereof that encodes the same
amino acid sequence but differs from SEQ ID NO:8 only because of the degeneracy of the
genetic code. In some embodiments, the nucleic acid sequence comprises, consists
essentially of or consists of SEQ ID NO:8 or a degenerate variant thereof that encodes the
same amino acid sequence but differs from SEQ ID NO:8 only because of the degeneracy of
the genetic code. In some embodiments, a rodent as provided herein comprises and expresses
a nucleic acid encoding a DR6 signal peptide operably fused to an ROR1 transmembrane
domain, which is operably fused to -galactosidase, e.g., a rodent as provided herein
comprises and expresses a nucleic acid sequence set forth as SEQ ID NO:17, or a degenerate
variant thereof that encodes the same amino acid sequence but differs from SEQ ID NO:17
only because of the degeneracy of the genetic code.

[0010] In some embodiments, the nucleic acid is at an endogenous DR6 locus,
optionally operably linked to one or more endogenous DR6 regulatory elements, e.g., an
endogenous transcriptional regulatory element, such that the rodent is heterozygous or
homozygous for a modified DR6 locus comprising the nucleic acid but lacking at least a
nucleotide sequence encoding an endogenous DR6 cytoplasmic domain in its entirety or any
portion thereof in its entirety, (e.g., a DR6 cytoplasmic death domain in its entirety), and
optionally further lacking an additional nucleotide sequence encoding an endogenous DR6
transmembrane domain or any portion thereof in its entirety and/or an endogenous DR6
extracellular domain in its entirety.

[0011] In some embodiments, modification of an endogenous DR6 locus and/or
expression of the nucleic acid as described herein affects the function a neuron, a glial cell, or
a combination thereof. In some embodiments, expression of the nucleic acid results in
diminished function, e.g., dysfunction, of upper and/or lower motor neurons, which may

present as, e.g., (a) kyphosis; (b) abnormal hind limb clasping; (c) deficiency in motor
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coordination and motor learning ability (d) weight loss and (e) diminished sensory perception
compared with a control rodent that is of the same genetic background, e.g., is the same
strain, as the genetically modified rodent. In some embodiments, a rodent comprising a
modified DR6 locus and/or expressing the nucleic acid as described herein may exhibit one
or more symptoms of motor neuron dysfunction, e.g., upper motor neuron and/or lower motor
neuron dysfunction. In some embodiments, the symptom is (a) kyphosis; (b) abnormal hind
limb clasping; (c) deficiency in motor coordination and motor learning ability (d) weight loss
and/or (e) diminished sensory perception compared with a control rodent that is of the same
genetic background, e.g., is the same strain, as the genetically modified rodent. In some
embodiments, the one or more symptoms is an ALS-like symptom involving upper motor
neuron dysfunction selected from the group consisting of tremors, spastic paralysis (rigidity),
abnormal reflexes, and a combination thereof and/or an ALS-like symptoms involving lower
motor neuron dysfunction selected from the group consisting of muscle weakness and
wasting, fasciculations, and a combination thereof. Such ALS-like symptoms may be
visualized using one or more of blinded subjective ALS-TDI neurological scoring, rotarod
testing, catwalk testing, open field testing. Additionally, a rodent as disclosed herein may
exhibit reduced weight gain compared to control wild-type animals between 8 and 20 weeks
of age. A rodent as disclosed herein may also exhibit a deficient latency to respond to painful
stimuli, regardless of whether or not the rodent is exhibiting an diminished motor neuron
function that presents as deficient time on a rotarod, impaired locomotor function, diminished
catwalk capabilities, and a combination thereof

[0012] In one aspect, the rodent appears may be grossly normal at birth, (e.g., appears
normal to the naked eye, e.g., the motor neuron dysfunction and/or diminished sensory
perception is not apparent in a blinded subjective neurological scoring assay, rotarod test,
catwalk test, open field test, weight measurement and/or pain subjection test) and develops
one or more visible ALS-like symptoms as it ages, e.g., the rodent may develop one or more
ALS-like symptoms after 2 weeks of age, 3 weeks of age, 4 weeks of age, 5 weeks of age, 6
weeks of age, etc. In one aspect, a rodent as described herein is younger than 4 weeks of age
and does not exhibit any ALS-like symptoms. In one aspect, a rodent as described herein is
younger than 8 weeks of age and does not exhibit any ALS-like symptoms In another aspect,
the rodent develops ALS-like symptoms before 22 weeks of age. In one embodiment, the
rodent is at least 16 weeks of age or older and exhibits one or more of the following

phenotypes: (a) kyphosis; (b) abnormal hind limb clasping; (c) deficiency in motor



coordination and motor learning ability (d) weight loss and (e) delayed latency to respond to
a painful stimulus as compared with a control rodent.

[0013] The gene expression patterns of a rodent disclosed herein, e.g., the gene
signatures of organs of the nervous system (brain, spinal cord, etc.) may be similar to the
gene expression patterns of (1) a patient with ALS or the gene signatures of the patient's
organs (brain, spinal cord, etc.), respectively and/or (2) another animal model of ALS, e.g., a
SOD1 non-human animal, or the gene signature of the non-human animal's organs (brain,
spinal cord, etc), respectively. For example, the gene expression pattern(s) of a brain and/or
spinal cord of a rodent disclosed herein may correlate with human ALS biosets and/or murine
SOD1 biosets, which may be linked with an immune response. The correlation with the
human ALS and/or murine SOD1 biosets suggests that the pathology observed in the rodents
disclosed herein is very similar to that seen in humans with ALS or the SOD1 animal model.
In some embodiments, a rodent as disclosed herein may have an immune-response linked
gene signature, but may not exhibit an abnormal immune response peripherally compared to
wild-type rodents.

[0014] In one aspect, the number of motor neurons in a rodent as disclosed herein is
similar to, e.g., not significantly greater or less than, the number of motor neurons in a wild-
type rodent. In some embodiments, the motor neurons of a rodent as disclosed herein exhibit
increased oxidative stress compared to a motor of a wild-type rodent.

[0015] In one aspect, a rodent as described herein is a rat or a mouse. In some
embodiments, the rodent is a mouse from a strain selected from the group consisting of a 129
strain, a C57BL/6 strain, and a mixed C57BL/6 x 129 strain.

[0016] Also provided herein is a tissue or cell, e.g., an embryonic stem cell, a motor
neuron cell, etc., isolated or derived from a rodent described herein , e.g., which may be
examined histologically and/or cultured. Also provided are the nucleic acids described
herein.

[0017] Also provided are methods comprising culturing a cell or a population of cells
isolated from a rodent described herein, which may result in, e.g., motor neurons useful for in
vitro manipulation. In some embodiments, provided are methods of making a population of
motor neurons that exhibit increased oxidative stress compared to control motor neuron cells,
the method comprising establishing embryoid bodies derived from the rodent provided herein
and differentiating the embryoid bodies into motor neurons. In some embodiments, embryoid
bodies are developed from inner mass embryonic stem cells. In some embodiments, inner

mass embryonic stem cells are isolated and cultured, e.g., in embryonic stem cell medium
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(ESM: DMEM + 15% Fetal bovine serum + Penicillin/Streptomyocin + Glutamine + Non
essential amino acids + nucleosides + f-mercaptoethanol + Sodium pyruvate + LIF) for 2
days, to form embryoid bodies. The embryoid bodies may be subsequently cultured in
differentiation medium (Advanced DMEM/F12 + Neurobasal medium + 10% Knockout
serum + Penicillin/Streptomyocin + Glutamine + 3-mercaptoethanol) e.g., for 1-3 days, e.g.,
2 days prior to further culture in retinoic acid and smoothened agonists, e.g., for 5 days.
Differentiated motor neurons developed from inner mass embryonic stem cells isolated from
a rodent provided herein may be matured, e.g., in Embryonic Stem cell-derived Motor
Neuron medium (ESMN: Neurobasal medium + 2% Horse serum + B27 + Glutamine +
Penicillin/Streptomyocin + B-mercaptoethanol + 10ng/ml GDNF, BDNF, CNTF) to form
stable motor neuron cell lines that exhibit increased oxidative stress compared to motor
neuron cells developed from rodents not comprising the modified DR6 allele and/or nucleic
acid.

[0018] Also provided herein is a method for identifying a candidate agent for
modulating motor neuron dysfunction, which may be useful for treating, preventing and/or
inhibiting ALS comprising (a) administering the agent to a rodent disclosed herein; and (b)
determining the effect of the candidate agent in the rodent compared to a test control rodent
that has the same genomic structure but that did not receive the candidate agent, e.g.,
determining whether the agent prevents, inhibits, delays and/or reverses at least one of the
ALS-like symptoms in the rodent compared to a control rodent; wherein the prevention,
inhibition, delay and/or reversal of the at least one ALS-like symptom, e.g., a symptom of a
motor neuron dysfunction such as kyphosis, abnormal hind limb clasping, deficient motor
coordination, deficient motor learning ability, weight loss, and deficient sensory perception,
in the rodent is indicative of a candidate agent that may be useful for treating motor neuron
dysfunction, e.g., preventing and/or inhibiting ALS. The agent may be administered prior to,
simultaneously to, or after the onset of ALS-like symptoms in the rodent, e.g., prior to,
simultaneously to, or after the detection of at least one symptom of a motor neuron
dysfunction by blinded subjective ALS-TDI neurological scoring, rotarod testing, catwalk
testing, open field testing, measuring weight, or determining the latency to respond to a
painful stimulus, e.g., at two or more different timepoints.

[0019] In some embodiments, the candidate agent modulates the at least one symptom
of motor neuron dysfunction by at least 10%, e.g., at least 15%, e.g., at least 20%. In other
embodiments, the presence of the candidate agent modulates the symptom the at least one

symptom of motor neuron dysfunction, e.g., by at least 50%, e.g., by at least 75%, e.g., by at
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least 80%, e.g., by at least 95%, e.g., by at least 99%. In some embodiments, the candidate
agent prevents the at least one symptom of motor neuron dysfunction. Candidate agents that
modulate the at least one symptom by (1) preventing and/or inhibiting at least one of
kyphosis and abnormal hind limb clasping and/or (2) preventing and/or restoring deficient
motor coordination, deficient motor learning ability, weight loss, and/or deficient sensory
perception may be useful for treating neurodenerative diseases, e.g., ALS.

[0020] Methods of determining whether the agent prevents, inhibits, delays and/or
reverses at least one of the ALS-like symptoms in the rodent compared to control rodents
may comprise examining tissue and/or a cell isolated from the rodent, e.g., analysis of the
tissue and/or cell to understand the microanatomy, function and structure of the tissue and/or
cell, e.g., by histochemistry; cell, tissue and/or organ culture, microscopic techniques and/or
evaluation of expression of proteins, e.g., myelin binding protein (MBP), nerve growth factor
receptor (NGFR), choline acetyltransferase (Chat), Mnx homeobox, glutamate [NMDA]
receptor subunit 3B (Grin3b), and glutamate receptor 2(Gria2). In one aspect, the cell
evaluated is a neuron, a glial cell, or a combination thereof. In another aspect, the tissue
evaluated is the brain and/or spinal cord. Methods of determining whether the agent prevents,
inhibits, delays and/or reverses at least one of the ALS-like symptoms in the rodent compared
to control rodents may also include subjective ALS-TDI neurological scoring, rotarod testing,
catwalk testing, open field testing, measuring weight, and/or determining the latency to
respond to a painful stimulus.

[0021] In some embodiment, the at least one symptom tested is indicative of an upper
motor neuron dysfunction, e.g., the at least one symptom is selected from the group
consisting of tremors, spastic paralysis (rigidity), abnormal reflexes, and a combination
thereof. In some embodiments, the at least one symptom tested is indicative of a lower motor
neuron dysfunction, e.g., the at least one symptom is selected from the group consisting of
muscle weakness and wasting, fasciculations, and a combination thereof. In some
embodiment, the at least one symptom evaluated is reduced weight gain. In some
embodiments, the at least one function tested is diminished nociception

[0022] Also provided herein is a method for identifying a candidate agent for
reducing oxidative stress in a motor neuron comprising: (a) culturing motor neurons derived
from a non-human animal model as disclosed herein the presence or absence of an agent; (b)
determining whether the agent prevents, inhibits, and/or reduces oxidative stress in the motor
neurons as compared to control motor neurons cultured in the absence of the agent; wherein

the prevention, inhibition, and/or reduction of oxidative stress in the motor neurons is
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indicative of a candidate agent for reducing oxidative stress in a motor neuron, e.g., and may
be a candidate agent useful for treating, preventing and/or inhibiting ALS.

[0023] In some embodiments, the candidate agent reduces oxidative stress in a motor
neuron by at least 10%, e.g., at least 15%, e.g., at least 20%. In other embodiments, the
presence of the candidate agent inhibits oxidative stress by the motor neuron, e.g., by at least
50%, e.g., by at least 75%, e.g., by at least 80%), e.g., by at least 95%, e.g., by at least 99%.
In some embodiments, the candidate agent prevents oxidative stress in the motor neurons,
e.g., the level of oxidative stress is similar to that of wildtype motor neurons.

[0024] Also provided herein is a targeting vector comprising (a) a 5’ targeting arm
and a 3’ targeting arm, wherein the 5’ and 3’ targeting arms direct the vector for insertion in
an endogenous DR6 locus downstream of the endogenous DR6 signal peptide sequence, (b) a
selection cassette, and optionally (c) a transmembrane domain encoding sequence. In one
embodiment, the transmembrane domain encoding sequence encodes an ROR1
transmembrane domain. In another embodiment, the transmembrane domain encoding
sequence is operably linked to a reporter gene. In one embodiment, the selection cassette
comprises a reporter gene, a drug resistance gene, or a combination thereof. In another
embodiment, the selection cassette comprises a drug resistance gene. In some embodiments,
the selection cassette comprises a neomycin phosphotransferase gene. In some embodiments,
a targeting vector as provided herein comprises a sequence set forth as SEQ ID NO:16. In
some embodiments, the targeting vector does not comprise a selection cassette. In some
embodiments, a targeting vector as provided herein comprises a sequence set forth as SEQ ID
NO:5.

[0025] Also provided herein are rodent cells comprising a targeting vector as
described herein, such as an embryonic stem cell, e.g., a murine embryonic stem cell, e.g., a

C57BL/6NTac embryonic stem cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 illustrates a strategy for targeted disruption of the DR6 locus. The
wild-type mouse DR6 locus is illustrated (not to scale) as the top line, which shows from 5' to
3"a 5" UTR (white box), the start codon (ATG), exons 1-6 (dotted boxes), a stop codon
(TAG), and the 3' UTR. As shown, the endogenous mouse signal sequence is encoded by
exon 1 and part of exon 2 (~4103 bases from the start codon), and the nucleic acid sequence

encoding the signal peptide remains after recombination with a Zen-Ubl cassette, which is
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depicted (not to scale) as the bottom line. As shown in FIG. 1, the ZEN-Ub] targeting vector
(SEQ ID NO:5) comprises (from 5' to 3') a 5' homology arm (5' arm; SEQ ID NO:1), an
RORI transmembrane domain encoding sequence (TM; SEQ ID NO:7) operably linked to

an E. coli LacZ reporter gene (LacZ; SEQ ID NO:8), which is operably linked to a
polyadenylation signal (pA; SEQ ID NO:9). The Zen-Ubl cassette also comprises a selection
cassette comprising a promotor from the human ubiquitin C gene (hUB; SEQ ID NO:11)
operably linked to a neomycin phosphotransferase resistance gene (Neo; SEQ ID NO:12)
operably linked to a polyA signal (pA; SEQ ID NO:13), the selection cassette being flanked
by identical loxP nucleic acid sequences (SEQ ID NO:10). The 3' homology arm of the Zen-
UBI cassette (3' arm) is set forth as SEQ ID NO:14. Upon homologous recombination, the
resulting allele comprises a nucleic acid sequence encoding the endogenous DR6 signal
sequence operably linked to the RORI transmembrane domain encoding sequence and the
LacZ reporter gene, the nucleic acid sequence being set forth as SEQ ID NO:17, and lacks the
entire endogenous genomic sequence starting from base 4103 in exon 2 to the stop codon of
exon 6, e.g., lacks a nucleotide sequence encoding an endogenous cytoplasmic domain,
transmembrane domain and extracellular domain.

