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GENETICALLY MODIFIED RAT MODELS FOR PAIN

Cross-Reference to Related Applications

[0001] This application claims the benefit of U.S. Provisional Patent
Application Serial No. 61/235,559, filed August 20, 2009, which
application is hereby incorporated by reference in its entirety for all

purposes.

Background of the Invention

[0002] Gene modification is a process whereby a specific gene, or a fragment
of that gene, is altered. This alteration of the targeted gene may result
in a change in the level of RNA and/or protein that is encoded by that
gene, or the alteration may result in the targeted gene encoding a
different RNA or protein than the untargeted gene. The modified gene
may be studied in the context of a cell, or, more preferably, in the

context of a genetically modified animal.

[0003] Genetically modified animals are among the most useful research tools
in the biological sciences. An example of a genetically modified
animal is a transgenic animal, which has a heterologous (i.e., foreign)
gene, or gene fragment, incorporated into their genome that is passed
on to their offspring. Although there are several methods of producing
genetically modified animals, the most widely used is microinjection
of DNA into single cell embryos. These embryos are then transferred
into pseudopregnant recipient foster mothers. The offspring are then
screened for the presence of the new gene, or gene fragment. Potential
applications for genetically modified animals include discovering the
genetic basis of human and animal diseases, generating disease
resistance in humans and animals, gene therapy, toxicology studies,
drug testing, pharmacokinetics and production of improved agricultural

livestock.
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Identification of novel genes and characterization of their function
using mutagenesis has also been shown to be productive in identifying
new drugs and drug targets. Creating in vitro cellular models that
exhibit phenotypes that are clinically relevant provides a valuable
substrate for drug target identification and screening for compounds
that modulate not only the phenotype but also the target(s) that controls
the phenotype. Modulation of such a target can provide information
that validates the target as important for therapeutic intervention in a
clinical disorder when such modulation of the target serves to modulate

a clinically relevant phenotype.

Neuropathic pain is a chronic disease resulting from a dysfunction in
the nervous system. This nervous system dysfunction often occurs due
to peripheral nerve injury concentrated at the dorsal root ganglia
(DRG), sensory neurons. Abnormal nervous function arises from
injured axons, and from intact nociceptors that share receptivity with
the injured nerve. The pathological conditions include prolonged
hyperalgesia, allodynia, and loss of sensory function. Classical
presentation of neuropathic pain within patients are: ubiquitous pain
not otherwise explainable, sensory defect, burning pain, pain to light
on the skin, sudden pain attacks without a clear provocation.
Inflammation and traumatic nerve injury are major causes of nerve
injuries. The genetic basis of such disorders derives from distorted
connectivity, structure, and survival of neurons due to altered

expression of genes.

Nociceptive pain is initiated by stimulation of nociceptors, and may be
classified according to the mode of noxious stimulation; the most
common categories being "thermal” (heat or cold), "mechanical”
(crushing, tearing, etc.) and "chemical" (formalin, mustard oil, iodine

in a cut, chili powder in the eyes).
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Nociceptive pain may also be divided into "superficial somatic",
"deep", "deep somatic" and "visceral". Superficial somatic pain is
initiated by activation of nociceptors in the skin or superficial tissues,
and is sharp, well-defined and clearly located. Examples of injuries
that produce superficial somatic pain include minor wounds and minor
(first degree) burns. Deep somatic pain is initiated by stimulation of
nociceptors in ligaments, tendons, bones, blood vessels, fasciae and
muscles, and is dull, aching, poorly-localized pain; examples include
sprains and broken bones. Visceral pain originates in the viscera
(organs) and often is extremely difficult to locate, and several visceral
regions produce "referred" pain when injured, where the sensation is

located in an area distant from the site of injury or pathology

Psychogenic pain, also called psychalgia or somatoform pain, is pain
caused, increased, or prolonged by mental, emotional, or behavioral
factors. Headache or migraine, back pain, and stomach pain are
sometimes diagnosed as psychogenic. Sufferers are often stigmatized,
because both medical professionals and the general public tend to think
that pain from a psychological source is not "real". However,
specialists consider that it is no less actual or hurtful than pain from

any other source.

People with long term pain frequently display psychological
disturbance, with elevated scores on the Minnesota Multiphasic
Personality Inventory scales of hysteria, depression and
hypochondriasis (the "neurotic triad"). Some investigators have argued
that it is this neuroticism that causes acute injuries to turn chronic, but
clinical evidence points the other way, to chronic pain causing
neuroticism. When long term pain is relieved by therapeutic
intervention, scores on the neurotic triad and anxiety fall, often to
normal levels. Self-esteem, often low in chronic pain patients, also

shows striking improvement once pain has resolved.
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[0009] Central pain syndrome is a neurological condition caused by the
malfunctioning of the Central Nervous System (CNS) which causes a
sensitization of the pain system. The extent of pain and the areas
affected are related to the cause of the injury, which can include
trauma, tumors, stroke, Multiple Sclerosis, Parkinson's disease, or
epilepsy . Pain can either be relegated to a specific part of the body or
affect the body as a whole.

[0010] ~ The discovery of relevant animal models for pain has led to a great
advance in the study of this chronic disease. Animal models for pain
can identify genes associated with pain by altered expression
differences in pain related genes such as, transmitters, receptors, and
ion channels. There are several wild type animal models which are
induced in some fashion to model or exhibit altered pain response. One
such model is the spared nerve injury (SNI) model. In this method
surgery is done on animals under anesthesia to expose the sciatic
nerve. The peroneal and tibial nerves are then ligated and sectioned.
This model is especially useful because the responses to induced pain
in this model reflect the clinical findings of patients with pain.
Another pain model is the partial nerve injury (PNI) model. In the PNI
model the sciatic nerve is partially injured via tight ligation such that
the nerve is decreased in diameter around %-1/3 the control. Another
method to produce animal models which resemble pain is the spinal
nerve ligation model (SNL). In this model both the L5 and L6 spinal
nerves or the L5 alone are tightly ligated. This model resembles
human pain as it presents long lasting hyperalgesia to noxious heat and
mechanical allodynia, and spontanouse pain. Models have also been
described to resemble human conditions of chronic pain caused not by
trauma, but by disease states such as diabetic neuropathy. In these
models diabetes can be induced in rats by injection with strptozotocin
(STZ). The state of diabetes is measured by presence of

hyperglycemia, or glucosuria. Other pain models include neuropathy
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due to drug side effects. One prime example is the anti-tumor agent
paclitaxel which in humans produces sensory and peripheral
neuropathy, mechanical allodynia, cold allodynia, chronic burning
pain, and numbness or tingling. Many of these symptoms do not
subside after treatment with the drug has been concluded. In one drug
induced pain model rats were exposed to paclitaxel and vincristine and
assessed for the presence of pain. After pain was assessed in drug
induced models drug treatment studies to alleviate the induced pain

serve as a great assay for pain treatments.

Once the pain model is induced the animals must be measured for
exhibition of chronic pain. One method for pain measurement is
mechano-cold sensitivity. In this detection method cold spray of
different temperatures of extremity are applied to the hind paws of
animals. The sensitivity to pain induction is evaluated by measuring
the licking time and number of paw jerks. When an animal exhibits a
pain phenotype which increases its sensitivity it will have a longer
licking time and a larger number of jerks. Another cold behavioral test
is to place a drop of acetone on the paw of an animal. The cold
sensation given by the acetone is measured by observing response,
usually within 20 seconds of acetone application. The response is
recorded as paw withdraws, flicks or stamps, and licking or biting.
Another method for analysis of pain is the paw withdraw threshold in
response to probing with a form of pain induction. The pain induction
is presented in a number of methods such as, electrical shock, heat or
cold, probing with von Frey Filaments. Experimenters start out with
the smallest diameter bristle (von Frey Filaments), they then establish a
“baseline” response threshold by measuring at what force the wild-type
rats will lift the paw. Then this threshold is studied with all animal
models of induced pain. If the animal is more sensitive to the filament
the animal is considered to be modeling a human in a or a chronic pain

state. The animal models can then be tested for potential pain
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therapies to determine if the threshold has been altered in any way.
Foot withdrawal latency due to radiant heat evocation has been shown
to be a model of hyperalgesia. The animal is placed in a glass plate
under which a light box is located which allows a small hole of light to
be emitted on the heel or other position on the animal. The light is
turned off after the animal has lifted its foot or adjusted due to
response to the heat. The threshold of control temperature by which
animals withdraw their feet is studied to identify increased or
decreased sensitivity to induced pain by heat. Animal models which
display an altered expression in established or exploratory genes which
may be involved in neuron connectivity, structure and survival are
utilized in modeling pain. One method is to compare an animal model
which has a full or partial deficiency in one or more genes with the
control animal under scrutiny of induced pain. In this model the
genetically altered animal is studied for hyer or hyposensitivity to pain
inducing stimuli. In this fashion the animal model can be useful in
discovering genes which may be involved in pain. The model can also
be used for the discovery of drug targets. One example of altered gene
expression in pain models is the transient receptor potential (TRP)
channels. This family of non-selective cation channels is known to be
important in sensory signaling in the peripheral nervous system. TRP
channels have been characterized as temperature sensitive, and are
highly expressed in the DRG nociceptors. The TRP channels are also
implicated to have substantial response to inflammatory and traumatic
nerve damage. Another pathway which affects peripheral axons and
myelinating Schwann cells and may have a role in nervous system
induced pain is neuregulin-1 (NRG1) and the erbB signaling pathway.
Myelin is a product of Schwann cells and controls conduction velocity
of vertebrate axons. NRG1 has been identified as a key mediator of
axon-Schwann cell interactions and regulation of Schwann cell

development. Due to its nerve pathology NRG1 and erbB signaling
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has gained attention as a major mediated of peripheral neuropathies
and may be involved in allodynia and hyperalgesia. For these reasons
rat models deficient for TRP channels, NRG1-erbB signaling pathways
have been created and validate their role in pain as these models
exhibit altered gene expression, and response to mechanical, cold, heat,

disease, and drug induced pain.

[0012] Animal models exhibiting clinically relevant phenotypes are also
valuable for drug discovery and development and for drug target
identification. For example, mutation of somatic or germ cells
facilitates the production of genetically modified offspring or cloned
animals having a phenotype of interest. Such animals have a number of
uses, for example as models of physiological disorders (e.g., of human
genetic diseases) that are useful for screening the efficacy of candidate
therapeutic compounds or compositions for treating or preventing such
physiological disorders. Furthermore, identifying the gene(s)
responsible for the phenotype provides potential drug targets for
modulating the phenotype and, when the phenotype is clinically
relevant, for therapeutic intervention. In addition, the manipulation of
the genetic makeup of organisms and the identification of new genes
have important uses in agriculture, for example in the development of
new strains of animals and plants having higher nutritional value or
increased resistance to environmental stresses (such as heat, drought,

or pests) relative to their wild-type or non-mutant counterparts.

[0013] Since most eukaryotic cells are diploid, two copies of most genes are
present in each cell. As a consequence, mutating both alleles to create a
homozygous mutant animal is often required to produce a desired
phenotype, since mutating one copy of a gene may not produce a
sufficient change in the level of gene expression or activity of the gene
product from that in the non-mutated or wild-type cell or multicellular

organism, and since the remaining wild-type copy would still be
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expressed to produce functional gene product at sufficient levels. Thus,
to create a desired change in the level of gene expression and/or
function in a cell or multicellular organism, at least two mutations, one

in each copy of the gene, are often required in the same cell.

[0014] In other instances, mutation in multiple different genes may be
required to produce a desired phenotype. In some instances, a mutation
in both copies of a single gene will not be sufficient to create the
desired physiological effects on the cell or multi-cellular organism.
However, a mutation in a second gene, even in only one copy of that
second gene, can reduce gene expression levels of the second gene to
produce a cumulative phenotypic effect in combination with the first
mutation, especially if the second gene is in the same general
biological pathway as the first gene. This effect can alter the function
of a cell or multi-cellular organism. A hypomorphic mutation in either
gene alone could result in protein levels that are severely reduced but
with no overt effect on physiology. Severe reductions in the level of
expression of both genes, however, can have a major impact. This
principle can be extended to other instances where mutations in
multiple (two, three, four, or more, for example) genes are required
cumulatively to produce an effect on activity of a gene product or on
another phenotype in a cell or multi-cellular organism. It should be
noted that, in this instance, such genes may all be expressed in the
same cell type and therefore, all of the required mutations occur in the
same cell. However, the genes may normally be expressed in different
cell types (for example, secreting the different gene products from the
different cells). In this case, the gene products are expressed in
different cells but still have a biochemical relationship such that one or

more mutations in each gene is required to produce the desired

phenotype.
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Brief Summaryv of the Invention

[0015] In accordance with the purposes of this invention, as embodied and
broadly described herein, this invention relates to the engineering of
animal cells, preferably mammalian, more preferably rat, that are
deficient due to the disruption of gene(s) or gene product(s) resulting

in altered pain gene expression, pain sensation or any pain phenotype..

[0016] In another aspect, the invention relates to genetically modified rats, as
well as the descendants and ancestors of such animals, which are

animal models of human pain and methods of their use.

[0017] Additional advantages of the invention will be set forth in part in the
description which follows, and in part will be obvious from the
description, or may be learned by practice of the invention. The
advantages of the invention will be realized and attained by means of
the elements and combinations particularly pointed out in the appended
claims. It is to be understood that both the foregoing general
description and the following detailed description are exemplary and

explanatory only and are not restrictive of the invention, as claimed.

Brief Description of the Drawing

[0018] This invention, as defined in the claims, can be better understood with

reference to the following drawings:

[0019] Figures 1-4 show the process for creating a genetically modified pain
rat model using DNA transposons to create an insertion mutation

directly in the germ line.
[0020] Figure 1: Gene modification by DNA transposons.

[0021] Figure 2: Breeding strategy for creating rat knockouts directly in the

germ cells with DNA transposons.

[0022] Figure 3: DNA sequences
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Figure 4: DNA transposon-mediated insertion mutation in Rattus

norvegicus Trpc4 gene.

In the following description of the illustrated embodiments,
references are made to the accompanying drawings, which form a
part hereof, and in which is shown by way of illustration various
embodiments in which the invention may be practiced. It is to be
understood that other embodiments may be utilized and structural
and functional changes may be made without departing from the

scope of the present invention.
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Detailed Description of the Invention

[0025] Definitions

[0026] The present invention may be understood more readily by reference to
the following detailed description of preferred embodiments of the
invention and the Examples included therein and to the Figures and
their previous and following description. Although any methods and
materials similar or equivalent to those described herein can be used in
the practice or testing of the present invention, the preferred methods,
devices, and materials are now described. All references, publications,
patents, patent applications, and commercial materials mentioned
herein are incorporated herein by reference for the purpose of
describing and disclosing the materials and/or methodologies which
are reported in the publications which might be used in connection
with the invention. Nothing herein is to be construed as an admission
that the invention is not entitled to antedate such disclosure by virtue of

prior invention.

[0027] Before the present compounds, compositions, articles, devices, and/or
methods are disclosed and described, it is to be understood that this
invention is not limited to specific synthetic methods, speciﬁc
recombinant biotechnology methods unless otherwise specified, or to
particular reagents unless otherwise specified, as such may, of course,
vary. It is also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only and is not

intended to be limiting.

[0028] Throughout this application, reference is made to various proteins and
nucleic acids. It is understood that any names used for proteins or
nucleic acids are art-recognized names, such that the reference to the

name constitutes a disclosure of the molecule itself.
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[0029] As used in the specification and the appended claims, the singular

n

forms "a," "an" and "the" include plural referents unless the context

9
clearly dictates otherwise. Thus, for example, reference to "a
pharmaceutical carrier” includes mixtures of two or more such carriers,

and the like.

[0030] Ranges may be expressed herein as from "about" one particular value,
and/or to "about" another particular value. When such a range is
expressed, another embodiment includes from the one particular value
and/or to the other particular value. Similarly, when values are
expressed as approximations, by use of the antecedent "about," it will
be understood that the particular value forms another embodiment. It
will be further understood that the endpoints of each of the ranges are
significant both in relation to the other endpoint, and independently of

the other endpoint.

[0031] In this specification and in the claims which follow, reference will be
made to a number of terms which shall be defined to have the

following meanings:

[0032] A “coding sequence” or a sequence “encoding” an expression product,
such as a RNA, polypeptide, protein, or enzyme, is a nucleotide
sequence that, when expressed, results in the production of that RNA,
polypeptide, protein, or enzyme, i.c., the nucleotide sequence encodes
an amino acid sequence for that polypeptide, protein or enzyme. A
coding sequence for a protein may include a start codon (usually ATG)

and a stop codon.

[0033] "Complementary," as used herein, refers to the subunit sequence
complementarity between two nucleic acids, e.g., two DNA molecules.
When a nucleotide position in both of the molecules is occupied by
nucleotides normally capable of base pairing with each other, then the

nucleic acids are considered to be complementary to each other at this
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position. Thus, two nucleic acids are complementary to each other
when a substantial number (at least 50%) of corresponding positions in
each of the molecules are occupied by nucleotides which normally

base pair with each other (e.g., A:T and G:C nucleotide pairs).

A “deletion mutation” means a type of mutation that involves the loss
of genetic material, which may be from a single base to an entire piece
of chromosome. Deletion of one or more nucleotides in the DNA
could alter the reading frame of the gene; hence, it could result in a
synthesis of a nonfunctional protein due to the incorrect sequence of

amino acids during translation.

The terms “express” and “expression” mean allowing or causing the
information in a gene or DNA sequence to become manifest, for
example producing a protein by activating the cellular functions
involved in transcription and translation of a corresponding gene or
DNA sequence. A DNA sequence is expressed in or by a cell to form
an "expression product” such as a protein. The expression product
itself, e.g. the resulting protein, may also be said to be "expressed". An
expression product can be characterized as intracellular, extracellular
or secreted. The term "intracellular" means something that is inside a
cell. The term "extracellular" means something that is outside a cell. A
substance is "secreted" by a cell if it appears in significant measure

outside the cell, from somewhere on or inside the cell.

The term "gene", also called a "structural gene" means a DNA
sequence that codes for or corresponds to a particular sequence of
amino acids which comprise all or part of one or more proteins or
enzymes, and may or may not include introns and regulatory DNA
sequences, such as promoter sequences, 5'-untranslated region, or 3'-
untranslated region which affect for example the conditions under
which the gene is expressed. Some genes, which are not structural

genes, may be transcribed from DNA to RNA, but are not translated
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into an amino acid sequence. Other genes may function as regulators of

structural genes or as regulators of DNA transcription.

[0037] By “genetically modified” is meant a gene that is altered from its
native state (e.g. by insertion mutation, deletion mutation, nucleic acid
sequence mutation, or other mutation), or that a gene product is altered
from its natural state (e.g. by delivery of a transgene that works in
frans on a gene’s encoded mRNA or protein, such as delivery of

inhibitory RNA or delivery of a dominant negative transgene).

[0038] By "exon" is meant a region of a gene which includes sequences which

are used to encode the amino acid sequence of the gene product.

[0039] The term "heterologous" refers/ to a combination of elements not
naturally occurring. For example, heterologous DNA refers to DNA
not naturally located in the cell, or in a chromosomal site of the cell.
Preferably, the heterologous DNA includes a gene foreign to the cell.
A heterologous expression regulatory element is such an element
operatively associated with a different gene than the one it is

operatively associated with in nature.

[0040] As used herein, the term "homology" refers to the subunit sequence
identity or similarity between two polymeric molecules e.g., between
two nucleic acid molecules, e.g., between two DNA molecules, or two
polypeptide molecules. When a subunit position in both of the two
molecules is occupied by the same monomeric subunit, e.g., if a
position in each of two polypeptide molecules is occupied by
phenylalanine, then they are identical at that position. The homology
between two sequences, most clearly defined as the % identity, is a
direct function of the number of identical positions, e.g., if half (e.g., 5
positions in a polymer 10 subunits in length) of the positions in two
polypeptide sequences are identical then the two sequences are 50%

identical; if 70% of the positions, e.g., 7 out of 10, are matched or
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homologous, the two sequences share 70% identity. By way of
example, the polypeptide sequences ACDEFG and ACDHIK share
50% identity and the nucleotide sequences CAATCG and CAAGAC
share 50% identity.

“Homologous recombination” is the physical exchange of DNA
expedited by the breakage and reunion of two non-sister chromatids.
In order to undergo recombination the DNA duplexes must have
complimentarity. The molecular mechanism is as follows: DNA
duplexes pair, homologous strands are nicked, and broken strands
exchange DNA between duplexes. The region at the site of
recombination is called the hybrid DNA or heteroduplex DNA.
Second nicks are made in the other strand, and the second strand
crosses over between duplexes. After this second crossover event the
reciprocal recombinant or splice recombinant is created. The duplex of
one DNA parent is covalently linked to the duplex of another DNA
parent. Homologous recombination creates a stretch of heteroduplex

DNA.

A "hypomorphic mutation” is a change to the genetic material (usually
DNA or RNA), which can be caused by any form of genetic mutation,
and causes an decrease in normal gene function without causing a

complete absence of normal gene function.

The term "inbred animal” is used herein to refer to an animal that has
been interbred with other similar animals of the same species in order
to preserve and fix certain characteristics, or to prevent other

characteristics from being introduced into the breeding population.

The term "insertional mutation" is used herein to refer the translocation
of nucleic acid from one location to another location which is in the
genome of an animal so that it is integrated into the genome, thereby

creating a mutation in the genome. Insertional mutations can also
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include knocking out or knocking in of endogenous or exogenous
DNA via gene trap or cassette insertion. Exogenous DNA can access
the cell via electroporation or chemical transformation. If the
exogenous DNA has homology with chromosomal DNA it will align
itself with endogenous DNA. The exogenous DNA is then inserted or
disrupts the endogenous DNA via two adjacent crossing over events,
known as homologous recombination. A targeting vector can use
homologous recombination for insertional mutagenesis. Insertional
mutagenesis of endogenous or exogenous DNA can also be carried out
via DNA transposon. The DNA transposon is a mobile element that
can insert itself along with additional exogenous DNA into the
genome. Insertional mutagenesis of endogenous or exogenous DNA
can be carried out by retroviruses. Retroviruses have a RNA viral
genome that is converted into DNA by reverse transcriptase in the
cytoplasm of the infected cell. Linear retroviral DNA is transported
into the nucleus, and become integrated by an enzyme called integrase.
Insertional mutagenesis of endogenous or exogenous DNA can also be
done by retrotransposons in which an RNA intermediate is translated

into DNA by reverse transcriptase, and then inserted into the genome.

[0045] The term "gene knockdown" refers to techniques by which the
expression of one or more genes is reduced, either through genetic
modification (a change in the DNA of one of the organism's
chromosomes) or by treatment with a reagent such as a short DNA or
RNA oligonucleotide with a sequence complementary to either an
mRNA transcript or a gene. If genetic modification of DNA is done,

the result is a "knockdown organism" or "knockdowns".

[0046] By "knock-out" is meant an alteration in the nucleic acid sequence that
reduces the biological activity of the polypeptide normally encoded
therefrom by at least 80% compared to the unaltered gene. The

alteration may be an insertion, deletion, frameshift mutation, or
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missense mutation. Preferably, the alteration is an insertion or deletion,

or is a frameshift mutation that creates a stop codon.

[0047] An “L1 sequence” or "L1 insertion sequence” as used herein, refers to
a sequence of DNA comprising an L1 element comprising a 5' UTR,
ORF1 and ORF2, a 3' UTR and a poly A signal, wherein the 3' UTR
has DNA (e.g. a gene trap or other cassette) positioned either therein or
positioned between the 3' UTR and the poly A signal, which DNA is to

be inserted into the genome of a cell.

[0048] A "mutation" is a detectable change in the genetic material in the
animal, which is transmitted to the animal's progeny. A mutation is
usually a change in one or more deoxyribonucleotides, the
modification being obtained by, for example, adding, deleting,
inverting, or substituting nucleotides. Exemplary mutations include
but are not limited to a deletion mutation, an insertion mutation, a non-
sense mutation or a missense mutation. Thus, the terms "mutation" or
"mutated" as used herein are intended to denote an alteration in the
"normal" or "wild-type" nucleotide sequence of any nucleotide
sequence or region of the allele. As used herein, the terms "normal"
and "wild-type" are intended to be synonymous, and to denote any
nucleotide sequence typically found in nature. The terms "mutated"
and "normal" are thus defined relative to one another; where a cell has
two chromosomal alleles of a gene that differ in nucleotide sequence,
at least one of these alleles is a "mutant" allele as that term is used
herein. Based on these definitions, an "endogenous toxicology gene" is
the "wild-type" gene that exists normally in a cell, and a "mutated
toxicology gene" defines a gene that differs in nucleotide sequence

from the wild-type gene.

[0049] “Non-homologous end joining (NHEJ)” is a cellular repair mechanism.
The NHEJ pathway is defined by the ligation of blunt ended double
stand DNA breaks. The pathway is initiated by double strand breaks in
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the DNA, and works through the ligation of DNA duplex blunt ends.
The first step is recognition of double strand breaks and formation of
scaffold. The trimming, filling in of single stranded overhangs to create
blunt ends and joining is executed by the NHEJ pathway. An example
of NHEJ is repair of a DNA cleavage site created by a zinc finger
nuclease (ZFN). This would normally be expected to create a small

deletion mutation.

"Nucleic Acid sequence mutation” is a mutation to the DNA of a gene
that involves change of one or multiple nucleotides. A point mutation
which affects a single nucleotide can result in a transition (purine to
purine or pyrimidine to pyrimidine) or a transversion (purine to
pyrimidine or pyrimidine to purine). A point mutation that changes a
codon to represent a different amino acid is a missense mutation.
Some point mutations can cause a change in amino acid so that there is
a premature stop codon; these mutations are called nonsense mutations.
A mutation that inserts or deletes a single base will change the entire
downstream sequence and are known as frameshift mutations. Some
mutations change a base pair but have no effect on amino acid
representation; these are called silent mutations. Mutations to the
nucleic acid of a gene can have different consequences based on their

location (intron, exon, regulatory sequence, and splice joint).

"Optional" or "optionally" means that the subsequently described event
or circumstance may or may not occur, and that the description
includes instances where said event or circumstance occurs and

instances where it does not.

The term "outbred animal" is used herein to refer to an animal that
breeds with any other animal of the same species without regard to the

preservation of certain characteristics.
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As used herein, the term “phenotype” means any property of a cell or
organism. A phenotype can simply be a change in expression of an
mRNA or protein. Examples of phenotypes also include, but are in no
way limited to, cellular, biochemical, histological, behavioral, or whole
organismal properties that can be detected by the artisan. Phenotypes
include, but are not limited to, cellular transformation, cell migration,
cell morphology, cell activation, resistance or sensitivity to drugs or
chemicals, resistance or sensitivity to pathogenic protein localization
within the cell (e.g. translocation of a protein from the cytoplasm to the
nucleus), resistance or sensitivity to ionizing radiation, profile of
secreted or cell surface proteins, (e.g., bacterial or viral) infection,
post-translational modifications, protein localization within the cell
(e.g. translocation of a protein from the cytoplasm to the nucleus),
profile of secreted or cell surface proteins, cell proliferation, signal
transduction, metabolic defects or enhancements, transcriptional
activity, recombination intermediate joining, DNA damage response,
cell or organ transcript profiles (e.g., as detected using gene chips),
apoptosis resistance or sensitivity, animal behavior, organ histology,
blood chemistry, biochemical activities, gross morphological
properties, life span, tumor susceptibility, weight, height/length,
immune function, organ function, any disease state, and other
properties known in the art. In certain situations and therefore in
certain embodiments of the invention, the effects of mutation of one or
more genes in a cell or organism can be determined by observing a
change in one or more given phenotypes (e.g., in one or more given
structural or functional features such as one or more of the phenotypes
indicated above) of the mutated cell or organism compared to the same
structural or functional feature(s) in a corresponding wild-type or (non-
mutated) cell or organism (e.g., a cell or organism in which the gene(s)

have not been mutated).
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By "plasmid" is meant a circular strand of nucleic acid capable of
autosomal replication in plasmid-carrying bacteria. The term includes
nucleic acid which may be either DNA or RNA and may be single- or
double-stranded. The plasmid of the definition may also include the

sequences which correspond to a bacterial origin of replication.

