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DESCRIPTION

Field

[0001] Disclosed herein are methods for reducing expression of COORF72 mRNA and protein
in an animal. Such methods are useful to treat, prevent, or ameliorate neurodegenerative
diseases, including amyotrophic lateral sclerosis (ALS), frontotemporal dementia (FTD),
corticalbasal degeneration syndrome (CBD), atypical Parkinsonian syndrome, and
olivopontocerellar degeneration (OPCD).

Background

[0002] Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease characterized
clinically by progressive paralysis leading to death from respiratory failure, typically within two
to three years of symptom onset (Rowland and Shneider, N. Engl. J. Med., 2001, 344, 1688-
1700). ALS is the third most common neurodegenerative disease in the Western world (Hirtz et
al.,, Neurology, 2007, 68, 326-337), and there are currently no effective therapies.
Approximately 10% of cases are familial in nature, whereas the bulk of patients diagnosed with
the disease are classified as sporadic as they appear to occur randomly throughout the
population (Chio et al., Neurology, 2008, 70, 533-537). There is growing recognition, based on
clinical, genetic, and epidemiological data, that ALS and frontotemporal dementia (FTD)
represent an overlapping continuum of disease, characterized pathologically by the presence
of TDP-43 positive inclusions throughout the central nervous system (Lillo and Hodges, J. Clin.
Neurosci., 2009, 16, 1131-1135; Neumann et al., Science, 2006, 314, 130-133).

[0003] To date, a number of genes have been discovered as causative for classical familial
ALS, for example, SOD1, TARDBP, FUS, OPTN, and VCP (Johnson et al., Neuron, 2010, 68,
857-864; Kwiatkowski et al., Science, 2009, 323, 1205-1208; Maruyama et al., Nature, 2010,
465, 223-226; Rosen et al., Nature, 1993, 362, 59-62; Sreedharan et al., Science, 2008, 319,
1668-1672; Vance et al., Brain, 2009, 129, 868-876). Recently, linkage analysis of kindreds
involving multiple cases of ALS, FTD, and ALS-FTD had suggested that there was an
important locus for the disease on the short arm of chromosome 9 (Boxer et al., J. Neurol.
Neurosurg. Psychiatry, 2011, 82, 196-203; Morita et al., Neurology, 2006, 66, 839-844;
Pearson et al. J. Nerol., 2011, 258, 647-655; Vance et al., Brain, 2006, 129, 868-876). The
chromosome 9p21ALS-FTD locus in the last major autosomal-dominant gene whose mutation
is causative of ALS. The ALS-FTD causing mutation is a large hexanucleotide (GGGGCC)
repeat expansion in the first intron of the C90ORF72 gene (Renton et al.,, Neuron, 2011, 72,
257-268; DelJesus-Hemandez et al., Neuron, 2011, 72, 245-256). A founder haplotype,
covering the C90ORF72 gene, is present in the majority of cases linked to this region (Renton et
al., Neuron, 2011, 72, 257-268). This locus on chromosome 9p21 accounts for nearly half of
familial ALS and nearly one-quarter of all ALS cases in a cohort of 405 Finnish patients
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(Laaksovirta et al, Lancet Neurol., 2010, 9, 978-985).

[0004] A founder haplotype, covering the C9ORF72 gene, is present in the majority of cases
linked to this region.

[0005] There are currently no effective therapies to treat such neurodegenerative diseases.
Therefore, it is an object to provide compositions and methods for the treatment of such
neurodegenerative diseases.

[0006] WO 2013/030588 describes methods for diagnosing a neurodegenerative disease. US
2012/214865 describes methods for slowing familial ALS disease progression. Donnelly et al.,
2012, Annals of Neurology., 72(16), S67-S68 reports on development of C9orf72 ALS
biomarkers and therapeutics. Madsen, 2012, MDA/ALS newsmagazine, 1-2 reports on
antisense against COORF72. WO 2012/092367 describes nucleic acid binding compounds,
methods of making, and use thereof. Renton, 2011, Neuron, 72(2), 257-268 reports that a
hexanucleotide repeat expansion in COOF72 is the cause of chromosome 9p21-Linked ALS-
FTD. Dejesus-Hernandez, 2011, Neuron, 72(2), 245-256 reports that expanded GGGGCC
hexanucleotide repeat in noncoding region of C9ORF72 causes chromosome 9p-linked FTD
and ALS. WO 2012/012467 describes modulation of nuclear-retained RNA. Sha et al., 2012,
Alzheimers Res Ther., 4(6), 46 reports on treatment implications of COORF72.

Summary of the invention

[0007] The invention provides a compound comprising a modified antisense oligonucleotide
consisting of 12 to 30 linked nucleosides, wherein the modified antisense oligonucleotide is at
least 90% complementary to a C9ORF72 nucleic acid, for use in treating a neurodegenerative
disease by reducing the percent of cells with nuclear foci and/or reducing the number of
nuclear foci per cell in an animal identified as having foci, wherein the modified antisense
oligonucleotide comprises at least one phosphorothioate internucleoside linkage, at least one
5-methylcytosine, at least one bicyclic sugar or at least one 2'-O-methoxyethyl group.

Summary of the disclosure

[0008] Described herein are methods for modulating levels of C9ORF72 mRNA and protein in
cells, tissues, and animals. In certain instances, C9ORF72 specific inhibitors modulate
expression of COORF72 mRNA and protein. In certain instances, COORF72 specific inhibitors
are nucleic acids, proteins, or small molecules.

[0009] In the invention, modulation occurs in a cell or tissue in an animal. In certain
embodiments, the animal is a human. In certain embodiments, C9ORF72 mRNA levels are
reduced. In certain embodiments, CI90ORF72 protein levels are reduced. In certain
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embodiments, certain C9ORF72 mRNA variants are preferentially reduced. In certain
embodiments, the CO9ORF72 mRNA variants preferentially reduced are variants containing
intron 1. In certain embodiments, intron 1 contains a hexanucleotide repeat expansion. In
certain embodiments, the hexanucleotide repeat expansion is associated with a COORF72
associated disease. In certain embodiments, the hexanucleotide repeat expansion is
associated with a C9ORF72 hexanucleotide repeat expansion associated disease. In certain
embodiments, the hexanucleotide repeat expansion comprises at least 30 GGGGCC repeats.
In certain embodiments, the hexanucleotide repeat expansion is associated with nuclear foci.
In certain instances, the methods described herein are useful for reducing C9ORF72 mRNA,
C90RF72 protein levels, and nuclear foci. Such reduction can occur in a time-dependent
manner or in a dose-dependent manner.

[0010] Also described are methods useful for preventing, treating, and ameliorating diseases,
disorders, and conditions associated with COORF72. Such diseases, disorders, and conditions
associated with C9ORF72 can be neurodegenerative diseases. The neurodegenerative
disease can be ALS, FTD, corticalbasal degeneration syndrome (CBD), atypical Parkinsonian
syndrome, and olivopontocerellar degeneration (OPCD).

[0011] Such diseases, disorders, and conditions can have one or more risk factors, causes, or
outcomes in common. Certain risk factors and causes for development of a neurodegenerative
disease, and, in particular, ALS and FTD, include genetic predisposition and older age.

[0012] In certain instances, methods of treatment include administering a C9ORF72 specific
inhibitor to an individual in need thereof. In these instances the COORF72 specific inhibitor can
be a nucleic acid. In these instances the nucleic acid can be an antisense compound. In these
instances, the antisense compound can be a single-stranded antisense oligonucleotide. In
these instances, the single-stranded antisense oligonucleotide can be complementary to a
C90RF72 nucleic acid.

Detailed Description

[0013] 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. Herein, the use of the singular includes the plural unless specifically stated
otherwise. As used herein, the use of "or" means "and/or" unless stated otherwise. Additionally,
as used herein, the use of "and" means "and/or" unless stated otherwise. Furthermore, the use
of the term "including" as well as other forms, such as "includes" and "included", is not limiting.
Also, terms such as "element" or "component” encompass both elements and components
comprising one unit and elements and components that comprise more than one subunit,
unless specifically stated otherwise.

[0014] The section headings used herein are for organizational purposes only and are not to
be construed as limiting the subject matter described.
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Definitions

[0015] Unless specific definitions are provided, the nomenclature utilized in connection with,
and the procedures and techniques of, analytical chemistry, synthetic organic chemistry, and
medicinal and pharmaceutical chemistry described herein are those well known and commonly
used in the art. Standard techniques may be used for chemical synthesis, and chemical
analysis.

[0016] Unless otherwise indicated, the following terms have the following meanings:

"2'-O-methoxyethyl group” (also 2'-MOE and 2'-OCH»CH»>-OCH3 and MOE) refers to an O-

methoxy-ethyl modification of the 2' position of a furanosyl ring. A 2'-O-methoxyethyl modified
sugar is a modified sugar.

"2'-MOE nucleoside" (also 2'-O-methoxyethyl nucleoside) means a nucleoside comprising a 2'-
O-methoxyethyl group.

"5-methylcytosine"” means a cytosine modified with a methyl group attached to the 5' position.
A 5-methylcytosine is a modified nucleobase.

[0017] "About" means within £7% of a value. For example, if it is stated, "the compounds
affected at least about 70% inhibition of COORF72", it is implied that the C9ORF72 levels are
inhibited within a range of 63% and 77 %.

[0018] "Administered concomitantly" refers to the co-administration of two pharmaceutical
agents in any manner in which the pharmacological effects of both are manifest in the patient
at the same time. Concomitant administration does not require that both pharmaceutical
agents be administered in a single pharmaceutical composition, in the same dosage form, or
by the same route of administration. The effects of both pharmaceutical agents need not
manifest themselves at the same time. The effects need only be overlapping for a period of
time and need not be coextensive.

[0019] "Administering" means providing a pharmaceutical agent to an animal, and includes,
but is not limited to administering by a medical professional and self-administering.

[0020] "Amelioration" or "ameliorate" or "ameliorating" refers to a lessening of at least one
indicator, sign, or symptom of a disease, disorder, or condition. The severity of indicators may
be determined by subjective or objective measures, which are known to those skilled in the art.

[0021] "Animal" refers to a human or non-human animal, including, but not limited to, mice,
rats, rabbits, dogs, cats, pigs, and non-human primates, including, but not limited to, monkeys
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and chimpanzees.

[0022] "Antibody" refers to a molecule characterized by reacting specifically with an antigen in
some way, where the antibody and the antigen are each defined in terms of the other. Antibody
may refer to a complete antibody molecule or any fragment or region thereof, such as the
heavy chain, the light chain, Fab region, and Fc region.

[0023] "Antisense activity" means any detectable or measurable activity attributable to the
hybridization of an antisense compound to its target nucleic acid. In certain embodiments,
antisense activity is a decrease in the amount or expression of a target nucleic acid or protein
encoded by such target nucleic acid.