[0027] FIGs. 2A- 2I show amyotrophic lateral sclerosis (ALS)-like motor impairment
in DR6™ mice that progresses rapidly over time independent of sex. FIG. 2A shows the
mean motor impairment scores (y-axis) of wild-type (-e-) and DR6" mice (=) at different
timepoints (x-axis), while FIG. 2B shows the mean motor impairment scores of male (-4
and female (- -@- -) DR6” mice at different timepoints (x-axis). FIG. 2C shows the mean
rigidity scores (y-axis) of wild-type (-8-) and DR6” mice (-m) mice at different timepoints
(x-axis), while FIG. 2D shows the mean rigidity scores of male (—&— and female (- -eo- -)
DR6” mice at different timepoints (x-axis). FIG. 2E shows the mean tremor scores (y-axis)
of wild-type (-e-) and DR6” mice (=) mice at different timepoints (x-axis) while FIG. 2F
shows the mean tremor scores of male (—A—) and female (- -®- -) DR6” mice at different
timepoints (x-axis). FIG. 2G shows the mean motor impairment scores (y-axis) of wild-type
(-e-) and DR6 " mice (-=) between 9 to 21 weeks of age (x-axis). FIG. 2H shows the mean
rigidity scores (y-axis) of wild type (-e-) and DR6” mice (-=) mice between 9 to 21 weeks of
age (x-axis). FIG. 2I shows the mean tremor scores of wild-type (-e-) and DR6™ mice (-m)
between 9 to 21 weeks (x-axis). For experiment 1 (FIGs. 2A-2F), n=12 for wild-type mice
and n=16 for DR6” mice (n=8 for male DR6™ mice; n=8 for female DR6™ mice), and at
each time point, wild-type animals scored a O for each test. For experiment 2 (FIGs. 2G-2I),

n = 14 for wildtype mice and n=18 for DR6” mice. All data are reported as mean + SEM.
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Two-way ANOVA is performed for statistical analysis comparing values of wild-type mice
to those of knockout mice with * for P <0.05, ** for P <0.01, *** for P <0.001, and ****
for P <0.0001.

[0028] FIGs. 3A-3F show ALS-like phenotypes of DR6” mice presenting as
decreased weight and significant motor abnormalities. FIG. 3A: The left and right panels
show the body weight (y-axis; grams) of wild-type (tnsfr21*) and DR6™ (tnsfr217") mice on
May 29, 2014 and June 11, 2014, respectively. FIG. 3B: The left and right panels
respectively show the maximum and median latency to fall off a rotarod (y-axis; seconds) for
wild-type (tnsfr21"" ; striped bars) and DR6-/- (tnsfr217"; solid bars) mice. FIG. 3C: Shown
are total immobility (y-axis), basic movements (y-axis), and fine motor movements of wild-
type (tnsfr2177; striped bars) and DR6™ (tnsfr21-/-; solid bars) mice across 60 minutes. FIG.

3D: X+Y Ambulations (y-axis) across one hour is shown for wild-type (tnsfr21*"*;

striped
bars) and DR6-/- (tnsfr2177; solid bars) mice. FIG. 3E: The left and right panels respectively
show the sum of rearings (y-axis) and total rearing time (y-axis; seconds) of wild-type
(tnsfr21+/+; striped bars) and DR6™ (tnsfr21'/'; solid bars). FIG. 3F: The left and right panels
respectively show the total distance traveled and total rest time (y-axis; sum of 60 minutes) of
wild-type (tnsfr21+/+; striped bars) and DR6-/- (tnsfr21'/'; solid bars). * (p<(.05) denotes
statistically significant differences between the two groups.

[0029] FIGs. 4A-C show the (A) mean body weight (y-axis; weight in grams) (B)
median latency to fall off a rotarod (y-axis; seconds) and (C) maximum time to fall off a
rotarod (y-axis; second) of wild-type (-e-; n=14) and DR6™ (-=; n=18) mice (x-axis) at 9 to
21weeks of age. The maximum time spent on the rotarod was 180 seconds. All data are
reported as mean + SEM. Two-way ANOVA is performed for statistical analysis comparing
values of wild-type mice to those of knockout mice with * for P <0.05, ** for P <0.01, ***
for P <0.001, and **** for P <0.0001.

[0030] FIGs. 5A-H show the open field locomotor behavior of wildtype and DR6™
mice, e.g., the total distance (FIG. 5A), immobility (FIG. 5B), total rearing time (FIG. 5C),
basic movements (FIG. 5D), fine movements (FIG. SE), X+Y ambulation (FIG. 5F), total
rest (FIG. 5G), and rearing (FIG. 5H) over an hour an hour of wild-type (-e-; n=14) and
DR6™ (knockout; -m; n =16) animals between 10-21 weeks of age. All data are reported as
mean = SEM. Two-way ANOVA is performed for statistical analysis comparing values of
wild-type mice to those of knockout mice with * for P <0.05, ** for P <0.01, *** for P <

0.001, and **** for P <0.0001.
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[0031] FIGs. 6A-F shows the catwalk behavior, e.g., interlimb coordination (FIG.
6A), paw pressure (FIG. 6B), paw print area (FIG. 6C), stride length (FIG. 6D), stance
phase (FIG. 6E), swing phase (FIG. 6F), swing speed (FIG. 6G), and duty cycle (FIG.
6H)of wild-type (-e-; n=14)and DR6” (knockout; -m-n=18) animals between 10-21 weeks of
age. All data are reported as mean + SEM. Two-way ANOVA is performed for statistical
analysis comparing values of wild-type mice to those of knockout mice with * for P <0.05,
** for P <0.01, *** for P <0.001, and **** for P <(0.0001.

[0032] FIGs. 7A-G show the gait ability of the front and hind legs of wild-type (e,
n=14) and DR6” (m; n=18) animals between 9 and 21 weeks of age (x-axis). FIG.7A
provides the mean front and hind paw pressures. FIG. 7B provides mean front and hind paw
print areas. FIG. 7C provides the mean front and hind stride lengths. FIG. 7D provides the
mean front and hind stance phases. FIG. 7E provides mean front and hind swing speeds.
FIG. 7F provides mean front and hind swing phases. FIG. 7G provides mean front and hind
duty cycles. All data are reported as mean + SEM. Two-way ANOVA is performed for
statistical analysis comparing values of wild-type mice to those of knockout mice with * for P
<0.05, ¥* for P <0.01, *** for P <0.001, and **** for P < 0.0001

[0033] FIG. 8 shows the neurological scoring, e.g., motor impairment score, tremor
score, and rigidity score, of wild-type (-e-)and DR6” (knockout; -) animals between 10-21
weeks of age. All data are reported as mean + SEM. Two-way ANOVA is performed for
statistical analysis comparing values of wild-type mice to those of knockout mice with * for P
<0.05, ¥* for P <0.01, *** for P <0.001, and **** for P <0.0001

[0034] FIG. 9 shows in the top panel a representative slide of a brain isolated from a
wildtype (left) or DR6” (right) animal and immunostained with hematoxylin and eosin. Also
shown on the bottom panel are the number of motor neurons in the spinal cords (y-axis; mean
number of motor neurons) of wild-type (left bar) or DR6™ (knockout; right bar) animals.
[0035] FIG. 10 shows the level of mRNA (mean mRNA level relative to 3-actin; y-
axes) of MBP (top panels) or NGFR (bottom panels) in the spinal cords (left panels) and
brains (right panels) of wild-type (left bars) or DR6” (knockout; right bars) animals.

[0036] FIG. 11 shows the level of mRNA (mean mRNA level relative to -actin; y-
axes) of Chat (top panels) or Mnx (bottom panels) in the spinal cords (left panels) and brains
(right panels) of wild-type (left bars) or DR6™ (knockout; right bars) animals.

[0037] FIG. 12 shows the level of mRNA (mean mRNA level relative to 3-actin; y-
axes) of Grin3b (top panels) or Gria2 (bottom panels) in the spinal cords (left panels) and
brains (right panels) of wild-type (left bars) or DR6™ (knockout; right bars) animals.
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[0038] FIG. 13 shows the number of different cells as a percent of parent cells (% of
parent; y-axis) obtained from the thymus, spleen or periphery of wildtype (WT; x-axis) or
DR6” (KO; x- axis) mice.

[0039] FIG. 14 shows the number of different cells as a percent of parent cells (% of
parent; y-axis) obtained from the thymus, spleen or periphery of wild-type (WT; x-axis) or
DR6™ (KO; axis) mice.

[0040] FIG. 15 shows the concentration (mean observed concentration; y-axis) of
different cytokines or chemokines (x-axis) in the serum of wild-type (n=6; black bars) or
DR6™ (n=6; grey bars) animals.

[0041] FIG. 16A shows the number of live cells (y-axis) obtained after culture of
embryonic stem cell-derived motor neurons obtained from wild-type animals (DR6"*; black
bar; axis) and DR6"" animals (DR6+/ ", checkered bar; x-axis). FIG. 16B shows the oxidative
stress (mean optic density; y-axis) of embryonic stem cell-derived motor neurons obtained
from wild-type (DR6"*; black bars) and heterozygous animals (DR6""; checkered bars)
animals at day 1 or day 7 (x-axis) in embryonic stem cell-derived motor neuron (ESMN)
medium. **** for P < 0.0001.

[0042] FIG. 17A shows the neurological scoring, e.g., motor impairment score,
tremor score, and rigidity score, of wild-type (-e-; n = 27), heterozygous DR6™ (-=; n=14),
and homozygous DR6” (—A—; n=33) animals between 10-21 weeks of age. FIG. 17B shows
the mean body weight (y-axis; weight in grams) of wild-type (-e-; n = 27), heterozygous
DR6" (-=w; n=14), and homozygous DR6™ (—&—; n=33) animals between 10-21 weeks of age.
The top panel of FIG. 17C shows the median latency of wild-type (-e-; n = 13),
heterozygous DR6"" (-m-; n=14), and homozygous DR6”" (—&—; n=15) animals to fall off a
rotarod (y-axis; seconds); the bottom panel shows maximum time of wild-type (-e-; n = 13),
heterozygous DR6"" (-m-; n=14), and homozygous DR6”" (—&—; n=15) animals to fall off a
rotarod (y-axis; second) at 12 to 21weeks of age. The maximum time spent on the rotarod
was 180 seconds. FIGs. 17D-17K show the open field locomotor behavior of wildtype,
heterozygous DR6" and homozygous DR6™ mice, e.g., rearing (FIG. 17D), total rearing
time (FIG. 17E), basic movements (FIG. 17F), immobility (FIG. 17G), fine movements
(FIG.17H), X+Y ambulation (FIG. 171), the total distance (FIG. 17]), and total rest (FIG.
17K) over an hour for wild-type (-e-; n = 27), heterozygous DR6"" (-=; n=14), and
homozygous DR6” (—&—; n=33) animals between 10-21 weeks of age. FIGs. 17L-17Z
shows the catwalk behavior, e.g., stride length (FIGs. 17L and 17M), swing speed (FIGs.
17N and 170), interlimb coordination (FIG. 17P), swing phase (FIGs. 17Q and 17R), duty
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cycle (FIGs. 178 and 17T), paw print area (FIGs. 17U and 17V), stance phase (FIGs. 17W
and 17X), and paw pressure (FIGs. 17Y and 17Z) of wild-type (-e-; n = 27), heterozygous
DR6" (-=; n=14), and homozygous DR6™ (—&—; n=33) animals between 10-21 weeks of age.
All data are reported as mean = SEM. Two-way ANOVA is performed for statistical analysis
comparing values of wild-type mice to those of knockout mice with * for P <0.05, ** for P <
0.01, *** for P <0.001, and **** for P < 0.0001.

[0043] FIG. 18 shows the latency to a nociceptive response (time; y-axis) of wild-
type (left bars; n = 13), heterozygous DR6" (middle bars; n=14), and homozygous DR6™
(right bars; n=15) animals subjected to a metal plat warmed to a constant temperature of
48°C, 52°C, or 55°C. All data are reported as mean = SEM. Two-way ANOVA is performed
for statistical analysis comparing values of wild-type mice to those of knockout mice with *

for P <0.05, ** for P <0.01, *** for P <0.001, and **** for P < 0.0001.

DESCRIPTION

[0044] Amyotrophic lateral sclerosis ("ALS"), also called Lou Gehrig's disease, is a
progressive, fatal neurological disease affecting as many as 20,000 Americans with 5,000
new cases occurring in the United States each year. The disorder belongs to a class of
disorders known as motor neuron diseases. ALS occurs when specific nerve cells in the brain
and spinal cord that control voluntary movement gradually degenerate. Both the brain and
spinal cord lose the ability to initiate and send messages to the muscles in the body. The
muscles, which are unable to function, gradually atrophy and twitch.

[0045] ALS manifests itself in different ways, depending on which muscles weaken
first. Symptoms may include tripping and falling, loss of motor control in hands and arms,
difficulty speaking, swallowing and/or breathing, persistent fatigue, and twitching and
cramping, sometimes quite severely. Eventually, when the muscles in the diaphragm and
chest wall become too weak, patients require a ventilator to breathe. Most people with ALS
die from respiratory failure, usually 3 to 5 years after being diagnosed; however, some people
survive 10 or more years after diagnosis. ALS strikes in mid-life. Men are about one-and-a-
half times more likely to get the disease than women.

[0046] There is no cure for ALS, nor is there a proven therapy that will prevent or

reverse the course of the disorder. The Food and Drug Administration (FDA) recently
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approved riluzole, the first drug that has been shown to prolong the survival of ALS patients.
Patients may also receive supportive treatments that address some of their symptoms.

[0047] Provided herein is an animal model for ALS, which may be useful in finding
candidate agents that may be useful in treating ALS in humans.

[0048] The techniques and procedures described or referenced herein are generally
well understood and commonly employed using conventional methodology by those skilled
in the art, such as, for example, the widely utilized molecular cloning methodologies
described in Sambrook et al., Molecular Cloning: A Laboratory Manual 2nd. edition (1989)
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. As appropriate, procedures
involving the use of commercially available kits and reagents are generally carried out in
accordance with manufacturer defined protocols and/or parameters unless otherwise noted.
[0049] Before the present methods and assays are described, it is to be understood
that this invention is not limited to the particular methodology, protocols, cell lines, animal
species or genera, constructs, and reagents described as such may, of course, vary. It must be
noted that the singular forms "a", "and", and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to "a genetic alteration” includes a
plurality of such alterations and reference to "a probe" includes reference to one or more
probes and equivalents thereof known to those skilled in the art, and so forth. All numbers
recited in the specification and associated claims (e.g. amino acids 22-81, 1-354 etc.) are
understood to be modified by the term "about".

[0050] All publications mentioned herein are incorporated herein by reference to
disclose and describe the methods and/or materials in connection with which the publications
are cited. Publications cited herein are cited for their disclosure prior to the filing date of the
present application. Nothing here is to be construed as an admission that the inventors are not
entitled to antedate the publications by virtue of an earlier priority date or prior date of
invention. Further the actual publication dates may be different from those shown and require
independent verification.

Definitions

[0051] The term "embryonic stem cell" or "ES cell” includes an embryo-derived
totipotent or pluripotent cell that is capable of contributing to any tissue of the developing
embryo upon introduction into an embryo. The term “pluripotent cell” includes an
undifferentiated cell that possesses the ability to develop into more than one differentiated

cell types.
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[0052] Some targeting vectors are “large targeting vectors” or “LTVECs,” which
includes large targeting vectors for eukaryotic cells that comprise homology arms that
correspond to and are derived from nucleic acid sequences larger than those typically used by
other approaches intended to perform homologous gene targeting in eukaryotic cells.
Examples of LTVEC, include, but are not limited to, bacterial homologous chromosome
(BAC) and yeast artificial chromosome (YAC). Examples of generating targeted genetic
modifications using LTVECs are disclosed, for example, in WO 2015/088643, US
2015/0159175, US 2015/0159174, US 2014/0310828, US 2014/0309487, and US 2013-
0309670, each of which is herein incorporated by reference in its entirety for all purposes.
LTVEC: also include targeting vectors comprising nucleic acid inserts having nucleic acid
sequences larger than those typically used by other approaches intended to perform
homologous recombination in cells. For example, LTVECs make possible the modification
of large loci that cannot be accommodated by traditional plasmid-based targeting vectors
because of their size limitations. For example, the targeted locus can be (i.e., the 5’ and 3’
homology arms can correspond to) a locus of the cell that is not targetable using a
conventional method or that can be targeted only incorrectly or only with significantly low
efficiency in the absence of a nick or double-strand break induced by a nuclease agent (e.g., a
Cas protein).

[0053] Examples of LTVECs include vectors derived from a bacterial artificial
chromosome (BAC), a human artificial chromosome, or a yeast artificial chromosome
(YAC). Non-limiting examples of LTVECs and methods for making them are described,
e.g., in US Pat. No. 6,586,251; US Pat. No. 6,596,541, US Pat. No. 7,105,348; and WO
2002/036789 (PCT/US01/45375), each of which is herein incorporated by reference.
LTVEC:s can be in linear form or in circular form.