A "promoter sequence” is a DNA regulatory region capable of binding
RNA polymerase in a cell and initiating transcription of a downstream
(3' direction) coding sequence. For purposes of defining the present
invention, the promoter sequence is bounded at its 3' terminus by the
transcription initiation site and extends upstream (5' direction) to
include the minimum number of bases or elements necessary to initiate
transcription at levels detectable above background. Within the
promoter sequence will be found a transcription initiation site
(conveniently defined for example, by mapping with nuclease S1), as
well as protein binding domains (consensus sequences) responsible for
the binding of RNA polymerase. The promoter may be operatively
associated with other expression control sequences, including enhancer

and répressor sequences.

A "random site" is used herein to refer to a location in the genome
where a retrotransposition or transposition or other DNA mutation
event takes places, without prior intention of mutation at that particular
location. It is also used herein to refer to a location in the genome that
is randomly modified by any insertion mutation or deletion mutation or

nucleic acid sequence mutation.

The term "regulatory sequence" is defined herein as including
promoters, enhancers and other expression control elements such as
polyadenylation sequences, matrix attachment sites, insulator regions
for expression of multiple genes on a single construct, ribosome
entry/attachment sites, introns that are able to enhance expression, and

silencers.
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[0058] By "reporter gene" is meant any gene which encodes a product whose
expression is detectable. A reporter gene product may have one of the
following attributes, without restriction: fluorescence (e.g., green
fluorescent protein), enzymatic activity (e.g., lacZ or luciferase), or an
ability to be specifically bound by a second molecule (e.g., biotin or an

antibody-recognizable epitope).

[0059] By "retrotransposition" as used herein, is meant the process of
integration of a sequence into a genome, expression of that sequence in
the genome, reverse transcription of the integrated sequence to
generate an extrachromosomal copy of the sequence and reintegration

of the sequence into the genome.

[0060] A "retrotransposition event" is used herein to refer to the translocation
of a retrotransposon from a first location to a second location with the
preferable outcome being integration of a retrotransposon into the
genome at the second location. The process involves a RNA
intermediate, and can retrotranspose from one chromosomal location to
another or from introduced exogenous DNA to endogenous

chromosomal DNA.

[0061] By "selectable marker" is meant a gene product which may be selected
for or against using chemical compounds, especially drugs. Selectable
markers often are enzymes with an ability to metabolize the toxic
drugs into non-lethal products. For example, the pac (puromycin acetyl
transferase) gene product can metabolize puromycin, the dhfr gene
product can metabolize trimethoprim (tmp) and the b/a gene product
can metabolize ampicillin (amp). Selectable markers may convert a
benign drug into a toxin. For example, the HSV tk gene product can
change its substrate, FIAU, into a lethal substance. Another selectable
marker is one which may be utilized in both prokaryotic and

eukaryotic cells. The neo gene, for example, metabolizes and
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neutralizes the toxic effects of the prokaryotic drug, kanamycin, as

well as the eukaryotic drug, G418.

[0062] By "selectable marker gene" as used herein is meant a gene or other
expression cassette which encodes a protein which facilitates

identification of cells into which the selectable marker gene is inserted.

[0063] A "specific site" is used herein to refer to a location in the genome that
is predetermined as the position where a retrotransposition or
transposition event or other DNA mutation will take place. It is also
used herein to refer to a specific location in the genome that is
modified by any insertion mutation or deletion mutation or nucleic acid

sequence mutation.

[0064] A “pain gene” is used herein to refer to a gene which encodes a protein
that is associated with the phenotype that is characterized as altering
the expression and functionality of signaling or pathways involved in
pain. The functions of pain genes may produce phenotypes in all types
of pain including but not limited to neuropathic, nociceptive, somatic,
visceral, central, and psychogenic pain including migraine. Gene
expression can effect but it not limited to myelin conduction, Schwann
cell development and function, neuron-glia interactions, transmitters,
receptors, ion channels, sensory signaling, temperator sensitivity,
mechanical stimulation, disease state (e.g. diabetes) neuropathy,
inflammatory or traumatic nerve injury. . This phenotype may affect
the activity, localization, interactions of neuropathic, nociceptive,
visceral, central and peripheral signaling, or any other interaction
which the substance may have within humans, rats and other model
organisms. . A “pain protein” is used herin to refer to a protein product
of a gene that is associated with the nerve response phenotype that is
characterized as altering the response to induced pain, chronic or
spontaneous pain, sensory defect, burning pain, light stroking pain,

sudden pain attacks. .
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As used herein, the term "targeted genetic recombination” refers to a
process wherein recombination occurs within a DNA target locus
present in a host cell or host organism. Recombination can involve

either homologous or non-homologous DNA.

The term "transfection” means the introduction of a foreign nucleic
acid into a cell. The term "transformation" means the introduction of a
"foreign" (i.e. extrinsic or extracellular) gene, DNA or RNA sequence
to an ES cell or pronucleus, so that the cell will express the introduced
gene or sequence to produce a desired substance in a genetically

modified animal.

By "transgenic" is meant any animal which includes a nucleic acid
sequence which is inserted by artifice into a cell and becomes a part of
the genome of the animal that develops from that cell. Such a
transgene may be partly or entirely heterologous to the transgenic
animal. Although transgenic mice represent another embodiment of the
invention, other transgenic mammals including, without limitation,
transgenic rodents (for example, hamsters, guinea pigs, rabbits, and
rats), and transgenic pigs, cattle, sheep, and goats are included in the

definition.

By “transposition” as used herein, is meant the process of one DNA
sequence insertion into another (location) without relying on sequence
homology. The DNA element can be transposed from one
chromosomal location to another or from introduction of exogenous

DNA and inserted into the genome.

A “transposition event” or "transposon insertion sequence" is used
herein to refer to the translocation of a DNA transposon either from
one location on the chromosomal DNA to another or from one location

on introduced exogenous DNA to another on the chromosomal DNA.
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By “transposon” or "transposable element" is meant a linear strand of
DNA capable of integrating into a second strand of DNA which may
be linear or may be a circularized plasmid. Transposons often have
target site duplications, or remnants thereof, at their extremities, and
are able to integrate into similar DNA sites selected at random, or
nearly random. Preferred transposons have a short (e.g., less than 300)
base pair repeat at either end of the linear DNA. By "transposable
elements" is meant any genetic construct including but not limited to
any gene, gene fragment, or nucleic acid that can be integrated into a
target DNA sequence under control of an integrating enzyme, often

called a transposase.

A coding sequence is "under the control of" or "operatively associated
with" transcriptional and translational control sequences in a cell when
RNA polymerase transcribes the coding sequence into mRNA, which
is then trans-RNA spliced (if it contains introns) and translated, in the

case of mRNA, into the protein encoded by the coding sequence.

The term "variant” may also be used to indicate a modified or altered

gene, DNA sequence, enzyme, cell, etc., i.e., any kind of mutant.

The term "vector" is used interchangeably with the terms "construct",
"cloning vector" and "expression vector" and means the vehicle by
which a DNA or RNA sequence (e.g. a foreign gene) can be introduced
into a host cell, (e.g. ES cell or pronucleus) so as to transform the host
and promote expression (e.g. transcription and translation) of the
introduced sequence including but not limited to plasmid, phage,
transposons, retrotransposons, viral vector, and retroviral vector. By
"non-viral vector" is meant any vector that does not comprise a virus or

retrovirus.
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[0074] A "vector sequence" as used herein, refers to a sequence of DNA
comprising at least one origin of DNA replication and at least one

selectable marker gene.

[0075] For the purposes of the present invention, the term "zinc finger
nuclease" or "ZFN" refers to a chimeric protein molecule comprising at
least one zinc finger DNA binding domain effectively linked to at least
one nuclease or part of a nuclease capable of cleaving DNA when fully
assembled. Ordinarily, cleavage by a ZFN at a target locus results in a

double stranded break (DSB) at that locus.

[0076] The present invention provides a desired rat or a rat cell which contains
a predefined, specific and desired alteration rendering the rat or rat cell
predisposed to abnormal perception of pain by modification of its
structure or mechanism. Specifically, the invention pertains to a
genetically altered rat, or a rat cell in culture, that is defective in at
least one of two alleles of a neuropathic pain gene such as the Nrg/,
Trpc4, ErbB4gene, the Cyp3a4 gene, etc. In one embodiment, the
neuropathic pain gene is the Nrgl, Trpc4, ErbB4 gene. In another
embodiment, the pain gene is one or more pain genes, selected from
the group consisting ofCyp3a4, Nrgl NC_005115.2, Trpc4
NC_005101.2, Trpvl NC _005109.2, Trpv3 NC 005109.2, ErbB4
NC_005108.2, Ppara NC_005106.2, Ppary NC_005103.2, Trpmi3
(NA), Trpml6 (NA), Trpm8 NC_005108.2, TrpvI NC 005109.2, Trpal
NC_005104.2, Trpc3 NC_005101.2, Trpc5 NC_005120.2,Scn9a
NC_005102.2, Nirkl NC_005101.2, Wnkl NC_005103.2, Hsanl (NA),
SclOa (NA), Hsan3 (NA), Ptger2 NC_005114.2, Pnoc NC_005114.2,
Gabbrl NC_005119.2, Gabbr2 NC_005104.2, Cacnalg
NC_005109.2, TacI NC_005103.2, Prx NC_005100.2, HomerI (NA),
Scnlla NC_005107.2, Oprll NC_005102.2, Prihr NC_005100.2,
P2x3NC_005102.2, BdkrblI NC_005105.2, Ptgs2 NC_000001.10, Th
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NC_005100.2, Npylr NC_005115.2, P2rx4 NC_005111.2, Mmp9
NC_005102.2, Mmp2 NC_005118.2, and Bdnf.

The inactivation of at least one of these pain alleles results in an animal
with an altered pain response. In one embodiment, the genetically
altered animal is a rat of this type and is able to serve as a useful model
for pain induced by nerve alteration, disease state, drug treatment or
spontaneously. The invention additionally pertains‘ to the use of such

rats or rat cells, and their progeny in research and medicine.

In one embodiment, the invention provides a genetically modified or
chimeric rat cell whose genome comprises two chromosomal alleles of
a pain gene(especially, the Nrgl, Trpc4, ErbB4 gene), wherein at least
one of the two alleles contains a mutation, or the progeny of this cell.
The invention includes the embodiment of the above animal cell,
wherein one of the alleles expresses a normal pain gene product. The
inventién includes the embodiment wherein the rat cell is a pluripotent
cell such as an embryonic cell, embryonic stem (ES) cell, induced
pluripotent stem cell (iPS), or spermatagonial stem (SS) cell, and in
particular, wherein the pain gene is the gene. In another embodiment,
the pain gene is one or more pain genes, selected from the group
consisting ofCyp3a4, Nrgl NC_005115.2, Trpc4 NC_005101.2, Trpvi
NC_005109.2, Trpv3 NC_005109.2, ErbB4 NC 005108.2, Ppara
NC _005106.2, Ppary NC _005103.2, Trpml3 (NA), Trpml6 (NA),
Trpm8 NC_005108.2, TrpvI NC_005109.2, Trpal NC 005104.2,
Trpc3 NC_005101.2, Trpe5 NC_005120.2,Scn9a NC_005102.2, Ntrkl
NC _005101.2, Wnkl NC _005103.2, Hsanl (NA), Scl0a (NA), Hsan3
(NA), Ptger2 NC _005114.2, Pnoc NC_005114.2, Gabbrl

NC _005119.2, Gabbr2 NC_005104.2, Cacnalg NC _005109.2, Tacl
NC_005103.2, Prx NC_005100.2, Homerl (NA), Scnlla
NC_005107.2, Opril NC_005102.2, Prihr NC_005100.2, P2x3
NC_005102.2, Bdkrbl NC_005105.2, Ptgs2 NC_000001.10, Th
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NC_005100.2, Npylr NC_005115.2, P2rx4 NC_005111.2, Mmp9
NC_005102.2, Mmp2 NC_005118.2, and Bdnf. In another

embodiment, the rat cell is a somatic cell.

The methods of the present invention can be used to mutate any
eukaryotic cell, including, but not limited to, haploid (in the case of
multiple gene mutations), diploid, triploid, tetraploid, or aneuploid. In
one embodiment, the cell is diploid. Cells in which the methods of the
present invention can be advantageously used include, but are not
limited to, primary cells (e.g., cells that have been explanted directly
from a donor organism) or secondary cells (e.g., primary cells that
have been grown and that have divided for some period of time in
vitro, e.g., for 10-100 generations). Such primary or secondary cells
can be derived from multi-cellular organisms, or single-celled
organisms. The cells used in accordance with the invention include
normal cells, terminally differentiated cells, or immortalized cells
(including cell lines, which can be normal, established or transformed),
and can be differentiated (e.g., somatic cells or germ cells) or

undifferentiated (e.g., multipotent, pluripotent or totipotent stem cells).

A variety of cells isolated from the above-referenced tissues, or
obtained from other sources (e.g., commercial sources or cell banks),
can be used in accordance with the invention. Non-limiting examples
of such cells include somatic cells such as immune cells (T-cells, B-
cells, Natural Killer (NK) cells), blood cells (erythrocytes and
leukocytes), endothelial cells, epithelial cells, neuronal cells (from the
central or peripheral nervous systems), muscle cells (including
myocytes and myoblasts from skeletal, smooth or cardiac muscle),
connective tissue cells (including fibroblasts, adipocytes,
chondrocytes, chondroblasts, osteocytes and osteoblasts) and other
stromal cells (e.g., macrophages, dendritic cells, thymic nurse cells,

Schwann cells, etc.). Eukaryotic germ cells (spermatocytes and
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oocytes) can also be used in accordance with the invention, as can the
progenitors, precursors and stem cells that give rise to the above-
described somatic and germ cells. These cells, tissues and organs can
be normal, or they can be pathological such as those involved in
diseases or physical disorders, including but not limited to immune
related diseases, chronic inflammation, autoimmune responses,
infectious diseases (caused by bacteria, fungi or yeast, viruses
(including HIV) or parasites), in genetic or biochemical pathologies
(e.g., cystic fibrosis, hemophilia, Alzheimer's disease, schizophrenia,
muscular dystrophy, multiple sclerosis, etc.), or in carcinogenesis and
other cancer-related processes. Rat pluripotent cells, including
embryonic cells, spermatogonial stem cells, embryonic stem cells, and

iPS cells are envisioned. Rat somatic cells are also envisioned.

[0081] In certain embodiments of the invention, cells can be mutated within
the organism or within the native environment as in tissue explants
(e.g., invivo or in situ). Alternatively, tissues or cells isolated from the
organism using art-known methods and genes can be mutated
according to the present methods. The tissues or cells are either
maintained in culture (e.g., in vitro), or re-implanted into a tissue or

organism (e.g., ex vivo).

[0082] The invention also includes a non-human genetically modified or
chimeric rat whose genome comprises two chromosomal alleles of a
pain gene, wherein at least one of the two alleles contains a mutation,
or the progeny of the animal, or an ancestor of the animal, at an
embryonic stage (preferably the one-cell, or fertilized oocyte stage, and
generally, not later than about the 8-cell stage) contains a mutation.
The invention also includes the embodiment wherein the pain gene of
the rat is the Nrgl, Trpc4, ErbB4 gene. In another embodiment, the
pain gene is one of several known pain genes, such as In another

embodiment, the pain gene is one or more pain genes, selected from
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the group consisting ofCyp3a4, Nrgl NC _005115.2, Trpc4
NC_005101.2, Trpvl NC_005109.2, Trpv3 NC 005109.2, ErbB4
NC_005108.2, Ppara NC_005106.2, Ppary NC_005103.2, Trpmi3
(NA), Trpml6 (NA), Trpm8 NC_005108.2, TrpvI NC 005109.2, Trpal
NC_005104.2, Trpc3 NC_005101.2, Trpc5 NC _005120.2,Scn9a
NC_005102.2, Ntrkl NC_005101.2, Wrnkl NC_005103.2, Hsanl (NA),
SclOa (NA), Hsan3 (NA), Ptger2 NC_005114.2, Pnoc NC _005114.2,
Gabbrl NC_005119.2, Gabbr2 NC_005104.2, Cacnalg
NC_005109.2, TacI NC_005103.2, Prx NC_005100.2, Homerl (NA),
Scnlla NC_005107.2, Oprll NC _005102.2, Prihr NC_005100.2,
P2x3 NC_005102.2, Bdkrb1 NC_005105.2, Ptgs2 NC_000001.10, Th
NC_005100.2, NpyIr NC_005115.2, P2rx4 NC _005111.2, Mmp9
NC_005102.2, Mmp2 NC_005118.2, and Bdnf. The invention is also
directed to the embodiment wherein the animal cell is a rat pluripotent
cell. The invention is also directed to the embodiment wherein the

animal cell is a rat somatic cell.

[0083] In one embodiment, the pain gene is mutated directly in the germ cells
of a living organism. The separate transgenes for DNA transposon
flanking ends and transposase are facilitated to create an active DNA
transposon which integrates into the rat’s genome. A plasmid
containing tranposon inverted repeats is used to create the transgenic
“donor” rat. A plasmid containing transposase is used to create a
separate transgenic “driver” rat. The donor rat is then bred with the
driver rat to produce a rat which contains both donor transposon with
flanking repeats and driver transposase (Figure 2). This rat known as
the “seed” rat has an activated DNA transposase which drives
transposition events. The seed rat is bred to wild type rats to create
heterozygote progeny with new transposon insertions. The
heterozygotes can be interbred to create homozygous rats. Transposon
insertion mutations are identified and recovered via a cloning and

sequencing strategy involving the transposon-cellular DNA junction
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fragments. The rats that are identified to have a new DNA transposon
insertion in a known gene or EST or DNA sequence of interest are

called knockout rats.

In one embodiment, the pain gene is mutated in the oocyte before
fusion of the pronuclei. This method for genetic modification of rats
uses microinjected DNA into the male pronucleus before nuclear
fusion. The microinjected DNA creates a genetically modified founder
rat. A female rat is mated and the fertilized eggs are flushed from their
oviducts. After entry of the sperm into the egg, the male and female
pronuclei are separate entities until nuclear fusion occurs. The male
pronucleus is larger are can be identified via dissecting microscope.
The egg can be held in place by micromanipulation using a holding
pipette. The male pronucleus is then microinjected with DNA that can
be genetically modified. The microinjected eggs are then implanted
into a surrogate pseudopregnant female which was mated with a
vasectomized male for uterus preparation. The foster mother gives
birth to genetically modified animal. The microinjection method can
introduce genetic modifications directly to the germline of a living

animal.

In another embodiment, the pain gene is mutated in a pluripotent cell.
These pluripotent cells can proliferate in cell culture and be genetically
modified without affecting their ability to differentiate into other cell
types including germline cells. Genetically modified pluripotent cells
from a donor can be microinjected into a recipient blastocyst, or in the
case of spermatogonial stem cells can be injected into the rete testis of
a recipient animal. Recipient genetically modified blastocysts are
implated into pseudopregnant surrogate females. The progeny which
have a genetic modification to the germline can then be established,
and lines homozygous for the genetic modification can be produced by

interbreeding.
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In another embodiment, the pain gene is mutated in a somatic cell and
then used to create a genetically modified animal by somatic cell
nuclear transfer. Somatic cell nuclear transfer uses embryonic, fetal, or
adult donor cells which are isolated, cultured, and/or modified to
establish a cell line. Individual donor cells are fused to an enucleated
oocyte. The fused cells are cultured to blastocyst stage, and then

transplanted into the uterus of a pseudopregnant female.

In one embodiment, the present invention is directed to methods for
mutating a single gene or multiple genes (e.g., two or more) in
eukaryotic cells and multicellular organisms. The present invention
contemplates several methods for creating mutations in the pain
gene(s). In one embodiment the mutation is an insertion mutation. In
another embodiment the mutation is a deletion mutation. In another
embodiment the method of mutation is the introduction of a cassette or
gene trap by recombination. In another embodiment a small nucleic
acid sequence change is created by mutagenesis (through the creation
of frame shifts, stop mutations, substitution mutations, small insertion
mutations, small deletion mutations, and the like). In yet another
embodiment, a transgene is delivered to knockout or knockdown the

products of the pain gene (mRNA or protein) in trans.

The invention also is directed to insertional mutagens for making the
mutant cells and organisms, and which also can be used to analyze the
mutations that are made in the cells and organisms. The invention also
is directed to methods in which one or more mutated genes is tagged
by a tag provided by the insertional mutagen to allow the detection,
selection, isolation, and manipulation of a cell with a genome tagged
by the insertional mutagen and allows the identification and isolation
of the mutated gene(s). The invention provides methods for making
multiple mutations (i.e., mutations in two or more genes that produce a

phenotype cumulatively) in cells and organisms and tagging at least
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one of the mutated genes such that the mutation can be rapidly

identified.

The term gene disruption as used herein refers to a gene knock-out or
knock-down in which an insertional mutagen is integrated into an
endogenous gene thereby resulting expression of a fusion transcript

between endogenous exons and sequences in the insertional mutagen.

In one embodiment, the invention provides for insertional mutagenesis
involving the integration of one or more polynucleotide sequences into
the genome of a cell or organism to mutate one or more endogenous
genes in the cell or organism. Thus, the insertional mutagenic
polynucleotides of the present invention are designed to mutate one or
more endogenous genes when the polynucleotides integrate into the

genome of the cell.

Accordingly, the insertional mutagens used in the present invention
can comprise any nucleotide sequence capable of altering gene
expression levels or activity of a gene product upon insertion into
DNA that contains the gene. The insertional mutagens can be any
polynucleotide, including DNA and RNA, or hybrids of DNA and
RNA, and can be single-stranded or double-stranded, naturally
occurring or non-naturally occurring (e.g., phosphorothioate, peptide-
nucleic acids, etc.). The insertional mutagens can be of any geometry,
inclﬁding but not limited to linear, circular, coiled, supercoiled,
branched, hairpin, and the like, and can be any length capable of
facilitating mutation, and tagging of an endogenous gene. In certain
embodiments, the insertional mutagens can comprise one or more

nucleotide sequences that provide a desired function.

In another embodiment, the method further involves transforming a
cell with a nucleic acid construct comprising donor DNA. An example

of donor DNA may include a DNA transposon. Transposable elements
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are discrete sequences in the genome which are mobile. They have the
ability to translocate from one position in the genome to another.
Unlike most genetic entities that can create modification to an
organism’s genome, transposons do not require homology with the
recipient genome for insertion. Transposons contain inverted terminal
repeats which are recognized by the protein transposase. Transposase
facilitates the transposition event. Transposition can occur in
replicative (the element is duplicated) or nonreplicative (element
moves from one site to another and is conserved) mechanism.
Transposons can either contain their own transposase or transposase
can be added in trans to facilitate transposition. The transposon
promotes genetic modifications in many ways. The insertion itself
may cause genetic modification by disruption of a DNA sequence or
introduction of DNA. The transposon may be used to deliver a gene

trap.

In another embodiment, the method for mutagenesis involves
transforming a cell with nucleic acid by use of a LTR retrotransposon
with reverse transcriptase. The retrotransposon is initially composed
of a single strand of RNA. This single stranded RNA is converted into
a double stranded DNA by reverse transcriptase. This is a linear
duplex of DNA that is integrated into the host’s genome by the enzyme
integrase. This insertion event is much like a transposition event and

can be engineered to genetically modify a host’s genome.

In another embodiment, the method for mutageneis is a non-LTR
retrotransposon. Long Interspersed Nucleotide Elements (LINEs) are
retrotransposons that do not have long terminal repeats (LTR’s). The
LINES open reading frame 1 (ORF1) is a DNA binding protein, ORF2
provides both reverse transcriptase and endonuclease activity. The
endonucleolytic nick provides the 3°-OH end required for priming the

synthesis of cDNA on the RNA template by reverse transcriptase. A
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second cleavage site opens the other strand of DNA. The RNA/DNA
hybrid integrates into the host genome before or after converting into
double stranded DNA. The integration process is called target primed

reverse transcription (TPRT).

In another embodiment a retrovirus may be used for insertional genetic
modification. The retroviral vector (e.g. lentivirus) inserts itself into
the genome. The vector can carry a transgene or can be used for
insertional mutagenesis. The infected embryos are then injected into a
receptive female. The female gives birth to founder animals which
have genetic modifications in their germline. Genetically modified

lines are established with these founder animals.

In another embodiment, mutagenesis by recombination of a cassette
into the genome may be facilitated by targeting constructs or
homologous recombination vectors. Homologous recombination
vectors are composed of fragments of DNA which are homologous to
target DNA. Recombination between identical sequences in the vector
and chromosomal DNA will result in genetic modification. The vector
may also contain a selection method (e.g., antibiotic resistance or GFP)
and a unique restriction enzyme site used for further genetic
modification. The targeting vector will insert into the genome at a
position (e.g, exon, intron, regulatory element) and create genetic

modification.

In another embodiment, mutagenesis through recombination of a
cassette into the genome may be carried out by Serine and Tyrosine
recombinase with the addition of an insertion cassette. Site-specific
recombination occurs by recombinase protein recognition of DNA,
cleavage and rejoining as a phosphodiesterase bond between the serine
or tyrosine residues. A cassette of exogenous or endogenous DNA

may be recombined into the serine or tyrosine site. The cassette can
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contain a transgene, gene trap, reporter gene or other exogenous or

endogenous DNA.

In one embodiment, the present invention is directed to methods for
both targeted (site-specific) DNA insertions and targeted DNA
deletions. In one embodiment, the method involves transformation of a
cell with a nucleic acid or mRNA construct minimally comprising
DNA encoding a chimeric zinc finger nuclease (ZFN), which can be
used to create a DNA deletion. In another embodiment, a second DNA
construct can be provided that will serve as a template for repair of the
cleavage site by homologous recombination. In this embodiment, a
DNA insertion may be created. The DNA insertion may contain a gene

trap cassette.

The invention also is directed to nucleic acid sequence mutation for

making the mutant cells and organisms.

In one embodiment, the method involves chemical mutagenesis with
mutagens such as methane-sulfonic acid ethylester (EMS), N-ethyl-N-
nitrosourea (ENU), diepoxyoctane and UV/trimethylpsorlalen to create

nucleic acid sequence mutations.

In another embodiment, sequence editing methods are used that
involve the delivery of small DNA fragments, hybrid DNA/RNA
molecules, and modified DNA polymers to create sequence
mismatches and nucleic acid mutations. RNA/DNA hybrids are
molecules composed of a central stretch of DNA flanked by short
RNA sequences that form hairpin structures. The RNA/DNA hybrids
can produce single base-pair substitutions and deletions resulting in
nucleotide mutations. Some other sequence editing examples include
triplex forming oligonucliotides, small fragment homologous
replacement, single-stranded DNA oligonucleotides, and adeno-

associated virus (AAV) vectors.
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The invention also is directed to genetic expression modification or
mutagenesis, which may be carried out by delivery of a transgene that

works in trans.

In one embodiment, RNA interference (RNAi) may be used to alter the
expression of a gene. Single stranded mRNA can be regulated by the
presence of sections of double stranded RNA (dsRNA) or small
interfering RNA (siRNA). Both anti-sense and sense RNAs can be
effective in inhibiting gene expression. siRNA mediates RNA
interference and is created by cleavage of long dsDNA by the enzyme
Dicer. RNAI can create genetic modification by triggering the
degradation of mRNA’s that are complementary to either strand of
short dSRNA. When siRNA is associated with complementary single-
stranded RNA it can signal for nuclease to degrade the mRNA. RNAi
can also result in RNA silencing which occurs when the short dsSRNA
inhibits expression of a gene. Other forms of inhibitory RNA, such as

small hairpin RNA (shRNA) are envisioned.