[0024] "Antisense compound"” means an oligomeric compound that is capable of undergoing
hybridization to a target nucleic acid through hydrogen bonding. Examples of antisense
compounds include single-stranded and double-stranded compounds, such as, antisense
oligonucleotides, siRNAs, shRNAs, ssRNAs, and occupancy-based compounds. Antisense
mechanisms include, without limitation, RNase H mediated antisense; RNAi mechanisms,
which utilize the RISC pathway and include, without limitation, siRNA, ssRNA and microRNA
mechanisms; and occupancy based mechanisms, including, without limitation uniform modified
oligonucleotides. Certain antisense compounds may act through more than one such
mechanisms and/or through additional mechanisms.

[0025] "Antisense inhibition" means reduction of target nucleic acid levels or target protein
levels in the presence of an antisense compound complementary to a target nucleic acid
compared to target nucleic acid levels or target protein levels in the absence of the antisense
compound. Inhibition may by any means including RNase H degradation, such as with a
gapmer, and steric blockage/occupancy based mechanisms, such as with a uniformly modified
oligonucleotide.

[0026] "Antisense oligonucleotide" means a single-stranded oligonucleotide having a
nucleobase sequence that permits hybridization to a corresponding segment of a target nucleic
acid.

[0027] "Bicyclic sugar" means a furanosyl ring modified by the bridging of two atoms. A bicyclic
sugar is a modified sugar.

[0028] "Bicyclic nucleoside" (also BNA) means a nucleoside having a sugar moiety comprising
a bridge connecting two carbon atoms of the sugar ring, thereby forming a bicyclic ring system.
In certain embodiments, the bridge connects the 4'-carbon and the 2'-carbon of the sugar ring.

[0029] "CO90ORF72 associated disease" means any disease associated with any CO9ORF72
nucleic acid or expression product thereof. Such diseases may include a neurodegenerative
disease. Such neurodegenerative diseases may include ALS and FTD.
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[0030] "C9ORF72 hexanucleotide repeat expansion associated disease" means any disease
associated with a COORF72 nucleic acid containing a hexanucleotide repeat expansion. In
certain embodiments, the hexanucleotide repeat expansion may comprise GGGGCC,
GGGGGG, GGGGGC, or GGGGCG repeated at least 30 times. Such diseases may include a
neurodegenerative disease. Such neurodegenerative diseases may include ALS and FTD.

[0031] "CO9ORF72 nucleic acid" means any nucleic acid encoding CO9ORF72. For example, in
certain embodiments, a CO9ORF72 nucleic acid includes a DNA sequence encoding CO9ORF72,
an RNA sequence transcribed from DNA encoding C90ORF72 (including genomic DNA
comprising introns and exons), and an mRNA sequence encoding C9ORF72. "COORF72
mRNA" means an mRNA encoding a CO9ORF72 protein.

[0032] "COORF72 specific inhibitor" refers to any agent capable of specifically inhibiting the
expression of COORF72 mRNA and/or C9ORF72 protein at the molecular level. For example,
C90RF72 specific inhibitors include nucleic acids (including antisense compounds), siRNAs,
aptamers, antibodies, peptides, small molecules, and other agents capable of inhibiting the
expression of C9ORF72 mRNA and/or COORF72 protein. Similarly, C9ORF72 specific
inhibitors may affect other molecular processes in an animal.

[0033] "Cap structure" or "terminal cap moiety" means chemical modifications, which have
been incorporated at either terminus of an antisense compound.

[0034] "cEt" or "constrained ethyl" means a bicyclic nucleoside having a sugar moiety
comprising a bridge connecting the 4'-carbon and the 2'-carbon, wherein the bridge has the
formula: 4'-CH(CH3)-O-2'.

[0035] "Constrained ethyl nucleoside" (also cEt nucleoside) means a nucleoside comprising a
bicyclic sugar moiety comprising a 4'-CH(CHs3)-O-2' bridge.

[0036] "Chemically distinct region" refers to a region of an antisense compound that is in some
way chemically different than another region of the same antisense compound. For example, a
region having 2'-O-methoxyethyl nucleosides is chemically distinct from a region having
nucleosides without 2'-O-methoxyethyl modifications.

[0037] "Chimeric antisense compound" means an antisense compound that has at least two
chemically distinct regions.

[0038] "Co-administration" means administration of two or more pharmaceutical agents to an
individual. The two or more pharmaceutical agents may be in a single pharmaceutical
composition, or may be in separate pharmaceutical compositions. Each of the two or more
pharmaceutical agents may be administered through the same or different routes of
administration. Co-administration encompasses parallel or sequential administration.

[0039] "Complementarity” means the capacity for pairing between nucleobases of a first
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nucleic acid and a second nucleic acid.
[0040] "Contiguous nucleobases" means nucleobases immediately adjacent to each other.

[0041] "Diluent” means an ingredient in a composition that lacks pharmacological activity, but is
pharmaceutically necessary or desirable. For example, the diluent in an injected composition
may be a liquid, e.g. saline solution.

[0042] "Dose" means a specified quantity of a pharmaceutical agent provided in a single
administration, or in a specified time period. In certain instances, a dose may be administered
in one, two, or more boluses, tablets, or injections. For example, in certain instances where
subcutaneous administration is desired, the desired dose requires a volume not easily
accommodated by a single injection, therefore, two or more injections may be used to achieve
the desired dose. In certain instances, the pharmaceutical agent is administered by infusion
over an extended period of time or continuously. Doses may be stated as the amount of
pharmaceutical agent per hour, day, week, or month.

[0043] "Effective amount” means the amount of pharmaceutical agent sufficient to effectuate a
desired physiological outcome in an individual in need of the pharmaceutical agent. The
effective amount may vary among individuals depending on the health and physical condition
of the individual to be treated, the taxonomic group of the individuals to be treated, the
formulation of the composition, assessment of the individual's medical condition, and other
relevant factors.

[0044] "Expression” means conversion of the information from a C9ORF72 gene into mRNA
via transcription and then to protein via translation. Expression may result in a phenotypic
manifestation of the COORF72 gene.

[0045] "Fully complementary" or "100% complementary” means each nucleobase of a first
nucleic acid has a complementary nucleobase in a second nucleic acid. In certain
embodiments, a first nucleic acid is an antisense compound and a target nucleic acid is a
second nucleic acid.

[0046] "Gapmer" means a chimeric antisense compound in which an internal region having a
plurality of nucleosides that support RNase H cleavage is positioned between external regions
having one or more nucleosides, wherein the nucleosides comprising the internal region are
chemically distinct from the nucleoside or nucleosides comprising the external regions. The
internal region may be referred to as a "gap" and the external regions may be referred to as
the "wings."

[0047] "Gap-narrowed" means a chimeric antisense compound having a gap segment of 9 or
fewer contiguous 2'-deoxyribonucleosides positioned between and immediately adjacent to 5'
and 3' wing segments having from 1 to 6 nucleosides.
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[0048] "Gap-widened" means a chimeric antisense compound having a gap segment of 12 or
more contiguous 2'-deoxyribonucleosides positioned between and immediately adjacent to 5'
and 3' wing segments having from 1 to 6 nucleosides.

[0049] "Hexanucleotide repeat expansion” means a series of six bases (for example,
GGGGCC, GGGGGG, GGGGCG, or GGGGGC) repeated at least twice. In certain
embodiments, the hexanucleotide repeat expansion may be located in intron 1 of a COORF72
nucleic acid. In certain embodiments, a pathogenic hexanucleotide repeat expansion includes
at least 30 repeats of GGGGCC, GGGGGG, GGGGCG, or GGGGGC in a CI90RF72 nucleic
acid and is associated with disease. In certain embodiments, the repeats are consecutive. In
certain embodiments, the repeats are interrupted by 1 or more nucleobases. In certain
embodiments, a wild-type hexanucleotide repeat expansion includes 23 or fewer repeats of
GGGGCC, GGGGGG, GGGGCG, or GGGGGC in a CI0ORF72 nucleic acid. In certain
embodiments, the repeats are consecutive. In certain embodiments, the repeats are
interrupted by 1 or more nucleobases.

[0050] "Hybridization" means the annealing of complementary nucleic acid molecules. In the
invention, complementary nucleic acid molecules include an antisense compound and a target
nucleic acid.

[0051] "Identifying an animal having a COQORF72 associated disease" means identifying an
animal having been diagnosed with a C9ORF72 associated disease or predisposed to develop
a C90ORF72 associated disease. Individuals predisposed to develop a C9ORF72 associated
disease include those having one or more risk factors for developing a C9ORF72 associated
disease, including, having a personal or family history or genetic predisposition of one or more
C90RF72 associated diseases. Such identification may be accomplished by any method
including evaluating an individual's medical history and standard clinical tests or assessments,
such as genetic testing.

[0052] "Immediately adjacent" means there are no intervening elements between the
immediately adjacent elements.

[0053] "Individual" means a human or non-human animal selected for treatment or therapy.
[0054] "Inhibiting C9ORF72" means reducing expression of COORF72 mRNA and/or protein
levels in the presence of a CIORF72 specific inhibitor, including a C9ORF72 antisense
oligonucleotide, as compared to expression of COORF72 mRNA and/or protein levels in the
absence of a C90ORF72 specific inhibitor, such as a C9ORF72 antisense oligonucleotide.
[0055] "Internucleoside linkage" refers to the chemical bond between nucleosides.

[0056] "Linked nucleosides" means adjacent nucleosides which are bonded together.

[0057] "Mismatch" or "non-complementary nucleobase" refers to the case when a nucleobase
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of a first nucleic acid is not capable of pairing with the corresponding nucleobase of a second
or target nucleic acid.

[0058] "Modified internucleoside linkage" refers to a substitution or any change from a
naturally occurring internucleoside bond (i.e., a phosphodiester internucleoside bond).

[0059] "Modified nucleobase" refers to any nucleobase other than adenine, cytosine, guanine,
thymidine, or uracil. An "unmodified nucleobase" means the purine bases adenine (A) and
guanine (G), and the pyrimidine bases thymine (T), cytosine (C), and uracil (U).

[0060] "Modified nucleotide” means a nucleotide having, independently, a modified sugar
moiety, modified internucleoside linkage, or modified nucleobase. A "modified nucleoside”
means a nucleoside having, independently, a modified sugar moiety or modified nucleobase.

[0061] "Modified oligonucleotide” means an oligonucleotide comprising a modified
internucleoside linkage, a modified sugar, or a modified nucleobase.

[0062] "Modified sugar" refers to a substitution or change from a natural sugar.

[0063] "Motif means the pattern of chemically distinct regions in an antisense compound.
[0064] "Naturally occurring internucleoside linkage" means a 3' to 5' phosphodiester linkage.
[0065] "Natural sugar moiety" means a sugar found in DNA (2'-H) or RNA (2'-OH).

[0066] "Nucleic acid" refers to molecules composed of monomeric nucleotides. A nucleic acid
includes ribonucleic acids (RNA), deoxyribonucleic acids (DNA), single-stranded nucleic acids,
double-stranded nucleic acids, small interfering ribonucleic acids (siRNA), and microRNAs
(miRNA).

[0067] "Nucleobase" means a heterocyclic moiety capable of pairing with a base of another
nucleic acid.

[0068] "Nucleobase sequence" means the order of contiguous nucleobases independent of
any sugar, linkage, or nucleobase modification.

[0069] "Nucleoside" means a nucleobase linked to a sugar.