[0054] LTVEC:s can be of any length, including, for example, at least 10 kb or from
about 50 kb to about 400 kb or greater. The size of an LTVEC can be too large to enable
screening of targeting events by conventional assays, e.g., southern blotting and long-range
(e.g., 1 kb to 5 kb) PCR. The sum total of the 5° homology arm and the 3’ homology arm can
be, for example, at least 10 kb (each homology arm can range, for example, from about 5 kb
to about 200 kb). The LTVEC and nucleic acid insert can be designed to allow for a deletion
at the target locus of a length, for example, from about 5 kb to about 3 Mb (e.g., about 500
kb or greater). Likewise, the LTVEC and nucleic acid insert can be designed to allow for an
insertion into the target locus of an exogenous nucleic acid sequence of a length, for example,

ranging from about 5 kb to about 400 kb or greater.
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[0055] The term “recombination site” includes a nucleotide sequence that is
recognized by a site-specific recombinase and that can serve as a substrate for a
recombination event.

[0056] The term “site-specific recombinase” includes a group of enzymes that can
facilitate recombination between "recombination sites". Examples of "site-specific
recombinase” include, but are not limited to, Cre, Flp, and Dre recombinases.

[0057] The term “germline” in reference to a nucleic acid sequence includes a nucleic
acid sequence that can be passed to progeny.

[0058] The phrase “operably linked” means components are linked to function
together in their intended manner. In one instance, a nucleic acid sequence encoding a protein
may be operably linked to regulatory sequences (e.g., promoter, enhancer, silencer sequence,
etc.) so as to retain proper transcriptional regulation. In another instance, a nucleic acid
sequence encoding a signal peptide may be operably linked to a nucleic acid sequence
encoding, e.g., a transmembrane domain, so as to translate into a polypeptide comprising the
signal peptide operably fused to the transmembrane domain, wherein both the signal peptide
and transmembrane domain retain their respective biological functions.

[0059] The term “locus” is defined as a segment of DNA within the genomic DNA.
For example, a DR6 locus is a segment of DNA within the genomic DNA that encodes DR6,
and includes nontranslated and/or regulatory DNA involved with the expression of DR6.
[0060] The TNFR family member called Death Receptor 6 (DR6) (also referred to in
literature as "TR9"; also known in literature as TNF Receptor Superfamily Member 21 or
TNFRS21) has been described as a type I transmembrane receptor having four extracellular
cysteine-rich motifs and a cytoplasmic death domain structure (Pan et al., FEBS Lett.,
431:351-356 (1998); see also U.S. Pat. Nos. 6,358,508; 6,667,390; 6,919,078; 6,949,358). It
has been reported that overexpression of DR6 in certain transfected cell lines resulted in
apoptosis and activation of both NF-kB and JNK (Pan et al., FEBS Letters, 431:351-356
(1998)). In a DR6-deficient mouse model, T cells were substantially impaired in JNK
activation, and when DR6 (-/-) mice were challenged with protein antigen, their T cells were
found to hyperproliferate and display a profound polarization toward a Th2 response
(whereas Th1 differentiation was not equivalently affected) (Zhao et al., J. Exp. Med.,
194:1441-1448 (2001)). It was further reported that targeted disruption of DR6 resulted in
enhanced T helper 2 (Th2) differentiation in vitro (Zhao et al., supra). Various uses of DR6

agonists or antagonists in modulating B-cell mediated or neurological conditions were
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described in US 2005/0069540 published Mar. 31, 2005 and US 2010/0203044 published
August 12, 2010.

[0061] The murine DR6 receptor locus is found on chromosome 17 and has 6 exons.
It encodes a 655 amino acid protein (SEQ ID NO:16) having a putative signal sequence
(amino acids 1-41), an extracellular domain (amino acids 42-349), a transmembrane domain
(amino acids 350-370), followed by a cytoplasmic domain (amino acids 370-655). A mature
DR6 protein refers to the translated polypeptide after cleavage of its signal protein, e.g., a

mature murine DR6 protein refers to amino acids 42-655 of SEQ ID NO:16.

[0062] Provided in Table 1 below is brief description of the sequences identified by
sequence number.
[0063] Table 2. Description of Sequences.
SEQ ID NO Type Description
1 DNA 5" homology arm of Zen-Ubl LTVEC depicted in FIG. 1
2 DNA RORI operably linked to f-galactosidase and poly-A region
3 DNA Floxed neo’cassette
4 DNA 3' homology arm of Zen-Ubl LTVEC depicted in FIG. 1
5 DNA Entire Zen-Ubl LTVEC depicted in FIG. 1
6 DNA mDRG6 signal peptide
7 DNA mROR] transmembrane domain
8 DNA p-galactosidase reporter gene
9 DNA poly-A region of mDR6 signal/ROR1/f-galactosidase fusion
gene
10 DNA Flox recombination sequence
11 DNA hUbI Promoter
12 DNA neo’ gene
13 DNA poly-A region of neo” gene
14 DNA mDRG6 (including signal peptide encoding sequence)
15 Aililgo mDR6 (including putative signal peptide(s))
16 DNA Zen-Ubl LTVEC depicted in FIG. 1 without Floxed
neo’cassette
17 DNA mDR6 signal/RORI/f-galactosidase fusion gene
L Compositions Comprising Genetic Modification of at Least One DR6 Locus
[0064] Non-human animals, cells, tissues, and embryos are provided that comprise a

modified DR6 locus, which lacks a nucleotide sequence encoding any portion of an
endogenous DR6 cytoplasmic domain and may further comprise a nucleic acid sequence
encoding a DR6 signal peptide, transmembrane domain and/or reporter protein. Methods and
compositions for manipulating DR6 expression are provided. Targeting compositions

directed to modifying DR®6 are also provided. Non-human animals, cells, and tissues are
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provided that exhibit motor neuron dysfunction, e.g., an ALS-like phenotype, associated with
modulation of DR6 function. Although the following description is with reference to a
survey of certain particular DR6s, the methods and compositions may be practiced with any
DR6.

[0065] Provided herein are non-human animals, cells, tissues and embryos
comprising a modified DR6 locus and/or a nucleic acid that may affect DR6 function or be
used for targeted genetic modification (e.g., a reporter knock-in) in the DR6 locus. In such
cases, the modified DR6 locus comprises a loss of function mutation in a nucleic acid
sequence that encodes the DR6. Also provided are cells, tissues and embryos derived from
the non-human animals comprising a loss-of-function mutation of DR6.

[0066] The term, “loss-of-function” as it relates to a DR6 can include any
modification in a DR6 locus and/or expression of a transgene that results in a decrease or lack
of expression of the DR6 and/or a decrease or lack of activity/function of the DR6. The
expression level of a DR6 may be measured directly, for example, by assaying for the level of
the DR6 in the cell or organism.

[0067] In general, the expression level and/or activity of the DR6 is decreased if the
DR6 expression level and/or the activity level of the DR6 is statistically lower (p<0.05) than
the DR6 level in an appropriate control cell or organism that has not been genetically
modified or mutagenized to inhibit the expression and/or activity of the DR6. In specific
embodiments, the concentration and/or activity of the DR6 is decreased by at least 1%, 5%,
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99% or more relative to a control
cell or organism which has not been modified to have the decreased level and/or activity of
the DR6.

[0068] In other instances, cells or organisms having the targeted genetic modification
that reduces the expression level and/or activity of the DR6 are selected using methods that
include, but are not limited to, Southern blot analysis, DNA sequencing, PCR analysis, or
phenotypic analysis. Such cells or organisms are then employed in the various methods and
compositions described herein.

[0069] A “subject cell” or “subject organism” is one in which a genetic alteration,
such as a genetic modification disclosed herein has been effected, or is a cell/organism which
is descended from a cell/organism so altered and which comprises the alteration. A “control”
or “control cell” or “control organism” provides a reference point for measuring changes in
phenotype of the subject cell or organism. In one embodiment, a control cell/organism is as

closely matched as possible with the cell/organism with the genetic modification in the DR6
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except it lacks the genetic modification or mutation resulting in the reduced expression and/or
activity (for example, the respective cells can originate from the same cell line). In other
instances, the control cell/organism may comprise, for example: (a) a wild-type
cell/organism, i.e., of the same genotype as the starting material for the genetic alteration
which resulted in the subject cell/organism; (b) a cell/organism of the same genotype as the
starting material but which has been genetically modified with a null construct (i.e. with a
construct which has no known effect on the trait of interest, such as a construct comprising a
marker gene); (c) a cell/organism which is a non-genetically modified progeny of a subject
cell/organism (i.e., the control cell and the subject cell originate from the same cell line); (d)
a cell/organism genetically identical to the subject cell/organism but which is not exposed to
conditions or stimuli that would induce expression of the gene of interest; or (e) the subject
cell/organism itself, under conditions in which the genetic modification does not result in an
alteration in expression of the polynucleotide of interest.

[0070] The term "animal,” in reference to animals, cells, tissues or embryos, includes
mammals, fishes, and birds. Mammals include, e.g., humans, non-human primates, monkey,
ape, cat, dog, horse, bull, deer, bison, sheep, rodents (e.g., mice, rats, hamsters, guinea pigs),
livestock (e.g., bovine species, e.2., cows, steer, etc.; ovine species, e.g., sheep, goats, etc.;
and porcine species, e.g., pigs and boars). Birds include, e.g., chickens, turkeys, ostrich,
geese, ducks, etc. Domesticated animals and agricultural animals are also included. The
phrase "non-human animal," in reference to animals, cells, tissues or embryos, excludes
humans.

[0071] In one embodiment the animal is a non-human animal. In another
embodiment, the non-human animal is a mammal. In another embodiment, the mammal is a
rodent. In a further embodiment, the rodent is a mouse, a rat or a hamster. In a further
embodiment, the rodent is a mouse or a rat. In some embodiments, the rodent is a mouse.
[0072] Genetic modifications as described herein can include one or more deletions
from a DR6 locus, additions to a DR6 locus, replacement of a DR6 locus or a portion thereof,
and/or any combination thereof. The locus may comprise coding regions or non-coding
regulatory regions. A genetic modification as described herein may also include insertion of
a transgene in the genome outside of the DR6 locus, wherein the expression of the transgene
interferes with, e.g., competes with, endogenous DR6 protein for ligand binding, placement
in the cell membrane, etc.

[0073] The genetic modifications provided herein may be targeted to a DR6 locus. A

loss-of-function of DR6 can result from a targeted genetic modification in the DR6 gene (i.e.,
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a genetic modification in a regulatory region, the coding region, exons, and/or introns etc.).
Such targeted modifications include, but are not limited to, additions of one or more
nucleotides, deletions of one or more nucleotides, substitutions of one or more nucleotides, a
disruption of the DR6 locus, a knockout of the DR6 locus or a portion thereof, a knock-in of
the DR6 locus or a portion thereof, a replacement of an endogenous DR6 nucleic acid
sequence or a portion thereof with a heterologous nucleic acid sequence, or a combination
thereof. In specific embodiments, at least 1, 2, 3,4, 5,7, 8, 9, 10, 50, 100, 400 or more
nucleotides are changed to form the targeted genomic modification.

[0074] In one embodiment, the loss-of-function mutation is characterized by a
disruption or a knockout of at least one DR6 function.

[0075] The DR6 locus can be genetically modified in any region of the locus such
that the modification results in modulates DR6 function. In one embodiment, the
modification of the DR6 locus comprises a deletion of the entire DR6 coding region or a
portion thereof. In one embodiment, the modified DR6 locus comprises a deletion of one or
more exons that encode the mature DR6 protein, or a portion thereof. In another embodiment,
the deletion comprises a deletion of one or more exons within the DR6 locus starting in a
first, second, third, fourth, fifth and/or sixth exon of the DR6 locus. In other embodiments,
the deletion comprises a deletion of one or more exons within the DR6 locus starting in a
second exon of the DR6 locus.

[0076] In some cases, the DR6 locus or a portion thereof is replaced with an insert
nucleic acid. In such cases, the replacement can be a replacement of the entire RNA coding
region of the DR6 locus or a portion thereof with the insert nucleic acid, a replacement of one
or more exons of the DR6 locus with the insert nucleic acid, a replacement of one or more
exons within the DR6 locus starting in the first exon of the DR6 locus with the insert nucleic
acid or a replacement of one or more exons within the DR6 locus starting in the second exon
with the insert nucleic acid.

[0077] In some instances, the insert nucleic acid is positioned in the DR6 locus such
that it is in operable linkage with an endogenous DR6 promoter such that the endogenous
DR6 promoter drives expression of the insert nucleic acid. In such cases, the expression of
the nucleic acid sequence follows an expression pattern of the DR6.

[0078] In one embodiment, the DR6 locus or portion thereof is replaced with an insert
nucleic acid comprising a first nucleic acid sequence that encodes a reporter. For example, in
the case where the insert nucleic acid comprises a reporter gene and is placed into the DR6

locus in operable linkage to the DR6 promoter, the expression of the reporter gene is driven
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by the endogenous DR6 promoter. Alternatively, the insert nucleic acid is not inserted in
operable linkage with the endogenous DR6 promoter. In such cases, the insert nucleic acid
can comprise a promoter. In one embodiment, the insert nucleic acid comprises a reporter
gene operably linked to a promoter that drives expression of the reporter gene.

[0079] In some embodiments, the insert nucleic acid may comprise an endogenous
DR6 signal sequence, e.g., may be positioned in the DR6 locus such that it is in operable
linkage with an endogenous DR6 signal sequence, and optionally an endogenous DR6
transmembrane domain. In such cases, the destination of any protein(s) (e.g., reporter)
encoded by the insert nucleic acid, located exogenously to the DR6 locus or at an endogenous
DR6 locus, is similar to the destination of DR6 (e.g., anchored in the membrane, e.g., with an
endogenous transmembrane domain). In one embodiment, the insert nucleic acid may
replace the endogenous transmembrane domain. In such and other cases, the insert nucleic
acid can comprise a second nucleic acid that encodes a heterologous transmembrane domain.
In one embodiment, the insert nucleic acid comprises a reporter gene operably linked to a
heterologous transmembrane domain gene, and the insert nucleic acid is inserted into the
DR6 gene operably linked to an endogenous DR6 signal sequence such that the expression of
the insert nucleic acid is driven by an endogenous DR6 promoter and the protein(s) encoded
by the insert nucleic acid is anchored in the membrane according to the signal sequence.
[0080] In one embodiment, the DR6 locus or portion thereof is replaced with an insert
nucleic acid comprising a further nucleic acid sequence that encodes a selectable marker. In
such cases, the further nucleic acid sequence is operably linked to a promoter that drives
expression of the selectable marker.

[0081] In another embodiment, the DR6 locus or portion thereof is replaced with an
insert nucleic acid comprising a transmembrane gene, a reporter gene and a selectable marker
gene. In such cases, the reporter gene and/or the selectable marker gene may or may not be
operably linked to a promoter.

[0082] Various promoters that can be employed in the methods and compositions are
provided elsewhere herein.

[0083] Such genetic modifications (including those that result in a decrease or a
modulation in expression and/or activity of the target DR6) are also capable of being
transmitted through the germline. In specific embodiments, the genetic modifications result
in a knockout of the desired target locus. Such non-human animals, for example, find use in

in a variety of experimental systems as discussed elsewhere herein.
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[0084] For example, DR6 knockouts offer an animal model to study DR6 function,
the role of DR6 in development, and the role of DR6 in various cellular pathways and
diseases, particularly motor neuron dysfunction disorders, e.g., ALS.
[0085] Provided herein are methods and compositions for the genetic modification of
the DR6 locus in a non-human animal, cell, tissue or embryo.
[0086] The genetic modification of the DR6 locus can be any modification of the
locus as described in detail elsewhere herein (i.e. deletion, insertion, replacement, etc.). In
such cases the genetic modification results in loss-of-function of DR6. In one embodiment,
the genetic modification comprises a disruption or a knockout of DR6.

A. Reporter Knock-in Allele Design and Construction
[0087] As a non-limiting example, a deletion start point may be set in the second
exon to allow the insert nucleic acid to be operably linked to an endogenous signal sequence.
FIG. 1 shows an example of a targeted deletion of all or most of the sequence coding DR6
and replacement with a cassette that contains a transmembrane domain sequence from the
RORI (receptor tyrosine kinase-like orphan receptor 1) gene, a sequence from the E. coli lacZ
gene that encodes B-galactosidase and a cassette (neo') that expresses neomycin
phosphotransferase for the selection of G418-resistant ES cell colonies. LoxP recombinase
recognition sites that enable Cre-mediated excision prior to phenotypic analysis flank the
drug selection cassette.
[0088] LTVEC targeting vectors may be introduced into ES cells and screened for
correctly targeted clones by the modification-of-allele assay (Frendewey, D., et al. (2010),
Methods Enzymol 476, 295-307).
[0089] Various methods can be used to identify cells having a targeted modification,
such as a deletion or an insertion. Such methods can comprise identifying one cell having the
targeted modification at a target locus. Screening can be done to identify such cells with
modified genomic loci.
[0090] The screening step can comprise a quantitative assay for assessing
modification of allele (MOA) of a parental chromosome. For example, the quantitative assay
can be carried out via a quantitative PCR, such as a real-time PCR (qPCR). The real-time
PCR can utilize a first primer set that recognizes the target locus and a second primer set that
recognizes a non-targeted reference locus. The primer set can comprise a fluorescent probe
that recognizes the amplified sequence.
[0091] Other examples of suitable quantitative assays include fluorescence-mediated

in situ hybridization (FISH), comparative genomic hybridization, isothermic DNA
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amplification, quantitative hybridization to an immobilized probe(s), Invader Probes®, MMP
assays®, TagMan® Molecular Beacon, or Eclipse™ probe technology (see, e.g.,
US2005/0144655, which is incorporated by reference herein in its entirety).
[0092] The VelociMouse® method (Poueymirou, W.T., et al. (2007), Nat Biotechnol
25, 91-99) may be applied to 8-cell embryo stage injection to convert the targeted ES cells
into fully ES cell-derived FO generation heterozygous mice ready for lacZ expression
profiling or breeding to homozygosity. Mice bearing ZEN-Ub1 cassette may be bred to a Cre
deletor mouse strain (see, e.g., International Patent Application Publication No. WO
2009/114400) to remove any floxed neo' cassette.
[0093] Further details of the methods for generating DR6 reporter knock-in animals is
provided in Example 1 herein.