In another embodiment, the delivery of a transgene encoding a
dominant negative protein may alter the expression of a target gene.
Dominant negative proteins can inhibit the activity of an endogenous
protein. One example is the expression a protein which contains the
ligand binding site of an endogenous protein. The expressed
dominant-negative protein “soaks up” all of the available ligand. The
endogenous protein is therefore not activated, and the wild type

function is knocked out or knocked down.

Other schemes based on these general concepts are within the scope
and spirit of the invention, and are readily apparent to those skilled in

the art.

The invention also provides methods for making homozygous

mutations in rats by breeding a genetically modified rat which is
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heterozygous for a mutant allele with another genetically modified rat
which is heterozygous fof the same mutant allele. On average 25% of
offspring of such matings are expected to produce animals that are
homozygous for the mutant allele. Homozygous mutations are useful

for discovering functions associated with the mutated gene.

[00107] The present invention is directed generally to reduction or inactivation
of gene function or gene expression in cells in vitro and in
multicellular organisms. The invention encompasses methods for
mutating cells using one or more mutagens, particularly wherein at
least one mutation is an insertion mutation, a deletion mutation, or a
nucleic acid sequence mutation, to achieve a homozygous gene
mutation or mutation of multiple genes required cumulatively to
achieve a phenotype. The methods are used to create knock-outs,

knock-downs, and other modifications in the same cell or organism.

[00108] The mutation can result in a change in the expression level of a gene or
level of activity of a gene product. Activity encompasses all functions
of a gene product, e.g. structural, enzymatic, catalytic, allosteric, and
signaling. In one embodiment, mutation results in a decrease or
elimination of gene expression levels (RNA and/or protein) or a
decrease or elimination of gene product activity (RNA and/or protein).
Most mutations will decrease the activity of mutated genes. However,
both the insertional and physicochemical mutagens can also act to
increase or to qualitatively change (e.g., altered substrate on binding
specificity, or regulation of protein activity) the activity of the product
of the mutated gene. Although mutations will often generate
phenotypes that may be difficult to detect, most phenotypically
detectable mutations change the level or activity of mutated genes in

ways that are deleterious to the cell or organism.

[00109] As used herein, decrease means that a given gene has been mutated

such that the level of gene expression or level of activity of a gene
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product in a cell or organism is reduced from that observed in the wild-
type or non-mutated cell or organism. This is often accomplished by
reducing the amount of mRNA produced from transcription of a gene,
or by mutating the mRNA or protein produced from the gene such that

the expression product is less abundant or less active.

Disclosed are cells produced by the process of transforming the cell
with any of the disclosed nucleic acids. Disclosed are cells produced
by the process of transforming the cell with any of the non-naturally

occurring disclosed nucleic acids.

Disclosed are any of the disclosed peptides produced by the process of
expressing any of the disclosed nucleic acids. Disclosed are any of the
non-naturally occurring disclosed peptides produced by the process of
expressing any of the disclosed nucleic acids. Disclosed are any of the
disclosed peptides produced by the process of expressing any of the

non-naturally disclosed nucleic acids.

Disclosed are animals produced by the process of transfecting a cell
within the animal with any of the nucleic acid molecules disclosed
herein. Disclosed are animals produced by the process of transfecting a
cell within the animal any of the nucleic acid molecules disclosed
herein, wherein the animal is a rat. Also disclosed are animals
produced by the process of transfecting a cell within the aﬁimal any of
the nucleic acid molecules disclosed herein, wherein the mammal is a

rat.

Such methods are used to achieve mutation of a single gene to achieve
a desired phenotype as well as mutation of multiple genes, required
cumulatively to achieve a desired phenotype, in a rat cell or rat. The
invention is also directed to methods of identifying one or more
mutated genes, made by the methods of the invention, in rat cells and

in rats, by means of a tagging property provided by the insertional
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mutagen(s). The insertional mutagen thus allows identification of one

or more genes that are mutated by insertion of the insertional mutagen.

The invention is also directed to rat cells and rats created by the
methods of the invention and uses of the rat cells and rats. The
invention is also directed to libraries of rat cells created by the methods

of the invention and uses of the libraries.

Drug toxicology, altered drug and chemical metabolism -associated

genes

The invention also features a novel genetically modified rat with a
genetically engineered modification in a gene encoding a pain
associated protein. In another aspect, the invention features a
genetically modified rat, wherein a gene encoding pain protein is
modified resulting in reduced pain protein activity. In preferred
embodiments of this aspect, the genetically modified rat is
homozygous for the modified gene. In other preferred embodiments,
the gene encoding pain protein is modified by disruption, and the
genetically modified rat has reduced pain protein activity. In yet
another embodiment, the transgenic rat is heterozygous for the gene

modification.

In another embodiment of this aspect of the invention, the invention
features a nucleic acid vector comprising nucleic acid capable of
undergoing homologous recombination with an endogenous pain gene
in a cell, wherein the homologous recombination results in a
modification of the pain gene resulting in decreased pain protein
activity in the cell. In another aspect, the modification of the pain gene

is a disruption in the coding sequence of the endogenous pain gene.

Another embodiment of this aspect of the invention features a rat cell,
wherein the endogenous gene encoding pain protein is modified,

resulting in reduced pain protein activity in the cell.
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In certain embodiments, the reduced pain protein activity is
manifested. In a related aspect, the invention features a rat cell
containing an endogenous pain gene into which there is integrated a
transposon comprising DNA encoding a gene trap and/or a selectable

marker.

In another aspect, the invention features a rat cell containing an
endogenous pain gene into which there is integrated a retrotransposon
comprising DNA encoding a gene trap and/or a selectable marker. In
another aspect, the invention features a rat cell containing an
endogenous pain gene into which there is DNA comprising an
insertion mutation in the pain gene. In another aspect, the invention
features a rat cell containing an endogenous pain gene into which there
is DNA comprising a deletion mutation in the pain gene. In another
aspect, the invention features a rat cell containing an endogenous pain
gene in which there has been nucleic acid sequence modification of the

pain gene.

In another embodiment of the invention, the invention features a
method for determining whether a compound is potentially useful for
treating or alleviating the symptoms of a pain gene disorder, which
includes (a) providing a cell that produces a pain protein, (b)
contacting the cell with the compound, and (c¢) monitoring the activity
of the pain protein, such that a change in activity in response to the
compound indicates that the compound is potentially useful for treating

or alleviating the symptoms of a pain gene disorder.

It is understood that simultaneous targeting of more than one gene may
be utilized for the development of "knock-out rats" (i.e., rats lacking
the expression of a targeted gene product), "knock-in rats" (i.e., rats
expressing a fusion protein or a protein encoded by a gene exogenous

to the targeted locus), “knock down rats” (i.e., rats with a reduced
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expression of a targeted gene product), or rats with a targeted gene

such that a truncated gene product is expressed.

Rat models that have been genetically modified to alter pain gene
expression may be used in in vivo assays to test for activity of a
candidate pain modulating agent, or to further assess the role of pain
gene in a pain pathway process such as T lymphocyte mediated
apoptosis or native DNA autoantibody production. Preferably, the
altered pain gene expression results in a detectable phenotype, such as
decreased levels of P450 expression, bioavailability of a drug,
increased susceptibility to toxicity, organ sequestration, compared to
control animals having normal pain gene expression. The genetically
modified rat may additionally have altered pain gene expression (e.g.
pain gene knockout). In one embodiment, the genetically modified rats
are genetically modified animals having a heterologous nucleic acid
sequence present as an extrachromosomal element in a portion of its
cells, i.e. mosaic animals (see, for example, techniques described by
Jakobovits, 1994, Curr. Biol. 4:761-763) or stably integrated into its
germ line DNA (i.e., in the genomic sequence of most or all of its
cells). Heterologous nucleic acid is introduced into the germ line of
such genetically modified animals by genetic manipulation of, for
example, embryos or germ cells or germ cells precursors of the host

animal.

Methods of making genetically modified rodents are well-known in the
art (see Brinster et al., Proc. Nat. Acad. Sci. USA 82: 4438-4442
(1985), U.S. Pat. Nos. 4,736,866 and 4,870,009, both by Leder et al.,
U.S. Pat. No. 4,873,191 by Wagner et al., and Hogan, B., Manipulating
the Mouse Embryo, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y., (1986); for particle bombardment see U.S. Pat. No.
4,945,050, by Sandford et al.; for genetically modified Drosophila see
Rubin and Spradling, Science (1982) 218:348-53 and U.S. Pat. No.
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4,670,388; for genetically modified insects see Berghammer A. J. et
al., A Universal Marker for Genetically modified Insects (1999) Nature
402:370-371; for genetically modified Zebrafish see Lin S.,
Genetically modified Zebrafish, Methods Mol Biol. (2000); 136:375-
3830); for microinjection procedures for fish, amphibian eggs and
birds see Houdebine and Chourrout, Experientia (1991) 47:897-905;
Hammer et al., Cell (1990) 63:1099-1112; and for culturing of
embryonic stem (ES) cells and the subsequent production of
genetically modified animals by the introduction of DNA into ES cells
using methods such as electroporation, calcium phosphate/DNA
precipitation and direct injection see, e.g., Teratocarcinomas and
Embryonic Stem Cells, A Practical Approach, E. J. Robertson, ed.,
IRL Press (1987)). Clones of the nonhuman genetically modified
animals can be produced according to available methods (see Wilmut,
L. et al. (1997) Nature 385:810-813; and PCT International Publication
Nos. WO 97/07668 and WO 97/07669).

In one embodiment, the genetically modified rat is a "knock-out"
animal having a heterozygous or homozygous alteration in the
sequence of an endogenous pain gene that results in a dysregulation of
nervous system function, preferably such that pain gene expression is
undetectable or insignificant. Knock-out animals are typically
generated by homologous recombination with a vector comprising a
transgene having at least a portion of the gene to be knocked out.
Typically a deletion, addition or substitution has been introduced into
the transgene to functionally disrupt it. The transgene can be a human
gene (e.g., from a human genomic clone) but more preferably is an
ortholog of the human gene derived from the genetically modified host
species. For example, a mouse drug trransporter gene is used to
construct a homologous recombination vector suitable for altering an
endogenous pain gene in the mouse genome. Detailed methodologies

for homologous recombination in rodents are available (see Capecchi,
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Science (1989) 244:1288-1292; Joyner et al., Nature (1989) 338:153-
156). Procedures for the production of non-rodent genetically modified
mammals and other animals are also available (Houdebine and
Chourrout, supra; Pursel et al., Science (1989) 244:1281-1288; Simms
et al., Bio/Technology (1988) 6:179-183). In a preferred embodiment,

knock-out animals, such as rats harboring a knockout of a specific

‘gene, may be used to produce antibodies against the human counterpart

of the gene that has been knocked out (Claesson M H et al., (1994)
Scan J Immunol 40:257-264; Declerck P J et al., (1995) J Biol Chem.
270:8397-400).

In another embodiment, the genetically modified rat is a "knock-down"
animal having an alteration in its genome that results in altered
expression (e.g., decreased expression) of the pain gene, e.g., by
introduction of mutations to the pain gene, or by operatively inserting a
regulatory sequence that provides for altered expression of an

endogenous copy of the pain gene.

Genetically modified rats can also be produced that contain selected
systems allowing for regulated expression of the transgene. One
example of such a system that may be produced is the cre/loxP
recombinase system of bacteriophage P1 (Lakso et al., PNAS (1992)
89:6232-6236; U.S. Pat. No. 4,959,317). If a cre/loxP recombinase
system is used to regulate expression of the transgene, animals
containing transgenes encoding both the Cre recombinase and a
selected protein are required. Such animals can be provided through
the construction of "double" genetically modified animals, e.g., by
mating two genetically modified animals, one containing a transgene
encoding a selected protein and the other containing a transgene
encoding a recombinase. Another example of a recombinase system is
the FLP recombinase system of Saccharomyces cerevisiae (O'Gorman

et al. (1991) Science 251:1351-1355; U.S. Pat. No. 5,654,182).In a
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preferred embodiment, both Cre-LoxP and Flp-Frt are used in the same
system to regulate expression of the transgene, and for sequential
deletion of vector sequences in the same cell (Sun X et al (2000) Nat

Genet 25:83-6).

The genetically modified rats can be used in genetic studies to further
elucidate the pain function pathways, as animal models of disease and
disorders implicating dysregulated pain function, and for in vivo testing
of candidate therapeutic agents, such as those identified in screens
described below. The candidate therapeutic agents are administered to
a genetically modified animal having altered pain function and
phenotypic changes are compared with appropriate control animals
such as genetically modified animals that receive placebo treatment,
and/or animals with unaltered pain function that receive candidate

therapeutic agent.

The invention also features novel genetically modified animals with a
genetically engineered modification in the gene encoding pain
proteins. In one aspect, the invention features a genetically modified
non-human mammal, wherein a gene encoding a pain gene is provided

as follows:

Intacellular Ca2+ regulation, temperature sensitization, axon guidance:

TRP channels, Transient receptor potential channel (Trpc4).

The Trpc4 gene encodes a protein Transient receptor potential channel
4. Trpc4 is highly homologous to Trpc5. These nonselective cation
channels are activated by G-protein coupled receptors (GPCRs) and
tyrosine kinases and requires phospholipases ¢ (PLC). TRP channels
mediate a transmembrane flux of cations through electrochemical
gradients, raising intracellular Ca2+ and Na+, depolarizing the cell and
ultimately controlling neuronal potential and propogation. Cell

changes in temperature are tightly associated with the opening of TRP
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channels. Interestingly, cell swelling may also activate TRP channel
activation. These activation mechanisms add to the involvement in
pain because of their association with hyperalgesia and inflammatory
or traumatic induced pain exhibited in disease states such as diabetes.
Cell bound guidance cues control axon guidance and facilitate axon
interaction with targets. The tips of developing neurites modulate
extension as a response to attractive or repellant stimulation. Axon
stimulation can be effected by signals of pain and response to
environmental sensitivity to temperature. Blocking TRP channels
inhibits axon growth and activation promotes attractive steering;
indicating that TRP channels regulate instructive Ca2+ signals in the
nervous system. The role of TRP channels in axon guidance by Ca2+
flux which leads to instructive signaling validates T¥pc4 as a TRP
channel important in pain mechanisms such as sensory signaling in the
peripheral nervous system. In order to produce effective animal models
for pain Trpc4 knockout rats were produced by transposon mediated

insertion.

[00132] Schwann cell development, axon-Schwann cell interaction, myelin

mediated nerve conduction, pain: Neuregulin-1 (Nrgl)

[00133] Nrgl encodes a protein NRG1, a key receptor in erbB signaling which
plays a role in the interactions of peripheral axons and Schwann cells.
Schwann cells produce myelin which regulates axon conduction and
neuron-glia interaction. NRG1 induces neural crest cells, Schwann
cell proliferation, survival of embryonic and immature Schwann cells,
and cell migrations. Nrgl expression is essential for Schwann cell
development. NRG1-erbB signaling is critical for the development of
myelin with normal thickness. Studies with dominant-negative (DN)
erbB mice have elucidated that NRG1-erbB signaling in myelinating
Schwann cells is critical for development of myelin sheaths. Nerve

conduction velocity in NRG1-erbB signaling is severely reduced;
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however, the mice displayed enhanced sensitization to mechanical
stimulation. In order to develop effective animal models for pain Nrg!

knockout rats were produced by transposon mediated insertion.

ErbB signaling defects, non-myelinating Schwann cell proliferation

and death cycles, sensory defects: ErbB4

ErbB4 is a member of the type I receptor tyrosine kinase gene family
which includes Egfr, and ErbB2 targets for anticancer drug Herceptin.
ErbB4 is a transmembrane tyrosine receptor kinase which is
instrumental in neuronal development. ErbB4 regulates non-
myelinating Schwann cell proliferation and differentiation. In animal
models which disrupted ErbB4 signaling non-myelination Schwann
cells undergo “proliferate and die” cycles of which leads to
dysregulation of sensory neurons and peripheral neuropathies. Memon
et a.l. Brit. J. Cancer 91, 2004) discovered that NRG’s and their
receptors including ErbB4 are expressed in 91% of bladder cancers.
However, invasive cancers display lower expression indicating that
early loss of ErbB4 is a marker for bladder cancer development. By
whole genome genetic mapping Silberberg et al. (4m. J. Med. Genet.
141B: 142-148, 2006) discovered three SNP’s which resided in the
third exon of ErbB4 and were tightly associated with Schizophrenia. In
order to study the connection between ErbB4 mediated neuronal
development and pain; rats with a transposon insertion within the gene

rendering it expressionless were created.

Peroxisome proliferator-activated receptors (PPARSs) consist of three
isoforms (o, /6, v). These ligand activated transcription factors are
essential lipid metabolism regulators. However, PPAR administration
in animal models has displayed an anti-inflammatory effect on
neurodegeneration and autoimmune diseases. The success of
neuroinflammatory treatment by PPAR’s in animal models is provoked

studies on their effect as treatments in human pain including
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inflammatory pain. The PPARa isoform has been shown to be
upregulated in the spinal cords of rats with peripheral inflammation.
PPARa was active in inducing hyperalgesia in rat models for
neuroinflammation. Futher, PPARa agonists reduced pain response
behaviors in animal models for pain. PPARY is also a
neuroinflammatory pain related gene. Neuroprotection following
cerebral ischemia is mediated by PPARy inhibitors by blocking
inflammation. In order to facilitate for effective study of PPAR

involvement in pain PPARa, and PPARy knockout rats were created.

The invention also features novel genetically modified cells and
animals with a genetically engineered modification in a gene encoding
for a pain protein. In one aspect, the invention features genetically
modified rat cells or rats, wherein a gene modification occurs in a gene

encoding a pain protein provided in Table 1:

Table 1.
Function Rat Chromosomal
Location
Schwann cell development, proliferation, 16q12.3

survival, migration. Generation of

function myelin. Nerve conduction

velocity and sensitivity, peripheral axon

and neuron-glia interactions.

Transmembrane cation flux, 2926
electrochemical gradient control, and

intracellular Ca2+ and Na+ concentrations.
Neuronal action potential enhancement,

axonal guidance and target sensory.

Loss of function mutations result in 8q24
channelopathy associated insensitivity to

pain; gain of function mutations result in

the pain disorder primary erythermalgia

due to enhanced sodium channels.

Mutations in this gene also cause extreme

pain disorder by inactivation of Na(v) 1.7
channels.
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Degradation of the sciatic nerve due to 9g32
continuous cycles of non-myelination

Schwann cell proliferation and apoptosis.
Disruption of ErbB signaling results in a
progressively developed sensory defect

and neuropathic pain phenotype.

Known as nociceptin, agonist for opioid 1: (200918521-
receptor like-1. Induces allodynia and 200928919) bp
hyperalgesia.

PPAR’s exhibit anti-neuroinflammatory 7q34, 4q42
and neuroportective properties in animal

models for neurodegeneration and

autoimmune diseases. Highly expressed in

the spinal cord of rats with peripheral

inflammation and elicits hyperalgesia

Methods

The methods used in the present invention are comprised of a
combination of genetic introduction methods, genetic modification or
mutagenesis mechanisms, and vector delivery methods. For all genetic
modification or mutagenesis mechanisms one or more introduction and
delivery method may be employed. The invention may include but is

not limited to the methods described below.
Genetic Introduction Methods

In one introduction method, the pain gene is mutated directly in the
germ cells of an adult animal. This method usually involves the
creation of a transgenic founder animal by pronuclear injection. Rat
oocytes are microinjected with DNA into the male pronucleus before
nuclear fusion. The microinjected DNA creates a transgenic founder
rat. In this method, a female rat is mated and the fertilized eggs are
flushed from their oviducts. After entry of the sperm into the egg, the

male and female pronuclei are separate entities until nuclear fusion
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occurs. The male pronucleus is larger are can be identified via
dissecting microscope. The egg can be held in place by
micromanipulation using a holding pipette. The male pronucleus is
then microinjected with DNA that can be genetically modified. The
microinjected eggs are then implanted into a surrogate pseudopregnant
female which was mated with a vasectomized male for uterus
preparation. The foster mother gives birth to transgenic founder
animals. If the transgenic DNA encodes the appropriate components of
a mutagenesis system, such as transposase and a DNA transposon, then
mutagenesis will occur directly in the germ cells of founder animals
and some offspring will contain new mutations. Chemical mutagenesis

can also be used to cause direct germ line mutations.

In another introduction method, the pain gene is mutated in the early

embryo of a developing animal. The mutant embryonic cells develop
to constitute the germ cells of the organism, thereby creating a stable

and heritable mutation. Several forms of mutageneis mechanisms can
be introduced this way including, but not limited to, zinc finger

nucleases and delivery of gene traps by a retrovirus.

In another introduction method, the pain gene is mutated in a
pluripotent cell. These pluripotent cells can proliferate in cell culture
and be genetically modified without affecting their ability to
differentiate into other cell types including germ line cells. Genetically
modified pluripotent cells from a donor can be microinjected into a
recipient blastocyst, or in the case of spermatogonial stem cells can be
injected into the rete testis of a recipient animal. Recipient genetically
modified blastocysts are implanted into pseudopregnant surrogate
females. The progeny which have a genetic modification to the germ
line can then be established, and lines homozygous for the genetic

modification can be produced by interbreeding.
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In another introduction method, the pain gene is mutated in a somatic
cell and then used to create a genetically modified animal by somatic
cell nuclear transfer. Somatic cell nuclear transfer uses embryonic,
fetal, or adult donor cells which are isolated, cultured, and/or modified
to establish a cell line. Individual donor cells are fused to an
enucleated oocyte. The fused cells are cultured to blastocyst stage, and
then transplanted into the uterus of a pseudopregnant female.
Alternatively the nucleus of the donor cell can be injected directly into

the enucleated oocyte. See U.S. Appl. Publ. No. 20070209083.
Genetic modification methods
Mobile DNA technology

DNA transposons are discrete mobile DNA segments that are common
constituents of plasmid, virus, and bacterial chromosomes. These
elements are detected by their ability to transpose self-encoded
phenotypic traits from one replicon to another, or to transpose into a
known gene and inactivate it. Transposons, or transposable elements,
include a piece of nucleic acid bounded by repeat sequences. Active
transposons encode enzymes (transposases) that facilitate the insertion

of the nucleic acid into DNA sequences.

- The lifecycle and insertional mutagenesis of DNA transposon Sleeping

Beauty (SB) is depicted in Figure 1. In its lifecycle, the SB encodes a
transposase protein. That transposase recognizes the inverted terminal
repeats (ITRs) that flank the SB transposon. The transposase then
excises SB and reintegrates it into another region of the genome.
Mutagenesis via Sleeping Beauty is depicted. The mechanism is
similar to the life cycle, but transposase is not encoded by the

transposon, but instead is encoded elsewhere in the genome

The Sleeping Beauty (SB) mutagenesis breeding and screening scheme

is depicted in Figure 2. One rat referred to as the “driver” rat contains
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the (SB) transposase within its genome. A second rat, the “donor” rat
contains the transposon which has the transposase-recognizable
inverted terminal repeats (ITRs). The two rats are bred to create the
“seed” rat which has an active transposon containing transposase and
ITRs. The transposon recognizes the ITRs, excises the transposon, and
inserts it elsewhere in the rat’s genome. This insertion event often
disrupts coding, regulatory, and other functional regions in the genome
to create knockout rat models. The “seed” rat is bred with wild type
rats which beget heterozygous G1 mutants. If the transposon has
inserted into the genome, the event will be recorded via size
comparison of DNA by Southern blot analysis. The exact location of
the transposon insertion is determined by PCR-based amplification
methods combined with sequencing of the DNA flanking the new

insertion.

[00150] The sequences for the DNA transposons Sleeping Beauty (SB)
piggyBac (PB) functional domains are shown in Figure 3. The SB and
PB transposase sequences encode the protein that recognizes the ITRs
and carries out the excision and re-integration. The 3’ and 5’ ITRs are
the flanking sequences which the respective transposases recognizes in

order to carry out excision and reintegration elsewhere in the genome.

[00151] The DNA transposon Sleeping Beauty (SB) was used by the inventors
to create a knockout rat in the Nrgl, Trpc4, ErbB4 genes. The
mechanism is depicted in Figure 4, and is the same as that described
above. The transposase is encoded, and the protein recognizes the
ITRs of the transposon. The transposon is then excised and reinserted
into the first intron of the rat Nrgl, Trpc4, ErbB4 genes which resides
on chromosome locations 16q12.3, 2q26, 9932 respectively.

[00152] In another embodiment, the present invention utilizes the transposon
piggyBac, and sequence configurations outside of piggyBac, for use as

a mobile genetic element as described in U.S. Pat. No. 6,962,810. The
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Lepidopteran transposon piggyBac is capable of moving within the
genomes of a wide variety of species, and is gaining prominence as a
useful gene transduction vector. The transposon structure includes a
complex repeat configuration consisting of an internal repeat (IR), a
spacer, and a terminal repeat (TR) at both ends, and a single open

reading frame encoding a transposase.

The Lepidopteran transposable element piggyBac transposes via a
unique cut-and-paste mechanism, inserting exclusively at ‘5’ TTAA 3’
target sites that are duplicated upon insertion, and excising precisely,
leaving no footprint (Elick et al., 1996b; Fraser et al., 1996; Wang and
Fraser 1993).

In another embodiment, the present invention utilizes the Sleeping
Beauty transposon system for genome manipulation as described, for
example, in U.S. Pat. No. 7,148,203. In one embodiment, the system
utilizes synthetic, salmonid-type Tc1-like transposases with
recognition sites that facilitate transposition. The transposase binds to
two binding-sites within the inverted repeats of salmonid elements, and
appears to be substrate-specific, which could prevent cross-

mobilization between closely related subfamilies of fish elements.

In another aspect of this invention, the invention relates to a transposon
gene transfer system to introduce DNA into the DNA of a cell
comprising: a nucleic acid fragment comprising a nucleic acid
sequence positioned between at least two inverted repeats wherein the
inverted repeats can bind to a SB protein and wherein the nucleic acid
fragment is capable of integrating into DNA of a cell; and a
transposase or nucleic acid encoding a transposase. In one
embodiment, the transposase is provided to the cell as a protein and in
another the transposase is provided to the cell as nucleic acid. In one
embodiment the nucleic acid is RNA and in another the nucleic acid is

DNA. In yet another embodiment, the nucleic acid encoding the
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transposase is integrated into the genome of the cell. The nucleic acid
fragment can be part of a plasmid or a recombinant viral vector.
Preferably, the nucleic acid sequence comprises at least a portion of an
open reading frame and also preferably, the nucleic acid sequence
comprises at least a regulatory region of a gene. In one embodiment
the regulatory region is a transcriptional regulatory region and the
regulatory region is selected from the group consisting of a promoter,
an enhancer, a silencer, a locus-control region, and a border element.
In another embodiment, the nucleic acid sequence comprises a
promoter operably linked to at least a portion of an open reading

frame.