[0070] "Nucleoside mimetic" includes those structures used to replace the sugar or the sugar
and the base and not necessarily the linkage at one or more positions of an oligomeric
compound such as for example nucleoside mimetics having morpholino, cyclohexenyl,
cyclohexyl, tetrahydropyranyl, bicyclo, or tricyclo sugar mimetics, e.g., non furanose sugar
units. Nucleotide mimetic includes those structures used to replace the nucleoside and the
linkage at one or more positions of an oligomeric compound such as for example peptide
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nucleic acids or morpholinos (morpholinos linked by -N(H)-C(=0)-O- or other non-
phosphodiester linkage). Sugar surrogate overlaps with the slightly broader term nucleoside
mimetic but is intended to indicate replacement of the sugar unit (furanose ring) only. The
tetrahydropyranyl rings provided herein are illustrative of an example of a sugar surrogate
wherein the furanose sugar group has been replaced with a tetrahydropyranyl ring system.

[0071] "Nucleotide"” means a nucleoside having a phosphate group covalently linked to the
sugar portion of the nucleoside.

[0072] "Oligomeric compound" or "oligomer" means a polymer of linked monomeric subunits
which is capable of hybridizing to at least a region of a nucleic acid molecule.

[0073] "Oligonucleotide"” means a polymer of linked nucleosides each of which can be modified
or unmodified, independent one from another.

[0074] "Parenteral administration” means administration through injection or infusion.
Parenteral administration includes subcutaneous administration, intravenous administration,
intramuscular administration, intraarterial administration, intraperitoneal administration, or
intracranial administration, e.g., intrathecal or intracerebroventricular administration.

[0075] "Peptide" means a molecule formed by linking at least two amino acids by amide bonds.
Peptide refers to polypeptides and proteins.

[0076] "Pharmaceutical agent” means the substance or substances in a pharmaceutical
composition that provide a therapeutic benefit when administered to an individual. For
example, in certain instances an antisense oligonucleotide targeted to COORF72 is a
pharmaceutical agent.

[0077] "Pharmaceutical composition" means a mixture of substances suitable for administering
to an individual. For example, a pharmaceutical composition may comprise one or more
pharmaceutical agents and a sterile aqueous solution.

[0078] "Pharmaceutically acceptable derivative" encompasses pharmaceutically acceptable
salts, conjugates, prodrugs or isomers of the compounds described herein.

[0079] "Pharmaceutically acceptable salts" means physiologically and pharmaceutically
acceptable salts of antisense compounds, i.e., salts that retain the desired biological activity of
the parent oligonucleotide and do not impart undesired toxicological effects thereto.

[0080] "Phosphorothioate linkage" means a linkage between nucleosides where the
phosphodiester bond is modified by replacing one of the non-bridging oxygen atoms with a

sulfur atom. A phosphorothioate linkage (P=S) is a modified internucleoside linkage.

[0081] "Portion" means a defined number of contiguous (i.e., linked) nucleobases of a nucleic
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acid. In certain embodiments, a portion is a defined number of contiguous nucleobases of a
target nucleic acid. In certain embodiments, a portion is a defined number of contiguous
nucleobases of an antisense compound.

[0082] "Prevent" or "preventing" refers to delaying or forestalling the onset or development of a
disease, disorder, or condition for a period of time from minutes to indefinitely. Prevent also
means reducing risk of developing a disease, disorder, or condition.

[0083] "Prodrug" means a therapeutic agent that is prepared in an inactive form that is
converted to an active form within the body or cells thereof by the action of endogenous
enzymes or other chemicals or conditions.

[0084] "Side effects” means physiological responses attributable to a treatment other than the
desired effects. In certain embodiments, side effects include injection site reactions, liver
function test abnormalities, renal function abnormalities, liver toxicity, renal toxicity, central
nervous system abnormalities, myopathies, and malaise.

[0085] "Single-stranded oligonucleotide" means an oligonucleotide which is not hybridized to a
complementary strand.

[0086] "Specifically hybridizable" refers to an antisense compound having a sufficient degree
of complementarity between an antisense oligonucleotide and a target nucleic acid to induce a
desired effect, while exhibiting minimal or no effects on non-target nucleic acids under
conditions in which specific binding is desired, i.e., under physiological conditions in the case of
in vivo assays and therapeutic treatments.

[0087] "Targeting" or "targeted" means the process of design and selection of an antisense
compound that will specifically hybridize to a target nucleic acid and induce a desired effect.

[0088] "Target nucleic acid," "target RNA," and "target RNA transcript" all refer to a nucleic acid
capable of being targeted by antisense compounds.

[0089] "Target segment" means the sequence of nucleotides of a target nucleic acid to which
an antisense compound is targeted. "5' target site" refers to the 5'-most nucleotide of a target
segment. "3' target site" refers to the 3'-most nucleotide of a target segment.

[0090] "Therapeutically effective amount” means an amount of a pharmaceutical agent that
provides a therapeutic benefit to an individual.

[0091] "Treat" or "treating" refers to administering a pharmaceutical composition to effect an
alteration or improvement of a disease, disorder, or condition.

[0092] "Unmodified nucleotide” means a nucleotide composed of naturally occuring
nucleobases, sugar moieties, and internucleoside linkages. In certain embodiments, an



DK/EP 2906696 T3

unmodified nucleotide is an RNA nucleotide (i.e. B-D-ribonucleosides) or a DNA nucleotide (i.e.
B-D-deoxyribonucleoside).

Certain Embodiments

[0093] Herein disclosed are methods for decreasing C9ORF72 mRNA and protein expression.

[0094] Herein disclosed are methods for the treatment, prevention, or amelioration of
diseases, disorders, and conditions associated with C9ORF72 in an individual in need thereof.
Also contemplated are methods for the preparation of a medicament for the treatment,
prevention, or amelioration of a disease, disorder, or condition associated with COORF72.
C90RF72 associated diseases, disorders, and conditions include neurodegenerative diseases.
The neurodegenerative disease may be ALS or FTD. The neurodegenerative disease may be
familial or sporadic.

[0095] Herein disclosed is the use of a C9ORF72 specific inhibitor for treating, preventing, or
ameliorating a C9ORF72 associated disease. Herein disclosed is the use of a COORF72
specific inhibitor for treating, preventing, or ameliorating a C9ORF72 hexanucleotide repeat
expansion associated disease. The hexanucleotide repeat expansion may comprise
GGGGCC, GGGGGG, GGGGGC, or GGGGCG. In certain instances, CIORF72 specific
inhibitors are nucleic acids (including antisense compounds), peptides, antibodies, small
molecules, and other agents capable of inhibiting the expression of C9ORF72 mRNA and/or
C90ORF72 protein.

[0096] Described herein are methods comprising administering a COORF72 or C90ORF72
homolog specific inhibitor to an animal.

[0097] Described herein are methods comprising:
identifying an animal having a C9ORF72 associated disease; and

administering a C9ORF72 specific inhibitor.

[0098] In certain embodiments, the animal is a human.

[0099] In certain instances, the COORF72 specific inhibitor is any of an antisense compound,
an aptamer, an antibody, a peptide, or a small molecule.

[0100] In certain embodiments, the antisense compound comprises a single-stranded
antisense oligonucleotide complementary to a C9ORF72 nucleic acid.

[0101] In certain embodiments, the C9ORF72 nucleic acid is a human C9ORF72 nucleic acid.
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[0102] In certain embodiments, the animal has a C9ORF72 associated disease.

[0103] In certain embodiments, the C90ORF72 associated disease is a C90RF72
hexanucleotide repeat expansion associated disease.

[0104] In certain embodiments, the CIORF72 associated disease is amyotrophic lateral
sclerosis (ALS) or frontotemporal dementia (FTD).

[0105] In certain embodiments, the CO9ORF72 hexanucleotide repeat expansion associated
disease is amyotrophic lateral sclerosis (ALS) or frontotemporal dementia (FTD).

[0106] In certain embodiments, the amyotrophic lateral sclerosis (ALS) is familial ALS or
sporadic ALS.

[0107] In certain embodiments, the single-stranded antisense oligonucleotide comprises at
least one modification.

[0108] In certain embodiments, the single-stranded antisense oligonucleotide is specifically
hybridizable to a human C9ORF72 nucleic acid.

[0109] In certain instances, the single-stranded antisense oligonucleotide is at least 75%, at
least 80%, at least 85%, at least 90%, or at least 95% complementary to an equal length

portion of a human C9ORF72 nucleic acid.

[0110] In certain embodiments, the single-stranded antisense oligonucleotide is 100%
complementary to an equal length portion of a human CO9ORF72 nucleic acid.

[0111] In certain embodiments, the single-stranded antisense oligonucleotide comprises at
least one modified internucleoside linkage.

[0112] In certain embodiments, each internucleoside linkage of the single-stranded antisense
oligonucleotide is a modified internucleoside linkage.

[0113] In certain embodiments, the modified internucleoside linkage is a phosphorothioate
internucleoside linkage.

[0114] In certain embodiments, the single-stranded antisense oligonucleotide comprises at
least one modified nucleoside.

[0115] In certain embodiments, the single-stranded antisense oligonucleotide comprises at
least one modified nucleoside having a modified sugar.

[0116] In certain embodiments, the single-stranded antisense oligonucleotide comprises at
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least one modified nucleoside comprising a bicyclic sugar.

[0117] In certain embodiments, the bicyclic sugar comprises a 4' to 2' bridge selected from
among: 4'-(CH»),-O-2' bridge, wherein nis 1 or 2; and 4'-CH>-O-CH»-2".

[0118] In certain embodiments, the bicyclic sugar comprises a 4'-CH(CHs3)-O-2' bridge.

[0119] In certain embodiments, at least one modified nucleoside having a modified sugar
comprises a non-bicyclic 2'-modified modified sugar moiety.

[0120] In certain embodiments, the 2'-modified sugar moiety comprises a 2'-O-methoxyethyl
group.

[0121] In certain embodiments, the 2'-modified sugar moiety comprises a 2'-O-methyl group.

[0122] In certain embodiments, the at least one modified nucleoside having a modified sugar
comprises a sugar surrogate.

[0123] In certain embodiments, the sugar surrogate is a morpholino.
[0124] In certain embodiments, the sugar surrogate is a peptide nucleic acid.
[0125] In certain embodiments, each nucleoside is modified.

[0126] In certain embodiments, the single-stranded antisense oligonucleotide comprises at
least one modified nucleobase.

[0127] In certain embodiments, the modified nucleobase is a 5'-methylcytosine.

[0128] In certain embodiments, the single-stranded antisense oligonucleotide comprises:
a gap segment consisting of linked deoxynucleosides;

a 5' wing segment consisting of linked nucleosides;

a 3' wing segment consisting of linked nucleosides;

wherein the gap segment is positioned immediately adjacent to and between the 5' wing
segment and the 3' wing segment and wherein each nucleoside of each wing segment
comprises a modified sugar.

[0129] In certain embodiments the single-stranded antisense oligonucleotide comprises:

a gap segment consisting of ten linked deoxynucleosides;



a 5' wing segment consisting of five linked nucleosides;

a 3' wing segment consisting of five linked nucleosides;
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wherein the gap segment is positioned immediately adjacent and between the 5' wing segment
and the 3' wing segment, wherein each nucleoside of each wing segment comprises a 2'-O-
methoxyethyl sugar; and wherein each internucleoside linkage is a phosphorothioate linkage.