B. Reporter Expression Profiling
[0094] As described elsewhere herein, the genetic modification of the DR6 locus can
comprise a replacement of or an insertion/addition to the DR6 locus or a portion thereof with
an insert nucleic acid. In some cases, the insert nucleic acid comprises a reporter gene. In one
embodiment, the reporter gene is positioned in the DR6 locus in operable linkage with the
endogenous DR6 promoter. Such a modification allows for the expression of the reporter
gene driven by the endogenous DR6 promoter. Alternatively, the reporter gene is not placed
in operable linkage with the endogenous DR6 promoter.
[0095] Any reporter (or detectable moiety) can be used in well-known methods and
compositions. Non-liming examples of reporters include, for example, 3-galactosidase
(encoded by the lacZ gene), Green Fluorescent Protein (GFP), enhanced Green Fluorescent
Protein (eGFP), mPlum, mCherry, tdTomato, mStrawberry, J-Red, DsRed, mOrange, mKO,
mCitrine, Venus, YPet, enhanced yellow fluorescent protein (EYFP), Emerald, CyPet, cyan
fluorescent protein (CFP), Cerulean, T-Sapphire, luciferase, alkaline phosphatase, or a
combination thereof.
[0096] The methods and compositions described herein may be performed in the
absence of a reporter gene or with any reporter gene. The following description is a non-
limiting example utilizing a lacZ reporter gene that encodes for -galactosidase.

C. Phenotypes
[0097] Genetic modification of the endogenous DR6 locus may result in various
phenotypes in the non-human animals provided herein. In one embodiment, genetic
modification of the endogenous DR6 locus results in non-human animals that are grossly

normal at birth, but that develop ALS-like symptoms upon aging, e.g., after 1 week of age,
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after 2 weeks of age, after 3 weeks of age, after 4 weeks of age, after 5 weeks of age, after 6
weeks of age, after 7 weeks of age, after 8 weeks of age, etc. In another embodiment, genetic
modification of the endogenous DR6 locus results in abnormal functions of one or more cell
types, e.g., a neuron and/or a glial cell, and/or a portion thereof, e.g., myelin. A neuron
includes a sensory neuron, a motor neuron, and all other neuronal types commonly referred to
as an interneuron. Glial cell includes astrocytes, oligodendrocytes, etc.

[0098] The term "ALS-like symptom" or the like shall generally mean a "symptom
associated with ALS," or a "symptom resulting from upper and/or lower motor neuron
dysfunction." An ALS-like symptom may involve impairment neurons, €.g., motor neurons,
sensory neurons, and/or interneurons. For example, an ALS-like symptom involving upper
motor neurons may result in spasticity (e.g., spastic paralysis, rigidity), increased and/or
abnormal reflexes (e.g., Babinski's sign), tremors and a combination thereof. An ALS-like
symptom involving impairment of lower motor neurons may result in muscle weakness and
wasting, fasciculations, and a combination thereof, and/or impairment of the bulbar resulting
in an inability to swallow and tongue fasciculations. An ALS-like symptom may also
comprise one or more of the following phenotypes: a) kyphosis; b) abnormal hind limb
clasping, dragging or toe curling; c) deficiency in motor coordination and motor learning
ability, deficiency in rotarod, catwalk and/or open field test(s); d) motor neuron loss in the
spinal cord; e) astrocytosis in the spinal cord; f) weight loss compared with a control rodent;
g) accumulation of poly-ubiquitinated proteins; (h) increased neurological scoring using the
ALS-TDI neurological scoring system and/or (i) increased latency to respond to a painful

stimulus.
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[0099] Methods for genetically modifying the endogenous DR6 locus in non-human
animals, cells, tissues or embryos are provided herein. In one embodiment, a method for
modifying the DR6 locus in a pluripotent cell is provided. Such a method comprises (a)
introducing into the pluripotent cell a targeting construct comprising an insert nucleic acid
flanked with 5° and 3’ homology arms that can undergo homologous recombination with the
DR6 locus; and (b) identifying a modified pluripotent cell comprising a targeted genetic
modification at the DR6 locus. In such methods, the genetic modification results in loss-of-
function of the DR6. In one embodiment, the pluripotent cell is a rodent embryonic stem

cell. In another embodiment, the pluripotent cell is a human iPS cell.
A. Targeting Vectors and Insert Nucleic Acids

[00100] Further provided are targeting vectors or targeting constructs to be employed
in the methods for making the genetically modified non-human animals, cells, tissues or
embryos provided herein.

[00101] In one embodiment, a targeting vector is provided that comprises an insert
nucleic acid flanked by 5° and 3’ homology arms that can undergo homologous
recombination with an DR6 locus.

[00102] The targeting vectors and examples of components of the targeting vectors
(i.e. insert nucleic acids, polynucleotides of interest, expression cassettes, etc.) are described

in detail herein below.
i. Insert Nucleic Acid

[00103] The “insert nucleic acid” or “insert polynucleotide” comprises a segment of
DNA that one desires to integrate at the target locus. In one embodiment, the insert nucleic
acid comprises one or more polynucleotides of interest. In other embodiments, the insert
nucleic acid can comprise one or more expression cassettes. A given expression cassette can
comprise a polynucleotide of interest, a polynucleotide encoding a selection marker and/or a
reporter gene along with the various regulatory components that influence expression.
[00104] Any polynucleotide of interest may be contained in the various insert
polynucleotides and thereby integrated at the target genomic locus. The methods disclosed
herein, provide for at least 1, 2, 3, 4, 5, 6 or more polynucleotides of interest to be integrated

into the targeted DR6 genomic locus.
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[00105] In one embodiment, the polynucleotide of interest contained in the insert
nucleic acid encodes a reporter. In another embodiment, the polynucleotide of interest
encodes for a selectable marker.

[00106] In one embodiment, the polynucleotide of interest can be flanked by site-
specific recombination sites. In a specific embodiment, the site-specific recombination sites
flank a segment encoding a reporter and/or a segment encoding a selectable marker.

[00107] Non-limiting examples of polynucleotides of interest, including selection
markers and reporter genes that can be included within the insert nucleic acid are discussed in
detail elsewhere herein.

[00108] The polynucleotide of interest within the insert polynucleotide when
integrated at the target DR6 locus can introduce one or more genetic modifications into the
cell. The genetic modification can comprise a deletion of an endogenous nucleic acid
sequence and/or the addition of an exogenous or heterologous or orthologous polynucleotide
into the target genomic locus. In one embodiment, the genetic modification comprises a
replacement of an endogenous nucleic acid sequence with an exogenous polynucleotide of
interest at the target genomic locus. Thus, methods provided herein allow for the generation
of a genetic modification comprising a knockout, a deletion, an insertion, a replacement
(*knock-in™), a point mutation, a domain swap, an exon swap, an intron swap, a regulatory
sequence swap, a gene swap, or a combination thereof in a target DR6 locus. Such
modifications may occur upon integration of the first, second, third, fourth, fifth, six, seventh,
or any subsequent insert polynucleotides into the target genomic locus.

[00109] The polynucleotide of interest within the insert polynucleotide and/or
integrated at the target genomic locus can comprise a sequence that is native or homologous
to the cell it is introduced into; the polynucleotide of interest can be heterologous to the cell it
is introduced to; the polynucleotide of interest can be exogenous to the cell it is introduced
into; the polynucleotide of interest can be orthologous to the cell it is introduced into; or the
polynucleotide of interest can be from a different species than the cell it is introduced into.
The term “homologous” in reference to a sequence is a sequence that is native to the cell.
The term “heterologous” in reference to a sequence is a sequence that originates from a
foreign species, or, if from the same species, is substantially modified from its native form in
composition and/or genomic locus by deliberate human intervention. The term “exogenous”
in reference to a sequence is a sequence that originates from a foreign species. The term
“orthologous” is a polynucleotide from one species that is functionally equivalent to a known

reference sequence in another species (i.e., a species variant). The polynucleotide of interest
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can be from any organism of interest including, but not limited to, a prokaryote, a eukaryote,
a non-human, a rodent, a hamster, a mouse, a rat, a human, a monkey, an avian, an
agricultural mammal or a non-agricultural mammal. The polynucleotide of interest can
further comprise a coding region, a non-coding region, a regulatory region, or a genomic
DNA. Thus, the 1%, 2", 3™ 4™ 5% 6% 7% and/or any of the subsequent insert
polynucleotides can comprise such sequences.

[00110] In one embodiment, the polynucleotide of interest can range from about 500
nucleotides to about 200 kb as described above. The polynucleotide of interest can be from
about 500 nucleotides to about 5 kb, from about 5 kb to about 200 kb, from about 5 kb to
about 10 kb, from about 10 kb to about 20 kb, from about 20 kb to about 30 kb, from about
30 kb to about 40 kb, from about 40 kb to about 50 kb, from about 60 kb to about 70 kb, from
about 80 kb to about 90 kb, from about 90 kb to about 100 kb, from about 100 kb to about
110 kb, from about 120 kb to about 130 kb, from about 130 kb to about 140 kb, from about
140 kb to about 150 kb, from about 150 kb to about 160 kb, from about 160 kb to about 170
kb, from about 170 kb to about 180 kb, from about 180 kb to about 190 kb, or from about 190
kb to about 200 kb.

[00111] The polynucleotide of interest within the insert polynucleotide and/or inserted
at the target genomic locus can encode a polypeptide, can encode an RNA, or it can comprise
any regulatory regions or non-coding regions of interest including, for example, a regulatory
sequence, a promoter sequence, an enhancer sequence, a transcriptional repressor-binding
sequence, a Kozak consensus segment, a start codon, or a deletion of a non-protein-coding
sequence, but does not comprise a deletion of a protein-coding sequence. In addition, the
polynucleotide of interest within the insert polynucleotide and/or inserted at the target
genomic locus can encode a protein expressed in the nervous system, the skeletal system, the
digestive system, the circulatory system, the muscular system, the respiratory system, the
cardiovascular system, the lymphatic system, the endocrine system, the urinary system, the
reproductive system, or a combination thereof.

[00112] In one embodiment, the insert nucleic acid comprises a knock-in allele of at
least one exon of an endogenous gene. In one embodiment, the insert nucleic acid comprises
a knock-in allele of the entire endogenous gene (i.e., “gene-swap knock-in”).

[00113] In one embodiment, the insert nucleic acid comprises a regulatory element,
including for example, a promoter, an enhancer, or a transcriptional repressor-binding

element.
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[00114] In further embodiments, the insert nucleic acid comprises a conditional allele.
In one embodiment, the conditional allele is a multifunctional allele, as described in US
2011/0104799, which is incorporated by reference in its entirety. In specific embodiments,
the conditional allele comprises: (a) an actuating sequence in sense orientation with respect to
transcription of a target gene, and a drug selection cassette in sense or antisense orientation;
(b) in antisense orientation a nucleotide sequence of interest (NSI) and a conditional by
inversion module (COIN, which utilizes an exon-splitting intron and an invertible genetrap-
like module; see, for example, US 2011/0104799, which is incorporated by reference in its
entirety); and (c) recombinable units that recombine upon exposure to a first recombinase to
form a conditional allele that (i) lacks the actuating sequence and the DSC, and (ii) contains
the NSI in sense orientation and the COIN in antisense orientation.

[00115] In one embodiment, the insert nucleic acid comprises a genetic modification in
a coding sequence. In one embodiment, the genetic modification comprises a deletion
mutation of a coding sequence. In one embodiment, the genetic modification comprises a
fusion of two endogenous coding sequences.

[00116] In one embodiment, the genetic modification comprises a deletion of a non-
protein-coding sequence, but does not comprise a deletion of a protein-coding sequence. In
one embodiment, the deletion of the non-protein-coding sequence comprises a deletion of a
DR6 locus or a portion thereof. In one embodiment, the deletion of the non-protein-coding
sequence comprises a deletion of a regulatory element. In one embodiment, the genetic
modification comprises a deletion of a promoter. In one embodiment, the genetic
modification comprises an addition of a promoter or a regulatory element. In one
embodiment, the genetic modification comprises a replacement of a promoter or a regulatory
element.

[00117] In one embodiment, the nucleic acid sequence of the targeting vector can
comprise a polynucleotide that when integrated into the genome will produce a genetic
modification of a region of the mammalian, non-human animal, or a non-human mammalian
DR6 locus, wherein the genetic modification at the DR6 locus results in a loss-of-function of
the DR6. In one embodiment, a DR6 knockout (“null allele") is generated. In another
embodiment, a disruption in the DR6 locus is generated.

[00118] In further embodiments, the insert nucleic acid results in the replacement of a
portion of the mammalian, non-human animal, or non-human mammalian DR6 locus, with an
insert nucleic acid sequence. In one embodiment, the insert nucleic acid sequence is a

reporter nucleic acid sequence.
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[00119] The given insert polynucleotide and the corresponding region of the
mammalian, non-human, or non-human mammalian locus being replaced can be a non-
coding region, a coding region, an intron, an exon, an untranslated region, a regulatory
region, a promoter, or an enhancer or any combination thereof. Moreover, the given insert
polynucleotide and/or the region of the mammalian, non-human, or non-human mammalian
locus being deleted can be of any desired length, including for example, between 10-100
nucleotides in length, 100-500 nucleotides in length, 500-1 kb nucleotide in length, 1 kb to
1.5 kb nucleotide in length, 1.5 kb to 2 kb nucleotides in length, 2 kb to 2.5 kb nucleotides in
length, 2.5 kb to 3 kb nucleotides in length, 3 kb to 5 kb nucleotides in length, 5 kb to 8 kb
nucleotides in length, 8 kb to 10 kb nucleotides in length or more. In other instances, the size
of the insertion or replacement is from about 5 kb to about 10 kb, from about 10 kb to about
20 kb, from about 20 kb to about 40 kb, from about 40 kb to about 60 kb. In other
embodiments, the given insert polynucleotide and/or the region of the mammalian, human
cell, or non-human mammalian locus being deleted is at least 100, 200, 300, 400, 500, 600,
700, 800, or 900 nucleotides or at least 1 kb, 2 kb, 3 kb, 4 kb, 5 kb, 6 kb, 7 kb, 8 kb, 9 kb, 10
kb, 11 kb, 12 kb, 13 kb, 14 kb, 15k b, 16 kb, 17 kb, 18 kb, 19 kb, 20 kb, 25 kb, 30 kb, 35 kb,
40 kb, 45 kb, 50 kb or greater.

[00120] In one embodiment, the insert nucleic acid is inserted into the DR6 locus of
interest such that it is operably linked to the endogenous DR6 promoter. In such cases, the
DR6 promoter drives expression of the insert nucleic acid sequence. In one embodiment, the
insert nucleic acid sequence is a reporter nucleic acid sequence.