In the transgene flanked by the terminal repeats, the terminal repeats
can be derived from one or more known transposons. Examples of
transposons include, but are not limited to the following: Sleeping
Beauty (Izsvak Z, Ivics Z. and Plasterk R H. (2000) Sleeping Beauty, a
wide host-range transposon vector for genetic transformation in
vertebrates. J. Mol. Biol. 302:93-102), mos1 (Bessereau J L, et al.
(2001) Mobilization of a Drosophila transposon in the Caenorhabditis
elegans germ line. Nature. 413(6851):70-4; Zhang L, et al. (2001)
DNA-binding activity and subunit interaction of the mariner
transposase. Nucleic Acids Res.29(17):3566-75, piggyBac (Tamura T.
et al. Germ line transformation of the silkworm Bombyx mori L. using
a piggyBac transposon-derived vector. Nat Biotechnol. 2000
Jan;18(1):81-4), Himar1 (Lampe D J, et al. (1998) Factors affecting
transposition of the Himar1 mariner transposon in vitro. Genetics.
149(11):179-87), Hermes, Tol2 element, Pokey, Tn5 (Bhasin A, et al.
(2000) Characterization of a Tn5 pre-cleavage synaptic complex. J Mol
Biol 302:49-63), Tn7 (Kuduvalli P N, Rao J E, Craig N L. (2001)
Target DNA structure plays a critical role in Tn7 transposition. EMBO
120:924-932), Tn916 (Marra D, Scott J R. (1999) Regulation of

excision of the conjugative transposon Tn916. Mol Microbiol 2:609-
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621), Tcl/mariner (Izsvak Z, Ivics Z4 Hackett P B. (1995)
Characterization of a Tc1-like transposable element in zebrafish
(Danio rerio). Mol. Gen. Genet. 247:312-322), Minos and S elements
(Franz G and Savakis C. (1991) Minos, a new transposable element
from Drosophila hydei, is a member of the Tcl-like family of
transposons. Nucl. Acids Res. 19:6646; Merriman P J, Grimes C D,
Ambroziak J, Hackett D A, Skinner P, and Simmons M J. (1995) S
elements: a family of Tc1-like transposons in the genome of
Drosophila melanogaster. Genetics 141:1425-1438), Quetzal elements
(Ke Z, Grossman G L, Cornel A J, Collins F H. (1996) Quetzal: a
transposon of the Tc1 family in the mosquito Anopheles albimanus.
Genetica 98:141-147); Txr elements (Lam W L, Seo P, Robison K,
Virk S, and Gilbert W. (1996) Discovery of amphibian Tc1-like
transposon families. J Mol Biol 257:359-366), Tc1-like transposon
subfamilies (Ivics Z, Izsvak Z, Minter A, Hackett P B. (1996)
Identification of functional domains and evolution of Tcl-like
transposable elements. Proc. Natl. Acad Sci USA 93: 5008-5013), Tc¢3
(Tu Z. Shao H. (2002) Intra- and inter-specific diversity of Tc-3 like
transposons in nematodes and insects and implications for their
evolution and transposition. Gene 282:133-142), ICESt1 (Burrus V et
al. (2002) The ICEStI element of Streptococcus thermophilus belongs
to a large family of integrative and conjugative elements that exchange
modules and change their specificity of integration. Plasmid. 48(2): 77-
97), maT, and P-element (Rubin G M and Spradling A C. (1983)
Vectors for P element-mediated gene transfer in Drosophila. Nucleic
Acids Res. 11:6341-6351). These references are incorporated herein by
reference in their entirety for their teaching of the sequences and uses

of transposons and transposon ITRs.

Translocation of Sleeping Beauty (SB) transposon requires specific
binding of SB transposase to inverted terminal repeats (ITRs) of about

230 bp at each end of the transposon, which is followed by a cut-and-
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paste transfer of the transposon into a target DNA sequence. The ITRs
contain two imperfect direct repeats (DRs) of about 32 bp. The outer
DRs are at the extreme ends of the transposon whereas the inner DRs
are located inside the transposon, 165-166 bp from the outer DRs. Cui
et al. (J. Mol Biol 318:1221-1235) investigated the roles of the DR
elements in transposition. Within the 1286-bp element, the essential
regions are contained in the intervals bounded by coordinates 229-586,
735-765, and 939-1066, numbering in base pairs from the extreme 5'
end of the element. These regions may contain sequences that are
necessary for transposase binding or that are needed to maintain proper

spacing between binding sites.

[00158] Transposons are bracketed by terminal inverted repeats that contain
binding sites for the transposase. Elements of the IR/R subgroup of the
Tc1/mariner superfamily have a pair of transposase-binding sites at the
ends of the 200-250 bp long inverted repeats (IRs) (Izsvak, et al.
1995). The binding sites contain short, 15-20 bp direct repeats (DRs).
This characteristic structure can be found in several elements from
evolutionarily distant species, such as Minos and S elements in flies
(Franz and Savakis, 1991; Merriman et al, 1995), Quetzal elements in
mosquitoes (Ke et al, 1996), Txr elements in frogs (Lam et al, 1996)
and at least three Tc1-like transposon subfamilies in fish (Ivics et al.,
1996), including SB [Sleeping Beauty] and are herein incorporated by

reference.

[00159] Whereas Tcl transposons require one binding site for their transposase
in each IR, Sleeping Beauty requires two direct repeat (DR) binding
sites within each IR, and is therefore classified with Tc3 in an IR/DR
subgroup of the Tc1/mariner superfamily (96,97). Sleeping Beauty
transposes into TA dinucleotide sites and leaves the Tc1/mariner
characteristic footprint, i.e., duplication of the TA, upon excision. The

non-viral plasmid vector contains the transgene that is flanked by
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IR/DR sequences, which act as the binding sites for the transposase.
The catalytically active transposase may be expressed from a separate
(trans) or same (cis) plasmid system. The transposase binds to the
IR/DRs, catalyzes the excision of the flanked transgene, and mediates

its integration into the target host genome.

Naturally occurring mobile genetic elements, known as
retrotransposons, are also candidates for gene transfer vehicles. This

mutagenesis method generally involves the delivery of a gene trap.

Retrotransposons are naturally occurring DNA elements which are
found in cells from almost all species of animals, plants and bacteria
which have been examined to date. They are capable of being
expressed in cells, can be reverse transcribed into an
extrachromosomal element and reintegrate into another site in the same

genome from which they originated.

Retrotransposons may be grouped into two classes, the retrovirus-like
LTR retrotransposons, and the non-LTR elements such as human L1
elements, Neurospora TAD elements (Kinsey, 1990, Genetics 126:317-
326), I factors from Drosophila (Bucheton et al., 1984, Cell 38:153-
163), and R2Bm from Bombyx mori (Luan et al., 1993, Cell 72: 595- '
605). These two types of retrotransposon are structurally different and

also retrotranspose using radically different mechanisms.

Unlike the LTR retrotransposons, non-L TR elements (also called
polyA elements) lack LTRs and instead end with polyA or A-rich
sequences. The LTR retrotransposition mechanism is relatively well-
understood; in contrast, the mechanism of retrotransposition by non-
LTR retrotransposons has just begun to be elucidated (Luan and
Eickbush, 1995, Mol. Cell. Biol. 15:3882-3891; Luan et al., 1993, Cell
72:595-605). Non-LTR retrotransposons can be subdivided into

sequence-specific and non-sequence-specific types. L1 is of the latter
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type being found to be inserted in a scattered manner in all human,

mouse and other mammalian chromosomes.

[00164] Some human L1 elements (also known as a LINEs) can retrotranspose
(express, cleave their target site, and reverse transcribe their own RNA
using the cleaved target site as a primer) into new sites in the human

genome, leading to genetic disorders.

[00165] Further included in the invention are DNAs which are useful for the
generation of mutations in a cell. The mutations created are useful for
assessing the frequency with which selected cells undergo insertional
mutagenesis for the generation of genetically modified animals and the
like. Engineered L1 elements can also be used as retrotransposon
mutagens. Sequences can be introduced into the L1 that increases its
mutagenic potential or facilitates the cloning of the interrupted gene.
DNA sequences useful for this application of the invention include
marker DNAs, such as GFP, that are specifically engineered to
integrate into genomic DNA at sites which are near to the endogenous
genes of the host organism. Other potentially useful DNAs for delivery
are regulatory DNA elements, such as promoter sequences, enhancer
sequences, retroviral LTR elements and repressors and silencers. In

addition, genes which are developmentally regulated are useful in the

invention.
[00166] Viral mutagenesis methods
[00167] Viral vectors are often created using a replication defective virus

vector with a genome that is partially replaced by the genetic material
of interest (e.g., gene trap, selectable marker, and/or a therapeutic
gene). The viral vector is produced by using a helper virus to provide
some of the viral components that were deleted in the replication
defective virus, which results in an infectious recombinant virus whose

genome encodes the genetic material of interest. Viral vectors can be
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used to introduce an insertion mutation into the rat’s genome.
Integration of the viral genetic material is often carried out by the viral
enzyme integrase. Integrase brings the ends of viral DNA together and
converts the blunt ends into recessed ends. Integrase creates staggered
ends on chromosomal DNA. The recessed ends of the viral DNA are
then joined with the overhangs of genomic DNA, and the
singlestranded regions are repaired by cellular mechanisms. Some
recombinant virus vectors are equipped with cell uptake, endosomal
escape, nuclear import, and expression mechanisms allowing the
genetic material of interest to be inserted and expressed in the rat’s
genome. The genetic material introduced via viral vectors can
genetically modify the rat’s genome but is not limited to disrupting a
gene, inserting a gene to be expressed, and by delivery of interfering
RNA. Viral vectors can be used in multiple methods of delivery. The
most common mode of delivery is the microinjection of a replication
deficient viral vector (e.g. retroviral, adenoviral) into an early embryo
(1-4 day) or a onecell pronuclear egg. After viral vector delivery, the
embryo is cultured in vitro and transferred to recipient rats to create

genetically modified progeny.

In one embodiment, insertion mutations can be created by delivery of a
gene trap vector into the rat genome. The gene trap vector consists of
a cassette that contains selectable reporter tags. Upstream from this
cassette is a 3’ splice acceptor sequence. Downstream from the
cassette lays a termination sequence poly adenine repeat tail (polyA).
The splice accepter sequence allows the gene trap vector to be spliced
into chromosomal mRNA. The polyA tail signals the premature
interruption of the transcription. The result is a truncated mRNA
molecule that has decreased function or is completely non-functional.
The gene trap method can also be utilized to introduce exogenous

DNA into the genome.
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In another embodiment an enhancer trap is used for insertional
mutagenesis. An enhancer trap is a transposable element vector that
carries a weak minimal promoter which controls a reporter gene.
When the transposable element is inserted the promoter drives
expression of the reporter gene. The expression of the reporter gene
also displays the expression patterns of endogenous genes. Enhancer
trapping results in genetic modification and can be used for gain-of-
function genetics. The Gal4-mediated expression system is an

example of an enhancer trap.

Further included are one or more selectable marker genes. Examples of
suitable prokaryotic marker genes include, but are not limited to, the
ampicillin resistance gene, the kanamycin resistance gene, the gene
encoding resistance to chloramphenicol, the lacZ gene and the like.
Examples of suitable eukaryotic marker genes include, but are not
limited to, the hygromycin resistance gene, the green fluorescent
protein (GFP) gene, the neomycin resistance gene, the zeomycin gene,
modified cell surface receptors, the extracellular portion of the IgG
receptor, composite markers such as beta-geo (a lac/neo fusion) and
the like.

In one embodiment, the gene trap will need to be integrated into the
host genome and an integrating enzyme is needed. Integrating enzymes
can be any enzyme with integrating capabilities. Such enzymes are
well known in the art and can include but are not limited to
transposases, integrases, recombinases, including but not limited to
tyrosine site-specific recombinases and other site-specific
recombinases (e.g., cre), bacteriophage integrases, retrotransposases,

and retroviral integrases.

The integrating enzymes of the present invention can be any enzyme
with integrating capabilities. Such enzymes are well known in the art

and can include but are not limited to transposases (especially DDE
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transposases), integrases, tyrosine site-specific recombinases and other
site-specific recombinases (e.g., cre), bacteriophage integrases,

integrons, retrotransposases, retroviral integrases and terminases.

Disclosed are compositions, wherein the integrating enzyme is a
transposase. It is understood and herein contemplated that the
transposase of the composition is not limited and to any one
transposase and can be selected from at least the group consisting of
Sleeping Beauty (SB), Tn7, Tn5, mosl, piggyBac, Himarl, Hermes,
Tol2, Pokey, Minos, S elements, P-elements, ICESt1, Quetzal

elements, Tn916, maT, Tcl/mariner and Tc3.

Where the integrating enzyme is a transposase, it is understood that the
transposase of the composition is not limited and to any one
transposase and can be selected from at least the group consisting of
Sleeping Beauty (SB), Tn7, TnS, Tn916, Tc1/mariner, Minos and S
elements, Quetzal elements, Txr elements, maT, mosl, piggyBac,
Himarl, Hermes, Tol2, Pokey, P-elements, and Tc3. Additional
transposases may be found throughout the art, for example, U.S. Pat.
No. 6,225,121, U.S. Pat. No. 6,218,185 U.S. Pat. No. 5,792,924 U.S.
Pat. No. 5,719,055, U.S. Patent Application No. 20020028513, and
U.S. Patent Application No. 20020016975 and are herein incorporated
by reference in their entirety. Since the applicable principal of the
invention remains the same, the compositions of the invention can

include transposases not yet identified.

Also disclosed are integrating enzymes of the disclosed compositions
wherein the enzyme is an integrase. For example, the integrating
enzyme can be a bacteriophage integrase. Such integrase can include
any bacteriophage integrase and can include but is not limited to lamda
bacteriophage and mu bacteriophage, as well as Hong Kong 022
(Cheng Q., et al. Specificity determinants for bacteriophage Hong

Kong 022 integrase: analysis of mutants with relaxed core-binding
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specificities. (2000) Mol Microbiol. 36(2):424-36.), HP1 (Hickman, A.
B., et al. (1997). Molecular organization in site-specific recombination:
The catalytic domain of bacteriophage HP1 integrase at 2.7 A
resolution. Cell 89: 227-237), P4 (Shoemaker, N B, et al. (1996). The
Bacteroides mobilizable insertion element, NBU1, integrates into the 3'
end of a Leu-tRNA gene and has an integrase that is a member of the
lambda integrase family. J Bacteriol. 178(12):3594-600.), P1 (Li Y,
and Austin S. (2002) The P1 plasmid in action: time-lapse
photomicroscopy reveals some unexpected aspects of plasmid
partition. Plasmid. 48(3):174-8.), and T7 (Rezende, L. F., et al. (2002)
Essential Amino Acid Residues in the Single-stranded DNA-binding
Protein of Bacteriophage T7. Identification of the Dimer Interface. J.
Biol. Chem. 277, 50643-50653.). Integrase maintains its activity when

fused to other proteins.

Also disclosed are integrating enzymes of the disclosed compositions
wherein the enzyme is a recombinase. For example, the recombinase
can be a Cre recombinase, Flp recombinase, HIN recombinase, or any
other recombinase. Recombinases are well-known in the art. An
extensive list of recombinases can be found in Nunes-Duby SE, et al.
(1998) Nuc. Acids Res. 26(2): 391-406, which is incorporated herein

in its entirety for its teachings on recombinases and their sequences.

Also disclosed are integrating enzymes of the disclosed compositions
wherein the enzyme is a retrotransposase. For example, the
retrotransposase can be a GATE retrotransposase (Kogan G L, et al.
(2003) The GATE retrotransposon in Drosophila melanogaster:
mobility in heterochromatin and aspects of its expression in germ line

tissues. Mol Genet Genomics. 269(2):234-42).

Other general techniques for integration into the host genome include,
for example, systems designed to promote homologous recombination.

These systems typically rely on sequence flanking the nucleic acid to
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be expressed that has enough homology with a target sequence within
the host cell genome that recombination between the vector nucleic
acid and the target nucleic acid takes place, causing the delivered
nucleic acid to be integrated into the host genome. These systems and
the methods necessary to promote homologous recombination are

known to those of skill in the art.
Zinc Finger Nucleases

In another method, a zinc finger nuclease creates site-specific deletions
via double-stranded DNA breaks that are repaired by non-homologous
end joining (NHEJ). Zinc finger nucleases may also be used to create
an insertion mutation by combining the ZFN with a homologously
integrating cassette to create aﬂ insertion in the genomic DNA.
Therefore, this genetic modification method can be used for both
targeted (site-specific) DNA insertions and targeted DNA deletions. In
one embodiment, the method involves transformation of a cell with a
nucleic acid or mRNA construct minimally comprising DNA
encoding a chimeric zinc finger nuclease (ZFN), which can be used to
create a DNA deletion. In another embodiment, a second DNA
construct can be provided that will serve as a template for repair of the
cleavage site by homologous recombination. In this embodiment, a
DNA insertion may be created. The DNA insertion may contain a gene
trap cassette. In one embodiment, this method can be combined with
spermatogonial stem cell technology or embryonic stem cell
technology, as mentioned above. In another embodiment, this method
can be combined with mobile DNA technology. This technique can

also be done directly in the rat embryo.
Nucleic Acid Modification Methods

In one embodiment, a random mutation is created with a chemical

mutagen and then a screen is performed for insertions in a particular
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pain gene. Chemical mutagens such as methane-sulfonic acid
ethylester (EMS), N-ethyl-N-nitrosourea (ENU), diepoxyoctane and
UV/trimethylpsorlalen may be employed to create nucleic acid

sequence mutations.

Sequence editing methods can also be used that involve the delivery of
small DNA fragments, hybrid DNA/RNA molecules, and modified
DNA polymers to create sequence mismatches and nucleic acid
mutations. RNA/DNA hybrids are molecules composed of a central
stretch of DNA flanked by short RNA sequences that form hairpin
structures. The RNA/DNA hybrids can produce single base-pair
substitutions and deletions resulting in nucleotide mutations. Some
other sequence editing examples include triplex forming
oligonucleotides, small fragment homologous replacement, single
stranded DNA oligonucleotides, and adeno-associated virus (AAV)

vectors.

The invention also is directed to genetic expression modification or

mutagenesis by delivery of a transgene that works in trans.

In one genetic modification method, RNA interference may be used to
alter the expression of a gene. In another genetic modification method,
the delivery of a transgene encoding a dominant negative protein may

alter the expression of a target gene.
Vector Delivery Methods

The mutagenesis methods of this invention may be introduced into one
or more cells using any of a variety of techniques known in the art such
as, but not limited to, microinjection, combining the nucleic acid
fragment with lipid vesicles, such as cationic lipid vesicles, particle
bombardment, electroporation, DNA condensing reagents (e.g.,
calcium phosphate, polylysine or polyethyleneimine) or incorporating

the nucleic acid fragment into a viral vector and contacting the viral
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vector with the cell. Where a viral vector is used, the viral vector can
include any of a variety of viral vectors known in the art including
viral vectors selected from the group consisting of a retroviral vector,

an adenovirus vector or an adeno-associated viral vector.

DNA or other genetic material may be delivered through viral and non-
viral vectors. These vectors can carry exogenous DNA that is used to
genetically modify the genome of the rat. For example Adenovirus
(AdV), Adeno-associated virus (AAV), and Retrovirus (RV) which
contain L'TR regions flanking a gene trap, transgene, cassette or
interfering RNA are used to integrate and deliver the genetic material.
Another delivery method involves non-viral vectors such as plasmids
used for electroporation and cationic lipids used for lipofection. The
non-viral vectors usually are engineered to have mechanisms for cell
uptake, endosome escape, nuclear import, and expression. An example
would be a non-viral vector containing a specific nuclear localization
sequence and sequence homology for recombination in a targeted

region of the genome.

There are a number of compositions and methods which can be used to
deliver nucleic acids to cells, either in vitro or in vivo. For example, the
nucleic acids can be delivered through a number of direct delivery
systems such as, electroporation, lipofection, calcium phosphate
precipitation, plasmids, cosmids, or via transfer of genetic material in
cells or carriers such as cationic liposomes. Appropriate means for
transfection, including chemical transfectants, or physico-mechanical
methods such as electroporation and direct diffusion of DNA, are
described by, for example, Wolff, J. A., et al., Science, 247, 1465-
1468, (1990); and Wolft, J. A. Nature, 352, 815-818, (1991). Such
methods are well known in the art and readily adaptable for use with
the compositions and methods described herein. In certain cases, the

methods will be modified to specifically function with large DNA
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molecules. Further, these methods can be used to target certain
diseases and cell populations by using the targeting characteristics of

the carrier.

[00190] The disclosed compositions can be delivered to the target cells in a
variety of ways. For example, the compositions can be delivered
through electroporation, or through lipofection, or through calcium
phosphate precipitation. The delivery mechanism chosen will depend
in part on the type of cell targeted and whether the delivery is

occurring for example in vivo or in vitro.

[00191] Thus, the compositions can comprise, in addition to the disclosed non-
viral vectors for example, lipids such as liposomes, such as cationic
liposomes (e.g., DOTMA, DOPE, DC-cholesterol) or anionic
liposome, or polymersomes. Liposomes can further comprise proteins
to facilitate targeting a particular cell, if desired. Administration of a
composition comprising a compound and a cationic liposome can be
administered to the blood afferent to a target organ or inhaled into the
respiratory tract to target cells of the respiratory tract. Regarding
liposomes, see, e.g., Brigham et al. Am. J. Resp. Cell. Mol. Biol. 1:95-
100 (1989); Felgner et al. Proc. Natl. Acad. Sci USA 84:7413-7417
(1987); U.S. Pat. No. 4,897,355. Furthermore, the vector can be
administered as a component of a microcapsule that can be targeted to
specific cell types, such as macrophages, or where the diffusion of the
compound or delivery of the compound from the microcapsule is

designed for a specific rate or dosage.

[00192] In the methods described above, which include the administration and
uptake of exogenous DNA into the cells of a subject (i.e., gene
transduction or transfection), delivery of the compositions to cells can
be via a variety of mechanisms. As one example, delivery can be via a
liposome, using commercially available liposome preparations such as

LIPOFECTIN, LIPOFECTAMINE (GIBCO-BRL, Inc., Gaithersburg,
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Md.), SUPERFECT (Qiagen, Inc. Hilden, Germany) and
TRANSFECTAM (Promega Biotec, Inc., Madison, Wis.), as well as
other liposomes developed according to procedures standard in the art.
In addition, the nucleic acid or vector of this invention can be delivered
in vivo by electroporation, the technology for which is available from
Genetronics, Inc. (San Diego, Calif.) as well as by means of a
SONOPORATION machine (ImaRx Pharmaceutical Corp., Tucson,
Ariz.).

[00193] These vectors may be targeted to a particular cell type via antibodies,
receptors, or receptor ligands. The following references are examples
of the use of this technology to target specific proteins to tumor tissue
and are incorporated by reference herein (Senter, et al., Bioconjugate
Chem., 2:447-451, (1991); Bagshawe, K. D., Br. J. Cancer, 60:275-
281, (1989); Bagshawe, et al., Br. J. Cancer, 58:700-703, (1988);
Senter, et al., Bioconjugate Chem., 4:3-9, (1993); Battelli, et al.,
Cancer Immunol: Immunother., 35:421-425, (1992); Pietersz and
McKenzie, Immunolog. Reviews, 129:57-80, (1992); and Roffler, et
al., Biochem. Pharmacol, 42:2062-2065, (1991)). These techniques can
be used for a variety of other specific cell types. Vehicles such as
"stealth" and other antibody conjugated liposomes (including lipid-
mediated drug targeting to colonic carcinoma), receptor-mediated
targeting of DNA through cell specific ligands, lymphocyte-directed
tumor targeting, and highly specific therapeutic retroviral targeting of
murine glioma cells in vivo. The following references are examples of
the use of this technology to target specific proteins to tumor tissue and
are incorporated by reference herein (Hughes et al., Cancer Research,
49:6214-6220, (1989); and Litzinger and Huang, Biochimica et
Biophysica Acta, 1104:179-187, (1992)). In general, receptors are
involved in pathways of endocytosis, either constitutive or ligand
induced. These receptors cluster in clathrin-coated pits, enter the cell

via clathrin-coated vesicles, pass through an acidified endosome in
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which the receptors are sorted, and then either recycle to the cell
surface, become stored intracellularly, or are degraded in lysosomes.
The internalization pathways serve a variety of functions, such as
nutrient uptake, removal of activated proteins, clearance of
macromolecules, opportunistic entry of viruses and toxins, dissociation
and degradation of ligand, and receptor-level regulation. Many
receptors follow more than one intracellular pathway, depending on the
cell type, receptor concentration, type of ligand, ligand valency, and
ligand concentration. Molecular and cellular mechanisms of receptor-
mediated endocytosis have been reviewed (Brown and Greene, DNA
and Cell Biology 10:6, 399-409 (1991)).

Nucleic acids that are delivered to cells which are to be integrated into
the host cell genome typically contain integration sequences. These
sequences are often viral related sequences, particularly when viral
based systems are used. These viral integration systems can also be
incorporated into nucleic acids which are to be delivered using a non-
nucleic acid based system of deliver, such as a liposome, so that the
nucleic acid contained in the delivery system can be come integrated

into the host genome.

Nrgl domains and loss of function mutations

Rattus norvegicus Neuregulin-1 (NRG1) is a 662 amino acid
(AA) protein. The protein consists of multiple conserved
domains and processing sites. Molecular processing sequences
include AA: propeptide, 1-13; pro-neuregulin-1 membrane bound
isoform, 14-662; neuregulin-1, 14-264. Conserved domains
occur between AA: extracellular, 14-265; internal signal
sequence 266-288; cytoplasmic, 289-662; Ig-like C2 type, 37-
128; EGF like, 178-222; Ser/The rich, 165-177. Amino acid
modification sites occur at AA: N-linked glycosylation, 120, 126,
164; disulfide bond, 57-112, 182-196, 190-210, 212-221. . The
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Nrglgene mRNA consists of 3272 base pairs with a coding
sequence between base pairs 345-2255 . A highly conserved
region which is essential for proper erbB signaling is 215 bp in
length between bp 2601-2815.

Lee et al. (Nature. 378:394-398, 1995) found that NRG1 is
essential for Schwann cell development.. Stefansson et al. (Am.
J. Hum. Genet. 71: 877-892, 2002) discovered by genome wide
association between Nrgl and Schizophrenia.

Table: Amino Acid changes resulting in pain pathway
modification.

This table displays some amino acid changes that are predicted to

disrupt NRG1 activity.

Amino Acid NRG1 functional domain effected

1-13 propeptide formation

14-662 Proneurgulin formation

14-264 Neuregulin function, Schwann cell development
14-265 Extracellular domain function

266-288 Signaling, cellular localization

289-662 Cytoplasmic, regulation of interactions and

trafficking, glia interaction

37-128 Immunoglobulin like domain
178-222 EGF-like, erbB signaling and binding domain
120,126, 164 Post transcriptional modification disruption,

decrease in function

57-112, 182- Disulfide bond disruption, decrease in function
196, 190-210,
212-221

Trpc4 domains and loss of function mutations
Rattus norvegicus Transient receptor potential channel 4

(TRPC4) is a 977 amino acid (AA) protein. The multipass
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membrane protein consists of multiple conserved domains.
Cytoplasmic domains AA: 1-329, 384-436, 491-511, 621-974;
transmembrane domains AA: 330-350, 363-383, 437-457, 470-
490, 512-532, 660-620; extracellular domains AA: 351-362, 458-
469, 533-599; ANK repeats AA: 69-98, 141-170; binding
domain for ITPR1, 2, 3 receptors AA: 615-977; binding domain
for NHERF PDZ domain AA: 975-977; modified residues,
phosphoserine AA: 193, 195.

[0153] Table: Amino Acid changes resulting in pain pathway modification.

This table displays some amino acid changes that are predicted to

disrupt TRPC4 activity.