[0130] In certain embodiments, the

linked nucleosides.
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[0141] In certain embodiments, the single-stranded antisense oligonucleotide complementary
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to a COORF72 nucleic acid is complementary to any of an intron, an exon, a splice junction, an
exon:exon junction, a repeat, the 3' UTR, or the 5' UTR of the C9ORF72 nucleic acid.

[0142] In certain embodiments, the intron is any of introns 1, intron 2, intron 3, intron 4, intron
5, intron 6, intron 7, intron 8, intron 9, or intron 10.

[0143] In certain embodiments, the exon is any of exon 1a, exon 1b, exon 1c, exon 1d, exon
1d, exon 2, exon 3, exon 4, exon 5, exon 6, exon 7, exon 8, exon 9, exon 10, or exon 11.

[0144] In certain embodiments, the repeat is a hexanucleotide repeat.

[0145] In certain embodiments, the hexanucleotide repeat is any of GGGGCC, GGGGGG,
GGGGCG, or GGGGGC.

[0146] In certain embodiments, expression of COORF72 RNA is reduced.

[0147] In certain embodiments, expression of COORF72 RNA is reduced in a nucleus.

[0148] In certain embodiments, expression of COORF72 protein is reduced.

[0149] In certain embodiments, expression of COORF72 protein is reduced in a nucleus.
[0150] In certain embodiments, expression is reduced in any of fibroblasts, immortalized
lymphoblasts, spinal motor neurons, purkinje and granular cells in the cerebellum, cortical
neurons, astrocytes, or microglia.

[0151] In certain embodiments, expression of COORF72 isoform V1 RNA is reduced.

[0152] In certain embodiments, expression of COORF72 isoform V1 protein is reduced.

[0153] In certain embodiments, expression of COORF72 isoform V2 RNA is reduced.

[0154] In certain embodiments, expression of COORF72 isoform V2 protein is reduced.

[0155] In certain embodiments, expression of COORF72 isoform V3 RNA is reduced.

[0156] In certain embodiments, expression of COORF72 isoform V3 protein is reduced.

[0157] In certain embodiments, expression of C9ORF72 isoform V2 RNA and expression of
C90RF72 isoform V3 RNA is reduced and COORF72 isoform V1 RNA is not reduced.

[0158] In certain embodiments, expression of COORF72 isoform V2 protein and expression of
C90RF72 isoform V3 protein is reduced and C9ORF72 isoform V1 protein is not reduced.
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[0159] In certain instances, C9ORF72 RNA foci are reduced.
[0160] In the invention, C9ORF72 RNA foci are reduced in a nucleus.

[0161] In certain instances, compositions described herein are administered by parenteral
administration.

[0162] In certain instances, the parenteral administration is any of injection or infusion.

[0163] In certain instances, the parenteral administration is any of intrathecal administration or
intracerebroventricular administration.

[0164] In certain embodiments, at least one symptom of a C9ORF72 associated disease is
ameliorated or prevented.

[0165] In certain embodiments, at least one symptom of a COORF72 hexanucleotide repeat
expansion associated disease is ameliorated or prevented.

[0166] In certain embodiments, progression of at least one symptom of a C90ORF72
associated disease is slowed.

[0167] In certain embodiments, progression of at least one symptom of a C90ORF72
hexanucleotide repeat expansion associated disease is slowed.

[0168] In certain embodiments, the at least one symptom is any of motor function, respiration,
muscle weakness, fasciculation and cramping of muscles, difficulty in projecting the voice,
shortness of breath, difficulty in breathing and swallowing, inappropriate social behavior, lack of
empathy, distractibility, changes in food preferences, agitation, blunted emotions, neglect of
personal hygiene, repetitive or compulsive behavior, and decreased energy and motivation.

Antisense Compounds

[0169] Oligomeric compounds include, but are not Ilimited to, oligonucleotides,
oligonucleosides, oligonucleotide analogs, oligonucleotide mimetics, antisense compounds,
antisense oligonucleotides, and siRNAs. An oligomeric compound may be "antisense" to a
target nucleic acid, meaning that is is capable of undergoing hybridization to a target nucleic
acid through hydrogen bonding.

[0170] In certain embodiments, an antisense compound has a nucleobase sequence that,
when written in the 5' to 3' direction, comprises the reverse complement of the target segment
of a target nucleic acid to which it is targeted. In certain such embodiments, an antisense
oligonucleotide has a nucleobase sequence that, when written in the 5 to 3' direction,
comprises the reverse complement of the target segment of a target nucleic acid to which it is
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targeted.

[0171] In the invention, an antisense compound targeted to a COORF72 nucleic acid is 12 to
30 subunits in length. In certain instances, the antisense compound is 8 to 80, 12 to 50, 15 to
30, 18 to 24, 19 to 22, or 20 linked subunits. In certain instances, the antisense compounds
are 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72,73, 74,75, 76,77, 78, 79, or 80
linked subunits in length, or a range defined by any two of the above values. In the invention,
the antisense compound is a modified antisense oligonucleotide, and the linked subunits are
nucleosides.

[0172] In certain embodiments antisense oligonucleotides targeted to a C9ORF72 nucleic acid
may be shortened or truncated. For example, a single subunit may be deleted from the 5' end
(5' truncation), or alternatively from the 3' end (3' truncation). A shortened or truncated
antisense compound targeted to a COORF72 nucleic acid may have two subunits deleted from
the 5' end, or alternatively may have two subunits deleted from the 3' end, of the antisense
compound. Alternatively, the deleted nucleosides may be dispersed throughout the antisense
compound, for example, in an antisense compound having one nucleoside deleted from the &'
end and one nucleoside deleted from the 3' end.

[0173] When a single additional subunit is present in a lengthened antisense compound, the
additional subunit may be located at the 5' or 3' end of the antisense compound. When two or
more additional subunits are present, the added subunits may be adjacent to each other, for
example, in an antisense compound having two subunits added to the 5' end (5' addition), or
alternatively to the 3' end (3' addition), of the antisense compound. Alternatively, the added
subunits may be dispersed throughout the antisense compound, for example, in an antisense
compound having one subunit added to the 5' end and one subunit added to the 3' end.

[0174] It is possible to increase or decrease the length of an antisense compound, such as an
antisense oligonucleotide, and/or introduce mismatch bases without eliminating activity. For
example, in Woolf et al. (Proc. Natl. Acad. Sci. USA 89:7305-7309, 1992), a series of antisense
oligonucleotides 13-25 nucleobases in length were tested for their ability to induce cleavage of
a target RNA in an oocyte injection model. Antisense oligonucleotides 25 nucleobases in length
with 8 or 11 mismatch bases near the ends of the antisense oligonucleotides were able to
direct specific cleavage of the target mRNA, albeit to a lesser extent than the antisense
oligonucleotides that contained no mismatches. Similarly, target specific cleavage was
achieved using 13 nucleobase antisense oligonucleotides, including those with 1 or 3
mismatches.

[0175] Gautschi et al (J. Natl. Cancer Inst. 93:463-471, March 2001) demonstrated the ability
of an oligonucleotide having 100% complementarity to the bcl-2 mRNA and having 3
mismatches to the bcl-xL mRNA to reduce the expression of both bcl-2 and bcl-xL in vitro and
in vivo. Furthermore, this oligonucleotide demonstrated potent anti-tumor activity in vivo.
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[0176] Maher and Dolnick (Nuc. Acid. Res. 16:3341-3358,1988) tested a series of tandem 14
nucleobase antisense oligonucleotides, and a 28 and 42 nucleobase antisense
oligonucleotides comprised of the sequence of two or three of the tandem antisense
oligonucleotides, respectively, for their ability to arrest translation of human DHFR in a rabbit
reticulocyte assay. Each of the three 14 nucleobase antisense oligonucleotides alone was able
to inhibit translation, albeit at a more modest level than the 28 or 42 nucleobase antisense
oligonucleotides.

Antisense Compound Motifs

[0177] In certain embodiments, antisense compounds targeted to a COORF72 nucleic acid
have chemically modified subunits arranged in patterns, or motifs, to confer to the antisense
compounds properties such as enhanced inhibitory activity, increased binding affinity for a
target nucleic acid, or resistance to degradation by in vivo nucleases.

[0178] Chimeric antisense compounds typically contain at least one region modified so as to
confer increased resistance to nuclease degradation, increased cellular uptake, increased
binding affinity for the target nucleic acid, and/or increased inhibitory activity. A second region
of a chimeric antisense compound may optionally serve as a substrate for the cellular
endonuclease RNase H, which cleaves the RNA strand of an RNA:DNA duplex.

[0179] Antisense compounds having a gapmer motif are considered chimeric antisense
compounds. In a gapmer an internal region having a plurality of nucleotides that supports
RNaseH cleavage is positioned between external regions having a plurality of nucleotides that
are chemically distinct from the nucleosides of the internal region. In the case of an antisense
oligonucleotide having a gapmer motif, the gap segment generally serves as the substrate for
endonuclease cleavage, while the wing segments comprise modified nucleosides. In certain
embodiments, the regions of a gapmer are differentiated by the types of sugar moieties
comprising each distinct region. The types of sugar moieties that are used to differentiate the
regions of a gapmer may in some embodiments include B-D-ribonucleosides, [B-D-
deoxyribonucleosides, 2'-modified nucleosides (such 2'-modified nucleosides may include 2'-
MOE, and 2'-O-CHj, among others), and bicyclic sugar modified nucleosides (such bicyclic

sugar modified nucleosides may include those having a 4'-(CH)n-O-2' bridge, where n=1 or
n=2 and 4'-CH>-O-CH»-2"). Preferably, each distinct region comprises uniform sugar moieties.

The wing-gap-wing motif is frequently described as "X-Y-Z", where "X" represents the length of
the 5' wing region, "Y" represents the length of the gap region, and "Z" represents the length of
the 3' wing region. As used herein, a gapmer described as "X-Y-Z" has a configuration such
that the gap segment is positioned immediately adjacent to each of the 5' wing segment and
the 3' wing segment. Thus, no intervening nucleotides exist between the 5' wing segment and
gap segment, or the gap segment and the 3' wing segment. Any of the antisense compounds
described herein can have a gapmer motif. In some embodiments, X and Z are the same, in
other embodiments they are different. In a preferred embodiment, Y is between 8 and 15
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nucleotides. X, Yor Zcan be anyof1, 2, 3,4,5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 25, 30 or more nucleotides. Thus, gapmers described herein include, but are not
limited to, for example 5-10-5, 5-10-4, 4-10-4, 4-10-3, 3-10-3, 2-10-2, 5-9-5, 5-9-4, 4-9-5, 5-8-
5, 5-8-4, 4-8-5, 5-7-5, 4-7-5, 5-7-4, or 4-7-4.