[00121] In some cases, the insert nucleic acid comprises a promoter. In one
embodiment, the insert nucleic acid comprises a polynucleotide of interest operably linked to
a promoter that drives expression of the polynucleotide of interest. In one embodiment, the
polynucleotide of interest comprises a reporter nucleic acid sequence. In another

embodiment, the polynucleotide of interest comprises a selection marker nucleic acid

sequence.
[00122] In one embodiment, the promoter is constitutively active promoter.
[00123] In one embodiment, the promoter is an inducible promoter. In one

embodiment, the inducible promoter is a chemically-regulated promoter. In one embodiment,
the chemically-regulated promoter is an alcohol-regulated promoter. In one embodiment, the
alcohol-regulated promoter is an alcohol dehydrogenase (alcA) gene promoter. In one
embodiment, the chemically-regulated promoter is a tetracycline-regulated promoter. In one

embodiment, the tetracycline-regulated promoter is a tetracycline-responsive promoter. In
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one embodiment, the tetracycline-regulated promoter is a tetracycline operator sequence
(tetO). In one embodiment, the tetracycline-regulated promoter is a tet-On promoter. In one
embodiment, the tetracycline-regulated promoter a tet-Off promoter. In one embodiment, the
chemically- regulated promoter is a steroid regulated promoter. In one embodiment, the
steroid regulated promoter is a promoter of a rat glucocorticoid receptor. In one embodiment,
the steroid regulated promoter is a promoter of an estrogen receptor. In one embodiment, the
steroid-regulated promoter is a promoter of an ecdysone receptor. In one embodiment, the
chemically-regulated promoter is a metal-regulated promoter. In one embodiment, the metal-
regulated promoter is a metalloprotein promoter. In one embodiment, the inducible promoter
is a physically-regulated promoter. In one embodiment, the physically-regulated promoter is
a temperature-regulated promoter. In one embodiment, the temperature-regulated promoter is
a heat shock promoter. In one embodiment, the physically-regulated promoter is a light-
regulated promoter. In one embodiment, the light-regulated promoter is a light-inducible
promoter. In one embodiment, the light-regulated promoter is a light-repressible promoter.
[00124] In one embodiment, the promoter is a tissue-specific promoter. In one
embodiment, the promoter is a neuron-specific promoter. In one embodiment, the promoter is
a glia-specific promoter. In one embodiment, the promoter is a muscle cell-specific promoter.
In one embodiment, the promoter is a heart cell-specific promoter. In one embodiment, the
promoter is a kidney cell-specific promoter. In one embodiment, the promoter is a bone cell-
specific promoter. In one embodiment, the promoter is an endothelial cell-specific promoter.
In one embodiment, the promoter is an immune cell-specific promoter. In one embodiment,
the immune cell promoter is a B cell promoter. In one embodiment, the immune cell
promoter is a T cell promoter.

[00125] In one embodiment, the promoter is a developmentally-regulated promoter. In
one embodiment, the developmentally-regulated promoter is active only during an embryonic
stage of development. In one embodiment, the developmentally-regulated promoter is active
only in an adult cell.

[00126] In specific embodiments, the promoter may be selected based on the cell type.
Thus the various promoters find use in a eukaryotic cell, a mammalian cell, a non-human
mammalian cell, a pluripotent cell, a non-human pluripotent cell, a human pluripotent cell, a
human ES cell, a human adult stem cell, a developmentally-restricted human progenitor cell,
a human iPS cell, a human cell, a rodent cell, a rat cell, a mouse cell, a hamster cell, a

fibroblast or a CHO cell.
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[00127] In some embodiments, the insert nucleic acid comprises a nucleic acid flanked
with site-specific recombination target sequences. It is recognized the while the entire insert
nucleic acid can be flanked by such site-specific recombination target sequences, any region
or individual polynucleotide of interest within the insert nucleic acid can also be flanked by
such sites. The site-specific recombinase can be introduced into the cell by any means,
including by introducing the recombinase polypeptide into the cell or by introducing a
polynucleotide encoding the site-specific recombinase into the host cell. The polynucleotide
encoding the site-specific recombinase can be located within the insert nucleic acid or within
a separate polynucleotide. The site-specific recombinase can be operably linked to a
promoter active in the cell including, for example, an inducible promoter, a promoter that is
endogenous to the cell, a promoter that is heterologous to the cell, a cell-specific promoter, a
tissue-specific promoter, or a developmental stage-specific promoter. Site-specific
recombination target sequences, which can flank the insert nucleic acid or any polynucleotide
of interest in the insert nucleic acid can include, but are not limited to, loxP, lox511, 1ox2272,
lox66, lox71, 1oxM2, 1ox5171, FRT, FRT11, FRT71, attp, att, FRT, rox, or a combination
thereof.

[00128] In some embodiments, the site-specific recombination sites flank a
polynucleotide encoding a selection marker and/or a reporter gene contained within the insert
nucleic acid. In such instances following integration of the insert nucleic acid at the targeted
locus the sequences between the site-specific recombination sites can be removed.

[00129] In one embodiment, the insert nucleic acid comprises a polynucleotide
encoding a selection marker. The selection marker can be contained in a selection cassette.
Such selection markers include, but are not limited, to neomycin phosphotransferase (neo"),
hygromycin B phosphotransferase (hyg'), puromycin-N-acetyltransferase (puro'), blasticidin
S deaminase (bsr'), xanthine/guanine phosphoribosyl transferase (gpt), or herpes simplex
virus thymidine kinase (HSV-k), or a combination thereof. In one embodiment, the
polynucleotide encoding the selection marker is operably linked to a promoter active in the
cell. In one embodiment, the polynucleotide encoding the selection marker is flanked with
site-specific recombination target sequences.

[00130] The insert nucleic acid can further comprise a reporter gene operably linked to
a promoter, wherein the reporter gene encodes a reporter protein selected from the group
consisting of or comprising 3-galactosidase (encoded by the lacZ gene), GFP, mPlum,

mCherry, tdTomato, mStrawberry, J-Red, DsRed, mOrange, mKO, mCitrine, Venus, YPet,
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enhanced yellow fluorescent protein (EYFP), Emerald, enhanced green fluorescent protein
(EGFP), CyPet, cyan fluorescent protein (CFP), Cerulean, T-Sapphire, luciferase, alkaline
phosphatase, and/or a combination thereof. Such reporter genes can be operably linked to a
promoter active in the cell. Such promoters can be an inducible promoter, a promoter that is
endogenous to the reporter gene or the cell, a promoter that is heterologous to the reporter
gene or to the cell, a cell-specific promoter, a tissue-specific promoter, or a developmental

stage-specific promoter.
ii. Expression Cassettes

[00131] Provided herein are polynucleotides or nucleic acid molecules comprising the
various components employed in a targeted genomic integration system provided herein for
targeting a DR6 locus (i.e. any one of or any combination of nuclease agents, recognition
sites, insert nucleic acids, polynucleotides of interest, reporter sequences, targeting vectors,
selection markers, and other components).

e

[00132] The terms “polynucleotide,” “polynucleotide sequence,” “nucleic acid
sequence,” and “nucleic acid fragment” are used interchangeably herein. These terms
encompass nucleotide sequences and the like. A polynucleotide may be a polymer of RNA
or DNA that is single- or double-stranded, that optionally contains synthetic, non-natural or
altered nucleotide bases. A polynucleotide in the form of a polymer of DNA may be
comprised of one or more segments of cDNA, genomic DNA, synthetic DNA, or mixtures
thereof. Polynucleotides can comprise deoxyribonucleotides and ribonucleotides include
both naturally occurring molecules and synthetic analogues, and any combination these. The
polynucleotides provided herein also encompass all forms of sequences including, but not
limited to, single-stranded forms, double-stranded forms, hairpins, stem-and-loop structures,
and the like.

[00133] Further provided are recombinant polynucleotides comprising the various
components of the targeted genomic integration system for targeting a DR6 locus. The terms
“recombinant polynucleotide” and “recombinant DNA construct” are used interchangeably
herein. A recombinant construct comprises an artificial or heterologous combination of
nucleic acid sequences, e.g., regulatory and coding sequences that are not found together in
nature. In other embodiments, a recombinant construct may comprise regulatory sequences
and coding sequences that are derived from different sources, or regulatory sequences and
coding sequences derived from the same source, but arranged in a manner different than that

found in nature. Such a construct may be used by itself or may be used in conjunction with a
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vector. If a vector is used, then the choice of vector is dependent upon the method that is
used to transform the host cells as is well known to those skilled in the art. For example, a
plasmid vector can be used. Genetic elements required to successfully transform, select, and
propagate host cells comprising any of the isolated nucleic acid fragments provided herein
are also provided. Screening may be accomplished by Southern analysis of DNA, Northern
analysis of mRNA expression, immunoblotting analysis of protein expression, or phenotypic
analysis, among others.

[00134] In specific embodiments, one or more of the components of the targeted
genomic integration system for targeting a DR6 locus described herein can be provided in an
expression cassette for expression in a prokaryotic cell, a eukaryotic cell, a bacterial, a yeast
cell, or a mammalian cell or other organism or cell type of interest. The cassette can include
5" and 3' regulatory sequences operably linked to a polynucleotide provided herein.
“Operably linked” comprises a relationship wherein the components operably linked function
in their intended manner. For example, an operable linkage between a polynucleotide of
interest and a regulatory sequence (i.e., a promoter) is a functional link that allows for
expression of the polynucleotide of interest. Operably linked elements may be contiguous or
non-contiguous. When used to refer to the joining of two protein coding regions, operably
linked means that the coding regions are in the same reading frame. In another instance, a
nucleic acid sequence encoding a protein may be operably linked to regulatory sequences
(e.g., promoter, enhancer, silencer sequence, etc.) so as to retain proper transcriptional
regulation. The cassette may additionally contain at least one additional polynucleotide of
interest to be co-introduced into the organism. Alternatively, the additional polynucleotide of
interest can be provided on multiple expression cassettes. Such an expression cassette is
provided with a plurality of restriction sites and/or recombination sites for insertion of a
recombinant polynucleotide to be under the transcriptional regulation of the regulatory
regions. The expression cassette may additionally contain selection marker genes.

[00135] The expression cassette can include in the 5'-3' direction of transcription, a
transcriptional and translational initiation region (i.e., a promoter), a recombinant
polynucleotide provided herein, and a transcriptional and translational termination region
(i.e., termination region) functional in mammalian cell or a host cell of interest. The
regulatory regions (i.e., promoters, transcriptional regulatory regions, Kozak sequence, and
translational termination regions) and/or a polynucleotide provided herein may be
native/analogous to the host cell or to each other. Alternatively, the regulatory regions and/or

a polynucleotide provided herein may be heterologous to the host cell or to each other. For

35



example, a promoter operably linked to a heterologous polynucleotide is from a species
different from the species from which the polynucleotide was derived, or, if from the
same/analogous species, one or both are substantially modified from their original form
and/or genomic locus, or the promoter is not the native promoter for the operably linked
polynucleotide. Alternatively, the regulatory regions and/or a recombinant polynucleotide
provided herein may be entirely synthetic.

[00136] The termination region may be native with the transcriptional initiation region,
may be native with the operably linked recombinant polynucleotide, may be native with the
host cell, or may be derived from another source (i.e., foreign or heterologous) to the
promoter, the recombinant polynucleotide, the host cell, or any combination thereof.

[00137] In preparing the expression cassette, the various DNA fragments may be
manipulated, so as to provide for the DNA sequences in the proper orientation. Toward this
end, adapters or linkers may be employed to join the DNA fragments or other manipulations
may be involved to provide for convenient restriction sites, removal of superfluous DNA,
removal of restriction sites, or the like. For this purpose, in vitro mutagenesis, primer repair,
restriction, annealing, resubstitutions, e.g., transitions and transversions, may be involved.
[00138] A number of promoters can be used in the expression cassettes provided
herein. The promoters can be selected based on the desired outcome. It is recognized that
different applications can be enhanced by the use of different promoters in the expression
cassettes to modulate the timing, location and/or level of expression of the polynucleotide of
interest. Such expression constructs may also contain, if desired, a promoter regulatory
region (e.g., one conferring inducible, constitutive, environmentally- or developmentally-
regulated, or cell- or tissue-specific/selective expression), a transcription initiation start site, a
Kozak consensus sequence, a ribosome binding site, an RNA processing signal, a
transcription termination site, and/or a polyadenylation signal.

[00139] The expression cassette containing the polynucleotides provided herein can
also comprise a selection marker gene for the selection of transformed cells. Selectable
marker genes are utilized for the selection of transformed cells or tissues.

[00140] Where appropriate, the sequences employed in the methods and compositions
(i.e., the polynucleotide of interest, the nuclease agent, etc.) may be optimized for increased
expression in the cell. That is, the genes can be synthesized using codons preferred in a given
cell of interest including, for example, mammalian-preferred codons, human-preferred
codons, rodent-preferred codon, mouse-preferred codons, rat-preferred codons, hamster-

preferred codons, etc. for improved expression.
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[00141] The various methods and compositions provided herein can employ selection
markers. Various selection markers can be used in the methods and compositions disclosed
herein. Such selection markers can, for example, impart resistance to an antibiotic such as
G418, hygromycin, blastocidin, neomycin, or puromycin. Such selection markers include
neomycin phosphotransferase (neo'), hygromycin B phosphotransferase (hyg'), puromycin-N-
acetyltransferase (puro'), and blasticidin S deaminase (bsr'). In still other embodiments, the
selection marker is operably linked to an inducible promoter and the expression of the
selection marker is toxic to the cell. Non-limiting examples of such selection markers
include xanthine/guanine phosphoribosyl transferase (gpt), hahypoxanthine-guanine
phosphoribosyltransferase (HGPRT) or herpes simplex virus thymidine kinase (HSV-TK).
The polynucleotide encoding the selection markers are operably linked to a promoter active

in the cell.
iii. Targeting Vectors

[00142] Targeting vectors are employed to introduce the insert nucleic acid into the
DR6 locus of the eukaryotic, non-human, mammalian, non-human mammalian, human,
rodent, mouse, rat or hamster nucleic acid. The targeting vector comprises the insert nucleic
acid and further comprises a 5' and a 3' homology arm, which flank the insert nucleic acid.
The homology arms, which flank the insert nucleic acid, correspond to regions within the
target DR6 locus of the eukaryotic, non-human, mammalian, non-human mammalian, human,
rodent, mouse, rat or hamster nucleic acid. For ease of reference, the corresponding cognate
genomic regions within the targeted genomic locus are referred to as “target sites”. For
example, a targeting vector can comprise a first insert nucleic acid flanked by a first and a
second homology arm complementary to a first and a second target site. As such, the
targeting vector thereby aids in the integration of the insert nucleic acid into the target locus
nucleic acid through a homologous recombination event that occurs between the homology
arms and the complementary target sites within the genome of the cell.

[00143] In one embodiment, the target locus of the eukaryotic, mammalian, non-
human mammalian, human, rodent, mouse or hamster nucleic acid comprises a first nucleic
acid sequence that is complementary to the 5’ homology arm and a second nucleic acid
sequence that is complementary to the 3° homology arm. In one embodiment, the first and the
second nucleic acid sequences are separated by at least 5 kb. In another embodiment, the first
and the second nucleic acid sequences are separated by at least 1 kb but less than 50 kb. In

one embodiment, the first and the second nucleic acid sequences are separated by at least 2
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kb. In one embodiment, the first and the second nucleic acid sequences are separated by at
least 3 kb, at least 4 kb, at least 5 kb, at least 6 kb, at least 7 kb, at least 8 kb, at least 9 kb, at
least 10 kb, at least 15 kb, at least 20 kb, at least 30 kb, at least 40 kb, or at least 50 kb. In
still further embodiments, the first and the second nucleic acid sequence is separated by at
least 1 kb but less than 2 kb, at least 2 kb but less than 3 kb, at least 4 kb but less than 5 kb, at
least 5 kb but less than 6 kb, at least 6 kb but less than 7 kb, at least 7 kb but less than 8 kb, at
least about 8 kb but less than 9 kb, at least 9 kb but less than 10 kb, or at least 10 kb but less
than 15 kb, at least about 15 kb but less than about 20 kb, at least about 20 kb but less than
about 30 kb, or at least about 40 kb but less than about 50 kb.

[00144] A homology arm of the targeting vector can be of any length that is sufficient
to promote a homologous recombination event with a corresponding target site, including for
example, at least 5-10 kb, 5-15 kb, 10-20 kb, 20-30 kb, 30-40 kb, 40-50 kb, 50-60 kb, 60-70
kb, 70-80 kb, 80-90 kb, 90-100 kb, 100-110 kb, 110-120 kb, 120-130 kb, 130-140 kb, 140-
150 kb, 150-160 kb, 160-170 kb, 170-180 kb, 180-190 kb, 190-200 kb in length or greater.
As outlined in further detail below, large targeting vectors can employ targeting arms of
greater length. In a specific embodiment, the sum total of the 5' homology arm and the 3'
homology arm is at least 10 kb or the sum total of the 5" homology arm and the 3" homology
arm is at least about 16 kb to about 100 kb or about 30 kb to about 100 kb. In other
embodiments, the size of the sum total of the total of the 5' and 3" homology arms of the
LTVEC is about 10 kb to about 150 kb, about 10 kb to about 100 kb, about 10 kb to about 75
kb, about 20 kb to about 150 kb, about 20 kb to about 100 kb, about 20 kb to about 75 kb,
about 30 kb to about 150 kb, about 30 kb to about 100 kb, about 30 kb to about 75 kb, about
40 kb to about 150 kb, about 40 kb to about 100 kb, about 40 kb to about 75 kb, about 50 kb
to about 150 kb, about 50 kb to about 100 kb, or about 50 kb to about 75 kb, about 10 kb to
about 30 kb, about 20 kb to about 40 kb, about 40 kb to about 60 kb, about 60 kb to about 80
kb, about 80 kb to about 100 kb, about 100 kb to about 120 kb, or from about 120 kb to about
150 kb. In one embodiment, the size of the deletion is the same or similar to the size of the
sum total of the 5' and 3' homology arms of the LTVEC.