Amino Acid TRPC4 functional domain effected

1-329, 384- Cypoplasmic domain potentiation disrupted,

436, 491-511, axon guidance, ion channel opening, Ca2+ and

621-974 Na+ flux disruption

330-350, Transmembrane anchoring function, disruption

363-383, of structure function relationships , ion channel

437-457, opening, Ca2+ and Na-+ flux disruption, axon

470-490, guidance

512-532,

600-620

351-362, Extracellular signaling, erbB signaling, axon

458-469, guidance, ion channel opening, Ca2+ and Na+

533-599 flux disruption, axon guidance

69-98, 141- ANK repeat interactions

170

615-977 ITPR1,2,3 binding and interaction disruption

975977 NHERF PDZ domain binding and interaction
disruption

193, 195 Post-transcriptional modification interaction
disruption
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ErbB4 domains and loss of function

Rattus norvegicus v-erb-a erythroblastic leukemia viral
oncogene homolog 4 (ErbB4) is a 1308 amino acid (AA)
protein. The proteins signal peptide is AA 1-25. The ErBB4
protein consists of multiple conserved domains. Cytoplasmic
domains AA: 676-1308; transmembrane domains AA: 652-675;
extracellular domains AA: 26-651; protein kinase AA: 718-985;
ATP nucleotide binding AA: 724-732; WW1 binding AA: 1032-
1035; WW2 binding AA: 1298-1301; PDZ binding AA: 1306-
1308; cysteine rich 186-334, 496-633; Active sites proton
acceptor AA: 843, ATP binding AA: 751; modified residues,
phosphotyrosine AA: 733, 1162, 1188, 1258, 1284; glycosylation
AA: 138, 174, 253, 358, 410, 473, 495, 548, 576, 620; disulfide
bonds occur continuously between AA: 29-633. Silberberg et al.
discovered three SNP’s in the ErbB4 third exon that were closely

associated with the development of Schizophrenia.

[0156] Amino Acid changes resulting in pain pathway modification.

This table displays some amino acid changes that are predicted to

disrupt ErbB4 activity.

Amino Acid ErbB4 functional domain effected

676-1308 Cytoplasmic domain interactions

652-675 Structure function dysregulation

26-651 Extracellular interactions, cellular signaling

718-985 Protein kinase function and transactivation
signaling

724-732 Nucleotide binding defects

1032-1035 Binding and interaction with WWOX

1298-1301 Binding and interaction with WWOX

1306-1308 PDZ binding

186-334 Cysteine rich
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496-633 Cysteine rich

843 Proton acceptor

751 ATP binding

733, 1162, Protein folding

1188, 1258,

1284

138, 174, Protein folding

253, 358,

410, 473,

495, 548,

576, 620

29-633 Disulfide bond formation
26-651 Schizobhrenia related

Nrgl, Trpc4, ErbB4 phenotypes

[0152] The Nrgl, Trpc4, ErbB4 activity resulting from a loss of function in
one or several Nrgl, Trpc4, ErbB4 effectors has completely different
and variable phenotypes; some resulting in less sensitivity to pain
response. Complete loss of function or “knockout” of Nrgl, Trpc4,
ErbB4 resulting in loss of function in all of its effectors always results
in hyposensitivity to pain response. These defects resulting from non-
functional Nrgl, Trpc4, ErbB4 are known to affect the pain signaling
pathway, axonal signaling, Ca2+ or Na+ flux signaling, Schwann cell
development, signaling, survival, myelin development in known
animal models. This pain signaling pathway alteration affects the
sensitivity to induced pain responses, spontaneous pain, hyperalgesia,
temperature and light induced pain, sudden pain attacks, disease state
such as diabetic and inflammatory induced pain and drug induced pain.
Animal models exhibiting defects in the Nrgl, Trpc4, ErbB4 gene are

models of pain..

[0153] Table. Pain Gene Phenotypes
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Gene Pain induction KO pain response phenotype

Nrgl Mechanical von Frey filament, | Almosta 100% reduction in sensitivity
heat induced, light induced response to induced pain when

compared to WT control rats

Trpc4 | Mechanical von Frey filament, | A large reduction in sensitivity to
heat induced, light induced, induced pain occurred in mechanical,
drug induced, acetone, disease light, heat, acetone induced.
state (diabetes) induced, and
drug induced.

ErbB4 | Heat and cold plate exposure Sciatic nerve degradation, delayed
followed by paw withdrawal response to heat and cold sensation.
latency measurement.

Pparo/y | Induced hyperalgesia and PPAR Knockouts have reduced
nociception. SNI constriction autonomic nociceptive behaviors and

reduced hyperalgesic responses to SNI
constriction

CLUSTAL 2.0.10 multiple sequence alignment of rat and mouse Neuregulin 1, Transient

receptor potential cation channel, subfamily C, member 4,and v-erb-a erythroblastic

leukemia viral oncogene homolog amino acid sequence. The sequence alignment shows

close homology between the mouse and rat Nrgl, Trpc4, ErbB4 sequence. The
homology of conserved domains and knowledge of insertion mutagenesis allows
evidence that mutagenesis has created a total knockout rat in Nrg!l, Trpc4, ErbBA4.
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NRGI1
rattus GCGGCCECAGCTECCEEEAGATECGAGCECAGACCERATTGTGATCACCTTTCCCTCTTC 60
MUS T T o o T o o oo s e e e e e e e e e e e e e e e e e
rattus GGGCTGTAAGAGAGCGAGACAAGCCACCGAAGCEAGGCCACTCCAGAGCCGGCAGCGGAG 120
MUS T T T T o o o e e e e e e e e e e e e — o ——
rattus GGACCCGEGACACTAGAGCAGCTCCGAGCCACTCCAGACTGAGCGGACGCTCCAGGTGAT 180
mus 0 mmmmmeeee ATGGAGATTTATCCCCCAGACATGTCTGAGGGAGCTGECGEG- ~AGETCCT 49
* d ok kk kk k% * k% *hkokk Kk kk * &k k *
rattus CGAGTCCACGCTGCTTCCTGCAGGCGACAGGCGACGCCTCCCGAGCAGC- ~CCGGCCACT 238
mus CCAGCCC - - ~CTCCACTCAGCTGAGTGCAGACC- CATCTCTCGATGGGCTTCOGGCAGCG 105
d* kKR kK L 3 *  kk Kk *kk K * *hkk kKK * % ok Kk kK *
rattus GGCTCTTCCCC - -~ TCCTGGGACARACTTTTCTGCARGCCCTTGGACCARACTTGTCGCE 295
mus GAACATATGCCAGACACCCACACAGAAGATGGGAGAAGCCCT -GGACH -~ - - - TCCTGGG 158
* * * % * KRR Kk * Kk dkkkkk Kkokk * * %
rattus COTCACCETCACCCAACCEGETCCECETAGAGCECTCATCTTCGECGAGATETCTGAGCE 355
mus CCTEECCET-GCCCTECTATETCTGCCTGGARA - - — — = = = = = = = GCGGAGCGTCTCAGAG 205
E *kk ok * kK & ok kkk kk ok k% * Kk kkkk kk ok
rattus CABAGAAGGCAGAGGCAAGGGGAAGGECAAGAAGAAGGACCGEEEATCCCECGGGAAGCC 415
mus - ~-GGTGCCTCAACTCCGAGAAGATCTGCATTGTTCCCATTCTGGCTTGTCTAGTAAGCCT 263
* % * Kk * % * kK * ok k * * * * *
rattus CGGGCCCECCEAGEGCGACCCEAGCCCAGCACTGCCTCCCAGATTGAMAGAAATGARGAG 475
mus CTGCCTCTGCATTGCTGGCCTARAGTGGETAT TG - - - - - - - - - TGGACARGATATTCGA 314
* ok Kk ok k * ok kk % * k% EE * k%
rattus CCAGGAGTCAGCTGCAGECTCCARGCTAGTGCTCCGETECGARACCAGCTCCGAGTACTC 535
mus ATACGACTCTCCTAC- -~ - - CCACCTTGACCCTEEGEGETTAGGCCAGGACC - -CTGTTA 367
*  kk kK kk  * * % % * * % *k % * * ok ok ok %k * *
rattus CTCACTCAGATTCARATGGTTCAAGAATGGGAACCAGCTGAACCGCARAA-ATARACCAG 594
nus TTTCTCTGGATCCAACGECTGCCTCCGCTETTCTEGTCTCATCCGAGGCATACACTTCAC 427
* *k ok kkKx * kK * * * ok ok Ak kk * Kk * * %
rattus AARACATCAAGATACAGAA-GAAGCCAGGGARGTCAGAGCTTCGAATTAACAARGCATCC 653
mus CTGTCTCTAAGGCTCAGTCTGAAGCCGAGE - - CTCATGTTACAGGGCAAGGTGACCATGT 485
* * kK * ok Kk *ok ok ok kK * & * ok k * * * kkk
rattus CTGGCTGACTCTGGAGAGTATATGTGCAAAGTGATCAGCAAGTTAGGAAATGACAGTGC- 712
mug CGCTETGECCTCTGAACCT - - - - - TCCGCAGTACCCACCCGG -~ ~AAGAACCGGCTETCTG 538
* *k Kk * K * * & * % & *k %k * * hkkKk * ok koK
rattus CTCTGCCAACATCACCATTETTCAGTCAAACGAGTTCATCACTGGCATGCCAGCCTCGAC 772
nus CTTTTCCTCCCTTACACTCCACTCCACCGCCCTTCCCTTCTCCAGCTCGGACCCCTGAGE 598
*k ok kk * ok k% * * * * kK * Kk * * ko
rattus TGAGACAGCCTATGT- - -GTCCTCAGAGTCTCCCATTAGAATCTCAGT T TCAACAGARGE 829
mus TGAGAACACCCAAGTCAGCAACTCAGCCACAAACAACAGAAACTAA- - -TCTGCAAACTG 655
sk ok kK *k x k& * * & kok ok * E 23 *hkkk kk & * & *k K *
rattus CGCARACACTTCTTCATCCACATCAACATCCACGACTGEEACCAGCCATCTCATARAGTG 889
mus CTCCTARACTT -~ - TCCACATCTACATCCACGACTGGGACCAGCCATCTCATARAGTG 710
*  * * ok k ok Kk hkkkkhkkk khkkhkkkkhohhkhddhdhrhhhkhkhhhhhhhhdkdddrdk
rattus TGCGGAGARGGAGAARACTTTCTCTGTGAATGGECCCEAGTEGCTTCACGGTGAAGEACCT 949
nus TGCGGAGAAGGAGAARACTTTCTGTGTCAATGGAGGCCAGTGCTTCATGETGAAGGACCT 770
Ik AT AR I AR Akhhhhhhhhhkhdhhhkdkhkhhdhd dhhhhdkhhkdhdhd dhhkhddhkhihk
rattus GTCARACCCGTCAAGATACTTETGCAAGTGCCCARATGAGTTTACTGGTGATCGTTGCCA 1009
mus GTCAAACCCCTCAAGATACTTGTGCAAGTGCCCARATGAGTTTACTGETGATCGTTGCCA 830

ddkkdkkhhok dhkdkhhdkdhhdhdhhkddhdhhdkhdhhdhdhhdd bk kb bk bk dd kA dkdh ok *
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rattus AAACTACGTAATGGCCAGCTTCTACAR -~~~ = m o mmmmmm o — - — - — AGCGGAGGA 1045
mus AAACTACGTAATGGCCAGCTTCTACAAGCATCTTGGGATTGAATTTATGGARGCGCGAGGA 890
LR R R R R E R TR RS IR S LRSS LR SR LS ]
rattus ACTCTACCAGAAGAGGGTGCTGACAATTACTGGCATCTGTATCGCCCTGCTGGTGGTCGE 1105
mus GCTCTACCAGAAGAGGGTACTGACAATTACTGGCATCTGTATCGCCCTGTTGGTGGTCGE 950

Fhkkkhkkdhkdhhkkkhdkhk kdkhhhhhhhhhhhdbhhhdhdhddddhhhkhddr hhkhkkhd i sk

rattus CATCATGTGTGTGGTGGCCTACTGCAARAAACCAAGAAGCAGCGGCAGAAGCTTCATGATCG 1165

nus CATCATGTGTGTGGTGGCCTACTGCARAACCAAGAAACAGCGGCAGAAGCTTCATGATCG 1010
I A KA KRR K I AR A h AR A RF AR IR A Rk hhhhhhk hhkkh kb kkhkhkkhh ko kk

rattus GCTTCGGCAGAGTCTTCGGTCAGAACGGAGCAACCTGGTGAACATAGCGAATGGGCCTCA 1225
mnus GCTCCGGCAGAGCCTTCGGTCAGAACGAAACAACATGGTGAACATAGCGAATGGCCCTCA 1070

khkk hhkkhhhhkk hhkhkhkdhhdhhdd Kk hhkdk hhkdhdhkdhhkkdbhdhhkdhdhd *hkxih

rattus CCACCCAAACCCACCGCCAGAGAACGTGCAGCTGGTGAATCAATACGTATCTAAAAACGT 1285

mus CCATCCAAACCCACCACCAGAGAATGTGCAACTGGTGAATCAATATGTATCTAAAAACGT 1130
hkk kkhkkhkkkkhhhk AhkhhkhhAk khhkkh kA hhhhhhkhrkrkhh khkkFh kAR Rk kRN

rattus CATCTCCAGTGAGCATATTGTTGAGAGAGAAGTGGAGACTTCCTTTTCCACCAGTCATTA 1345
mus CATCTCCAGTGAGCATATTCTGGAGAGAGAAGTGGAGACCTCCTTTTCCACCAGTCACTA 1190

hhkhkkhkhkkhhhhhdhhhhhdd dhkhhkdhhhhkdrhhhhddhdh dhhhdhddhdhhdhbhhkddt %%

rattus CACTTCCACAGCCCATCACTCCACGACTGTCACCCAGACTCCTAGTCACAGCTGGAGTAA 1405
mus CACTTCCACAGCTCATCACTCCACGACTGTCACCCAGACTCCTAGTCACAGCTGGAGTAA 1250

khkhkkkAkkkhhkkk ddkhhkhhhhkhhkhhhhhkdhhhhhdhdhdhdhhhrhhhhhhhdhdhdkdhk

rattus TGGGCACACGGAGAGCGTCATTTCAGAAAGCAACTCCGTAATCATGATGTCTTCGGTAGA 1465
mus TGGGCACACAGAAAGCATCATTTCAGAAAGCCACTCTGTAATCATGATGTCATCGGTAGA 1310

Khhkkkhkkk khk kkdh hhkkhkdhhhkhrrd hkhkdhk dhkhkhkdhkhhdhkArAkr Ahkrkhkhhkhk

rattus GAACAGCAGGCACAGCAGTCCCGCCGGEGGECCCACCGAGGACGTCTTCATGGCCTGGGAGGE 1525
mus GAACAGCAGGCACAGCAGCCCAGCTGGGEGECCCACGAGGACGTCTTCATGGCCTGGGAGE 1370

hhkkhkhhhkhhhhhkhhdhdhhdk *k dhk dkdkhdhdhddrdddbhhkrbdhdrddhdddhdddrrrdk

rattus CCCTCGETGA- - -TAACAGCTTCCTCAGGCATGCCAGAGAAACCCCTGACTCCTACAGAGA 1582
mus CCCTCGCGAATGTAACAGCTTCCTCAGGCATGCCAGAGAAACCCCTGACTCCTACAGAGA 1430
*kkkhk kK R R A L R R T T 2 X2
rattus CTCTCCTCATAGCGAAAGGTATGTATCAGCCATGACCACCCCGGCTCGTATGTCACCTGT 1642
mus CTCTCCTCATAGTGAARAGGTATGTATCAGCCATGACCACCCCGGCTCGTATGTCACCTGT 14590

hhkhkkhkhkkhkhkkk dhkdhhhhhdhdhkkhhrhhkrhhkhddkhhhdhrhhhhhhdhhhhrbdhhdhhhhi

rattus AGATTTCCACACGCCAAGCTCCCCTAAATCGCCCCCTTCGGAAATGTCTCCACCCGTGTC 1702
mus AGATTTCCACACGCCAAGCTCCCCTARATCGCCCCCTTCGGAAATGTCTCCACCCGTGTC 1550
hkhkkkhk kA k kA Ak hkkk kA khhhkhkhhhhhhhkkhh kA hh bk hhkh kb khhhh kot
rattus CAGCATGACAGTGTCCATGCCCTCTGTGGCAGTCAGCCCCTTTGTGGAAGAAGAGAGGCC 1762
mus CAGCATGACGGTGTCCATGCCCTCTETGGCAGTCAGCCCCTTTGTGGAAGAAGAGAGGCC 1610
Fohkk ok ok k ok ko kR ko ko k ko khkhh kR Rk ko ke hkk ok ke ke k ok ke kkk ok khk ko k ko
rattus TCTGCTGCTTGTGACGCCACCAAGGCTACGGGAGAAGAAATATGATCATCACCCCCAGCA 1822
mus TCTGCTTCTTGTGACGCCACCGAGGCTACEGGAGAAGAAGTATGATCATCACCCCCAGCA 1670

hhkkkhkhk Khkkkkhhkhkhhkbhd dhkhkhhdhhhdhhdhbhhkdhkd khhkhhkhhkhkhkrkhkhhhdhhdhkh

rattus ACTCAACTCCTTTCATCACAACCCTGCACATCAGAGTACCAGCCTCCCCCCTAGCCCACT 1882
mus ACTCAACTCCTTTCATCACAACCCTGCACATCAGAGTACCAGCCTCCCCCCTAGCCCATT 1730

hkkhkhkkhkhhkkhkhdhhkdhhkbhkdkdrhhhrkhhhhhdbhddhhhdhdhddhhhdhhrhhdhhd &

rattus GAGGATAGTGGAGGATGAGGAGTACGAGACGACCCAGGAGTATGAGTCAGTTCAAGAGCC 1942
mus GAGGATAGTGGAGGATGAGGAATACGAAACGACCCAGGAGTATGAGCCAATTCAAGAGCC 1790

khkkhkhkkhhhkkhhhhdhdkdhdh hhhddh ddkkhdhddhhkddbhhkdhhk hok khkkkdhkhdhkhdh

rattus CGTTAAGAAAGTCACCAATAGCCGGCGGGCCAARAGARCCAAGCCCAATGGCCACATTGC 2002
mus TATTAAGAAAGTCACCAATAGCCGGCGGCGCCAAAAGAACCAAGCCCAATGGCCACATTGC 1850
D R R T R T TS TR T R
rattus CAATAGGTTGGAAATGGACAGCAACACAAGTTCTGTGAGCAGTAACTCAGAAAGTGAGAL 2062
mus CAATAGGTTGGAAATGGACAGCAACCCAAGTTCTGTGAGCAGTAACTCAGAAAGTGAGAC 1910

hhkhkhkhkhkkhdhhhkdhdhhhhhddhdhdh kdhkdkkhdhdhhhhhhhdhdhhhhkhhkhdhhhrhhrdr
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rattus AGAAGACGAAAGAGTAGGTGAAGACACACCATTCCTGGECATACAGAACCCCCTGGCAGC 2122
mus AGAAGATGAAAGAGTAGGTGAAGATACACCATTCCTGGECATACAGAACCCCCTGGCAGC 1970

hhkkhkkk KAk hkAkdkhhkhhhhdhhdr dhdhhhhhkhrkdkrkkdhk kb hkkkhhhkhkrhkhhhdhdhd

rattus CAGCCTTGAGGTGGCCCCTGCCTTCCGTCTCGCTGAGAGCAGGACTAACCCAGCAGGCCGE 2182
mus CAGCCTTGAGGTGGCCCCTGCCTTCCGTCTCGCTGAGAGCAGGACTAACCCAGCAGGCCG 2030

khkhkkhkhkAAR AR hddkhh bk h kAR A A I AR A AR A AR A AR bk h ok Ak khkdkkdhkhkhkhk K

rattus CTTCTCCACACAGGAGGAATTACAGGCCAGGCTGTCTAGTGTAATCGCTAACCARGACCC 2242
mus CTTCTCCACACAGGAAGAATTACAGGECCAGGCTGTCTAGTGTAATCGCTAACCAAGACCC 2090

ddkhdkhkhkhkhhkhkdh Ihdhhhdhhhhdhdhhhhrhddhbhhhkhhhdhhhhhhdkddhdkhdkrd

rattus TATTGCTGTATAARAACCTAAATAAACACATAGATTCACCTGTARAACTTTATTTTATATA 2302
mus TATTGCTGTATAR ~ = = = = = = = = = = = o 2103
Kok ek ok dok ok Kk ok ek :

rattus ATAAAGTATTTCACCTTAAATTAAACAATTTATTTTATTTTAGCAGTTCTGCAAATAGAA 2362
MUS s e e e e e e e
rattus AACAGGAAGAAAAAAAAACTTTTATAAATTARATATATGTATGTAAAAATGTGTTATGTG 2422
MUS S s m s oo oo
rattus CCATATGTAGCAATTTTTTTACAGTATTTCAAARACGAGARAGATATCAATGGTGCCTTT 2482
MUS oo o oo e e
rattus ATGTTCTGTTATGTCGAGAGCAAGTTTTATAAAGTTATGGTGATTTCTTTTTCACAGTAT 2542
MUS s e o oo
rattus TTCAGCAARAACCTCCCATATATTCAGTTTCTGCTGGCTTTTTGTGCATTGCATTATGATG 2602
MUS S s o o e o oo
rattus TTGACTGGATGTATGGTTTGCAAGGCTAGCAGCTCGCTCEGTGTTCTCTCTCTCTCTCTCT 2662
MUS S oo e
rattus CTCTCTCTCTCTCTGTCTCTCTCTCTGTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCT 2722
1L e e
rattus CTCTCTCTCTCTCTCTCTCTCTGTCTCTCTCTCTGCTTCCCGTAGCTCCCARCCAGTACT 2782
LT e el
rattus GTCTTGGACTGGCACATCCATCCAAATACCTTTCTACTTTGTATGAAGTTTTCTTIGCTT 2842
MUS S s oo o e e
rattus TCCCAATATGARATGAGTTCTCTCTACTCTGTCAGCCARAGGTTTGCTTCACTGGACTCT 2902
TIUS T o m e e e e
rattus GAGATAATAGTAGACCCAGCAGCATGCTACTATTACGTATAGCAGGARACTGCACCAAGT 2962
TUS T oo o oo o o o e oo
rattus AATGTCCAATAATAGGAAGAAAGTAATACTGTGATTTAAAAAAAAAAACAAACTATATTA 3022
MUS oo oo oo o oo
rattus TTAATCAGAARGACAGCTTGCTCTTGEGTAAAAGGAGCTACCATTGACTCTAATTTTGACTT 3082
MUS S e e oo
rattus TTTAGTTATTGTTCTTGACARAGAGTAACAGCTTCAAGTACAGCCTAGARARAARAATGGE 3142

MUS S m e e e e e o
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rattus GTTCTGGCCTGCTATCAGGATAAATCTATCGACGTAGATAGATTCAACTCAGTTTCACTT 3202
TUS e s e e e e e e e e e —
rattus TCTGTCTTGGGGGARATGATCCAGCCACTCATATGACGACCAACCAACCACAGETGECCTC 3262
MUS 0 e mm e e
rattus TGCTCCCTET 3272
mus 00000 mmememmmee-
Trpcd
TALLUS  mm oo s o e e
mus GTTTTTTTCCCCCTTGGAATGCTCCABAAAACTCGGTAGCCGACTACGGARACCCCATCGG 60
rattus =00 ------- CAGCTGCGCTAGCACCAGGCACAGCACTGETGCCACGCGCCCGCCGAGCCCAC 53
mus AACTGACCAGCTGCGCTAGCACCAGGCACAGCACTGGETGCTGCGCGCTCGCCGAGCCCAC 120
khkhkkdkhkkhkhkhhkhdhhhhkdhhdhhhdhrhhhhkhd Kkkhkhk hhkkkkhhkikikik
rattus CGCGGTCACTTCAGCCACCAGATTGCAACTTTECGGAGATGATG - - -GACTAGCATGGCC 110
mus CTCGGTCACTTCAACCACCAGATTGCAACTTTGCGGAGATGATGATGGACTAGCATGGCC 180
* kkhkkA Ak bk kh hhkhhkhrhhhkhkhkhA bbbk h A bk khhkohk R dek ok okkokhkkkkokk
rattus TGAAGCATGGCTCAGTTCTATTACARACGAAATGTCAACGCCCCCTACCGAGACCGCATC 170
mus TGAAGCATGGCTCAGTTCTATTACAAAAGAAATGTCAACGCCCCCTACAGAGACCGCATC 240
hhkkhk kA kA bk hhkhAhhdkdhhhddhd Khdkhhhkhhhkhhhhkdhkhkbkh*x *rhhkhkhdhhdd
rattus CCACTGAGGATCGTCAGGGCAGAATCTGAACTCTCACCATCAGAGARAGCCTACTTGAAT 230
mus CCACTGAGGATTGTCAGAGCAGAATCTGAGCTCTCACCATCAGAGAAAGCCTACTTGAAT 300
khkhkhkkdkdkhkk Fhkhdd FAhhkAhdhkdhd dhhhhhdbhhdh bk r Rk d kb bk hkhdhdxd
rattus GCCGTGGAAAAGGGGGACTATGCAAGCGTCAAGAAATCTCTGGAGCGAAGCCGAGATTTAT 290
mus GCTGTGGAGAAGGGGGACTATGCAAGCGTCAAGAAGTCTCTGGAGCGAAGCTGAGATTTAT 360
khk Khkkhkk AhkhkAAAhAAhAddrdhhrdhhhhbddddr ddxddddhddrkdhddk dhkhkkkhrrd
rattus TTTAAAATCAACATTAACTGCATTGACCCCCTTGGGAGGACTGCTCTTCTCATTGCCATT 350
mus TTTAAAATCAACATTAACTGCATCGACCCCCTGGRARGGACCGCCCTCCTCATTGCCATT 420
hhkkkAhhhhhkkdkrhdhdhhddhdh *dxdkhkddkhx %%k hhdkddk k% *% *dhkkkhkdhhkkdi
rattus GARAAATGAGAACCTGGAGCTGATTGAACTGTTGTTGAGTTTCAATGTCTATGTTGGCGAT 410
mus GAAAATGAGAATCTGGAGCTTATTGAACTATTGTTGAGTTTCAATEGTCTATGTAGGCGAT 480
KhkRXAKRKREAIKN FRARAIIET Fhdrhhhdh kA kA bk N b ARk I d Ik ddhhhkt *khdkdhx
rattus GCGCTACTTCACGCCATCAGGAAAGAGGTGGTTGGAGCCGTGGAGCTACTGCTGAACCALC 470
mus GCGCTGCTTCACGCCATCAGAAAAGAGGTGGTTGCAGCCGTGGAGCTACTGCTGAACCAC 540
kAkhkdk Ahkhkhkkhhhkhkkhddhk khkhkhhdhkkbrdhh bbbk bbbk b hbdhkr ok dbdrkhk bk bRk ok
rattus ARAAAARGCCCAGCGGAGAGAAGCAGGTGCCTCCCATCCTCCTTGACARACAGTTCTCTGA 530
mus BAAAA-GCCARCTCGGAGAGRAGCAGGTGCCTCCCATTCTCCTTGATARACAGTTCTCTGA 599
kkhhk hhkk hhk khkhhhhrAhkhhkhkrhhAhkhkdAhhkrkEk Akdhhhkddk Fhkdhkhrkihkhhkdhkikk
rattus ATTCACCCCAGACATCACGCCTATCATCTTGGCTGCACATACAAATAATTATGAGATAAT 590
mus ATTCACTCCGGACATCACACCCATCATCTTGGCTGCACATACAAATAATTACGAGATAAT 659
Kkkkhxk kk khkkhkhhkhk khk hhkkkhhkhhkdhkhrhkhkdhhkdkdhkdhkhkrhhkhdh hrkkhkhkkhx
rattus CARACTCTTGGTCCAGAAGGGTGTCTCGGTGCCCAGACCCCACGAGGTCCGCTGTAACTE 650
mus CAAACTTTTGGTTCAGAAAGGTGTCTCAGTGCCCAGACCCCACGAGGTCCGCTETAACTG 719
Khkhkhkhkk Khkhkhk Khhkhkhk khkhdhdhkhk FhhkhdhAhdhdhhdhdrhrbhdhkdhdrhkd b bk r ok
rattus TGTTGAGTGTGTCTCCAGCTCAGACGTGGACAGCCTCAGGCACTCACGGTCCAGGCTCAA 710
mus TGTTGAGTGTGTCTCCAGCTCGGATGTGGACAGCCTCAGGCATTCACGETCCAGGCTCAA 779
hkhhkhhkhkhhhhddkhdrhdrd Fdk FEhrhkhrdhrALdhhkdhddx dhhdhkdhdhkhdhrdhknd
rattus CATCTACAAGGCTTTGGCCAGCCCCTCGCTCATTGCGCTGTCAAGTGAAGACCCTTTCCT 770