[0180] In certain embodiments, the antisense compound has a "wingmer" motif, having a wing-
gap or gap-wing configuration, i.e. an X-Y or Y-Z configuration as described above for the
gapmer configuration. Thus, wingmer configurations described herein include, but are not
limited to, for example 5-10, 8-4, 4-12, 12-4, 3-14, 16-2, 18-1, 10-3, 2-10, 1-10, 8-2, 2-13, 5-
13, 5-8, or 6-8.

[0181] In certain embodiments, antisense compounds targeted to a COORF72 nucleic acid
possess a 5-10-5 gapmer motif.

[0182] In certain embodiments, antisense compounds targeted to a COORF72 nucleic acid
possess a 5-10-4 gapmer motif.

[0183] In certain embodiments, antisense compounds targeted to a COORF72 nucleic acid
possess a 4-10-4 gapmer motif.

[0184] In certain embodiments, antisense compounds targeted to a COORF72 nucleic acid
possess a 4-10-3 gapmer motif.

[0185] In certain embodiments, antisense compounds targeted to a COORF72 nucleic acid
possess a 5-9-5 gapmer motif.

[0186] In certain embodiments, an antisense compound targeted to a COORF72 nucleic acid
has a gap-narrowed motif. In certain embodiments, a gap-narrowed antisense oligonucleotide
targeted to a CO9ORF72 nucleic acid has a gap segment of 9, 8, 7, or 6 2'-deoxynucleotides
positioned immediately adjacent to and between wing segments of 5, 4, 3, 2, or 1 chemically
modified nucleosides. In certain embodiments, the chemical modification comprises a bicyclic
sugar. In certain embodiments, the bicyclic sugar comprises a 4' to 2' bridge selected from
among: 4'-(CHy),-O-2' bridge, wherein n is 1 or 2; and 4'-CHy>-O-CHo-2'. In certain
embodiments, the bicyclic sugar is comprises a 4'-CH(CH3)-O-2' bridge. In certain

embodiments, the chemical modification comprises a non-bicyclic 2'-modified sugar moiety. In
certain embodiments, the non-bicyclic 2'-modified sugar moiety comprises a 2'-O-methylethyl
group or a 2'-O-methyl group.

[0187] In certain embodiments, an antisense compound targeted to a C9ORF72 nucleic acid is
uniformly modified. In certain embodiments, the antisense compound comprises 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 nucleosides. In certain embodiments, each
nucleoside is chemically modified. In certain embodiments, the chemical modification
comprises a non-bicyclic 2'-modified sugar moiety. In certain embodiments, the 2'-modified
sugar moiety comprises a 2'-O-methoxyethyl group. In certain embodiments, the 2'-modified
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sugar moiety comprises a 2'-O-methyl group. In certain embodiments, uniformly modified
antisense compound may target COORF72, or any portion thereof, such as a hexanucleotide
repeat expansion. In certain embodiments, targeting the hexanucleotide repeat expansion with
a uniformly modified antisense compound reduced the repeat RNA by blocking the interaction
with RNA binding proteins. In certain embodiments, this results in the toxic RNA being absent
from foci and being degraded instead.

Target Nucleic Acids, Target Regions and Nucleotide Sequences

[0188] Nucleotide sequences that encode COORF72 include, without limitation, the following:
the complement of GENBANK Accession No. NM_001256054.1 (incorporated herein as SEQ
ID NO: 1), GENBANK Accession No. NT_008413.18 truncated from nucleobase 27535000 to
27565000 (incorporated herein as SEQ ID NO: 2), GENBANK Accession No. BQ068108.1
(incorporated herein as SEQ ID NO: 3), GENBANK Accession No. NM_018325.3 (incorporated
herein as SEQ ID NO: 4), GENBANK Accession No. DN993522.1 (incorporated herein as SEQ
ID NO: 5), GENBANK Accession No. NM_145005.5 (incorporated herein as SEQ ID NO: 6),
GENBANK Accession No. DB079375.1 (incorporated herein as SEQ ID NO: 7), GENBANK
Accession No. BU194591.1 (incorporated herein as SEQ ID NO: 8), Sequence Identifier
4141_014_A (incorporated herein as SEQ ID NO: 9), and Sequence Identifier 4008_73_A
(incorporated herein as SEQ ID NO: 10).

[0189] It is understood that the sequence set forth in each SEQ ID NO in the Examples
contained herein is independent of any modification to a sugar moiety, an internucleoside
linkage, or a nucleobase. As such, antisense compounds defined by a SEQ ID NO may
comprise, independently, one or more modifications to a sugar moiety, an internucleoside
linkage, or a nucleobase. Antisense compounds described by Isis Number (Isis No) indicate a
combination of nucleobase sequence and motif.

[0190] In certain embodiments, a target region is a structurally defined region of the target
nucleic acid. For example, a target region may encompass a 3' UTR, a 5' UTR, an exon, an
intron, an exon/intron junction, a coding region, a translation initiation region, translation
termination region, or other defined nucleic acid region. The structurally defined regions for
CO90RF72 can be obtained by accession number from sequence databases such as NCBI. In
certain embodiments, a target region may encompass the sequence from a 5' target site of
one target segment within the target region to a 3' target site of another target segment within
the same target region.

[0191] Targeting includes determination of at least one target segment to which an antisense
compound hybridizes, such that a desired effect occurs. In certain embodiments, the desired
effect is a reduction in mRNA target nucleic acid levels. In certain embodiments, the desired
effect is reduction of levels of protein encoded by the target nucleic acid or a phenotypic
change associated with the target nucleic acid.
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[0192] A target region may contain one or more target segments. Multiple target segments
within a target region may be overlapping. Alternatively, they may be non-overlapping. In
certain embodiments, target segments within a target region are separated by no more than
about 300 nucleotides. In certain emodiments, target segments within a target region are
separated by a number of nucleotides that is, is about, is no more than, is no more than about,
250, 200, 150, 100, 90, 80, 70, 60, 50, 40, 30, 20, or 10 nucleotides on the target nucleic acid,
or is a range defined by any two of the preceeding values. In certain embodiments, target
segments within a target region are separated by no more than, or no more than about, 5
nucleotides on the target nucleic acid. In certain embodiments, target segments are
contiguous. Contemplated are target regions defined by a range having a starting nucleic acid
that is any of the 5' target sites or 3' target sites listed herein.

[0193] Suitable target segments may be found within a 5' UTR, a coding region, a 3' UTR, an
intron, an exon, or an exon/intron junction. Target segments containing a start codon or a stop
codon are also suitable target segments. A suitable target segment may specifcally exclude a
certain structurally defined region such as the start codon or stop codon.

[0194] The determination of suitable target segments may include a comparison of the
sequence of a target nucleic acid to other sequences throughout the genome. For example,
the BLAST algorithm may be used to identify regions of similarity amongst different nucleic
acids. This comparison can prevent the selection of antisense compound sequences that may
hybridize in a non-specific manner to sequences other than a selected target nucleic acid (i.e.,
non-target or off-target sequences).

[0195] There may be variation in activity (e.g., as defined by percent reduction of target nucleic
acid levels) of the antisense compounds within a target region. In certain embodiments,
reductions in C9ORF72 mRNA levels are indicative of inhibition of COORF72 expression.
Reductions in levels of a C9ORF72 protein are also indicative of inhibition of target mRNA
expression. Reduction in the presence of expanded C9ORF72 RNA foci are indicative of
inhibition of COORF72 expression. Further, phenotypic changes are indicative of inhibition of
CO0RF72 expression. For example, improved motor function and respiration may be indicative
of inhibition of COORF72 expression.

Hybridization

[0196] Hybridization occurs between an antisense compound disclosed herein and a
C90RF72 nucleic acid. The most common mechanism of hybridization involves hydrogen
bonding (e.g., Watson-Crick, Hoogsteen or reversed Hoogsteen hydrogen bonding) between
complementary nucleobases of the nucleic acid molecules.

[0197] Hybridization can occur under varying conditions. Stringent conditions are sequence-
dependent and are determined by the nature and composition of the nucleic acid molecules to
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be hybridized.

[0198] Methods of determining whether a sequence is specifically hybridizable to a target
nucleic acid are well known in the art. The antisense compounds provided herein are
specifically hybridizable with a C9ORF72 nucleic acid.

Complementarity

[0199] An antisense compound and a target nucleic acid are complementary to each other
when a sufficient number of nucleobases of the antisense compound can hydrogen bond with
the corresponding nucleobases of the target nucleic acid, such that a desired effect will occur
(e.g., antisense inhibition of a target nucleic acid, such as a C9ORF72 nucleic acid).

[0200] Non-complementary nucleobases between an antisense compound and a C9ORF72
nucleic acid may be tolerated provided that the antisense compound remains able to
specifically hybridize to a target nucleic acid. Moreover, an antisense compound may hybridize
over one or more segments of a COORF72 nucleic acid such that intervening or adjacent
segments are not involved in the hybridization event (e.g., a loop structure, mismatch or
hairpin structure).

[0201] In certain instances, the antisense compounds disclosed herein, or a specified portion
thereof, are, or are at least, 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% complementary to a C9ORF72 nucleic acid, a
target region, target segment, or specified portion thereof. Percent complementarity of an
antisense compound with a target nucleic acid can be determined using routine methods.

[0202] For example, an antisense compound in which 18 of 20 nucleobases of the antisense
compound are complementary to a target region, and would therefore specifically hybridize,
would represent 90 percent complementarity. In this example, the remaining
noncomplementary nucleobases may be clustered or interspersed with complementary
nucleobases and need not be contiguous to each other or to complementary nucleobases. As
such, an antisense compound which is 18 nucleobases in length having 4 (four)
noncomplementary nucleobases which are flanked by two regions of complete
complementarity with the target nucleic acid would have 77.8% overall complementarity with
the target nucleic acid. Percent complementarity of an antisense compound with a region of a
target nucleic acid can be determined routinely using BLAST programs (basic local alignment
search tools) and PowerBLAST programs known in the art (Altschul et al., J. Mol. Biol., 1990,
215, 403 410; Zhang and Madden, Genome Res., 1997, 7, 649 656). Percent homology,
sequence identity or complementarity, can be determined by, for example, the Gap program
(Wisconsin Sequence Analysis Package, Version 8 for Unix, Genetice Computer Group,
University Research Park, Madison Wis.), using default settings, which uses the algorithm of
Smith and Waterman (Adv. Appl. Math., 1981, 2, 482 489).
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[0203] In certain embodiments, the antisense compounds provided herein, or specified
portions thereof, are fully complementary (i.e., 100% complementary) to a target nucleic acid,
or specified portion thereof. For example, an antisense compound may be fully complementary
to a COORF72 nucleic acid, or a target region, or a target segment or target sequence thereof.
As used herein, "fully complementary" means each nucleobase of an antisense compound is
capable of precise base pairing with the corresponding nucleobases of a target nucleic acid.
For example, a 20 nucleobase antisense compound is fully complementary to a target
sequence that is 400 nucleobases long, so long as there is a corresponding 20 nucleobase
portion of the target nucleic acid that is fully complementary to the antisense compound. Fully
complementary can also be used in reference to a specified portion of the first and /or the
second nucleic acid. For example, a 20 nucleobase portion of a 30 nucleobase antisense
compound can be "fully complementary" to a target sequence that is 400 nucleobases long.
The 20 nucleobase portion of the 30 nucleobase oligonucleotide is fully complementary to the
target sequence if the target sequence has a corresponding 20 nucleobase portion wherein
each nucleobase is complementary to the 20 nucleobase portion of the antisense compound.
At the same time, the entire 30 nucleobase antisense compound may or may not be fully
complementary to the target sequence, depending on whether the remaining 10 nucleobases
of the antisense compound are also complementary to the target sequence.