[00145] A homology arm and a target site (i.e., cognate genomic region)
“complement” or are “complementary” to one another when the two regions share a
sufficient level of sequence identity to one another to act as substrates for a homologous
recombination reaction. By “homology” is meant DNA sequences that are either identical or
share sequence identity to a corresponding or “complementary” sequence. The sequence

identity between a given target site and the corresponding homology arm found on the
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targeting vector can be any degree of sequence identity that allows for homologous
recombination to occur. For example, the amount of sequence identity shared by the
homology arm of the targeting vector (or a fragment thereof) and the target site (or a
fragment thereof) can be at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 81%, 82%, 83 %,
84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 91%, 98%, 99%
or 100% sequence identity, such that the sequences undergo homologous recombination.
Moreover, a complementary region of homology between the homology arm and the
complementary target site can be of any length that is sufficient to promote homologous
recombination at the cleaved recognition site. For example, a given homology arm and/or
complementary target site can comprise complementary regions of homology that are at least
5-10 kb, 5-15 kb, 10-20 kb, 20-30 kb, 30-40 kb, 40-50 kb, 50-60 kb, 60-70 kb, 70-80 kb, 80-
90 kb, 90-100 kb, 100-110 kb, 110-120 kb, 120-130 kb, 130-140 kb, 140-150 kb, 150-160 kb,
160-170 kb, 170-180 kb, 180-190 kb, 190-200 kb, 200 kb to 300 kb in length or greater (such
as described in the LTVEC vectors described elsewhere herein) such that the homology arm
has sufficient homology to undergo homologous recombination with the corresponding target
sites within the genome of the cell. For ease of reference the homology arms are referred to
herein as a 5' and a 3' homology arm. This terminology relates to the relative position of the
homology arms to the insert nucleic acid within the targeting vector.

[00146] The homology arms of the targeting vector are therefore designed to be
complementary to a target site with the targeted locus. Thus, the homology arms can be
complementary to a locus that is native to the cell, or alternatively they can be
complementary to a region of a heterologous or exogenous segment of DNA that was
integrated into the genome of the cell, including, but not limited to, transgenes, expression
cassettes, or heterologous or exogenous regions of genomic DNA. Alternatively, the
homology arms of the targeting vector can be complementary to a region of a human artificial
chromosome or any other engineered genomic region contained in an appropriate host cell.
Still further, the homology arms of the targeting vector can be complementary to or be
derived from a region of a BAC library, a cosmid library, or a P1 phage library. Thus, in
specific embodiments, the homology arms of the targeting vector are complementary to a
eukaryotic, non-human, mammalian, non-human mammalian, human, rodent, mouse or rat
genomic locus that is native, heterologous or exogenous to a given cell. In one embodiment,
the homology arms are derived from a synthetic DNA.

[00147] The targeting vector (such as a large targeting vector) can also comprise a

selection cassette or a reporter gene as discussed elsewhere herein. The selection cassette can
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comprise a nucleic acid sequence encoding a selection marker, wherein the nucleic acid
sequence is operably linked to a promoter as discussed elsewhere herein. The selection
marker and/or the reporter gene of the targeting vector can be flanked by the 5' and 3'
homology arms or found either 5’ or 3’ to the homology arms.

[00148] In one embodiment, a targeting vector comprises an insert nucleic acid
comprising a first nucleotide sequence that encodes a reporter. In some cases, following the
homologous recombination with the DR6 locus, the first nucleotide sequence that encodes the
reporter is operably linked to an endogenous promoter that drives expression of a DR6 at the
DR6 locus.

[00149] In another embodiment, a targeting vector comprises an insert nucleic acid
comprising a first nucleotide sequence that encodes a transmembrane domain operably linked
with a second nucleotide sequence that encodes a reporter. In some cases, following the
homologous recombination with the DR6 locus, the first nucleotide sequence that encodes the
transmembrane domain is operably linked to an endogenous DR6 signal sequence that drives
the destination of the transmembrane domain and reporter.

[00150] In another embodiment, the insert nucleic acid of the targeting vector
comprises an additional nucleotide sequence that encodes a selectable marker. In some cases,
the additional nucleic acid is operably linked to a promoter.

[00151] In one embodiment, the first and/or additional nucleotide sequence of the
insert nucleic acid comprises a Kozak consensus sequence.

[00152] In one embodiment, the targeting vector (such as a large targeting vector)
comprises a reporter gene and/or a selectable marker gene operably linked to a promoter as
described elsewhere herein. Such reporter genes and/or selectable marker genes can be
operably linked to a promoter active in the cell as described elsewhere herein.

[00153] In one embodiment, the targeting vector comprises a site-specific recombinase
gene. In one embodiment, the site-specific recombinase gene encodes a Cre recombinase. In
one embodiment, the Cre recombinase gene is Crei, wherein two exons encoding the Cre
recombinase are separated by an intron to prevent its expression in a prokaryotic cell. In one
embodiment, the site-specific recombinase gene encodes a Dre recombinase.

[00154] In one embodiment, the Cre recombinase gene further comprises a nuclear
localization signal to facilitate localization of Cre (or any recombinase or nuclease agent) to
the nucleus (e.g., the gene is an NLS-Cre gene). In a specific embodiment, the Cre
recombinase gene further comprises a nuclear localization signal (NLS) and an intron (e.g.,

NLS-Crei).
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[00155] In various embodiments, a suitable promoter for expression of the Cre or Crei
recombinase discussed above is selected from or comprises a Prm1, Blimp1, Gata6, Gata4,
Igf2, Lhx2, Lhx5, and/or Pax3. In a specific embodiment, the promoter is the Gata6 or Gata4
promoter. The various promoters can be from any organism, including for example, a rodent
such as a mouse or a rat, a eukaryote, a non-human mammal, a mammal, a human or a
hamster. In another specific embodiment, the promoter is a Prm1 promoter. In another
specific embodiment, the promoter is a mouse Prm1 promoter. In another specific
embodiment, the promoter is a Blimp1 promoter or a fragment thereof, e.g., a 1 kb or 2 kb
fragment of a Blimp1 promoter. See, for example, U.S. Patent 8,697,851, U.S. Patent
9,267,152, U.S. Patent 9,096,870, U.S. Patent 8,354,389, U.S. Patent 8,946,505, U.S. Patent
8,946,504, U.S. Patent 8,518,392, each of which is herein incorporated by reference in its
entirety.

[00156] In one embodiment, the insert nucleic acid comprises a nucleotide sequence
flanked by two site-specific recombination sites. Examples of site-specific recombination
sites include, but are not limited to, loxP, lox511, 10x2272, 1ox66, lox71, loxM2, lox5171,
FRT, FRT11, FRT71, attp, att, FRT, rox, and a combination thereof.

iv. Large Targeting Vectors

[00157] The term “large targeting vector” or “LTVEC” includes large targeting vectors
that comprise homology arms that correspond to and are derived from nucleic acid sequences
larger than those typically used by other approaches intended to perform homologous
targeting in cells and/or comprising insert polynucleotides comprising nucleic acid sequences
larger than those typically used by other approaches intended to perform homologous
recombination targeting in cells. In specific embodiments, the homology arms and/or the
insert polynucleotide of the LTVEC comprises a genomic sequence of a eukaryotic cell. The
size of the LTVEC is too large to enable screening of targeting events by conventional
assays, e.g., southern blotting and long-range (e.g., 1 kb-5 kb) PCR. Examples of the
LTVEC, include, but are not limited to, vectors derived from a bacterial artificial
chromosome (BAC), a human artificial chromosome or a yeast artificial chromosome (YAC).
Non-limiting examples of LTVECs and methods for making them are described, e.g., in US
Pat. No. 6,586,251, 6,596,541, 7,105,348, and WO 2002/036789 (PCT/US01/45375), each of
which is herein incorporated by reference.

[00158] The LTVEC can be of any length, including, but not limited to, at least about
10 kb, about 15 kb, about 20 kb, about 30 kb, about 40 kb, about 50 kb, about 60 kb, about 70
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kb, about 80 kb, about 90 kb, about 100 kb, about 150 kb, about 200 kb, from about 10 kb to
about 15 kb, about 15 kb to about 20 kb, about 20 kb to about 30 kb, from about 30 kb to
about 50 kb, from about 50 kb to about 300 kb, from about 50 kb to about 75 kb, from about
75 kb to about 100 kb, from about 100 kb to 125 kb, from about 125 kb to about 150 kb, from
about 150 kb to about 175 kb, about 175 kb to about 200 kb, from about 200 kb to about 225
kb, from about 225 kb to about 250 kb, from about 250 kb to about 275 kb or from about 275
kb to about 300 kb.

[00159] In one embodiment, the homology arms of the LTVEC are derived from a
BAC library, a cosmid library, or a P1 phage library. In other embodiments, the homology
arms are derived from the targeted DR6 genomic locus of the cell and in some instances the
target genomic locus that the LTVEC is designed to target is not targetable using a
conventional method. In still other embodiments, the homology arms are derived from a
synthetic DNA.

[00160] In one embodiment, a sum total of the upstream homology arm and the
downstream homology arm in the LTVEC is at least 10 kb. In other embodiments, the
upstream homology arm ranges from about 5 kb to about 100 kb. In one embodiment, the
downstream homology arm ranges from about 5 kb to about 100 kb. In other embodiments,
the sum total of the upstream and downstream homology arms are from about 5 kb to about
10 kb, from about 10 kb to about 20 kb, from about 20 kb to about 30 kb, from about 30 kb to
about 40 kb, from about 40 kb to about 50 kb, from about 50 kb to about 60 kb, from about
60 kb to about 70 kb, from about 70 kb to about 80 kb, from about 80 kb to about 90 kb, from
about 90 kb to about 100 kb, from about 100 kb to about 110 kb, from about 110 kb to about
120 kb, from about 120 kb to about 130 kb, from about 130 kb to about 140 kb, from about
140 kb to about 150 kb, from about 150 kb to about 160 kb, from about 160 kb to about 170
kb, from about 170 kb to about 180 kb, from about 180 kb to about 190 kb, or from about 190
kb to about 200 kb. In one embodiment, the size of the deletion is the same or similar to the
size of the sum total of the 5' and 3" homology arms of the LTVEC.

[00161] In one embodiment, the LTVEC comprises a selection cassette or a reporter

gene as discussed elsewhere herein.
11 Methods of Introducing Sequences and Generation of Transgenic Animals

[00162] As outlined above, methods and compositions are provided herein to allow for
the targeted genetic modification of a DR6 locus. It is further recognized that additional

targeted genetic modification can be made. Such systems that allow for these targeted
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genetic modifications can employ a variety of components and for ease of reference, herein
the term “targeted genomic integration system” generically includes all the components
required for an integration event (i.e. the various nuclease agents, recognition sites, insert
DNA polynucleotides, targeting vectors, target genomic locus, and polynucleotides of
interest).

[00163] The methods provided herein comprise introducing into a cell one or more
polynucleotides or polypeptide constructs comprising the various components of the targeted
genomic integration system. "Introducing" means presenting to the cell the sequence
(polypeptide or polynucleotide) in such a manner that the sequence gains access to the
interior of the cell. The methods provided herein do not depend on a particular method for
introducing any component of the targeted genomic integration system into the cell, only that
the polynucleotide gains access to the interior of a least one cell. Methods for introducing
polynucleotides into various cell types are known in the art and include, but are not limited
to, stable transfection methods, transient transfection methods, and virus-mediated methods.
[00164] In some embodiments, the cells employed in the methods and compositions
have a DNA construct stably incorporated into their genome. "Stably incorporated” or
"stably introduced" means the introduction of a polynucleotide into the cell such that the
nucleotide sequence integrates into the genome of the cell and is capable of being inherited
by progeny thereof. Any protocol may be used for the stable incorporation of the DNA
constructs or the various components of the targeted genomic integration system.

[00165] Transfection protocols as well as protocols for introducing polypeptides or
polynucleotide sequences into cells may vary. Non-limiting transfection methods include
chemical-based transfection methods include the use of liposomes; nanoparticles; calcium
phosphate (Graham et al. (1973). Virology 52 (2): 456-67, Bacchetti et al. (1977) Proc Natl
Acad Sci USA 74 (4): 15904 and, Kriegler, M (1991). Transfer and Expression: A
Laboratory Manual. New York: W. H. Freeman and Company. pp. 96-97); dendrimers; or
cationic polymers such as DEAE-dextran or polyethylenimine. Non chemical methods
include electroporation; Sono-poration; and optical transfection. Particle-based transfections
include the use of a gene gun, magnet assisted transfection (Bertram, J. (2006) Current
Pharmaceutical Biotechnology 7, 277-28). Viral methods can also be used for transfection.
[00166] Non-human animals can be generated employing the various methods
disclosed herein. Such methods comprises (1) integrating one or more polynucleotide of
interest at the target DR6 genomic locus of interest of a pluripotent cell of the non-human

animal to generate a genetically modified pluripotent cell comprising the insert
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polynucleotide in the targeted DR6 genomic locus employing the methods disclosed herein;
(2) selecting the genetically modified pluripotent cell having the one or more polynucleotides
of interest at the target DR6 genomic locus; (3) introducing the genetically modified
pluripotent cell into a host embryo of the non-human animal, e.g., at a pre-morula stage; and
(4) implanting the host embryo comprising the genetically modified pluripotent cell into a
surrogate mother to generate an FO generation derived from the genetically modified
pluripotent cell. Similar methods can be employed to target a challenging target
chromosomal locus. The non-human animal can be a non-human mammal, a rodent, a
mouse, a rat, a hamster, a monkey, an agricultural mammal or a domestic mammal, or a fish
or a bird.

[00167] The pluripotent cell can be a human ES cell, a non-human ES cell, a rodent ES
cell, a mouse ES cell, a rat ES cell, a hamster ES cell, a monkey ES cell, an agricultural
mammal ES cell or a domesticated mammal ES cell. In other embodiments, the pluripotent
cell 1s a non-human cell, a mammalian cell, a human cell, a non-human mammalian cell, a
human pluripotent cell, a human ES cell, a human adult stem cell, a developmentally-
restricted human progenitor cell, a human iPS cell, a rodent cell, a rat cell, a mouse cell, a
hamster cell. In one embodiment, the targeted genetic modification results in the loss-of-
function of the DR6.

[00168] A mouse pluripotent cell, totipotent cell, or host embryo can be from any
strain of mouse including, for example, inbred strains, hybrid strains, and outbred strains.
Examples of mouse strains include a 129 strain, a C57BL strain (e.g., a C57BL/6 strain), a
mix of 129 and C57BL/6 (e.g., 50% 129 and 50% C57BL/6), a BALB/c strain, and a Swiss
Webster strain. Examples of 129 strains include 129P1, 129P2, 129P3, 129X1, 129S1 (e.g.,
12951/SV, 12951/SvIm), 12952, 12954, 12955, 12959/SvEvH, 12956 (129/SvEvTac),
12957, 12988, 129T1, and 12972 (see, e.g., Festing et al. (1999) Revised nomenclature for
strain 129 mice, Mammalian Genome 10:836). Examples of C57BL strains include
C57BL/A, C57BL/An, C57BL/GrFa, C57BL/KaLwN, C57BL/6, C57BL/6J, C57TBL/6By],
C57BL/6NI, C57BL/10, C57BL/10ScSn, C57BL/10Cr, and C57BL/01a. Mice can be mixes
of an aforementioned 129 strain (e.g., a 12956 (129/SvEvTac) strain) and an aforementioned
C57BL/6 strain, mixes of one or more aforementioned 129 strains, or mixes of one or more
aforementioned C57BL strains. Mice can also be from a strain excluding 129 strains.
[00169] A rat pluripotent cell, totipotent cell, or host embryo can be from any rat
strain, including, for example, inbred strains, hybrid strains, and outbred strains. Examples of

rat strains include an ACI rat strain, a Dark Agouti (DA) rat strain, a Wistar rat strain, a LEA
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rat strain, a Sprague Dawley (SD) rat strain, or a Fischer rat strain such as Fisher F344 or
Fisher F6. Rat pluripotent cells, totipotent cells, or host embryos can also be obtained from a
strain derived from a mix of two or more strains recited above. For example, the rat
pluripotent cell, totipotent cell, or host embryo can be derived from a strain selected from a
DA strain and an ACI strain. The ACI rat strain is characterized as having black agouti, with
white belly and feet and an RT/ al haplotype. Such strains are available from a variety of
sources including Harlan Laboratories. An example of a rat ES cell line from an ACI rat is
the ACL.G1 rat ES cell. The Dark Agouti (DA) rat strain is characterized as having an agouti
coat and an RTI*" haplotype. Such rats are available from a variety of sources including
Charles River and Harlan Laboratories. Examples of a rat ES cell line from a DA rat and are
the DA.2B rat ES cell line or the DA.2C rat ES cell line. Other examples of rat strains are
provided, for example, in US 2014/0235933, US 2014/0310828, and US 2014/0309487, each
of which is herein incorporated by reference in its entirety for all purposes.