mus CATCTACAAGGCCTTGGCCAGCCCCTCGCTCATTGCCCTGTCAAGCGAAGACCCTTTCCT 839
. Ik Rk kkkhhkk khkhkhhk Ak k ok kkkdd ke khhh Kk khhhhh AR K I AR R A AR h AN
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rattus CACCGCCTTTCAGTTAAGCTGGGAGCTGCAAGAACTGAGTAAGGTGGAGAATGAATTCAA 830
mus TACTGCCTTTCAGTTAAGTTGGGAGCTGCAAGAACTCAGCAAGETGGAGAACGAATTCAA 899

hk Khkkhhkhkkkhhhkhhkdk hhkhkhkhkhhkrkhhhkhdhkhhh kk kKhkhhrkhdhhkd hhkhkkhdkw

rattus GTCGGAGTATGAGGAGCTGTCTAGACAGTGCAAACAGTTTGCTAAGGACCTCCTAGATCA 890

mus GTCGGAGTATGAGGAGCTGTCTAGACAGTGCAAACAATTTGCCAAGGACCTCCTAGATCA 959
B R T R L 2 R A A R e I I

rattus GACACGGAGTTCCAGAGAGCTGGARAT CATTCTTAATTACCGTGATGACAATAGCCTGAT 950

mus GACACGGAGTTCCAGAGAGCTGGAAATCATTCTTAATTACCGTGATGACAATAGTCTGAT 1019
L e e e R A R R I I I T

rattus CGAAGAACAGAGTGGAAATGATCTTGCGAGGCTAAAATTAGCCATTAAGTACCGTCAARA 1010
mus CGAAGAACAGAGTGGAAATGATCTTGCAAGGCTAAAATTAGCCATTAAGTACCGTCAARA 1079
LR R LRI R R R R I TS

rattus AGAGTTTGTTGCTCAGCCCAACTACCAGCAGCTGCTTGCTTCCCGCTEGTACGATGAGTT 1070
mus AGAGTTTGTTGCTCAGCCCAACTGCCAGCAGCTGCTCGCTTCCCEGCTGGTACGATGAGTT 1139

dhkhkhkhkhhdhhdhdbhdhhdhhhhhdbhdkhdhhdhhhhrd ddkddkddhhdhdhhhhkhdrdodrdx

rattus CCCAGGCTGGAGGAGAAGACACTGGGCGGTGAAGATGGTGACATGTTTCATAATAGGACT 1130
nus CCCAGGCTGGAGGAGAAGACACTGGGCGGTGAAGATGGTGACGTETTTCATAATAGGACT 1199

kkkhkhkkdkkdkhhhhhhhhhhdkhhhdhhkhdddddhddhdddhdkd hhhdrhdrhdhdidhhrk

rattus ACTCTTCCCCGTCTTCTCCGTGTGCTACCTGATAGCTCCCAAAAGCCCACTTGGACTGTT 1190
mnus ACTCTTCCCCGTCTTCTCCGTGTGCTACCTGATAGCTCCCARAAGCCCACTTGGACTGTT 1259
B S R R R e A R T T ey
rattus CATCAGAAAGCCATTTATCAAGTTTATCTGCCACACAGCCTCCTATCTGACCTTTTTGTT 1250
mus CATCAGAAAGCCATTTATCAAGTTTATCTGCCACACAGCCTCCTATCTGACCTTTTTGTT 1319

hhkhkkhkkhhkhkhhhhkkhhkhhhhdhhdkhhdhkhhhhhhhhhkdhrhdhhhhdhdhdhhhhhdbhdhkrs

rattus TCTGCTGCTGCTAGCCTCTCAGCACATCGACAGGET -~~~ == = = e e oo m 1285
nus TCTGCTGCTGCTAGCCTCTCAGCACATCGACAGCTCAGACTTGAACAGGCAAGGTCCACC 1379
Ahkhkkkhhkhkhhhhhkhrhhhhhhhrkkkdhhhkhk
rattus === 0meoeoeemm oo TTTATATGGGGAGAGAT 1302
mus ACCAACCATCGTGGAGTGGATGATATTACCGTGGCTCCTGGGTTITATATGGGGAGAGAT 1439
FhEkkkkkk Rk kR ko k ok
rattus TAAACAGATGTGGGATGGCGGACTTCAGGATTACATCCACGACTEGTGGAATCTAATGGA 1362
mus TAAACAGATGTGGCATGGCGGACTCCAGCGATTACATCCATGACTGGTGGAATCTAATGGA 1499

hkkkhkkhkdhkhkdhkhkhhkkkhh hhhdhdhhhdhddhdd dhddhhdhhhhdbkhhhrdhdhs

rattus CTTTGTGATGAACTCCTTGTATCTGGCGACAATCTCCTTGAAGATTGTCGCATTTGTARA 1422

mus CTTTGTGATGAACTCCTTGTATCTGGCAACAATCTCCTTGAAGATTGTCGCGTTTGTARA 1559
dhkhkhkkhkhhkhhkhhhhhhkhk kA hdkkh KR A RN IR IR KRR AR IR R * IRk * Ak ko h*

rattus GTACAGTGCTCTGAACCCACGGGAATCATGGGACATGTGGCACCCCACCCTGGTGGCAGA 1482
mus GTACAGTGCTCTGAACCCACGGGAATCATGGGACATGTGECACCCCACCCTGGTGGCAGA 1619
B R R S R R R R R e LR LR L L R T T g
rattus GGCTTTATTCGCAATTGCAAACATCTTCAGTTCCCTCCGCCTGATCTCTCTGTTCACTGC 1542
mus GGCATTATTTGCTATTGCAAACATCTTCAGTTCCCTCCGCCTGATCTCTCTGTTCACTGC 1679

Fkhk hkhkkk kk hhkkAkdhkkhhhhkkkhkhhkhhhhhhhhh Ak dhh ok hkhkkdd kb khdk ok kk ok

rattus CAATTCTCACCTGGGGCCTCTGCAGATATCTCTGGGAAGAATGCTCCTGGACATCCTARA 1602

mus CAATTCTCACCTGGGGCCTCTGCAGATATCTCTGGGAAGGATGCTTCTGGACATCCTGAA 1739
KAk Kk kAR kAR AR Ak h kR b Ak ko hkkhk bk ke kA kh FhARF AR AR KIF  hk

rattus GTTCTTATTCATATACTGCCTCGTGCTGCTAGCTTTTGCAAATGGCCTAAATCAACTGTA 1662
mug GTTCTTGTTCATCTACTGCCTCGTGCTECTAGCTTTTGCAAATGGCCTAAATCAGCTGTA 1799

dkkdkkk kdkkkok kkkkkkkkhkhhrAhhkhkAhAAA kb kA kb hkdkhhkdhddkdkhdr dhkkrh

rattus CTTCTACTATGAAGARACGAAGGGGTTAAGCTGCAAAGGCATACGGTGCGAARARCAGAA 1722
mus CTTTTACTATGAAGARACARAGGGGCTAAGCTGCAAAGGCATCCGGTGCGAGAARCAGAA 1859

*kk hkhkkhkkhhhhhhkhhh hkkhkhk hhkhkhkhkhhhhkdhhhkhdhdh hhkkkhkhhkhk hhkkhhkkk

rattus CAACGCGTTCTCCACGTTATTTGAGACTCTACAGTCCCTGTTTTGCGTCAATATTTGGACT 1782
mus CAACGCGTTTTCCACGTTATTCGAGACACTACAGTCCCTGTTTTGGTCAATATTTGGACT 1919
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hhkkhkkhhkk AAkRkRkFAARRAAA khkhkdkdx dhkdhhdkdddhhddhhkdhhdhdhkdhrhdhkkhrdk

rattus CATCAATCTCTATGTTACCAATGTCAAAGCCCAGCATGAGTTCACTGAGTTTGTTGGGGC 1842

mus CATCAATCTCTATGTTACCAATGTCAAAGCCCAGCACGAGTTCACTGAGTTTGTTGGGGC 1979
D R R R R L R R R L R R L 2 L ]

rattus CACCATGTTTGGCACATATAACGTCATCTCTCTGGTTGTCCTCCTGAACATGCTGATCGC 1902
mus CACCATGTTTGGCACATATAATGTCATCTCTCTGGTTGTCCTGCTGAACATGTTAATTGC 2039

hkkhhkhkkdkhhhkhdhkdrkhd Ahhhdhkhhkkdrhhkkhhdhhhkdk dhkdhhdhhkddr * *k *%

rattus TATGATGAATAATTCTTACCAACTAATTGCCGACCACGCAGATATAGAGTGGAAATTTGC 1962
mus TATGATGAATAATTCTTACCAACTAATTGCCGACCATGCAGATATAGAATGGAAATTTGC 2099

dhhkdhkkdkhkhhhkdhhhhkhdhkdhkbdhdhhkhhhdhhhhhdkhd hhhkkrkhhdrddh hhdkdhhkdhhid

rattus TCGAACRAAGCTTTGGATGAGCTACTTTGAAGAAGGGGGTACCCTGCCTACACCTTTCAA 2022

mus TCGAACARAARGCTTTGGATCAGCTACTTTGAAGAAGGAGGTACCCTGCCTACACCTTTCAA 2159
kR Rk hhkhkk kR khkkhhh kR hhkkhhhh kX hhhd hhhhdhhhhhhkkhk Ak whkkhk*

rattus TGTCATCCCAAGCCCCAAGTCCCTGTGGTACCTGGTCAAGTGGATATGGACGCACTTATG 2082

mus TGTCATCCCAAGCCCCAAGTCCCTGTGGTACCTGGTCAAGTGGATATGGACACACTTATG 2219
hkkhkkhkhhkkkkhkhkhkkkhhdhk ok ok kR kR hhhhk ko hh kR hk k% Ak hkkh k&

rattus TAAGAAAAAGATGAGAAGAAAGCCAGAAAGCTTTGGGACAATTGGGCGGCGTGCTGCTGA 2142
mus TAAGAAAARAATGAGAAGGAAGCCAGARAGCTTCGGGACAATTGGGECGECETGCTGCTGA 2279

hhkkhkdkkdkkhk FhEkhkhkrhkAd Ahhhkhhdhhkhdbhddh Fhkhkkhkhkdrhkkhkkdkrhrhhdrdhdd

rattus TAACTTGAGAAGGCATCACCAATACCAAGAGGTGATGAGGAATCTGGTGAAGCGGTACGT 2202
mus TAACTTGAGAAGACATCACCAATACCAAGAGGTGATGAGGAACCTGGTGAAGCGGTACGT 2339
Kk kdkkkkkhkhE hhhhhhk Ak Ak hhkhh kA kkhhkkhkhkh*h *hhh kAR * A A IRk Ak k&

rattus GGCAGCCATGATCAGAGAGGCAAAAACTGAAGAAGGCTTGACAGAGGAGAATGTTARGGA 2262

mus GGCAGCCATGATCAGAGAGGCAAARACCGAAGAAGGCTTGACGGAGGAGAATGTTAAGGA 2399
EE I 2T 23

rattus ACTAAAGCAAGACATTTCTAGCTTCCGCTTCGAAGTTCTGGGATTGCTCCGGGGAAGCAA 2322
mus ACTAAAGCAAGACATTTCTAGCTTCCGCTTCGAAGTTCTGGGATTGCTCAGAGGAAGCAA 2459

hkkkhhkdkhhkkhkhhhhhkkhhhhhkhhhhhrhdhhdkhhhhhddhhhkhdddr & dhhdkhkdkx

rattus GCTCTCAACAATACAGTCAGCCAACGCAGCGAGTTCAGCCAGCTCCGCGGACTCCGATEA 2382
mus GCTCTCTACAATACAGTCAGCCAACGCAGCEAGTTCAGC -~ -~~~ - GGACTCCGACGA 2510
Ak dk hhkkhkAkkdA bk rkhkhhkhkd kA khrAkhhrk KhXkhkkkdhd Kk
rattus GAAGAGCCACAGCGAAGGTAATGGCAAGGACARGACAAAGAATCTCAGCCTCTTTGATTT 2442
mus GAAGAGCCAGAGCGAAGGTAATGGCAAGGACAAGAGAARGAATCTCAGCCTCTTTGATTT 2570

hkkdhkhhkhh dhhhhhhddhhkhhhhhdhhdhhdhhhhrhhdhkhkdrrhdrkdhkrhdhdhhthdkk

rattus AACCACTCTGATCCACCCGCGGTCGGCAGTCATTGCCTCCGAGAGACATAACCTAAGCRA 2502
mus AACCACTCTGATCCACCCGCGGTCGGCAGCCATTGCCTCCGAGAGACATAACCTAAGCAA 2630

Ahkhkhk kKb kIR h ke khkhkkdhhkd kb dhdd hhhdhhdhdhdhhdhdhkhdhhrkbhdhkhhkr

rattus TGGTTCTGCCCTGGTGGTGCAGCGAGCCGCCCAGCGAGAAGCAGAGGAAAGTGAATTTTGT 2562
mus TGGTTCCGCCCTGGTGETGCAGGAGCCGCCCAGGGAGAAGCAGAGGAAAGTCGAATTTTGT 2690

hkkkdhh KAAAAA Ak Ak A AR AARRAKR R RIR AR A I bk A AR bk hhhhhhkk kb bk hkkhhkxk

rattus GGCTGATATCAAAAACTTCGGGTTATTTCATAGACGGTCAARGCAARATGCTGCTGAGCA 2622

mus GGCTGATATCARARACTTCGGGTTATTTCATAGACGGTCAAAACARRATGCTECTGAGCA 2750
Fh kR khkkhh kR Ak hkh ko khhkhhhhhkhhhhhhkhhhhkhdh hhkhkkkh Rk hh ko k ok hkh ok

rattus AAACGCAAACCAAATCTTCTCTIGTTTCAGAAGAAATTACTCGTCARCAGGCGGCAGGAGC 2682

nus AAACGCAAACCAAATCTTCTCTGTTTCAGAAGARATTACTCGTCRAACAGGCGGCAGGAGC 2810
B R R LA At AR R R R R R R R LR

rattus ACTTGAGAGAAATATCCAACTGGAATCCCAAGGATTAGCTTCACGGGGTGACCGCAGCAT 2742

mus ACTTGAGCGAAATATCGAACTGGAATCCARAGGATTAGCTTCACGGGGTGACCECAGCAT 2870
Khhkhhk Rhhkkhkhk khkhh Rk khhhkh khkh Ak hhhhh kA hhhkkhhkkkkkhhkhk k&

rattus TCCTGGTCTCAATGAACAGTGTGTGCTAGTAGACCATAGAGAAAGGAATACGGACACTTT 2802

mus TCCTGGTCTCAATGAACAGTGTGTGCTAGTAGACCATAGAGAAAGGAATACGGACACTTT 2930
B L R Rt R R R R R R R R R E

rattus GGGTTTACAGGTAGGCAAGAGAGTGTGCTCCTCCTTCAAGTCGGAGARAGGTCETGETGGA 2862
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mus GGGTTTACAGGTAGGCAAGAGAGTGTGCTCCACCTTCAAGTCGGAGAAGGTGETGGTGGA 2990

hhkhkkhkkkkkkkhkkhkhhkkhkhhdhhhkhdhdkh ArkhkhkhA kA Ak kA kXA AR kI kAR A h R **

rattus AGACACCGTCCCTATTATACCAAAGGAGAAACACGCCCAGGAGGAGGACTCARGCATAGA 2922
nus AGACACCGTCCCTATTATACCARAGGAGAAACACGCCCACGAGGAGGACTCGAGCATAGA 3050

hkkhhhdhkrhhhhdhhdhdhkhh bk bk dh kA r kA AR Ardd hhdhhkdhkhddhd *khkhhhkrkkn

rattus TTATGATTTAAGCCCCACGGACACAGTTGCCCATGAAGATTATGTGACCACGAGATTGTG 2982

mus CTATGACTTAAGCCCCACGGACACAGCTGCCCACGAAGATTATGTGACCACAAGATTGETG 3110
hohkkkk hhkkkkkhkkkkkkokkkokhhh kkhkkk hkkkkAhhhkkhkkkkkok hkkk kR kK

rattus ACAACTTGGAGAAGGAGTGTTTACCATACCTATACATATTTTCCATAGTGCTCTGGGCAG 3042
mus ACC-CTTGG- - -AGGAGTGTTTACCATACCTATACATATTTTCCATAGTGCTCTGGGCAG 3166
**k &k k ok ok hhkhhkhkkkhhkhhkhkhkddkhkhkhhhhhkrrdhdhddhhhddhkrhbdkkdhkkkkhxk
rattus GCAAAATGTATGAAATTACATTATCARATGCTAATTTACACTTTCTAACGTTTATCTGTC 3102
mus GCAARATGTTTGAAATCCCATTATCAAATGCTAATTTCCACTTTCTAATGTTTATCTGTT 3226

hkAkkkkkkhk kokdkokkok khkkkkkhhhkdhkkdkhhhhddh khhddhddhdhdh hhkkhhdhhhdd

rattus GTGGCGTATTAGCCTGTATTTATGTTTGAACAAAGCAGAGGCAACGTGAACCCTCCTCTT 3162

mus GTGGCATATTAACCTGTAAT ~-ATGTTTGAACAAAGCAGAAGTAATATGAACCCTCCTCTT 3285
EARARK KKKk ok Rkkk ok Khkkkkkkkkkkkokkkkk Rk kk  kkkkkkkkkkhkk ok

rattus TTGTAGCCTGCTTTTGCTATCATGGTTTATTTTACAAGTGTTTCTGTTGAATAAACGCAC 3222
nus TTGTAGCCTGCTTTTGCTTTCACCGTTGATTTTACAAGTGTTTCTGTTAAATAAACGCAC 3345

KEKKAK K I AA A Ak hkk hh% kkhk kKA RAA AR A A IA A A I AR A d hhhk kb khk

rattus CTTCTACCCTTGTACTGTTACAATAACCCACAGAAAATTTTTAGCTAT - - - -~ - -~ -- -~ 3270

mus CTTTTATCCTTGTACTGTTACAATAACCCACAGAARAATTTTTAGCTATCTTTTTCARTTA 3405
Hkk ko Kk KkAh KRR ARA R AR Akhkkh Ak Ak ok kA h kA h Ak hkk ok

rattus =0 0moeemmmmoceeeeeee

mus AAACCAATGCAATTGTT 3422

ErbB4

= 8 e e e b

mus ACTCCGGGAACTAGCTGTACGTTGTGCTCGGAGCACCAGCCGCACAGTCGECGCTCACTCC 60

rattus = s oo e e oo oo oo

mus CACCCGCGCGCCCTCCTCCGCEGGCCCCTTGCCEEETCCECEGETCCACGGETCCTGGAAG 120

Tattus 0 oo oo o oo oo oo o e oo oo o—-— -

mus CCGCCGCCGTCGCCGACTGGCTCTCCGGCCCCGGGAAGCCCGTGCACCAAGCGCGCCGCE 180

B = o e i e e il

mus CCCGCCCCCCTTGCGCCCCCCACGCGCTCCCGGCTGAGGEGGECEAGATCTCCTCCGCGTG 240

rattus = 00mommmmmmmooooooooooooooeeeee AATTGTCAGCACGAATTCTGAGACTTGCCA 30

mus CTCGCAAGTGGCTATGGTATTTGGACATGTAATTGTCAGCGCGGGATCTGAGACTTGCCA 300

hhkhkhkhkkkkdk dk gk ok ok ko ke e sk ok ke ok ok

rattus AAAATGAAGCTGGCGACGGGACTGTGGETCTEGCGGGAGCCTTCTGEGTGGCAGCCAGGACC 90

mus AAAATGAAGCTGGCGACGGGACTCTGGGTCTGGGGGAGCCTTCTGATGECAGCGGGGACC 360
dkkdkkdkkhdkkdkkdkdhhdhhdhkhkddh hhhhdbhbrdhhhrhhhhdhrdr *dkdkhkdx *kkkx

rattus GTCCAGCCCAGCGCTTCTCAGTCAGTGTGTGCCGGARCAGAGAACAAACTGAGCTCTCTC 150

mus GTCCAGCCCAGCGCTTCTCAGTCAGTGTGCGCAGGAACAGAGAACAAACTGAGCTCTCTC 420
Hhkkdkkhkkkkkhkhkhkhkhkrkhkhhhdhdd *dk dddrkddhdhhhhdbhhrhkhhhhbhdsod

rattus TCTGATCTGGAGCAGCAGTACCGAGCCTTGCGCAAATACTATGARAACTGCGAGGTAGTC 210

mus TCTGACCTGGAACAGCAGTACCGAGCCTTGCGCAAATACTATGAAAACTGCGAGGTAGTC 480

dhdekokk dhkhkhkk hhkhkkhkkbhhhhhkhhhhhdhhhhhhdhhhhrhhkhhkrdbkhhdhkrddhk

rattus ATGGGCAACCTGGAGATCACCAGCATAGAGCACAACCGGGBACCTCTCCTTCCTGCGGTCT 270
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mnus ATGGGCAACCTGGAGATCACCAGCATCGAGCACARCCGGGACCTCTCCTTCCTGCGGTCT 540

dekkkkkdhhkhhkkdkhkdhkhdhhhhkhhdrh ddhddhdhddhhdrhrhhdhdbhhdhdhdhdddddk

rattus ATCCGAGAAGTCACAGGCTATGTACTTGTGGCCCTCAACCAGTTTCGTTACCTGCCTCTG 330
mnus ATCCGAGAAGTCACAGGCTACGTCCTGGTGGCCCTCAACCAGTTTCGTTACTTGCCTCTG 600

hhkkhkkkhdhkhhhbkhhkhhhd dh *d dhdhkhhdhhhhhddhdhhdddbdhhd dhkhrkhddk

rattus GAGAATTTACGCATTATTCGTGGGACAAAACTGTATGAAGATCGCTATGCCTTAGCAATA 390

mus GAGAATTTACGCATTATTCGTGGGACAAAACTATATGAAGATCGCTATGCCTTAGCGATA 660
R R L R R T TR R R R R e g

rattus TTCTTAAACTACAGGAAAGATGGCAACTTTGGACTTCAAGAACTGGGATTAAAGAACCTG 450

mus TTCTTAAACTACAGGAAAGATGGCAACTTTGGACTCCAAGAACTTGGATTAAAGAACCTG 720
R R e 2 L R 2 2R R R R R R R

rattus ACCGAAATACTAAATGGTGGAGTCTATGTAGACCAGAACAAATTCCTATGTTATGCTGAT 510

mus ACCGAAATACTAAATGGTCGAGTCTATGTAGACCAGAACAAATTCCTATGTTATGCTGAC 780
L R 2 R R R R R L R L R R R AR R e

rattus ACTATACACTGGCAAGATATTGTTCGGAATCCATGECCTTCCAACATGACTCTGGTGTCA 570
mus ACTATACACTGGCAAGATATTGTTCGGAATCCATGGCCTTCCAACATGACTCTGETGTCA 840
B R R R R I I I I I I T

rattus ACAATTGGAAGTTCTGGATGCGGARGATACCATAAGTCTTGCACTGGTCGATGCTGGGGA 630
mus ACAAATGGAAGTTCTGGATGTGGAAGATGCCATAAGTCTTGCACTGGCCGATGCTCGGGGA 900

*hhkh hhkkkkkhkhhhhdhhkk dhkdhkhkkdhrhhdhdhhhhhdkdhhhd khdhkhdbhhdrkr

rattus CCCACAGAAAATCACTGCCAGACCTTGACAAGGACTGTGTCTGCAGAACAATGTGATGGEC 690
mus CCCACAGAARATCACTGCCAGACCTTGACCAGAACTGTGTGTGCTGAACAATGTGATGGC 960

hkkdekkkhkhkhkkhkkhhkhkkhkbkhkkhhkhddhk *k dkkhhhhdhhkddx kkhkhkhkkkrkkhhkhk

rattus AGGTGCTATGGACCCTACGTCAGTGACTGCTGCCATCGAGAATGTGCCGGAGECTGCTCA 750
mus AGGTGCTATGGACCCTACGTTAGTGACTGCTGCCATCGAGAATGTGCTGEGAGGCTGCTCA 1020

hhkkhhdhkhhkhhkhkhkdhdhhdhhd khkhkhkhkdkhkkkhkhkrkhhkhhhkhhhkhhdd dhhhdrhkrhhhkdk

rattus GGACCAAAAGACACTGACTGCTTTGCCTGCATGAACTTCAATGACAGTGGAGCATGTGTT 810
nus GGACCARAGGACACTGACTGCTTTGCCTGCATGAACTTCAATGACAGTGGAGCCTGCGETT 1080

dekkkkkdkdk dhkkdkhhkddkkdhhhkkhhkhkkhdkhhhhhhdkhddhhdrhhrddhhkdr *d *k¥

rattus ACTCAGTGTCCCCARACGTTCGTCTACAATCCAACCACCTTTCAACTGGAACACAACTTC 870

mus ACTCAATGTCCCCAAACATTTGTCTACAATCCAACCACCTTTCAACTGGAACACAACTTC 1140
HRERK KhARAARAIE® ok ARk Kk hk kA khhkhhhhkhkhkhhhhhhkhkd Ak hkkk ok

rattus AATGCARAGTACACATATGGAGCATTCTGTGTTARGRAAARTGTCCACATAACTTCGTGGTA 930

mus AATGCAAAGTACACGTATGGAGCATTCTGTGTTAAGAAATGTCCACATAACTTCGTGGTA 1200
Hhhhkhkhkkhhhhhd hhkhhhhh A d kA hk kR k Ak hhh ke ok kR h kA kR kAR KA R kR dk Kk ke

rattus GATTCCAGTTCTTGTGTACGAGCCTGCCCTAGTTCCARGATGGARGTCGAAGARAATGGA 990

mus GATTCCAGTTCTTGTGTACGAGCCTGCCCTAGTTCTAAGATGGAAGTAGAAGAAAATGEGE 1260
hkhhkkhkkkkhhhhhhhhkhhkhh kA b Ak hkhhhhkdh hhdhdhhhhdhh AAKAAR KK AR K

rattus ATTAAAATGTGTAAGCCTTGCACTGATATTTGCCCCAARAGCATGTGATGGAATCGGCACC 1050
mus ATTAAAATGTGTAAGCCTTGCACCGATATTTGCCCCAAAGCATGTGATGGAATCGECACG 1320

hkkhkkhhhkhhhhhdhrdhhhhd Thhhhdkdhhhkhhhhhhdhhhdhhhhddhhhhkhhkhkkkrh

rattus GGATCCTTGATGTCTGCTCAGACTGTGGATTCCAGTAACATTGACAAATTCATAAACTGC 1110

mus GGATCACTGATGTCTGCTCAGACTGTGGATTCAAGTAACATTGACAAATTCATAAACTGC 1380
B 2 I R AR R R R R R I

rattus " ACCARGATCAACGGGAATCTCATCTTTCTTGTCACTGGCATTCATGGGGACCCTTACARAT 1170

mus ACAAAGATCAATGGCAATCTCATCTTTCTTCTCACTGGCATTCATGGAGACCCTTACAAT 1440
A L L T R A R 2 R R I LI T I

rattus GCTATTGACGCCATAGACCCAGAGAAACTGAATGTCTTTCGCGACAGTCAGAGAAATAACA 1230

mus GCTATTGACGCCATAGATCCAGAGAAACTGAATGTCTTTCGGACTGTCAGAGARATAACA 1500
KK IR KRR KR I IR *hhh hkhhkhhhhhhhhhh Ak hkkhk bk h KA hh kR kA Ak h Rk ok *

rattus GGTTTCCTGAACATACAGACTTGGCCCCCARATATGACAGATTTCAGTEGTTTTCTCCAAC 1290

mus GGTTTCCTGAACATACAGTCTTGGCCCCCAAATATGACAGATTTCAGTGTTTTCTCCAAC 1560
Fokkokk ko dkkk ok kok Ak kok ok kR Rk ko k ok ok ok ko ke k ke ko ok dkok ke ko ok ok ok ok ok ok ok ok ok ok ok ok e ok ok
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rattus CTTGTAACCATTGGAGGAAGAGTCCTCTACAGTGGTCTGTCATTGCTTATCCTCAAACAR 1350
mus CTCGTCACAATTGGAGGAAGAGTCCTCTACAGTGGTCTCTCATTGCTGATCCTCAAACAA 1620

ok kk kk hkhkhhhhdkdhhhkodkhhkhkdkhkhkhhhrhkhd Ahkdkhkhkkhk khkhhkhhkhhhkd ok

rattus CAAGGTATCACTTCACTACAGTTCCAGTCTCTGAAGGAAATCAGTGCGGGCAATATCTAC 1410

mus CAAGGTATCACTTCCCTACAGTTCCAGTCTCTGAAGGAAATCAGTGCGGGCAATATCTAC 1680
S A R A R R R R L R O I T I

rattus ATCACGGACAACAGCAACCTGTGTTATTACCACACCATCAACTGGACAACACTGTTCAGC 1470

mus ATCACTGACAACAGCAACCTGTGTTATTACCATACCATTAACTGGACAACACTCTTCAGC 1740
FHKRK AR AR K kR IRk kR Rk h ko hk ko hhhh Fhkhkhk Ak hhhhhhwh kA ok hhhkh®

rattus ACCGTTAACCAGAGGATAGTGATCCGAGACAACAGGAGGGCTGAGAACTGTACTGCTGAA 1530
mus ACCATTAACCAGAGAATAGTGATCCGAGATAACAGAAGAGCTGAGRATTGTACTGCTGAA 1800