[0204] The location of a non-complementary nucleobase may be at the 5' end or 3' end of the
antisense compound. Alternatively, the non-complementary nucleobase or nucleobases may
be at an internal position of the antisense compound. When two or more non-complementary
nucleobases are present, they may be contiguous (i.e., linked) or non-contiguous. In one
embodiment, a non-complementary nucleobase is located in the wing segment of a gapmer
antisense oligonucleotide.

[0205] In certain instances, antisense compounds that are, or are up to 12, 13, 14, 15, 16, 17,
18, 19, or 20 nucleobases in length comprise no more than 4, no more than 3, no more than 2,
or no more than 1 non-complementary nucleobase(s) relative to a target nucleic acid, such as
a C90ORF72 nucleic acid, or specified portion thereof.

[0206] In certain instances, antisense compounds that are, or are up to 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleobases in length comprise no more
than 6, no more than 5, no more than 4, no more than 3, no more than 2, or no more than 1
non-complementary nucleobase(s) relative to a target nucleic acid, such as a C9ORF72
nucleic acid, or specified portion thereof.

[0207] The antisense compounds provided herein also include those which are
complementary to a portion of a target nucleic acid. As used herein, "portion" refers to a
defined number of contiguous (i.e. linked) nucleobases within a region or segment of a target
nucleic acid. A "portion" can also refer to a defined number of contiguous nucleobases of an
antisense compound. In certain instances, the antisense compounds, are complementary to at
least an 8 nucleobase portion of a target segment. In certain instances, the antisense
compounds are complementary to at least a 9 nucleobase portion of a target segment. In



DK/EP 2906696 T3

certain instances, the antisense compounds are complementary to at least a 10 nucleobase
portion of a target segment. In certain embodiments, the antisense compounds, are
complementary to at least an 11 nucleobase portion of a target segment. In certain
embodiments, the antisense compounds, are complementary to at least a 12 nucleobase
portion of a target segment. In certain embodiments, the antisense compounds, are
complementary to at least a 13 nucleobase portion of a target segment. In certain
embodiments, the antisense compounds, are complementary to at least a 14 nucleobase
portion of a target segment. In certain embodiments, the antisense compounds, are
complementary to at least a 15 nucleobase portion of a target segment. Also contemplated are
antisense compounds that are complementary to at least a 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, or more nucleobase portion of a target segment, or a range defined by any two of
these values.

Identity

[0208] The antisense compounds provided herein may also have a defined percent identity to
a particular nucleotide sequence, SEQ ID NO, or compound represented by a specific Isis
number, or portion thereof. As used herein, an antisense compound is identical to the
sequence disclosed herein if it has the same nucleobase pairing ability. For example, a RNA
which contains uracil in place of thymidine in a disclosed DNA sequence would be considered
identical to the DNA sequence since both uracil and thymidine pair with adenine. Shortened
and lengthened versions of the antisense compounds described herein as well as compounds
having non-identical bases relative to the antisense compounds provided herein also are
contemplated. The non-identical bases may be adjacent to each other or dispersed throughout
the antisense compound. Percent identity of an antisense compound is calculated according to
the number of bases that have identical base pairing relative to the sequence to which it is
being compared.

[0209] In certain embodiments, the antisense compounds, or portions thereof, are at least
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to one or more of
the antisense compounds or SEQ ID NOs, or a portion thereof, disclosed herein.

[0210] In certain embodiments, a portion of the antisense compound is compared to an equal
length portion of the target nucleic acid. In certain embodiments, an 8, 9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 nucleobase portion is compared to an equal length
portion of the target nucleic acid.

[0211] In certain embodiments, a portion of the antisense oligonucleotide is compared to an
equal length portion of the target nucleic acid. In certain embodiments, an 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 nucleobase portion is compared to an equal
length portion of the target nucleic acid.

Modifications
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[0212] A nucleoside is a base-sugar combination. The nucleobase (also known as base)
portion of the nucleoside is normally a heterocyclic base moiety. Nucleotides are nucleosides
that further include a phosphate group covalently linked to the sugar portion of the nucleoside.
For those nucleosides that include a pentofuranosyl sugar, the phosphate group can be linked
to the 2', 3' or 5' hydroxyl moiety of the sugar. Oligonucleotides are formed through the
covalent linkage of adjacent nucleosides to one another, to form a linear polymeric
oligonucleotide. Within the oligonucleotide structure, the phosphate groups are commonly
referred to as forming the internucleoside linkages of the oligonucleotide.

[0213] Modifications to antisense compounds encompass substitutions or changes to
internucleoside linkages, sugar moieties, or nucleobases. Modified antisense compounds are
often preferred over native forms because of desirable properties such as, for example,
enhanced cellular uptake, enhanced affinity for nucleic acid target, increased stability in the
presence of nucleases, or increased inhibitory activity.

[0214] Chemically modified nucleosides may also be employed to increase the binding affinity
of a shortened or truncated antisense oligonucleotide for its target nucleic acid. Consequently,
comparable results can often be obtained with shorter antisense compounds that have such
chemically modified nucleosides.

Modified Internucleoside Linkages

[0215] The naturally occuring internucleoside linkage of RNA and DNA is a 3' to 5
phosphodiester linkage. Antisense compounds having one or more modified, i.e. non-naturally
occurring, internucleoside linkages are often selected over antisense compounds having
naturally occurring internucleoside linkages because of desirable properties such as, for
example, enhanced cellular uptake, enhanced affinity for target nucleic acids, and increased
stability in the presence of nucleases.

[0216] Oligonucleotides having modified internucleoside linkages include internucleoside
linkages that retain a phosphorus atom as well as internucleoside linkages that do not have a
phosphorus atom. Representative phosphorus containing internucleoside linkages include, but
are not limited to, phosphodiesters, phosphotriesters, methylphosphonates, phosphoramidate,
and phosphorothioates. Methods of preparation of phosphorous-containing and non-
phosphorous-containing linkages are well known.

[0217] In certain embodiments, antisense compounds targeted to a COORF72 nucleic acid
comprise one or more modified internucleoside linkages. In certain embodiments, the modified
internucleoside linkages are interspersed throughout the antisense compound. In certain
embodiments, the modified internucleoside linkages are phosphorothioate linkages. In certain
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embodiments, each internucleoside linkage of an antisense compound is a phosphorothioate
internucleoside linkage.

Modified Sugar Moieties

[0218] Antisense compounds can optionally contain one or more nucleosides wherein the
sugar group has been modified. Such sugar modified nucleosides may impart enhanced
nuclease stability, increased binding affinity, or some other beneficial biological property to the
antisense compounds. In certain embodiments, nucleosides comprise chemically modified
ribofuranose ring moieties. Examples of chemically modified ribofuranose rings include without
limitation, addition of substitutent groups (including 5' and 2' substituent groups, bridging of
non-geminal ring atoms to form bicyclic nucleic acids (BNA), replacement of the ribosyl ring
oxygen atom with S, N(R), or C(R4)(R2) (R, R4 and R are each independently H, C4-C4» alkyl
or a protecting group) and combinations thereof. Examples of chemically modified sugars
include 2'-F-5'-methyl substituted nucleoside (see PCT International Application WO
2008/101157 Published on 8/21/08 for other disclosed 5',2'-bis substituted nucleosides) or
replacement of the ribosyl ring oxygen atom with S with further substitution at the 2'-position
(see published U.S. Patent Application US2005-0130923, published on June 16, 2005) or
alternatively 5'-substitution of a BNA (see PCT International Application WO 2007/134181
Published on 11/22/07 wherein LNA is substituted with for example a 5'-methyl or a 5'-vinyl

group).

[0219] Examples of nucleosides having modified sugar moieties include without limitation
nucleosides comprising 5'-vinyl, 5'-methyl (R or 8), 4'-S, 2'-F, 2'-OCH3, 2'-OCHoCHs, 2'-
OCH>CHoF and 2'-O(CH5)>OCH5 substituent groups. The substituent at the 2' position can
also be selected from allyl, amino, azido, thio, O-allyl, O-C4-Cqg alkyl, OCF3, OCHJF,
O(CH2)2SCH3, O(CH2)2-O-N(Rm)(Rp), O-CH2-C(=0)-N(Rm)(Rp), and O-CHx-C(=0)-N(R))-
(CH2)>-N(Rn)(Ry), where each R, Ry, and R, is, independently, H or substituted or
unsubstituted C1-Cqg alkyl.

[0220] As used herein, "bicyclic nucleosides" refer to modified nucleosides comprising a
bicyclic sugar moiety. Examples of bicyclic nucleosides include without limitation nucleosides
comprising a bridge between the 4' and the 2' ribosyl ring atoms. In certain embodiments,
antisense compounds provided herein include one or more bicyclic nucleosides comprising a 4'
to 2' bridge. Examples of such 4' to 2' bridged bicyclic nucleosides, include but are not limited
to one of the formulae: 4'-(CH5)-O-2' (LNA); 4'-(CH5)-S-2'; 4'-(CH)>-0O-2' (ENA); 4'-CH(CH3)-
0-2' and 4'-CH(CH>OCH3)-0O-2' (and analogs thereof see U.S. Patent 7,399,845, issued on
July 15, 2008); 4'-C(CH3)(CH3)-O-2' (and analogs thereof see published International
Application WO/2009/006478, published January 8, 2009); 4'-CH>-N(OCHj3)-2' (and analogs

thereof see published International Application W0/2008/150729, published December 11,
2008); 4'-CH>-O-N(CHs3)-2' (see published U.S. Patent Application US2004-0171570, published
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September 2,2004); 4'-CH>-N(R)-O-2', wherein R is H, C1-C5 alkyl, or a protecting group (see
U.S. Patent 7,427,672, issued on September 23, 2008); 4'-CH>-C(H)(CH3)-2' (see
Chattopadhyaya et al.,, J. Org. Chem., 2009, 74, 118-134); and 4'-CH,-C-(=CH)-2' (and
analogs thereof see published International Application WO 2008/154401, published on
December 8, 2008).