[00170] For example, germline-transmittable rat ES cells can be obtained by culturing
isolated rat ES cells on a feeder cell layer with a medium comprising N2 supplement, B27
supplement, about 50 U/mL to about 150 U/mL leukemia inhibitory factor (LIF), and a
combination of inhibitors consisting of a MEK inhibitor and a GSK3 inhibitor, wherein the
feeder cell layer is not modified to express LIF, and wherein the rat ES cells: (i) have been
modified to comprise a targeted genetic modification comprising at least one insertion of a
heterologous polynucleotide comprising a selection marker into the genome of the rat ES
cells and are capable of transmitting the targeted genetic modification through the germline;
(ii)have a normal karyotype; (iii) lack expression of c-Myc; and (iv) form spherical, free-
floating colonies in culture (See, for example, US 2014-0235933 A1l and US 2014-0310828
Al, each of which is incorporated by reference in its entirety). Other examples of derivation
of rat embryonic stem cells and targeted modification are provided, e.g., in Yamamoto et al.
(*Derivation of rat embryonic stem cells and generation of protease-activated receptor-2
knockout rats,” Transgenic Res. 21:743-755, 2012) and Kwamata and Ochiya (“Generation
of genetically modified rats from embryonic stem cells,” Proc. Natl. Acad. Sci. USA
107(32):14223-14228, 2010).

[00171] Nuclear transfer techniques can also be used to generate the non-human
animals. Briefly, methods for nuclear transfer include the steps of: (1) enucleating an oocyte;
(2) isolating a donor cell or nucleus to be combined with the enucleated oocyte; (3) inserting
the cell or nucleus into the enucleated oocyte to form a reconstituted cell; (4) implanting the

reconstituted cell into the womb of an animal to form an embryo; and (5) allowing the
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embryo to develop. In such methods oocytes are generally retrieved from deceased animals,
although they may be isolated also from either oviducts and/or ovaries of live animals.
Oocytes can be matured in a variety of medium known to those of ordinary skill in the art
prior to enucleation. Enucleation of the oocyte can be performed in a number of manners
well known to those of ordinary skill in the art. Insertion of the donor cell or nucleus into
the enucleated oocyte to form a reconstituted cell is usually by microinjection of a donor cell
under the zona pellucida prior to fusion. Fusion may be induced by application of a DC
electrical pulse across the contact/fusion plane (electrofusion), by exposure of the cells to
fusion-promoting chemicals, such as polyethylene glycol, or by way of an inactivated virus,
such as the Sendai virus. A reconstituted cell is typically activated by electrical and/or non-
electrical means before, during, and/or after fusion of the nuclear donor and recipient oocyte.
Activation methods include electric pulses, chemically induced shock, penetration by sperm,
increasing levels of divalent cations in the oocyte, and reducing phosphorylation of cellular
proteins (as by way of kinase inhibitors) in the oocyte. The activated reconstituted cells, or
embryos, are typically cultured in medium well known to those of ordinary skill in the art and
then transferred to the womb of an animal. See, for example, US20080092249,
WO/1999/005266A2, US20040177390, WO/2008/017234A1, and US Patent No. 7,612,250,
each of which is herein incorporated by reference.

[00172] Other methods for making a non-human animal comprising in its germline one
or more genetic modifications as described herein is provided, comprising: (a) modifying a
targeted genomic DR6 locus of a non-human animal in a prokaryotic cell employing the
various methods described herein; (b) selecting a modified prokaryotic cell comprising the
genetic modification at the targeted genomic locus; (c) isolating the genetically modified
targeting vector from the genome of the modified prokaryotic cell; (d) introducing the
genetically modified targeting vector into a pluripotent cell of the non-human animal to
generate a genetically modified pluripotent cell comprising the insert nucleic acid at the
targeted DR6 genomic locus; (e) selecting the genetically modified pluripotent cell; (f)
introducing the genetically modified pluripotent cell into a host embryo of the non-human
animal at a pre-morula stage; and (g) implanting the host embryo comprising the genetically
modified pluripotent cell into a surrogate mother to generate an FO generation derived from
the genetically modified pluripotent cell. In such methods the targeting vector can comprise
a large targeting vector. The non-human animal can be a non-human mammal, a rodent, a
mouse, a rat, a hamster, a monkey, an agricultural mammal or a domestic mammal. The

pluripotent cell can be a human ES cell, a non-human ES cell, a rodent ES cell, a mouse ES
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cell, a rat ES cell, a hamster ES cell, a monkey ES cell, an agricultural mammal ES cell or a
domestic mammal ES cell. In other embodiments, the pluripotent cell is a non-human cell, a
mammalian cell, a human cell, a non-human mammalian cell, a human pluripotent cell, a
human ES cell, a human adult stem cell, a developmentally-restricted human progenitor cell,
a human iPS cell, a human cell, a rodent cell, a rat cell, a mouse cell, a hamster cell. In one
embodiment, the targeted genetic modification results in the loss-of-function of the DR6.
[00173] In further methods, the isolating step (c) further comprises (c1) linearizing the
genetically modified targeting vector (i.e., the genetically modified LTVEC). In still further
embodiments, the introducing step (d) further comprises (d1) introducing a nuclease agent
into the pluripotent cell to facilitate homologous recombination. In one embodiment,
selecting steps (b) and/or (e) are carried out by applying a selectable agent as described
herein to the prokaryotic cell or the pluripotent cell. In one embodiment, selecting steps (b)
and/or (e) are carried out via a modification of allele (MOA) assay as described herein.
[00174] In some embodiments, various genetic modifications of the target genomic
loci described herein can be carried out by a series of homologous recombination reactions
(BHR) in bacterial cells using an LTVEC derived from Bacterial Artificial Chromosome
(BAC) DNA using VELOCIGENE® genetic engineering technology (see, e.g., US Pat. No.
6,586,251 and Valenzuela, D. M. et al. (2003), Nature Biotechnology 21(6): 652-659, which
is incorporated herein by reference in their entireties).

[00175] In some embodiments, the DR6 targeted pluripotent and/or totipotent cells
comprising various genetic modifications as described herein are used as insert donor cells
and introduced into a pre-morula stage embryo from a corresponding organism, e.g., an 8-cell
stage mouse embryo, via the VELOCIMOUSE® method (see, e.g., US 7,576,259, US
7,659,442, US 7,294,754, and US 2008-0078000 A1, all of which are incorporated by
reference herein in their entireties). The non-human animal embryo comprising the
genetically modified pluripotent and/or totipotent cells is incubated until the blastocyst stage
and then implanted into a surrogate mother to produce an FO generation. In some
embodiments, targeted mammalian ES cells comprising various genetic modifications as
described herein are introduced into a blastocyst stage embryo. Non-human animals bearing
the genetically modified genomic locus (i.e. a DR6 locus) can be identified via modification
of allele (MOA) assay as described herein. The resulting FO generation non-human animal
derived from the genetically modified pluripotent and/or totipotent cells is crossed to a wild-
type non-human animal to obtain F1 generation offspring. Following genotyping with

specific primers and/or probes, F1 non-human animals that are heterozygous for the
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genetically modified genomic locus are crossed to each other to produce F2 generation non-
human animal offspring that are homozygous for the genetically modified genomic locus.
[00176] In one embodiment, a method for making a non-human animal comprising a
genetic modification in at least one DR6 locus is provided. Such a method comprising: (a)
contacting a pluripotent cell with a targeting construct comprising an insert nucleic acid
flanked by 5° and 3’ homology arms; wherein the targeting construct undergoes homologous
recombination with the DR6 locus in a genome of the cell to form a modified pluripotent cell;
(b) introducing the modified pluripotent cell into a host embryo; and (c) gestating the host
embryo in a surrogate mother, wherein the surrogate mother produces progeny comprising a
modified DR6 locus, wherein said genetic modification results in loss-of-function of at least

one DR6.

1V. Cells

[00177] The various methods described herein employ a genomic locus targeting
system for modifying a DR6 locus in a cell. Such cells include prokaryotic cells such as
bacterial cells including E. coli, or eukaryotic cells such as yeast, insect, amphibian, plant, or
mammalian cells, including, but not limited to a mouse cell, a rat cell, a hamster cell, a rabbit
cell, a pig cell, a bovine cell, a deer cell, a sheep cell, a goat cell, a chicken cell, a cat cell, a
dog cell, a ferret cell, a primate (e.g., marmoset, rhesus monkey) cell, and the like and cells
from domesticated mammals or cells from agricultural mammals. Some cells are non-human,
particularly non-human mammalian cells. In some embodiments, for those mammals for
which suitable genetically modifiable pluripotent cells are not readily available, other
methods are employed to reprogram somatic cells into pluripotent cells, e.g., via introduction
into somatic cells of a combination of pluripotency-inducing factors, including, but not
limited to, Oct3/4, Sox2, KLF4, Myc, Nanog, LIN28, and Glis1. In such methods, the cell
can also be a mammalian cell, human cell, a non-human mammalian cell, a non-human cell, a
cell from a rodent, a rat, a mouse, a hamster, a fibroblast cell or any other host cell. In other
embodiments, the cell is a pluripotent cell, an induced pluripotent stem (iPS) cell, a non-
human embryonic stem (ES) cell. Such cells include pluripotent cells, including, for
example, induced pluripotent stem (iPS) cells, human iPS cells, mouse embryonic stem (ES)
cells, rat embryonic stem (ES) cells, human embryonic (ES) cells, or developmentally
restricted human progenitor cells, a rodent embryonic stem (ES) cell, a mouse embryonic

stem (ES) cell or a rat embryonic stem (ES) cell.
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V. Animal Models

[00178] Also provided herein is a method of identifying a candidate agent for treating,
preventing and/or inhibiting ALS. In a specific embodiment, the inhibitory effect of the
substance is determined in vivo, by administering the agent to an animal that has a DR6 loss
of function, phenotypically normal at birth, and develops ALS-like symptoms after 8 weeks
of age.

[00179] The animals may be administered with the agent to be tested by any
convenient route, for example by systemic injection, pumps for long-term exposure, or direct
intracerebral injection. These animals may be included in a behavior study, so as to determine
the effect of the substance on the behavior, e.g., motor behavior, of the animals compared to
appropriate control animals that did not receive the agent. A biopsy or anatomical evaluation
of animal spinal cord, muscle and/or brain tissue may also be performed, and/or a sample of
blood or CSF may be collected.

[00180] While the invention has been particularly shown and described with reference
to a number of embodiments, it would be understood by those skilled in the art that changes
in the form and details may be made to the various embodiments disclosed herein without
departing from the spirit and scope of the invention and that the various embodiments

disclosed herein are not intended to act as limitations on the scope of the claims.

EXAMPLES

[00181] The following examples are provided for illustrative purposes only and are not

intended to limit the scope of the invention.

Example 1: Genetic modification of a DR6 (Trfrs21) locus

[00182] VelociGene® methods were employed, as described previously, which allows
for the rapid and high-throughput generation of custom gene mutations in mice (Valenzuela,
D.M,, et al. (2003b), Nat Biotechnol 21:652-659). Briefly, large targeting vectors (LTVEC)
were generated using BAC clones from the mouse bMQ (12957/SvEv Brd-Hprt b-m2) or
RP23 BAC library (Adams, D.J., et al. (2005), Genomics 86:753-758). The lacZ/neo"
reporter/selection cassette (FIG. 1) was identical to the ZEN-Ub1 cassette used for the NIH
KOMP (sequence available via internet on the World Wide Web (www) at the URL
“www.velocigene.com/komp/detail/10020”) except that the amino-terminal end of the -
galactosidase coding sequence in the lacZ part was modified to include transmembrane

domain from ROR1.
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[00183] An LTVEC was introduced into C57BL/6NTac ES cells (Poueymirou et al.
(2007); Valenzuela et al. (2003a)) with a multi-well electroporation device (Harvard
Apparatus, Boston, MA) in electroporation buffer (Millipore) 3.3 x 10° cells, 0.67 png DNA in
a volume of 0.125 ml followed by culturing on 15 cm gelatinized plates. Selection medium
containing G418 was added 48 hours after electroporation and changed daily thereafter.
Drug-resistant colonies were picked 10 days after electroporation, treated with trypsin and
cultured in gelatinized 96-well plates for at least three days before DNA extraction and
purification. Correctly targeted ES cell clones were identified by the modification-of-allele
(MOA) assay (Frendewey et al. (2010), Methods in enzymology 476:295-307; Valenzuela et
al. (2003a), Nat. Biotechnol. 21:652-659).

[00184] The VelociMouse® method (Dechiara, T.M., (2009), Methods Mol Biol
530:311-324; Poueymirou et al. (2007), Nat. Biotechnol. 25:91-99) was used, in which
targeted ES cells were injected into uncompacted 8-cell stage Swiss Webster embryos to
produce fully ES cell-derived FO generation mice carrying the DR6 knockout mutations.
Male VelociMice® were used directly for lacZ expression profiling or mated with
C57BL/129 females to produce embryos or adults for lacZ analysis or to produce F1 breeders
and phenotypic studies were performed on N2F1 mice. Timed matings were carried out by

assigning the morning of identification of vaginal plugs as day 0.5 (EQ.5).

Example 2: Phenotypic analysis of animals comprising a mutation in a DR6 locus

[00185] Phenotypic studies of N2F1 mice began at 6-8 weeks of age. For timed
matings, we assigned the morning of identification of vaginal plugs as embryonic day 0.5
(E0.5). DR6 KO and wild-type littermates were observed from birth for various
developmental milestones (runting, breathing, facial and limb abnormalities, skin color,
posture, righting and eye opening) until about 6—8 weeks of age, when they were housed in
12 h of light per day at 69-74 F, and 40—-60% humidity for study. All experiments began at
6-9 weeks of age and all animal procedures were conducted in compliance with protocols
approved by the Regeneron Pharmaceuticals Institutional Animal Care and Use Committee.
[00186] Analysis of the motor impairment was conducted using rotarod testing, open
field locomotor testing, and catwalk testing. During catwalk testing, subjects walk across an
illuminated glass platform while a video camera records from below. Gait related
parameters—such as stride pattern, individual paw swing speed, stance duration, and
pressure—are reported for each animal. This test is used to phenotype transgenic strains of

mice and evaluate novel chemical entities for their effect on motor performance. CatWalk XT
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is a system for quantitative assessment of footfalls and gait in rats and mice. It is used to
evaluate the locomotor ability of rodents in almost any kind of experimental model of central
nervous, peripheral nervous, muscular, or skeletal abnormality.

[00187] Upper motor neuron impairment presents as spasticity (i.e., rigidity), increased
reflexes, tremor, bradykinesia, and Babinski signs. Lower motor neuron impairment presents
as muscle weakness, wasting, clasping, curling and dragging of feet, and fasciculations.
Bulbar impairment presents as difficulty swallowing, slurring and tongue fasciculations.
Table 2 provides the scoring methodology related to motor impairment, tremor and rigidity of
animals during testing. Assessment of overall motor function was performed using blinded

subjective scoring assays, and all data is reported as mean +/- SEM.

Table 2
0 1 2 3
Motor no clasping clasping + paralysis
impairment phenotype dragging/curling
toes
Tremor none mild moderate severe
Rigidity none mild moderate severe
[00188] The data show that DR6” mice do not show increased immobility in

comparison to their wild-type counterparts, but do demonstrate an ALS-like neurological
phenotype (e.g., less rearing activity suggesting hind limb paresis) at approximately 14weeks
of age, although differences in time on the rotarod and weight may be seen as early as 9
weeks of age, each of which steadily decrease as time progresses (FIGs.4-7). However,
motor neuron loss in DR6” mice reaches a threshold for clinical symptoms at about 14 weeks
of age in which motor impairment, rigidity, and tremor scores begin to reflect paralysis
and/or severe disease progression, which is not dependent on the sex of the animal (FIG. 2).
Symptomatic DR6” animals have decreased weight and significant motor abnormalities
reflecting both upper and lower motor neuron impairment (FIG. 3), and die at about 21 weeks

of age.

Example 3: Anatomic analysis of animals comprising a mutation in a DR6 locus
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[00189] Eight wild-type and eight DR6 knockout mice, at about 20 weeks of age, were
perfused with 50 mL of saline solution followed by 50 mL of 4% paraformaldehyde (PFA)
solution in acetate buffer at pH 6.5 and 50 ml of 4% PFA solution in borate buffer at pH 9.5.
After the perfusion of the animals, brains and spinal cords of the mice were collected and put
in 15% followed by 30% of sucrose solution in borate buffer until they dropped. Then, the
tissues were embedded in OCT and were frozen using 2-methylbutane.