Hhkk hkkkhkhkhkkdhk dkhkhdhkhkhhkhhrkd hhkhkdhk khk hhkhkkdhkhk dhkhhhkddhkhhkk

rattus GGGATGGTGTGTAACCACCTGTGTTCAAATGATGGTTGTTGCGGCGACCTGGGCCAGACCAG 1590
mug GGCATGGTATGCAACCACCTGTGTTCARATGATGGTTCTTGGGGACCTGGGCCGGACCAG 1860

kk kkkdkk hk dkkhkkhhkhhhhhhkhhAh A A b hhhhhd kA vk hkkdhhdd Fhdhdk

rattus TGTCTGTCATGTCGGCECTTCAGCAGGGEARAACGATCTGTATAGAGTCCTGCAACCTTTAT 1650
mnus TGCCTGTCATGTCGGCGCTTCAGCAGEGCARAGATCTGCATAGAGTCTTGCAACCTTTAT 1920

dk kokkhkkkhkhhhkkhkhh kA Ak kA A h A AR A AN Rk hk ok khd dhhhhhkkh dAkkhkkkhkkhkhk

rattus GATGGGGAGTTTCCAGAGTTTGAAAATGGCTCCATCTGTGTTCGAGTGTGACTCCCAGTGT 1710
mus GATGGGGAATTTCGAGAGTTTGAAAACGGCTCCATCTGTGTTGAGTGTGACTCCCAGTGT 1980

dkkkhkhdhhk hkdkhkdhkkhkkdhkhhkddk dhhhdhhhhhkhrhdhhbhhrhrdbhdkhdh kb dhhkhdhd

rattus GAGAAAATGGAAGACGGACTCCTCACATGCCATGGACCGGGACCTGACAACTGTACARAG 1770

mus GAGAAAATGGAAGATGGACTCCTCACATGCCATGCACCGGGACCTGACAACTGCACARAG 2040
R R S R R R R R R S LT 2 T T R e

rattus TGTTCTCATTTTAAAGATGGTCCAAACTGTGTAGAGARATGTCCAGATGTCCTACAGGGA 1830

mus TGCTCTCATTTTAAGGATGGTCCAAACTGTGTGGAGARATGTCCAGATGGCCTACAGGGA 2100
Ak kkhkkkhkkhhkdk kkkhAhkAAh Ak Ak kA AN Ak khkhk kA kR kI A hh AR AR A Ik Rk &

rattus GCAAACAGTTTCATATTTAAGTACGCAGATCAGGATCGGGAGTGCCACCCTTGCCATCCA 1890
mus GCAAACAGTTTCATTTTTAAGTATGCAGATCAGGATCGEGGAGTGCCACCCTTGCCATCCA 2160

LA AR RS NS AEEEEEEEEESEEEEEEEEEEEEEEEE RS ESEEEEEE RS

rattus AACTGCACCCAGGGGTGTAACGGTCCCACTAGTCATGACTGCATTTACTACCCATGGACG 1950
mus AACTGCACCCAGGGGTGTAACGGTCCCACTAGTCATGACTGCATTTACTACCCATGGACG 2220

dhkkhkkkkkkhhkkhkkdkkh bk hhhdhhhhh b hkdhkhhkdhkdddhhddhkddhkhhhdhdkhk

rattus GGCCATTCCACTTTACCACAACATGCTAGAACTCCACTGATTGCAGCCGGAGTCATTGGT 2010
nus GGCCATTCCACTTTACCACAACACGCTAGAACTCCACTGATTGCAGCCGGAGTCATTGGA 2280

hhkkkkhhkhkhkhkhhkhhhkhdhddhhdd dhhdkdhdhkhdhhhhhhdhrhhkhhhddrddrrbhrhhrk

rattus GGGCTCTTCATCCTGGTCATCATGGCTCTGACATTTGCCGTTTATGTCAGAAGGAAGAGC 2070
mus GGCCTCTTCATCCTGGTGATCATGGCTTTGACATTTGCTGTCTATGTCAGAAGAARGAGC 2340

kk hhkkhkhkkhkhhhdkhh hhkhkhhkhkhhd dFhkkhkhkhkhhkh *d *hkdrrdhdhhhkd dhkhhkk

rattus ATCAAAAAGAAACGCGCTTTGAGAAGATTCCTGGAGACCGAGTTAGTCGAGCCCTTAACC 2130

mus ATCAAAAAGAAACGTGCTTTGAGGAGATTCCTGGAGACAGAGCTGGETAGAGCCCTTAACT 2400
HR IR h ok kkkhkh kA Rk Rk kkhhkkhhkhhhhk Akk Kk kk kA RAA KA AAAK

rattus CCTAGTGGCACAGCACCCAATCAAGCTCAACTTCCAATTTTGAAGGAARCAGAGCTARAG 2190
mus CCCAGTGGCACGGCACCCAATCAAGCTCAACTTCGCATTTTGAAGGAARCCGAACTARAG 2460

hk hhkkkhkhkhkhk Tohkkdkhkhkdhkhkkhkkkhhkhhdhhdkk dkhkkdhhhkdhkdhkhdhk Fk dkdkkr

rattus AGGGTAAAAGTCCTTGGCTCGGGAGCATTTGGAACCGTTTATAAAGGAATCTGGGTACCT 2250

mus AGGGTAAAGGTCCTTGGCTCGGGAGCTTTTGGAACCGTTTATARAGGTATTTGGGTGCCT 2520
KEKKKRKK KA AR IRk ARk AR I A bk ok hhhhhhhhhkhhkh kb hhh *k dhhdhh kh®

rattus GAAGGAGAAACTGTGAAAATCCCTGTGGCTATTAAGATCCTCAATGAGACAACTGGCCCC 2310

mus GAAGGTGAAACAGTGAAAATCCCTGTGGCTATAAAGATCCTCAATGAAACAACTGGCCCC 2580
KEKKK Khkhh KAk kA RAAAIR A Ak hhkkhd Ahhkhhh kA khhhk F Ak d R hkhdok ok

rattus AAAGCCAATGTGGAGTTCATGGATGAGGCACTGATTATGGCAAGTGTGGATCACCCACAC 2370

mus ARAGCCAACGTGGAGTTCATGGATGAGGCTCTGATCATGGCAAGTATGGATCACCCACAC 2640
KA KKK I KK KA Ak khkhhkhhkhhhhhhhh hhkhk hkkhwAhhk hhh kAR Ak F ok k&
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rattus CTAGTGCGTTTACTGGGTGTGTEGTTTGAGCCCCACTATCCAGTTGGTTACTCAGTTGATG 2430
mus CTAGTTCGCCTATTGGGAGTGTEGTCTGAGTCCCACTATCCAGTTGGTTACGCAGCTGATG 2700

kkdk ok ok ok ok kkkk hkkdkk hhhkkhk hAkhdkAkhhkhhkAkhkhkrkhrhhkrr kkk kkkhkok

rattus CCACATGGCTGCCTACTGGAATATGTCCACGAACACAAGGATAACATCGGATCACAACTG 2490

mus CCGCATGGCTGCCTACTGGACTATGTTCATGAACACAAGGATAACATTGGATCACAGCTE 2760
Fh hhkkk Rk RAkhkhhkhhkk khhhkk kk kA kA kA kR kR A A A Ahh RRARAAAAE A Ak

rattus CTGTTGAACTGGTGTGTCCAGATTGCTAAGGGAATGATGTATCTGGAGGARAGECEGCTT 2550
mus CTGTTGAACTGGTGTGTCCAGATTGCTAAGGGAATGATGTACCTAGAAGAARGACGGCTT 2820

dhkdhkkdhdhkdhdhkhhkhhkhhdbhhhhhdhhhhbhhhhrhhddhdd dd %k dhkhdd dhkhkrsk

rattus GTTCATCGGGATCTGECAGCCCGCAATCTETTGCTGARATCTCCAAATCATGTTARRATC 2610
nus GTTCATCGGGATCTGGCAGCCCGCAATGTCTTAGTGARATCTCCAAATCATGTTARRATC 2880

hhkkhkhkdhdhhdkhdhddhkdddhdhkdhhrd dh hhdkddhdhdhhhhbhrdhhhdddhhrddrr

rattus ACAGACTTTGGACTGGCCCGGCTCTTGGAAGGACGATCARAAAGAATACAATGCTGACGGT 2670

mus ACAGATTTTGGACTGGCCCGGCTCTTCGCGAAGGAGATGAAAARAGAATACAATGCTGATGGT 2940
A R R R R R I R R R I I T T

rattus GGCAAGATGCCAATTAAATGGATGGCTCTGGAATGTATACATTATAGGARATTCACACAT 2730
mus GGCAAGATGCCAATTAAATGGATGGCTCTGCGAATGTATACATTATAGGARATTCACACAT 3000
LR R R R L S R A R I

rattus CAAAGCGATGTTTGGAGCTACGGTGTCACTATATGGGAACTGATGACCTTTGGAGGAAAG 2790
mus CARAGTGATGTTTGGAGCTATGGCGTCACTATATGGCGAACTGATGACCTTTGGAGGAAAG 3060

dhkdkk hkdkhkhkdhkhkkhkdhkk kk khkdkhkhhkhhhhhrdhhhhdkhhhdhkhhhhkhhhdd ook ks

rattus CCCTATGATGGAATTCCAACGCGAGAAATCCCTGATTTATTAGAGRAGGGAGAGCGTTTG 2850
mus CCCTATGATGGAATTCCAACCCGAGAAATCCCCGATTTACTGGAGARRGGAGAGCGTCTE 3120

hhhkhhhhdhdhhhhkkhkokhk dhkdhkhkdhhhh hdhddhhh & hhhkdhh hhhddhhhde **

rattus CCTCRACCTCCCATCTGCACTATTGACGTTTACATCETCATGGTCARATGTTGGATGATC 2910
mus CCTCAGCCTCCCATCTGCACTATTGATGTTTACATGGTCATGGTCAAATGTTGGATGATC 3180

hkkkk hkkhhhkdkkkdhkdhhdhdhhdhk dhkrkhkhkhkdhkh hhhhdhhdhdhdhdddhhhhkdhhdkk

rattus GATGCTGACAGCAGACCTAAATTCAAAGAACTGGCTGCTGAGTTTTCAAGGATGGCTAGA 2970

mus GATGCTGACAGCAGACCTAARATTCAAAGAACTGGCTGCTGAGTTTTCAAGAATGGCTAGA 3240
R X S 22 I R R R L]

rattus GACCCTCAAAGATACCTAGTAATTCAGGGEGGATGATCGCATGAAGCTTCCCAGTCCARAC 3030
mus GACCCTCAAAGATACCTAGTTATTCAGGGTGATGATCGTATGAAGCTTCCCAGTCCAART 3300

hhkkhkkdhdhhhdhkhhkhbhdhkhk hhkdhhkdkkdk dhhkhhhhd dhhkhdhhhhkhddhhhhdrddhd

rattus GACAGCARATTCTTCCAGAATCTCTTGGATGARGAGGATTTGGAAGATATGATGGACGCT 3090
mus GACAGCAAATTCTTCCAGAATCTCTTGGATGAAGAGGATTTGGAAGACATGATGGATGCT 3360

hkkhhhhhhdhhdhddddhhddhddhhdhhhkhhdhohddhhdhhhhddhdhhk hkdhdhhkd &k

rattus GAGGAATATTTGGTCCCCCAGGCTTTCAATATCCCACCTCCTATCTACACATCCAGAACA 3150

mus GAGGAATATTTGGTCCCCCAGGCTTTCAACATACCTCCTCCCATCTACACATCCAGAACA 3420
HHA KRR KA KA AR bk kAR h Ak Ak kkhkh *k kk *hhhh hh A bk AR F AR A A h ok kA x

rattus AGAATTGACTCCAATAGGAGTGARATTGEACACAGCCCTCCTCCTGCCTACACCCCCATE 3210
mus AGAATTGACTCCAATAGGART - = = = = = = == == = = = == = == = o oo o 3441

hkhkkhkhkhkrhhkhddrhdddh *

rattus TCGGGAAGTCAGTTTGTGTACCAGGATGEGGGTTTCGCTACACARCAAGGAATGCCCATG 3270
mas 0 mee e CAGTTTGTGTACCAAGATGGGGGCTTTGCTACACAACAAGGAATGCCCATG 3492

hkkhkhkhkkhhkhhhddx dhkhkdkhdhk *kk *khkdhhhhdrhdhhhhhkdhkhkdbhkhkrhhkhk

rattus CCCTACACAGCCACAACCAGCACCATACCAGAGGCTCCAGTCACCCAGGGTGCARCGGECT 3330
mus CCCTACAGAGCCACAACCAGCACCATACCAGAGGCTCCAGTAGCTCAGEGTGCARCGGECT 3552

dkdekkokdk hhkkkkkkhhhhddhkhdkhhhkhkkhkhdhdkhdd ddk dhkkbkdhkhrhdhkdkkr

rattus GAGATGTTTGATGACTCCTGCTGTAATGGTACCCTGCGAAAGCCAGTGGTACCCCACETC 3390
mus GAGATGTTTGATGACTCCTGCTGTAATGGTACCCTACGAAAGCCAGTGGCACCCCATGETC 3612

Kk kdkhkkdkkdkhhkkhkkhkhkhkhhhhhhhhhdkkdkd hhhhdhhddhdhdd *kkdrkdkdt %hkx

rattus CAAGAGGACAGTAGCACTCAGAGGTATAGTGCCGACCCCACAGTGTTCGCCCCAGAACEGE 3450
mus CAAGAGGACAGTAGCACTCAGAGGTATAGTGCTGATCCCACAGTGTTCGCCCCAGAACGE 3672
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dhhkhhkhdkhkhdhkhdhhkdkhbhkhhhhdbhhdhhdhhhk *dk khkdhhkdhddhddhddhdhhkhkrdhr

AACCCACGAGCAGAACTGGATGAAGAAGGCTACATGACTCCCATGCATGACAAGCCARARAA 3510
AATCCTCGAGGAGAACTGGATGAAGAAGGCTACATGACTCCAATGCATGACAAGCCCARR 3732

hk kk hkkdh kdkkkkkkkkkhkkkhkhhhhkhhhhhkhhkdhhk hkkhhkhkkdhhkhkdkk hkw

CAAGAATATCTGAATCCTGTGGAAGAGAACCCTTTTGTGTCCCGGAGGAAGAATGGAGAC 3570

CAAGAATATCTGAATCCTGTGGAAGAGAACCCTTTTGTGTCCCGAAGGAAGAATGGAGAT 3792
R R R I R R R R R I I I T

CTTCAAGCTTTAGATAATCCAGAGTATCACAGCGCTTCCAGCGGTCCCCCCARGGCAGAG 3630
CTTCAAGCTTTAGATAATCCGGAGTATCACAGTACTTCCAGCGGTCCACCCARGGCGGAG 3852

hkkkhkhkhkhhkkhkhdhhhkhdhd dhhhdhhhdhdhdk Ihhhhkhhhhhddhdt dhhkkdkdhhkikd *h%k

GATGAGTACGTGAATGAGCCCCTTTATCTCAACACCTTCACCAACGCCTTGGGARATGCA 3690
GATGAATACGTGAATGAGCCTCTATACCTCAACACCTTCGCCAATGCCTTGGGGAGTGCA 3912

hkkkhkk khhkkkhhdhhhhhd kdk Ak Khkhhhkhrhdhdhd dhdkd dhhkdhkdhkrdk % Fhkhkk

GAGTACATGAAAAACAGCTTACTGTCTGTGCCAGAGAAAGCCAAGAAAGCATTTGACAAC 3750

GAGTACATGAAAAACAGTGTACTGTCTGTGCCAGAGAARGCCAAGAAAGCATTTGACAAC 3972
HokkkkkkhhkhkRhkkdhdh  khdkokkkkkh ko k ke kb k ok ok ok hk ok ok ok ok ke k ok ok ok

CCCGACTACTGGAACCACAGCCTGCCACCCCGGAGCACTCTTCAGCACCCAGACTACCTG 3810
CCCGACTACTGGAACCACAGCCTGCCACCCCGGAGCACCCTTCAGCACCCAGACTACCTG 4032

Thkdhkhkhhkkhhhkkhhhhkhhhhdhkhdhhdbdhhdhdhd khddkddhkhkkbhhdhdddhdhdd

CAGGAATACAGCACAAAATATTTTTATAAACAGAATGGACGGATCCGCCCTATTGTGGCA 3870

CAGGAATACAGCACARAATATTTTTATARACAGAATGGACGGATCCGCCCCATTGTGGCA 4052
ok kkhk kR kA hhhhhkhhkkhkkh ok hhh kA * A Ak kb bk ok Rk h ke hd Fokkdoh ko koK

GAGAATCCTGAGTACCTCTCAGAGTTCTCGCTGAAGCCAGGCACTATGCTECCCCCTCCG 3930
GAGAATCCTGAGTACCTCTCGGAGTTCTCGCTGAAGCCTGGCACTATGCTGCCCCCTCCG 4152

hkkkkhhhkkhhhkhkhkdhdhhk Ahdhddhhhhhdhkhhdhd drhrhhrrdAdk kbbb hk ke hkk

CCCTACAGACACCGGAATACTGTGGTGTGAGCTCAGCTAGAGTGTTTTAGGAGCAGAAAC 3990
CCCTACAGACACCGGAATACTGTGGTGTGAGCTTGGCTAGAGTGTTAGGTGGAGAAACAC 4212

khkkkhkhkkkkhkhkhhkhkhkhhhhkkkhkkhkhkkdhkk ko Kk ok okok ok ok ok ok * * ok kk

ACACCCGCTCCATTTCCCCTTCTCCCTCCTCTTTCTCTGGCAGTCTTCCTTCTACCCCAA 4050
ACACCCACTCCATTTCCC-TTCCCCCTCCTCTTTCTCTGETGGTCT ~ =~~~ == === - = - - 4257

hkhkkhkhkk hhkkhkhhkdhkddh dhkh hhhhkkdhdhhdddhbdhx * ok kK

GGCCAGTAGT 4060

Pain gene knockout phenotypes.

Neuregulin-1. (Nrgl) Knockout, complete loss of function phenotype.
The interaction between peripheral axons and myelinating Schwann
cells is dependent on Nrgl expression. In order to study and develop
animal models for pain Nrgl knockout rats were created by transposon
mediated insertion. Genetic modification to Rattus norvegicus pain
gene Neuregulin-1 (Nrgl) was carried out by a DNA transposon
insertional mutagenesis method similar to that described in Nature
Genet., 25, 35 (2000). The DNA transposon-mediated genetically
modified allele was designated Nrg1Tn(sb-T2/Bart3)2.183Mcwi. The
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mutant strain symbol for the pain rat was designated F344-NrglTn(sb-
T2/Bart3)2.183Mcwi. The DNA transposon insertion occurred in
chromosome 16, within intron 1 of the rat Nrg/ gene. The sequence
tag map position was between base pairs: 174755561 174756178. The

sequence tag was:

TACATATACATATACATATACATATACATATACATATACATA
TACATATACATATACATATACATATACATATACATCATATAC
ATATACCCAGAGAGAGGGAGATAGTGCATATACATATAGTG
TTTTTATCAATTGATTACAATTTCATAATTATCCTTATTCACA
AAGTCATGCATTATGACTATATTCACTTTCCATTCCTCCTCCA
AAACCTCCCAGCTCCAGTCCTACCCCCTAACTTGCTCTCAAT
TTCATGTCTGCTTTTGTTTCCTTATCACTATAAACCACCAAGT
CAGCTTCTACTCCTAG. Thus, a DNA transposon was inserted into
the Nrgl gene of Rattus norvegicus and Western blot analysis
indicated that the gene was completely inactive. Since Nrg/ plays an
important role in Schwann cell development and myelination it was
suspected that the axon mediator was involved in pain. To induce pain
spinal nerve ligation (SNL) surgery was done on both Nrgl(-/-) and
WT rats. Tight ligation of spinal nerves by surgery created groups of
control and KO pain animals. A baseline threshold for mechanical
pain was established in order to eliminate startle reactions. Animals
were placed in an elevated wire mesh floor. Mechanical
allodynia/hyperalgesia was assessed by utilizing multiple von Frey
filaments of different forces. In ascending order of force the filaments
were applied to the hind paw of control and Nrg! knockout rats.
Withdrawal responses were recorded within 5s of filament application
and an overall response percentage was calculated. When the Nrg!
knockout rat response to mechanical pain was calculated the model
showed an almost absent response compared to the WT controls. The
Nrgl(-/-) rat had a 10% vehicle response rate when compared to the
WT control animals. This study validated the Nrgl knockout rat as a
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genetically modified animal model for pain. To supplement the
mechanical pain data a cold behavioral test was also done using
acetone. In the same mesh floor box a drop of acetone was placed on
the center of the ventral side of control and Nrgl(~/-) knockout rat
hindpaws. For 20s after the acetone treatment the rat’s response was
recorded. Induced pain by nerve ligation, disease state, and drug
exposure produces significant cold allodynia. Acetone induced cold-
allodynia pain responses include: quick withdrawal, flick or stamp,
prolonged withdrawal with multiple flicking, and licking or biting of
the affected hindpaw. These responses were added up to produce a
cold sensitivity score. The average cold score for WT control rats after
acetone treatment was 8. The average cold-score of Nrgl knockout
rats following acetone treatment was 0.1. This study indicated that the
Nrgl knockout rats were close to completely deficient in cold
allodynia pain response. These data exhibit that the Nrg!/ knockout rat
displays a decreased sensitivity to multiple forms of pain. The data

explains and validates a knockout rat model for pain.

Transient receptor potential (TRP) channel 4 (7rpc4) knockout,

complete loss of expression phenotype.

Transient receptor potential (TRP) channels are essential for
transmembrane Ca2+ and Na+ flux, axon guidance and neurite
extension. Due to TRP involvement in the nervous system Trpc4
knockout rats were created by transposon insertional mutagenesis.
Genetic modification to Rattus norvegicus pain gene Transient receptor
potential channel 4 (Trpc4) was carried out by a DNA transposon
insertional mutagenesis method similar to that described in Nature
Genet., 25, 35 (2000). The DNA transposon-mediated genetically
modified allele was designated Trpc4Tn(sb-T2/Bart3)2.192Mcwi. The
mutant strain symbol for the pain rat was designated F344-
Trpc4Tn(sb-T2/Bart3)2.192Mcwi. The DNA transposon insertion
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occurred in chromosome 2, within intron 1 of the rat Trpc4 gene. The
sequence tag map position was between base pairs: 143344742-
143344909. The sequence tag was:
TATGTTTAGGCCATGGAGATAAGAGGCATCTTCCAGAGTTA
GGAATTACATACATCTGCACTTATGTATCACGATTATGCTTC
TGAATGCACCTAACAAGAGCTCGAGGAGAAACCATGCAGAG
AGGAACAATTGAAAAGGAAGTACATTGTGCAGACTGCTTCC
TAG. Thus, a DNA transposon was inserted into the Trpc4 gene of
Rattus norvegicus and Western blot analysis indicated that the gene
was completely inactive. To study the effect of Trpc4 on pain two
mechanical pain tests, diabetes induced, and drug induced studies were
done on the animal models. First the spared nerve injury (SNI)
operation was performed on a set of controls and 7rpc4 knockout rats.
Once the sciatic nerve and terminal branches were exposed on the
lateral side of the back paw the peroneal and tibial nerves were ligated.
Groups of wildtype and Trpc4 knockout rats also underwent partial
nerve injury (PNI) by tightening the siactic nerve of approximately
1/3-1/2 of the normally functional diameter. From the SNI and PNI
pain induced rats, controls and Trpc4 knockouts were assessed for
response to mechanical pain via von Frey filaments as described
above. It was observed that under both pain models 7Trpc4 knockout
rats exhibited 10-20% of the pain response that was displayed in
wildtype control rats. This mechanical test indicated that Trpc4

knockout rats were indeed models for pain.

Since many patients with diabetes mellitus also suffer from
hyperalgesia derived pain the Trpc4(~/-) rats were studied for this
indication. Groups of control and Trpc4 knockout rats were treated
with streptozotocin (STZ) in order to induce diabetes. Rats were
observed to be in a diabetic state if the presence of hyperglycemia, and
glucosuria occurred. The mechanical induced von Frey filament

method was again used to establish altered pain response. When STZ
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non-treated control rats were compared to STZ diabetic control rats the
pain response to mechanical induction was very drastic. The control
non-treated rats maintained the threshold as expected. However, the
STZ treated diabetic rats threshold for pain was decreased by 40%.
Therefore, the STZ treated control rats were 40% more sensitive to
mechanical induced pain. When control STZ induced control and
Trpc4-/- rats were compared for mechanical induced sensitivity to pain
the change was significant. The STZ treated diabetic Trpc4-/- rats
exhibited a similar threshold for pain as the control non-treated rats.
Therefore, the Trpc4-/- rats were able to recover the STZ induced
diabetic neuropathy phenotype. These data prove that the Trpc4

knockout rat is a model for diabetic induced pain.