[0221] Further reports related to bicyclic nucleosides can also be found in published literature
(see for example: Singh et al., Chem. Commun., 1998, 4, 455-456; Koshkin et al.,
Tetrahedron, 1998, 54, 3607-3630; Wahlestedt et al., Proc. Natl. Acad. Sci. U. S. A, 2000, 97,
5633-5638; Kumar et al., Bioorg. Med. Chem. Lett., 1998, 8, 2219-2222; Singh et al., J. Org.
Chem., 1998, 63, 10035-10039; Srivastava et al., J. Am. Chem. Soc., 2007, 129(26) 8362-
8379; Elayadi et al., Curr. Opinion Invest. Drugs, 2001, 2, 558-561; Braasch et al., Chem. Biol.,
2001, 8, 1-7; and Orum et al., Curr. Opinion Mol. Ther., 2001, 3, 239-243; U.S. Patent Nos.
6,268,490; 6,525,191; 6,670,461; 6,770,748; 6,794,499; 7,034,133; 7,053,207; 7,399,845;
7,547,684; and 7,696,345; U.S. Patent Publication No. US2008-0039618; US2009-0012281;
U.S. Patent Serial Nos. 60/989,574; 61/026,995; 61/026,998; 61/056,564; 61/086,231;
61/097,787; and 61/099,844; Published PCT International applications WO 1994/014226; WO
2004/106356; WO 2005/021570; WO 2007/134181; WO 2008/150729; WO 2008/154401; and
WO 2009/006478. Each of the foregoing bicyclic nucleosides can be prepared having one or
more stereochemical sugar configurations including for example a-L-ribofuranose and [B-D-
ribofuranose (see PCT international application PCT/DK98/00393, published on March 25,
1999 as WO 99/14226).

[0222] In certain embodiments, bicyclic sugar moieties of BNA nucleosides include, but are not
limited to, compounds having at least one bridge between the 4' and the 2' position of the
pentofuranosyl sugar moiety wherein such bridges independently comprises 1 or from 2 to 4
linked groups independently selected from -[C(Ra)(Rp)]n-, -C(Ra)=C(Rp)-, -C(Rz)=N-, -C(=0)-, -
C(=NRy)-, -C(=9)-, -O-, -Si(Rg)2-, -S(=0)x-, and -N(Rg)-;

wherein:
xis 0,1, or 2;
nis1, 2, 3,or4;

each R, and Ry is, independently, H, a protecting group, hydroxyl, C¢1-C4o alkyl, substituted C4-
C12 alkyl, C>-C42 alkenyl, substituted Co-C45 alkenyl, Co-C42 alkynyl, substituted C»-C1o alkynyl,
Cs-Coo aryl, substituted Cs-Cog aryl, heterocycle radical, substituted heterocycle radical,
heteroaryl, substituted heteroaryl, C5-C7 alicyclic radical, substituted Cs-C7 alicyclic radical,
halogen, OJ4, NJ1Jo, SJq, N3, COQJ1, acyl (C(=0)-H), substituted acyl, CN, sulfonyl (S(=0),-
J1), or sulfoxyl (S(=0)-J4); and

each J{ and J- is, independently, H, C1-C42 alkyl, substituted C4-C42 alkyl, Co-C1o alkenyl,
substituted Co-Cq5 alkenyl, Co-C12 alkynyl, substituted C»-C1o alkynyl, C5-Cyq aryl, substituted
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Cs5-Cog aryl, acyl (C(=0)-H), substituted acyl, a heterocycle radical, a substituted heterocycle
radical, C¢1-C42 aminoalkyl, substituted C41-C {2 aminoalkyl or a protecting group.

[0223] In certain embodiments, the bridge of a bicyclic sugar moiety is -[C(R2)(Rp)ln-, -[C(Ra)
(Rp)In-O-, -C(R4Rp)-N(R)-O- or-C(R4Rp)-O-N(R)-. In certain embodiments, the bridge is 4'-
CHx-2', 4'-(CH9)»-2', 4'-(CH2)3-2', 4'-CH2-0-2', 4'-(CH5)»-0-2', 4'-CH>-O-N(R)-2' and 4'-CHo-
N(R)-O-2'- wherein each R is, independently, H, a protecting group or C4-C42 alkyl.

[0224] In certain embodiments, bicyclic nucleosides are further defined by isomeric
configuration. For example, a nucleoside comprising a 4'-2' methylene-oxy bridge, may be in
the a-L configuration or in the B-D configuration. Previously, a-L-methyleneoxy (4'-CH»-0-2")

BNA's have been incorporated into antisense oligonucleotides that showed antisense activity
(Frieden et al., Nucleic Acids Research, 2003, 21, 6365-6372).

[0225] In certain embodiments, bicyclic nucleosides include, but are not limited to, (A) o-L-
methyleneoxy (4'-CH»-0O-2') BNA, (B) B-D-methyleneoxy (4'-CH»-0O-2') BNA, (C) ethyleneoxy
(4'-(CH2)2-0-2") BNA, (D) aminooxy (4'-CHo-O-N(R)-2') BNA, (E) oxyamino (4'-CH>-N(R)-O-2")
BNA, and (F) methyl(methyleneoxy) (4'-CH(CH3)-O-2") BNA, (G) methylene-thio (4'-CH»-S-2")
BNA, (H) methylene-amino (4'-CHo>-N(R)-2') BNA, (1) methyl carbocyclic (4'-CHo-CH(CH3)-2")
BNA, and (J) propylene carbocyclic (4'-(CH»)3-2') BNA as depicted below.
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wherein Bx is the base moiety and R is independently H, a protecting group or C4-C4 alkyl.

[0226] In certain embodiments, bicyclic nucleosides are provided having Formula I:
T,—0 Bx

>7OJ
Qa\ e /Qc
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;o
?Qb

T, I
wherein:

Bx is a heterocyclic base moiety;

-Qa-Qp-Qg- is -CHo-N(Rg)-CHgy-, -C(=0)-N(R¢)-CHg-, -CHo-O-N(Rg)-, -CHo-N(R¢)-O- or-N(R¢)-
O-CHz;

R is C4-C42 alkyl or an amino protecting group; and

T4 and Ty are each, independently H, a hydroxyl protecting group, a conjugate group, a

reactive phosphorus group, a phosphorus moiety or a covalent attachment to a support
medium.

[0227] In certain embodiments, bicyclic nucleosides are provided having Formula II:

T;,_(Zir]h

Za d \()
T, 11

wherein:

Bx is a heterocyclic base moiety;

T4 and Tp are each, independently H, a hydroxyl protecting group, a conjugate group, a

reactive phosphorus group, a phosphorus moiety or a covalent attachment to a support
medium;

Z, is Cq-Cg alkyl, Co-Cg alkenyl, C»>-Cg alkynyl, substituted C4-Cg alkyl, substituted Co-Cg
alkenyl, substituted C»-Cg alkynyl, acyl, substituted acyl, substituted amide, thiol or substituted
thio.

[0228] In one embodiment, each of the substituted groups is, independently, mono or poly
substituted with substituent groups independently selected from halogen, oxo, hydroxyl, OJg,

Ndcdd, Sde, N3, OC(=X)J., and NJC(=X)NJ-Jg, wherein each J., Jqand Je is, independently, H,
C1-Cg alkyl, or substituted C4-Cg alkyl and X is O or NJ..

[0229] In certain embodiments, bicyclic nucleosides are provided having Formula Ill:
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| 1
Ty

wherein:
Bx is a heterocyclic base moiety;

T4 and Tp are each, independently H, a hydroxyl protecting group, a conjugate group, a

reactive phosphorus group, a phosphorus moiety or a covalent attachment to a support
medium;

Zy is Cq-Cg alkyl, Co-Cg alkenyl, C»-Cg alkynyl, substituted C4-Cg alkyl, substituted Co-Cg
alkenyl, substituted C>-Cg alkynyl or substituted acyl (C(=0)-).

[0230] In certain embodiments, bicyclic nucleosides are provided having Formula IV:
Qu

Ta_o ¥ 0 Bx
o™
qC
g N v
ORy
wherein:

Bx is a heterocyclic base moiety;

T4 and Tp are each, independently H, a hydroxyl protecting group, a conjugate group, a

reactive phosphorus group, a phosphorus moiety or a covalent attachment to a support
medium;

Rq is C4-Cg alkyl, substituted C4-Cg alkyl, C»>-Cg alkenyl, substituted Co-Cg alkenyl, C»-Cg
alkynyl or substituted C>-Cg alkynyl,

each qa, gb, qc and qq is, independently, H, halogen, C4-Cg alkyl, substituted C4-Cg alkyl, C>-Cg
alkenyl, substituted C>-Cg alkenyl, Co-Cg alkynyl or substituted Co-Cg alkynyl, C1-Cg alkoxyl,
substituted C4-Cg alkoxyl, acyl, substituted acyl, C{-Cg aminoalkyl or substituted C4-Cg
aminoalkyl;

[0231] In certain embodiments, bicyclic nucleosides are provided having Formula V.

% Iy 0
T,-0O Bx
O-T,
q¢
qf

0O vy



DK/EP 2906696 T3

wherein:
Bx is a heterocyclic base moiety;

T4 and Tp are each, independently H, a hydroxyl protecting group, a conjugate group, a

reactive phosphorus group, a phosphorus moiety or a covalent attachment to a support
medium;

Ja Ob, Je and qf are each, independently, hydrogen, halogen, C1-C12 alkyl, substituted C4-Cq2
alkyl, Co-C42 alkenyl, substituted Co-C15 alkenyl, Co-C45 alkynyl, substituted C»>-C4o alkynyl, C-
Cq2 alkoxy, substituted C4-Cq2 alkoxy, OJj, SJj;, SOJj, SO2J;, NJjJk, N3, CN, C(=0)0J;,
C(=O)NJjJk, C(=0)J;, O-C(=0)NJ;Jk, N(H)C(=NH)NJ;Ji, N(H)C(=O)NJ;Jk or N(H)C(=S)NJ;J;

or ge and gs together are =C(qg)(qn);

qg and gn are each, independently, H, halogen, C4-C12 alkyl or substituted C4-C12 alkyl.

[0232] The synthesis and preparation of the methyleneoxy (4'-CH»-O-2') BNA monomers
adenine, cytosine, guanine, 5-methyl-cytosine, thymine and uracil, along with their
oligomerization, and nucleic acid recognition properties have been described (Koshkin et al.,
Tetrahedron, 1998, 54, 3607-3630). BNAs and preparation thereof are also described in WO
98/39352 and WO 99/14226.

[0233] Analogs of methyleneoxy (4'-CH»-O-2') BNA and 2'-thio-BNAs, have also been
prepared (Kumar et al., Bioorg. Med. Chem. Lett., 1998, 8, 2219-2222). Preparation of locked
nucleoside analogs comprising oligodeoxyribonucleotide duplexes as substrates for nucleic
acid polymerases has also been described (Wengel et al., WO 99/14226). Furthermore,
synthesis of 2'-amino-BNA, a novel comformationally restricted high-affinity oligonucleotide
analog has been described in the art (Singh et al., J. Org. Chem., 1998, 63, 10035-10039). In
addition, 2'-amino- and 2'-methylamino-BNA's have been prepared and the thermal stability of
their duplexes with complementary RNA and DNA strands has been previously reported.