[00190] The frozen tissues were cut, mounted on slides, and immunostained with
Hematoxylin and eosin (H&E) and Luxol fast blue. Four H&E stained slides per spinal cord
were randomly selected to count the number of motor neurons in each spinal cord.

[00191] A representative slide is provided in FIG. 9. The mean of number of motor
neurons per slide in spinal cords of wild-type mice is about 18, whereas for knockout mice it
is about 2 with a p-value less than 0.0001 (FIG. 9). This shows that symptomatic DR6
knockout mice have a significant loss of motor neurons in their spinal cords in comparison to
their wild-type counterparts. In addition, the spinal cords of knockout mice exhibit
spongiform pathology, which resembles the human brain pathology of Creutzfeldt-Jakob
disease patients, suggesting a possibility of prion-like motor neuron disease phenotype in

these animals.

Example 4: Expression of neuronal proteins by animals comprising a mutation in a
DR6 locus
[00192] Total mRNA was collected from the brains and spinal cords of 10 wild-type

and 7 DR6 knockout mice at about 20 weeks of age. RT-PCR with Tagman® was then
performed on these mRNA samples. Mean mRNA levels for myelin binding protein (MBP),
nerve growth factor receptor (NGFR), choline acetyltransferase (Chat), Mnx homeobox,
glutamate [NMDA] receptor subunit 3B (Grin3b), and glutamate receptor 2(Gria2) genes
were then normalized by the expression of beta actin in the samples.

[00193] FIGs. 10-12 show the expressions of MBP, Mnx, and Grin3b are reduced in
the spinal cords but not in the brains of DR6 knockout mice, strengthening the evidence for
the loss of motor neurons in the spinal cords of symptomatic DR6 knockout mice. The

expressions of Ngfr, Chat and Gri2a are not affected.
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Example 5: Gene expression patterns in animals comprising a mutation in the

endogenous DR6 locus

[00194] Gene profiling was performed with RNA extracted from brain and spinal cord
tissues of 10 week-old wild-type mice (n=5 males), pre-symptomatic 10-week old DR6™”
mice (n=5 males), 20 week old wild-type mice (n=6 male and 3 female), and symptomatic 20
week old DR6™ mice (n=6 male and 3 female).

[00195] Brains and spinal cords from 10 and 20 weeks old DR6” mice have significant
overlap of gene expression and share similar gene expression signatures (data not shown).
Seventy-three genes significant in both brain and spinal cords of 10 week old DR6™ mice
were identified as potentially involved in disease mechanism and progression. Gene
signatures from spinal cords of 10 weeks old DR6” mice also highly correlated with human
ALS and murine SOD1 biosets (data not shown), further confirming DR6” mice as an ALS
mouse model. Brain and spinal cords of 10 week old DR6” mice showed an immune
response-linked gene expression signature that suggested the disease process involved an
inflammatory pathway.

Example 6: DR6™ animals show peripheral immune cell homeostasis

[00196] Blood, bone marrow, thymus and splenic tissues were isolated from 10 and 20
week old wild-type and DR mice for phenotyping by flow cytometric analysis using
antibodies to CD3, B220, CD21 and CD2 (all obtained from BD Biosciences San Jose, CA or
eBioscience San Diego, CA). Additionally, cytokine and chemokine concentrations in sera
isolated from 20 week old wild-type and DR6™ mice were evaluated using Luminex Mouse
Cytokine Magnetic 20-Plex Panel for simultaneous quantitative determination of FGF basis,
GM-CSF, IFN-y, IL-1q, IL-1f, IL-2, IL-4, IL-5, IL-6, IL-10, IL-13, IL-12 (p40/p70), IL-17,
IP-10, KC, MCP-1, MIG, MIP-1a, TNF-q, and VEGF.

[00197] Neither 10 nor 20 week old DR6” mice demonstrated a robust effect in
peripheral immune cell homeostasis (FIGs. 13-14). DR6” mice showed normal B cell
development and early cell progenitor homeostasis in the bone marrow, a 2 fold increase in B
cells in the thymus, an increase in splenic transitional 1 B cells and decrease in splenic
marginal zone B cells, a decrease in peripheral neutrophils and an increase in peripheral
lymphocytes (FIG. 13). In the bone marrow, DR6” mice showed a 14% increase in
megakaryocyte/erythrocyte progenitors, a 20% decrease in myeloid progenitors, but no
significant changes in total cell number (FIG. 14). While DR6” animals showed normal T

cell development and differentiation in the thymus, there was a 20% increase in splenic
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common/mature dendritic cells, a 25% increase in macrophages and eosinophils, a 75%
increase in splenic neutrophils and monocytes, and a 19% decrease in CD4™ T cells.
However, there was no significant change in total cell number in the spleen (data not shown).
Moreover, cytokine and chemokine levels in the sera of 20 week old DR6™ mice is not
changed compared to wild-type animals (FIG. 15). These data indicates that DR6” mice do
not go through an overall inflammation response during disease progression, and suggests the

inflammation response seen with the genetic profiling may be localized neuroinflammation.

Example 7: Embryonic stem-cell derived motor neurons from DR6+/- mice

demonstrate increased oxidative stress.

[00198] Inner mass embryonic stem cells were isolated from wild-type (DR6"*) or
heterozygous DR6"" animals were cultured in embryonic stem cell medium (ESM; DMEM +
15% Fetal bovine serum + Penicillin/Streptomyocin + Glutamine + Non-essential amino
acids + nucleosides + B-mercaptoethanol + Sodium pyruvate + LIF) for 2 days to allow the
formation of embryoid bodies (EBs). EBs were cultured for two days in differentiation
medium (DM: Advanced DMEM/F12 + Neurobasal medium + 10% Knockout serum +
Penicillin/Streptomyocin + Glutamine + f-mercaptoethanol), and for an additional 5 days in
DM and retinoic acid and smoothened agonist to obtain motor neuros. Dissociated motor
neurons were plated and matured in embryonic stem cell-derived motor neuron medium
(ESMN; Neurobasal medium + 2% Horse serum + B27 + Glutamine +
Penicillin/Streptomyocin + -mercaptoethanol + 10ng/ml GDNF, BDNF, CNTF) to establish
stable motor neuron lines. Motor neuron counts were determined at day 7, and oxidative
stress measured 1 and 7 days after the establishment of stable motor neuron lines.

[00199] The data shows that DR6"" animals generate the same number of motor
neurons as wild-type animals, but have increased oxidative stress compared to wild-type
animals (FIG. 16).

6" animals.

Example 8: Phenotypic Comparison of DR6"" and DR
[00200] The motor function of control animals, and mice heterozygous or homozygous
for the DR6 genetic modification as described in Example 1 was compared using the testing
as described in Example 2. Neurological scores are compared in FIG. 17A, weight gain
comparisons are shown in FIG. 17B, rotarod testing comparisons are shown in FIG. 17C,
open field measurements are provided in FIGs. 17D-17K, and catwalk measurements are

shown in FIGs. 17L-17Z.
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[00201] Significant "dose-dependent” type effects of the DR6 mutation were seen in
the weight gain of animals (FIG. 17B), during rotarod testing (FIG. 17C), in rearing and
rearing times measured in the open field tests (FIGs. 17D-17E), and in the stride length and
swing speed of the hind limbs during catwalk testing (FIGs. 17L- 17N).

[00202] Although heterozygous mice appeared neurologically similar to wildtype
animals when overall motor function was assessed in the blin, ded subjective scoring assay
(FIG. 17A), at 21 weeks of age, the neurological scores of heterozygous mice started trending
toward the neurological scores of homozygous mice (FIG. 17A). Several other measurements
followed the same pattern, whereby the phenotype of heterozygous mice trended toward that
of homozygous mice after about 20 weeks of age (see, e.g., FIGs. 17F-17K, 170).

[00203] This data suggests that the DR6 mutation is haploinsufficient in mice
heterozygous for the mutation. The data also suggests that as heterozygous DR6" mice age,
the mice will begin to exhibit motor and/or neurological defects similar to homozygous DR6&
" mice in those measurements which appeared normal at first (see, e.g., FIGs., 170-17P,
17R).

6™+ animals

Example 9: Deficient sensory perception of DR6" and DR
[00204] The thermal nociception of control animals, and mice heterozygous or
homozygous for the DR6 genetic modification at 20 weeks of age was tested by placing
animals placed on a metal surface maintained at 48°C, 52°C or 55°C (IITC, Woodland Hills,
CA). Latency to respond, defined as the time elapsed until the animal licked of flicked a hind
paw, to the heat stimulus was measured. Mice remained on the plate until they performed
either of two nocifensive behaviors: hindpaw licking or hindpaw shaking.

[00205] As shown in FIG. 18, both DR6™ and DR6"* animals show sensory deficit.
The sensory deficit seen in DR6™"is likely accurate since these mice do not exhibit prominent
motor dysfunction at 20 weeks of age (see, Example 8). However, it should be noted that the
delay in response in DR6” mice may be due to the deficient motor symptoms observed.
[00206] The rodents disclosed herein provide a new animal model that more similarly
follows ALS progression in humans. Without wishing to be bound by theory, one of several
possibilities is that the rodents may fail to show normal pruning during development, and as
such, the rodents develop with increased connectivity and mild hyperexcitability, which can
lead to low-level excitotoxicity that accumulates over time. Notably, although adult DR6
knockout animals may show increased blood brain barrier (BBB) permeability and impaired
development of BBB markers during development, it is unlikely that the ALS-like phenotype

of the mice described herein is a result of the role DR6 plays during brain vascular
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development, as deficits in the blood brain barrier usually manifest as cognitive, not motor,

impairments.
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CLAIMS

What is claimed is:

1. A genetically engineered rodent comprising in its genome a modified endogenous DR6
locus (i) comprising a deletion of the entire DR6 coding region, or a portion thereof, and (ii)
comprising a nucleic acid sequence encoding a functional DR6 signal peptide operably fused to a
transmembrane domain, wherein the transmembrane protein is operably fused to a reporter
protein, wherein the nucleic acid sequence is operably linked to an endogenous DR6
transcriptional regulatory sequence, wherein any polypeptide encoded by the endogenous DR6
locus lacks a functional DR6 cytoplasmic domain, and wherein the rodent develops: (a)

dysfunction of a motor neuron and/or (b) diminished nociception compared to control rodents.

2. The genetically engineered rodent of claim 1, wherein the dysfunction of a motor neuron
and/or the diminished nociception compared to control rodents is not apparent at birth, and
develops after 8 weeks of age.

3. The genetically modified rodent of claim 1, wherein:
@ the functional DR6 signal peptide is an endogenous DR6 signal peptide;
(b) the transmembrane domain is not an endogenous DR6 transmembrane domain;
(©) the transmembrane domain is an ROR1 transmembrane domain; and/or

(d) the reporter protein is beta galactosidase.

4. The genetically modified rodent of any one of claims 1-3, wherein:

@ the genetically modified rodent is heterozygous for the modified endogenous DR6
locus; and

(b)  when the rodent exhibits dysfunction of a motor neuron, preferably the motor
neuron is an upper motor neuron or a lower motor neuron, more preferably the dysfunction of a
motor neuron is not apparent in a blinded subjective neurological scoring assay, rotarod test,

catwalk test, open field test, and weight measurement until the rodent is more than 4 weeks old.
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5. The genetically modified rodent of any one of the preceding claims, wherein the rodent is

a rat or a mouse.

6. The genetically modified rodent of claim 5, wherein the rodent is a mouse, and wherein
the endogenous mouse DR6 locus comprises operably linked to at least one endogenous DR6
transcriptional regulatory sequence a nucleic acid sequence encoding an endogenous DR6 signal
peptide operably fused to an ROR1 transmembrane domain that is operably fused to -

galactosidase.

7. A cell or tissue derived from a genetically modified rodent of any one of claims 1-6,

preferably wherein the cell is a motor neuron or an embryonic stem cell.

8. A method of making a genetically modified rodent according to claim 1, comprising the
step of replacing an endogenous nucleotide sequence encoding a full-length and endogenous
mature DR6 protein with a nucleic acid sequence encoding a transmembrane domain operably
linked to a reporter gene, wherein the nucleic acid is in operable linkage with an endogenous
DR6 transcriptional regulatory and signal peptide sequences, and wherein any polypeptide

encoded by the endogenous DR6 locus lacks a functional DR6 cytoplasmic domain.

9. A method of making a population of motor neurons that exhibits increased oxidative
stress compared to control motor neuron cells, the method comprising establishing embryoid
bodies from inner mass embyronic stem cells isolated from the rodent according to any one of
claims 1-6 or made according to the method of claim 8, and differentiating the embryoid bodies

into the population of motor neurons.

10. A method of screening a candidate agent for modulating motor neuron dysfunction
comprising:

€)) administering a candidate agent to a rodent of any one of claims 1-6 or made
according to the method of claim 8; and

(b) determining any modulatory effects of the candidate agent on at least one

symptom of the motor neuron dysfunction in the rodent compared to a test control rodent;
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wherein the presence of a modulatory effect on the at least one symptom of the motor
neuron dysfunction in the rodent compared to the test control rodent is indicative that the

candidate agent is useful for modulating motor neuron dysfunction.

11.  The method of claim 10, wherein:

(@)  the agent is administered prior to detection of the symptom by blinded subjective
ALS-TDI neurological scoring, rotarod testing, catwalk testing, open field testing, measuring
weight, or determining the latency to respond to a painful stimulus;

(b) the agent is administered after detection of the symptom by one or more of
blinded subjective ALS-TDI neurological scoring, rotarod testing, catwalk testing, open field
testing, measuring weight, or determining the latency to respond to a painful stimulus;

(©) the agent is administered at two or more different time points;

(d) the at least one symptom is selected from kyphosis, abnormal hind limb clasping,
deficient motor coordination, deficient motor learning ability, weight loss, and deficient sensory
perception compared with a control rodent that has a strain identical to the rodent but does not
comprise the nucleic acid in its genome;

(e) the at least one symptom results from an upper motor neuron dysfunction,
preferably wherein the at least one symptom is selected from the group consisting of tremors,
spastic paralysis (rigidity), abnormal reflexes, and a combination thereof;

U] the at least one symptom results from lower motor neuron dysfunction, preferably
wherein the at least one symptom is selected from the group consisting of muscle weakness and
wasting, fasciculations, and a combination thereof;

(0) the at least one symptom of motor neuron dysfunction is reduced weight gain;
and/or

(h) the at least one symptom of motor neuron dysfunction is diminished nociception.

12. A method for screening a candidate agent for reducing oxidative stress in a motor neuron
comprising:
@ culturing motor neurons derived from a rodent according to any one of claims 1-6

in the presence or absence of an agent;

59



10

15

20

25

30

(b) determining whether the agent prevents, inhibits, and/or reduces oxidative stress
in the motor neurons as compared to control motor neurons derived from the rodent but cultured
in the absence of the agent; wherein the prevention, inhibition, and/or reduction of oxidative
stress in the motor neurons is indicative of a candidate agent for reducing oxidative stress in a

motor neuron.

13.  Anucleic acid comprising in operably linkage and from 5' to 3', a first nucleic acid
sequence encoding a DR6 signal peptide, a second nucleic acid encoding a transmembrane
domain and a third nucleic acid encoding a reporter gene, and optionally a fourth nucleic acid
encoding a drug selection cassette, wherein any polypeptide encoded by the nucleic acid lacks a

functional DR6 cytoplasmic domain.

14.  The nucleic acid sequence of claim 13:

@ wherein the first nucleic acid sequence is set forth as SEQ ID NO: 6, the second
nucleic acid sequence is set forth as SEQ ID NO: 7, the third nucleic acid sequence is set forth as
SEQ ID NO: 8 and/or the fourth nucleic acid is set forth as SEQ ID NO: 3; and/or

(b) further comprising a first targeting arm and a second targeting arm, wherein the
first targeting arm is 5' of and in operable linkage to the first, second and/or third nucleic acid
sequences, wherein the second targeting arm is 3' of and in operable linkage to the first, second
and/or third nucleic acid sequences, and wherein the first and second targeting arms are for
targeting the nucleic acid for insertion in an endogenous non-human animal DR6 locus in

operable linkage to at least one endogenous non-human animal regulatory element.

15.  The nucleic acid of claim 14, wherein:

@ the non-human animal is a rodent, preferably wherein the rodent is a mouse;
and/or

(b) the rodent is a mouse and the nucleic acid comprises a sequence set forth as SEQ
ID NO: 50r SEQ ID NO: 17.

16.  Arodent cell comprising the nucleic acid of any one of claims 13 to 15.
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17.  The rodent cell of claim 16, wherein the rodent cell is an embryonic stem cell.
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