Cancer patients who are treated with paclitaxel often display sensory
abnormalities and symptoms of pain such as sudden unexplainable
pain attacks. In order to study the effects of cation channels on
pacitaxel induced pain Trpc4-/- rats were treated with the anti-cancer
drug. Since one of the major symptoms of patients who are treated
with pacitaxel is cold allodynia control and 7rpc4-/- rats were exposed
to pacitaxel and tested for acetone cold response. Previously control
non-pacitaxel treated and pacitaxel treated WT rats were studied for
differences in cold allodynia. Based on established cold score
calculations the non-treated rats scored an average of 8 while the
pacitaxel treated rats scored an average of 15. These data indicate that
pacitaxel treated rats are indeed hypersensitive to cold induced pain.
When control and Trpc4-/- treated rats were compared the difference in
pain sensitivity was dramatic. Trpc4 knockout rats which were treated
with pacitaxel displayed a cold score of 9. The recovery of a nearly
wild type cold allodynia score was remarkable in Trpc4 knockout rats.
These data implicate 7rpc4 as a key mediator of drug (pacitaxel)

induced pain.



WO 2011/022634

[00202]

[00203]

PCT/US2010/046144

-88 -

ErbB-signaling, v-erb-a erythroblastic leukemia viral oncogene

homolog 4 (ErbB4) knockout, complete loss of expression phenotype.

ErbB signaling for the interaction of myelination in axons and
Schwann cells has been implicated in sensory disorders as a result of
C-fiber and Schwann cell apoptosis. In order to study this
phenomenon transposon mediated mutagenesis was done to generate
v-erb-a erythroblastic leukemia viral oncogene homolog 4 (ErbB4)
knockout rats. Genetic modification to Rattus norvegicus ErbB4 was
carried out by a DNA transposon insertional mutagenesis method
similar to that described in Nature Genet., 25, 35 (2000). The DNA
transposon-mediated genetically modified allele was designated
Erbb4Tn(sb-T2/Bart3)2.208Mcwi. The mutant strain symbol for the
pain rat was designated F344-Erbb4Tn(sb-T2/Bart3)2.208Mcwi. The
DNA transposon insertion occurred in chromosome 9, within intron 1
of the rat ErbB4 gene. The sequence tag map position was between

base pairs: 67440981-67441017. The sequence tag was:

TACATCCATGTTTTTCTACTGATGTCCTTGTCTCTAG. Thus,
a DNA transposon was inserted into the ErbB4 gene of Rattus
norvegicus and Western blot analysis indicated that the gene was
completely inactive. When the sciatic nerves of 40 day old ErbB4-
/- rats were examined it had a diameter that was nearly 50%
smaller than the width of a wild type nerve. In order to study a
sensory defect phenotype the rats were placed in hot and cold
plates set on 55C and -5C respectively. Interestingly, knockout rats
exhibited a progressive hot and cold sensory defect. At the age of
3 weeks Erbb4 knockout rats responded similar to WT when tested
for paw withdrawal latency to the hot and cold plates. At 3 weeks
of age the rats paw withdrawal was almost even at around 10
seconds of exposure to heat plate. However, at the age of 6 weeks

the ErbB4-/- rat paw withdrawals of over 30 seconds compared to a
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relatively unchanged WT withdrawal. This phenotype displays the
clear development of a sensory defect to thermal heat in ErbB-/-
rats. A similar result was obtained using the cold plate. By 5
weeks of age all homozygous ErbB4 knockout rats exhibit this
sensory defect. These data validate the ErbB4 knockout rat model

as a pain animal model.

EXAMPLES.

The rat and progenies thereof of the present invention may be any rat
or progenies thereof, so long as they are a rat or progenies thereof in
which genome is modified so as to have decreased or deleted activity

of the pain gene.

Gene Disruption Technique which Targets at a Gene Encoding

Neuregulin-1 (Nrgl) and Transient receptor potential family 4 (Trpc4).

The gene disruption method may be any method, so long as it can
disrupt the gene of the target enzyme. Examples include a homologous
recombination method, a method using retrovirus, a method using

DNA transposon, and the like.

(a) Preparation of the rat and progenies thereof of the present invention

by homologous recombination

The rat and the progenies thereof of the present invention can be
produced by modifying a target gene on chromosome through a
homologous recombination technique which targets at a gene encoding
the pain gene. The target gene on chromosome can be modified by
using a method described in Gene Targeting, A Practical Approach,
IRL Press at Oxford University Press (1993) (hereinafter referred to as
"Gene Targeting, A Practical Approach"); or the like, for example.

Based on the nucleotide sequence of the genomic DNA, a target vector

is prepared for homologous recombination of a target gene to be



WO 2011/022634 PCT/US2010/046144

-9 -

modified (e.g., structural gene of the pain gene, or a promoter gene).
The prepared target vector is introduced into an embryonic stem cell
and a cell in which homologous recombination occurred between the

target gene and target vector is selected.

[00210] The selected embryonic stem cell is introduced into a fertilized egg
according to a known injection chimera method or aggregation
chimera method, and the embryonic stem cell-introduced fertilized egg
is transplanted into an oviduct or uterus of a pseudopregnaht female rat

to thereby select germ line chimeras.

[00211] The selected germ line chimeras are crossed, and individuals having a
chromosome into which the introduced target vector is integrated by
homologous recombination with a gene region on the genome which

encodes the pain protein are selected from the born offsprings.

[00212] The selected individuals are crossed, and homozygotes having a
chromosome into which the introduced target vector is integrated by
homologous recombination with a gene region on the genome which
encodes the pain protein in both homologous chromosomes are
selected from the born offsprings. The obtained homozygotes are
crossed to obtain offspring to thereby prepare the rat and progenies

thereof of the present invention.

[00213] (b) Preparation of the rat and progenies thereof of the present invention

by a method using a transposon

[00214] The rat and progenies thereof of the present invention can be prepared
by using a transposon system similar to that described in Nature
Genet., 25, 35 (2000) or the like, and then by selecting a mutant of the

pain gene.

[00215] The transposon system is a system in which a mutation is induced by

randomly inserting an exogenous gene into chromosome, wherein an
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gene trap cassette or exogenous gene interposed between transposons
is generally used as a vector for inducing a mutation, and a transposase
expression vector for randomly inserting the gene into chromosome is
introduced into the cell at the same time. Any transposase can be used,
so long as it is suitable for the sequence of the transposon to be used.
As the gene trap cassette or exogenous gene, any gene can be used, so

long as it can induce a mutation in the DNA of the cell.

The rat and progenies thereof of the present invention can be prepared
by introducing a mutation into a gene encoding the pain associated
protein, and then by selecting a rat of interest in which the DNA is

mutated.

Specifically, the method includes a method in which a rat of interest in
which the mutation occurred in the gene encoding the NRG1, TRPC4,
ERBB4 protein is selected from mutants born from generative cells
which are subjected to mutation-inducing treatment or spontaneously
generated mutants. In another embodiment, the pain gene is one of
several known pain genes, such as (Pparo, Ppary, Trpomi3, Trpmle6,
Trpm8, Trpvl, Trpal, Trpc3, Trpcs,Scn9a, Ntrkl, Wnkl, Hsanl,
Scl0a, Hsan3, Ptger2, Pnoc, Gabbrl, Gabbr2, Cacnalg, Tacl, Prx,
Homerl, Scnlla, Opril, Prihr, P2x3, Bdkrbl, Ptgs2, Th, Npylr,
P2rx4, Mmp9, Mmp2, Bdnf.)The generative cell includes cells capable
of forming an individual such as a sperm, an ovum or a pluripotent
cells. The generative cell may also be a somatic cell and the animal

may then be created by somatic cell nuclear transfer.

Examples in which several methods described above have been
employed by the inventors to create a pain gene model phenotype in
Rattus norvegicus are described below. Genetic modification to Rattus
norvegicus pain gene Neuregulin-1 (Nrgl) was carried out by a DNA
transposon insertional mutagenesis method similar to that described in

Nature Genet., 25, 35 (2000). The DNA transposon-mediated
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genetically modified allele was designated NrglTn(sb-
T2/Bart3)2.183Mcwi. The mutant strain symbol for the pain rat was
designated F344-NrglTn(sb-T2/Bart3)2.183Mcwi. The DNA
transposon insertion occurred in chromosome 16, within intron 1 of the
rat Nrgl gene. The sequence tag map position was between base pairs:
174755561 174756178. The sequence tag was:
TACATATACATATACATATACATATACATATACATATACATA
TACATATACATATACATATACATATACATATACATCATATAC
ATATACCCAGAGAGAGGGAGATAGTGCATATACATATAGTG
TTTTTATCAATTGATTACAATTTCATAATTATCCTTATTCACA
AAGTCATGCATTATGACTATATTCACTTTCCATTCCTCCTCCA
AAACCTCCCAGCTCCAGTCCTACCCCCTAACTTGCTCTCAAT
TTCATGTCTGCTTTTGTTTCCTTATCACTATAAACCACCAAGT
CAGCTTCTACTCCTAG. Genetic modification to Rattus norvegicus
pain gene Transient receptor potential channel 4 (Trpc4) was carried
out by a DNA transposon insertional mutagenesis method similar to
that described in Nature Genet., 25, 35 (2000). The DNA transposon-
mediated genetically modified allele was designated Trpc4Tn(sb-
T2/Bart3)2.192Mcwi. The mutant strain symbol for the pain rat was
designated F344-Trpc4Tn(sb-T2/Bart3)2.192Mcwi. The DNA
transposon insertion occurred in chromosome 2, within intron 1 of the
rat Trpc4 gene. The sequence tag map position was between base
pairs: 143344742-143344909. The sequence tag was:
TATGTTTAGGCCATGGAGATAAGAGGCATCTTCCAGAGTTA
GGAATTACATACATCTGCACTTATGTATCACGATTATGCTTC
TGAATGCACCTAACAAGAGCTCGAGGAGAAACCATGCAGAG
AGGAACAATTGAAAAGGAAGTACATTGTGCAGACTGCTTCC
TAG.

[00219] A DNA transposon was inserted into the Nrgl, Trpc4, ErbB4 genes of
Rattus norvegicus rendering the gene completely inactive. Neuregulin-

1, Transient receptor potential family 4, and V-erb-a erythroblastic
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leukemia viral oncogene homolog 4 (Nrgl, Trpc4, ErbB4-/-) KO rats
exhibited multiple pain phenotypes including hypo-and hyper-

sensitiveness to induced pain tests, which included mechanical, cold
allodynia, heat, diseases state induction, and drug induced. These rat

knockout models are valuable tools for studying pain.

The practice of the present invention will employ, unless otherwise
indicated, conventional techniques of molecular biology (including
recombinant techniques), microbiology, cell biology and biochemistry,

which are within the skill of the art.
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Claims.

1. A genetically modified non-human mammal, or progenies thereof, at least
some of whose cells comprise a genome comprising a genetic mutation in one
or more genes that causes the mammal to have a greater susceptibility to
abnormal condition of pain perception than a mammal not comprising the

genetic mutation.

2. The genetically modified nonhuman mammal of claim 1, wherein the mammal

is a chimeric mammal.

3. The genetically modified nonhuman mammal of claim 1, wherein the mammal
is arat.
4. The genetically modified nonhuman mammal of claim 3, wherein one or more

pain genes or loci are misexpressed.

5. The genetically modified nonhuman mammal of claim 3, wherein one or more

pain genes are conditionally misexpressed.

6. The non-human animal model of claim 4, wherein the misexpression results in

decreased expression of one or more pain gene products.

7. The genetically modified nonhuman mammal of claim 4, wherein the one or

more genes encoding a pain gene product is disrupted.

8. The genetically modified nonhuman mammal of claim 4, wherein all alleles on

the genome of the pain gene are disrupted.

9. The genetically modified nonhuman mammal of claim 4, wherein the pain
gene is selected from the group consisting of Cyp3a4, Nrgl, Trpcd, Trpvl,
Trpv3, ErbB4, Ppara, Ppary, Trpmi3, Trpml6, Trpm8, Trpvl, Trpal, Trpc3,
Trpcs5,Scn9a, Ntrkl, Wnkl, Hsanl, Scl0a, Hsan3, Ptger2, Pnoc, Gabbrl,
Gabbr2, Cacnalg, Tacl, Prx, Homerl, Scnlla, Oprll, Prlhr, P2x3, Bdkrbl,
Ptgs2, Th, NpylIr, P2rx4, Mmp9, Mmp2, and Bdnf.
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The genetically modified nonhuman mammal of claim 4, wherein the pain
gene is selected from the group consisting of Cyp3a4, Nrgl, Trpc4, Trpvl,
Trpv3 and ErbB.

The genetically modified nonhuman mammal of claim 4, wherein Trpc4.

The genetically modified nonhuman mammal of claim 4, wherein the cells are

somatic cells.

The genetically modified nonhuman mammal of claim 4, wherein the cells are

hepatocytes.

The genetically modified nonhuman mammal of claim 4, wherein the one or
more pain genes or loci are disrupted using a method selected from the group
consisting of mutating directly in the germ cells of a living organism, removal
of DNA encoding all or part of the ion transporter protein, insertion mutation,
transposon insertion mutation, deletion mutation, introduction of a cassette or
gene trap by recombination, chemical mutagenesis, RNA interference (RNAI),
and delivery of a transgene encoding a dominant negative protein, which may

alter the expression of a target gene.

The genetically modified nonhuman mammal of claim 7, wherein the mammal

is homozygous for the one or more disrupted genes or loci.

The genetically modified nonhuman mammal of claim 7, wherein the mammal

is heterozygous for the one or more disrupted genes or loci.

A genetically modified non-human mammal, or progenies thereof, whose
genome is disrupted at one or more pain gene loci so as to produce a
phenotype, relative to a wild-type phenotype, comprising abnormal condition

of pain perception of the mammal.

The genetically modified nonhuman mammal of claim 16, wherein the
disruption causes the mammal to have a greater susceptibility to altered

conditions of pain perception.
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19.  The genetically modified nonhuman mammal of claim 16, wherein the
mammal is a rat.

20.  The genetically modified nonhuman mammal of claim 16, wherein the

disruption causes a complete loss-of-function phenotype.

21. The genetically modified nonhuman mammal of claim 16, wherein the

disruption causes a partial loss-of-function phenotype.

22.  The genetically modified nonhuman mammal of claim 16, wherein the

disruption causes a phenotype resulting from multiple transporter disruptions.

23.  The genetically modified nonhuman mammal of claim 16, wherein the protein
product of the pain gene is associated with the phenotype that is characterized

as altered conditions of pain perception.

24.  The genetically modified nonhuman mammal of claim 16, wherein the pain

gene is selected from the group consisting of Cyp3a4, Nrgl, Trpc4, Trpvl,

Trpv3 and ErbB.
25.  The genetically modified nonhuman mammal of claim 16, wherein Trpc4.
26.  The genetically modified nonhuman mammal of claim 16, wherein the one or

more pain genes or loci are disrupted by transposon insertion mutations.

27.  The genetically modified nonhuman mammal of claim 16, wherein the one or

more pain genes or loci are disrupted by deletion mutation.

28.  The genetically modified nonhuman mammal of claim 16, wherein the one or
more pain genes or loci are disrupted by the introduction of a cassette or gene

trap by recombination.

29.  The genetically modified nonhuman mammal of claim 16, wherein the one or

more pain genes or loci are disrupted by chemical mutagenesis with mutagens.

30.  The genetically modified nonhuman mammal of claim 16, wherein the one or

more pain genes or loci are disrupted by RNA interference (RNA1).
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The genetically modified nonhuman mammal of claim 16, wherein the one or
more pain genes or loci are disrupted by delivery of a transgene encoding a

dominant negative protein, which may alter the expression of a target gene.

The genetically modified nonhuman mammal of claim 16, wherein the

mammal is homozygous for the one or more disrupted genes or loci.

The genetically modified nonhuman mammal of claim 16, wherein the

mammal | is heterozygous for the one or more disrupted genes or loci.

The genetically modified nonhuman mammal of claim 16, wherein the
phenotype results from a diminished amount, relative to the wild-type

phenotype, of a protein selected from the group consisting of Trpc4.

A method for determining whether a compound is potentially useful for
mediating ion transport, which includes (a) providing a cell that produces a ion
transporter protein, (b) contacting the cell with the compound, and (¢)
monitoring the activity of the ion transport protein, such that a change in
activity in response to the compound indicates that the compound is
potentially useful for treating or alleviating the symptoms of altered conditions

of pain perception.

The screening method of claim 34, wherein the method is used for testing for

activity of a candidate pain modulating agent.

The screening method of claim 34, wherein the candidate pain modulating

agent modulates ion transport.

A screening method for identifying useful compounds, comprising (a)
providing an assay system comprising a rat model system comprising a
genetically modified nonhuman mammal, or progenies thereof, at least some
of whose cells comprise a genome comprising a genetic mutation in one or
more pain genes that causes the mammal to have a greater susceptibility to
pain or sensitivity than a mammal not comprising the genetic mutation; (b)
contacting the model system with a candidate test agent; and (c) detecting a

phenotypic change in the model system that indicates that the altered
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conditions of pain perception is restored when compared relative to wild-type

cells.

The screening method of claim 37, wherein the method is used for testing for

activity of a candidate pain modulating agent.

The screening method of claim 37, wherein the candidate pain modulating

agent modulates a pain gene.

The screening method of claim 37, wherein the candidate pain modulating

agent causes altered pain gene expression that results in a detectable
phenotype.

The screening method of claim 37, wherein the phenotype is selected from the
group consisting of altered pain, as compared to control animals having

normal pain gene expression.

The screening method of claim 37, wherein the method is used for identifying
useful compounds for the treatment of a disease or condition selected from the

group consisting of abnormal condition of pain perception.

The screening method of claim 37, wherein the method is used for

immunological studies, toxicology studies, and infectious disease studies.

The screening method of claim 41, wherein the pain gene is selected from the

group consisting of Cyp3ad4, Nrgl, Trpc4, Trpvl, Trpv3 and ErbB.
The screening method of claim 41, wherein Trpc4.

The genetically modified nonhuman mammal of claim 41, wherein the one or
more pain genes or loci are disrupted by mutating directly in the germ cells of

a living organism.

The screening method of claim 41, wherein the one or more pain genes or loci
are disrupted by removal of DNA encoding all or part of the ion transport

protein.

The screening method of claim 41, wherein the one or more pain genes or loci

are disrupted by transposon insertion mutations.
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The screening method of claim 41, wherein the one or more pain genes or loci

are disrupted by deletion mutation.

The screening method of claim 41, wherein the one or more pain genes or loci

are disrupted by the introduction of a cassette or gene trap by recombination.

The screening method of claim 41, wherein the one or more pain genes or loci

are disrupted by chemical mutagenesis with mutagens.

A screening method for identifying useful compounds, comprising (a)
providing an assay system comprising a model system comprising a
genetically modified nonhuman mammal, or progenies thereof, at least some
of whose cells comprise a genome comprising a genetic mutation in one or
more pain gene that causes the mammal to have a greater susceptibility to
abnormal condition of pain perception induction than a mammal not
comprising the genetic mutation; (b) contacting the model system with a
candidate test agent; and (c) detecting a change in pain perception polypeptide
expression or activity between the presence and absence of the candidate test

agent indicates the presence of a candidate modulating agent.

The screening method of claim 52, wherein the candidate pain modulating

agent causes altered pain gene expression that results in a detectable
phenotype.

The screening method of claim 52, wherein the phenotype is selected from the
group consisting of abnormal condition of pain perception, as compared to

control animals having normal pain gene expression.

The screening method of claim 52, wherein the method is used for identifying
useful compounds for the treatment of a disease or condition selected from the

group consisting of pain or sensitivity.

The screening method of claim 53, wherein the pain gene is selected from the

group consisting of Cyp3a4, Nrgl, Trpc4, Trpvl, Trpv3 and ErbB.
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Figure 3.

Sequences encoding the transposases for the DNA transposons Sleeping Beauty and
piggyBac:

SB Transposase:
ATGGGAAAATCAAAAGAAATCAGCCAAGACCTCAGAAAAAAAATTGTAG
ACCTCCACAAGTCTGGTTCATCCTTGGGAGCAATTTCCAAACGCCTGAAA
GTACCACGTTCATCTGTACAAACAATAGTACGCAAGTATAAACACCATGG
GACCACGCAGCCGTCATACCGCTCAGGAAGGAGACGCGTTCTGTCTCCTA
GAGATGAACGTACTTTGGTGCGAAAAGTGCAAATCAATCCCAGAACAACA
GCAAAGGACCTTGTGAAGATGCTGGAGGAAACAGGTACAAAAGTATCTAT
ATCCACAGTAAAACGAGTCCTATATCGACATAACCTGAAAGGCCGCTCAG
CAAGGAAGAAGCCACTGCTCCAAAACCGACATAAGAAAGCCAGACTACG
GTTTGCAACTGCACATGGGGACAAAGATCGTACTTTTTGGAGAAATGTCC
TCTGGTCTGATGAAACAAAAATAGAACTGTTTGGCCATAATGACCATCGT
TATGTTTGGAGGAAGAAGGGGGAGGCTTGCAAGCCGAAGAACACCATCC
CAACCGTGAAGCACGGGGGTGGCAGCATCATGTTGTGGGGGTGCTTTGCT
GCAGGAGGGACTGGTGCACTTCACAAAATAGATGGCATCATGAGGAAGG
AAAATTATGTGGATATATTGAAGCAACATCTCAAGACATCAGTCAGGAAG
TTAAAGCTTGGTCGCAAATGGGTCTTCCAAATGGACAATGACCCCAAGCA
TACTTCCAAAGTTGTGGCAAAATGGCTTAAGGACAACAAAGTCAAGGTAT
TGGAGTGGCCATCACAAAGCCCTGACCTCAATCCTATAGAAAATTTGTGG
GCAGAACTGAAAAAGCGTGTGCGAGCAAGGAGGCCTACAAACCTGACTC
AGTTACACCAGCTCTGTCAGGAGGAATGGGCCAAAATTCACCCAACTTAT
TGTGGGAAGCTTGTGGAAGGCTACCCGAAACGTTTGACCCAAGTTAAACA
ATTTAAAGGCAATGCTACCAAATACTAG

SB 5'ITR:
CAGTTGAAGTCGGAAGTTTACATACACTTAAGTTGGAGTCATTAAAACTC
GTTTTTCAACTACTCCACAAATTTCTTGTTAACAAACAATAGTTTTGGCAA
GTCAGTTAGGACATCTACTTTGTGCATGACACAAGTCATTTTTCCAACAAT
TGTTTACAGACAGATTATTTCACTTATAATTCACTGTATCACAATTCCAGT
GGGTCAGAAGTTTACATACACTAAGT

SB 3'ITR:
ATTGAGTGTATGTAAACTTCTGACCCACTGGGAATGTGATGAAAGAAATA
AAAGCTGAAATGAATCATTCTCTCTACTATTATTCTGATATTTCACATTCTT
AAAATAAAGTGGTGATCCTAACTGACCTAAGACAGGGAATTTTTACTAGG
ATTAAATGTCAGGAATTGTGAAAAAGTGAGTTTAAATGTATTTGGCTAAG
GTGTATGTAAACTTCCGACTTCAACTG

PB Transposase:

ATGGGTAGTTCTTTAGACGATGAGCATATCCTCTCTGCTCTTCTGCAAAGC
GATGACGAGCTTGTTGGTGAGGATTCTGACAGTGAAATATCAGATCACGT
AAGTGAAGATGACGTCCAGAGCGATACAGAAGAAGCGTTTATAGATGAG
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GTACATGAAGTGCAGCCAACGTCAAGCGGTAGTGAAATATTAGACGAACA
AAATGTTATTGAACAACCAGGTTCTTCATTGGCTTCTAACAGAATCTTGAC
CTTGCCACAGAGGACTATTAGAGGTAAGAATAAACATTGTTGGTCAACTT
CAAAGTCCACGAGGCGTAGCCGAGTCTCTGCACTGAACATTGTCAGATCT
CAAAGAGGTCCGACGCGTATGTGCCGCAATATATATGACCCACTTTTATG
CTTCAAACTATTTTTTACTGATGAGATAATTTCGGAAATTGTAAAATGGAC
AAATGCTGAGATATCATTGAAACGTCGGGAATCTATGACAGGTGCTACAT
TTCGTGACACGAATGAAGATGAAATCTATGCTTTCTTTGGTATTCTGGTAA
TGACAGCAGTGAGAAAAGATAACCACATGTCCACAGATGACCTCTTTGAT
CGATCTTTGTCAATGGTGTACGTCTCTGTAATGAGTCGTGATCGTTTTGAT
TTTTTGATACGATGTCTTAGAATGGATGACAAAAGTATACGGCCCACACTT
CGAGAAAACGATGTATTTACTCCTGTTAGAAAAATATGGGATCTCTTTATC
CATCAGTGCATACAAAATTACACTCCAGGGGCTCATTTGACCATAGATGA
ACAGTTACTTGGTTTTAGAGGACGGTGTCCGTTTAGGATGTATATCCCAAA
CAAGCCAAGTAAGTATGGAATAAAAATCCTCATGATGTGTGACAGTGGTA
CGAAGTATATGATAAATGGAATGCCTTATTTGGGAAGAGGAACACAGACC
AACGGAGTACCACTCGGTGAATACTACGTGAAGGAGTTATCAAAGCCTGT
GCACGGTAGTTGTCGTAATATTACGTGTGACAATTGGTTCACCTCAATCCC
TTTGGCAAAAAACTTACTACAAGAACCGTATAAGTTAACCATTGTGGGAA
CCGTGCGATCAAACAAACGCGAGATACCGGAAGTACTGAAAAACAGTCG
CTCCAGGCCAGTGGGAACATCGATGTTTTGTTTTGACGGACCCCTTACTCT
CGTCTCATATAAACCGAAGCCAGCTAAGATGGTATACTTATTATCATCTTG
TGATGAGGATGCTTCTATCAACGAAAGTACCGGTAAACCGCAAATGGTTA
TGTATTATAATCAAACTAAAGGCGGAGTGGACACGCTAGACCAAATGTGT
TCTGTGATGACCTGCAGTAGGAAGACGAATAGGTGGCCTATGGCATTATT
GTACGGAATGATAAACATTGCCTGCATAAATTCTTTTATTATATACAGCCA
TAATGTCAGTAGCAAGGGAGAAAAGGTTCAAAGTCGCAAAAAATTTATGA
GAAACCTTTACATGAGCCTGACGTCATCGTTTATGCGTAAGCGTTTAGAAG
CTCCTACTTTGAAGAGATATTTGCGCGATAATATCTCTAATATTTTGCCAA
ATGAAGTGCCTGGTACATCAGATGACAGTACTGAAGAGCCAGTAATGAAA
AAACGTACTTACTGTACTTACTGCCCCTCTAAAATAAGGCGAAAGGCAAA
TGCATCGTGCAAAAAATGCAAAAAAGTTATTTGTCGAGAGCATAATATTG
ATATGTGCCAAAGTTGTTTCTGA

PB 5'ITR:
CCCTAGAAAGATAGTCTGCGTAAAATTGACGCATGCATTCTTGAAATAT
TGCTCTCTCTTTCTAAATAGCGCGAATCCGTCGCTGTGCATTTAGGACATC
TCAGTCGCCGCTTGGAGCTCCCGTGAGGCGTGCTTGTCAATGCGGTAAGT
GTCACTGATTTTGAACTATAACGACCGCGTGAGTCAAAATGACGCATGAT
TATCTTTTACGTGACTTTTAAGATTITAACTCATACGATAATTATATTGTTAT
TTCATGTTCTACTTACGTGATAACTTATTATATATATATTTTCTTGTTATAG
ATATC (minimal sequence is underlined and bold, i.e., first 35 bp)

PB3'ITR:
TAAAAGTTTTGTTACTTTATAGAAGAAATTTTGAGTTTTTGTTTTTTTTTAA
TAAATAAATAAACATAAATAAATTGTTTGTTGAATTTATTATTAGTATGTA
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AGTGTAAATATAATAAAACTTAATATCTATTCAAATTAATAAATAAACCTC
GATATACAGACCGATAAAACACATGCGTCAATTTTACGCATGATTATCT
TTAACGTACGTCACAATATGATTATCTTTCTAGGG (minimal sequence is
underlined and bold, i.e., first 35 bp)
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Figure 4.
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