[0234] In certain embodiments, bicyclic nucleosides are provided having Formula VI:
O

T a O A\\/// \\\ _Bx
/ \\ ,O *Tb /
4; \\/ v //
AN P4
94 e T Vi
a
Ak
wherein:

Bx is a heterocyclic base moiety;

T4 and Tp are each, independently H, a hydroxyl protecting group, a conjugate group, a
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reactive phosphorus group, a phosphorus moiety or a covalent attachment to a support
medium;

each g;, gj, gk and q, is, independently, H, halogen, C4-C4; alkyl, substituted C4-C, alkyl, Co-
Cq2 alkenyl, substituted C»-C¢o alkenyl, Co-C4o alkynyl, substituted C,-C4o alkynyl, C1-Cqo
alkoxyl, substituted C4-C12 alkoxyl, OJ;, SJj, SOJ;, SO2J;, NJjJi, N3, CN, C(=0)0J;, C(=O)NJ;Jy,
C(=0)J;, O-C(=0)NJ;dy, N(H)C(=NH)NJ;Jk, N(H)C(=O)NJ;Ji or N(H)C(=S)NJ;Ji; and

g and qj or q and gk together are =C(qg)(qn), wherein qq and qn are each, independently, H,
halogen, C4-C42 alkyl or substituted C1-C12 alkyl.

[0235] One carbocyclic bicyclic nucleoside having a 4'-(CHy)3-2' bridge and the alkenyl analog
bridge 4'-CH=CH-CH»>-2' have been described (Freier et al., Nucleic Acids Research, 1997,

25(22), 4429-4443 and Albaek et al., J. Org. Chem., 2006, 71, 7731-7740). The synthesis and
preparation of carbocyclic bicyclic nucleosides along with their oligomerization and biochemical
studies have also been described (Srivastava et al., J. Am. Chem. Soc., 2007, 129(26), 8362-
8379).

[0236] As used herein, "4'-2" bicyclic nucleoside" or "4' to 2' bicyclic nucleoside” refers to a
bicyclic nucleoside comprising a furanose ring comprising a bridge connecting two carbon
atoms of the furanose ring connects the 2' carbon atom and the 4' carbon atom of the sugar
ring.

[0237] As used herein, "monocylic nucleosides" refer to nucleosides comprising modified sugar
moieties that are not bicyclic sugar moieties. In certain embodiments, the sugar moiety, or
sugar moiety analogue, of a nucleoside may be modified or substituted at any position.

[0238] As used herein, "2'-modified sugar" means a furanosyl sugar modified at the 2' position.
In certain embodiments, such modifications include substituents selected from: a halide,
including, but not limited to substituted and unsubstituted alkoxy, substituted and unsubstituted
thioalkyl, substituted and unsubstituted amino alkyl, substituted and unsubstituted alkyl,
substituted and unsubstituted allyl, and substituted and unsubstituted alkynyl. In certain
embodiments, 2' modifications are selected from substituents including, but not limited to:
O[(CH2),O]mCH3, O(CH2)NHo, O(CH2),CH3, O(CH2)nF, O(CH2),ONH5, OCHoC(=0O)N(H)CHs,
and O(CH2),ON[(CH2),CH3]o, where n and m are from 1 to about 10. Other 2'- substituent
groups can also be selected from: C4-Cqo alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl,
aralkyl, O-alkaryl or O-aralkyl, SH, SCH3, OCN, CI, Br, CN, F, CF3, OCF3, SOCHs3, SO5CHs,
ONO3, NOo, N3, NH», heterocycloalkyl, heterocycloalkaryl, aminoalkylamino, polyalkylamino,
substituted silyl, an RNA cleaving group, a reporter group, an intercalator, a group for
improving pharmacokinetic properties, or a group for improving the pharmacodynamic
properties of an antisense compound, and other substituents having similar properties. In
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certain embodiments, modifed nucleosides comprise a 2'-MOE side chain (Baker et al., J. Biol.
Chem., 1997, 272, 11944-12000). Such 2'-MOE substitution have been described as having
improved binding affinity compared to unmodified nucleosides and to other modified
nucleosides, such as 2'-O-methyl, O-propyl, and O-aminopropyl. Oligonucleotides having the
2'-MOE substituent also have been shown to be antisense inhibitors of gene expression with
promising features for in vivo use (Martin, Helv. Chim. Acta, 1995, 78, 486-504; Altmann et al.,
Chimia, 1996, 50, 168-176; Altmann et al., Biochem. Soc. Trans., 1996, 24, 630-637; and
Altmann et al., Nucleosides Nucleotides, 1997, 16, 917-926).

[0239] As used herein, a "modified tetrahydropyran nucleoside" or "modified THP nucleoside"
means a nucleoside having a six-membered tetrahydropyran "sugar" substituted in for the
pentofuranosyl residue in normal nucleosides (a sugar surrogate). Modified THP nucleosides
include, but are not limited to, what is referred to in the art as hexitol nucleic acid (HNA), anitol
nucleic acid (ANA), manitol nucleic acid (MNA) (see Leumann, Bioorg. Med. Chem., 2002, 10,
841-854), fluoro HNA (F-HNA) or those compounds having Formula VII:

4 qs
Ta-O 0 a3
q7 71
q6 Bx
0 .
Tb/ R) R, %5

VII
wherein independently for each of said at least one tetrahydropyran nucleoside analog of

Formula VII:
Bx is a heterocyclic base moiety;

Tgand Ty are each, independently, an internucleoside linking group linking the tetrahydropyran
nucleoside analog to the antisense compound or one of T; and Ty, is an internucleoside linking
group linking the tetrahydropyran nucleoside analog to the antisense compound and the other
of T4 and Ty is H, a hydroxyl protecting group, a linked conjugate group or a 5' or 3'-terminal

group,

q1, 92, 93, 94, 95, g and q7 are each independently, H, C4-Cg alkyl, substituted C4-Cg alkyl, Co-
Cg alkenyl, substituted Co-Cg alkenyl, Co-Cg alkynyl or substituted Co>-Cg alkynyl; and each of
R1 and Ry is selected from hydrogen, hydroxyl, halogen, substituted or unsubstituted alkoxy,
NJ1Jg, SJ1, N3, OC(=X)J1, OC(=X)NJ1J2, NJ3C(=X)NJ1J2 and CN, wherein X is O, S or NJ1 and
each J1, Jo and Js is, independently, H or C1-Cg alkyl.

[0240] In certain embodiments, the modified THP nucleosides of Formula VIl are provided
wherein q1, 92, 3, 94, 95, g and q7 are each H. In certain embodiments, at least one of q4, q,

g3, 94, 95, Qg and q7 is other than H. In certain embodiments, at least one of q1, qo, q3, q4, gs,

gs and q7 is methyl. In certain embodiments, THP nucleosides of Formula VIl are provided
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wherein one of Ry and Ry is fluoro. In certain embodiments, R4 is fluoro and Ry is H; Ry is

methoxy and Ry is H, and R4 is H and R, is methoxyethoxy.

[0241] As used herein, "2'-modified" or "2'-substituted” refers to a nucleoside comprising a
sugar comprising a substituent at the 2' position other than H or OH. 2'-modified nucleosides,
include, but are not limited to, bicyclic nucleosides wherein the bridge connecting two carbon
atoms of the sugar ring connects the 2' carbon and another carbon of the sugar ring; and
nucleosides with non-bridging 2'substituents, such as allyl, amino, azido, thio, O-allyl, O-C¢-Cqq
alkyl, -OCF3, O-(CH)>-O-CH3, 2'-O(CH2)oSCH3, O-(CH5)o-O-N(Rp)(R;), or O-CHx>-C(=0)-
N(Rm)(R;), where each Ry, and Ry, is, independently, H or substituted or unsubstituted C¢-C4q

alkyl. 2'-modifed nucleosides may further comprise other modifications, for example at other
positions of the sugar and/or at the nucleobase.

[0242] As used herein, "2'-F" refers to a nucleoside comprising a sugar comprising a fluoro
group at the 2' position.

[0243] As used herein, "2'-OMe" or "2'-OCHj3" or "2'-O-methyl" each refers to a nucleoside

comprising a sugar comprising an -OCHs; group at the 2' position of the sugar ring.

[0244] As used herein, "MOE" or "2'-MOE" or "2'-OCH>CH>0CH3" or "2'-O-methoxyethyl" each
refers to a nucleoside comprising a sugar comprising a -OCH>CH,OCH3 group at the 2'

position of the sugar ring.

[0245] As used herein, "oligonucleotide" refers to a compound comprising a plurality of linked
nucleosides. In the invention, one or more of the plurality of nucleosides is modified. In certain
embodiments, an oligonucleotide comprises one or more ribonucleosides (RNA) and/or
deoxyribonucleosides (DNA).

[0246] Many other bicyclo and tricyclo sugar surrogate ring systems are also known in the art
that can be used to modify nucleosides for incorporation into antisense compounds (see for
example review article: Leumann, Bioorg. Med. Chem., 2002, 10, 841-854). Such ring systems
can undergo various additional substitutions to enhance activity.

[0247] Methods for the preparations of modified sugars are well known to those skilled in the
art.

[0248] In nucleotides having modified sugar moieties, the nucleobase moieties (natural,
modified or a combination thereof) are maintained for hybridization with an appropriate nucleic
acid target.

[0249] In certain embodiments, antisense compounds comprise one or more nucleosides
having modified sugar moieties. In certain embodiments, the modified sugar moiety is 2'-MOE.
In certain embodiments, the 2'-MOE modified nucleosides are arranged in a gapmer motif. In
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certain embodiments, the modified sugar moiety is a bicyclic nucleoside having a (4'-CH(CH3)-
0-2") bridging group. In certain embodiments, the (4'-CH(CH3)-0O-2') modified nucleosides are

arranged throughout the wings of a gapmer motif.

Compositions and Methods for Formulating Pharmaceutical Compositions

[0250] Antisense oligonucleotides may be admixed with pharmaceutically acceptable active or
inert substances for the preparation of pharmaceutical compositions or formulations.
Compositions and methods for the formulation of pharmaceutical compositions are dependent
upon a number of criteria, including, but not limited to, route of administration, extent of
disease, or dose to be administered.

[0251] An antisense compound targeted to a C9ORF72 nucleic acid can be utilized in
pharmaceutical compositions by combining the antisense compound with a suitable
pharmaceutically acceptable diluent or carrier. A pharmaceutically acceptable diluent includes
phosphate-buffered saline (PBS). PBS is a diluent suitable for use in compositions to be
delivered parenterally. Accordingly, in one instance, employed in the methods described herein
is a pharmaceutical composition comprising an antisense compound targeted to a COORF72
nucleic acid and a pharmaceutically acceptable diluent. In certain instances, the
pharmaceutically acceptable diluent is PBS. In the invention, the antisense compound is a
modified antisense oligonucleotide.

[0252] Pharmaceutical compositions comprising antisense compounds encompass any
pharmaceutically acceptable salts, esters, or salts of such esters, or any other oligonucleotide
which, upon administration to an animal, including a human, is capable of providing (directly or
indirectly) the biologically active metabolite or residue thereof. Accordingly, for example, the
disclosure is also drawn to pharmaceutically acceptable salts of antisense compounds,
prodrugs, pharmaceutically acceptable salts of such prodrugs, and other bioequivalents.
Suitable pharmaceutically acceptable salts include, but are not limited to, sodium and
potassium salts.

[0253] A prodrug can include the incorporation of additional nucleosides at one or both ends of
an antisense compound which are cleaved by endogenous nucleases within the body, to form
the active antisense compound.

Conjugated Antisense Compounds

[0254] Antisense compounds may be covalently linked to one or more moieties or conjugates
which enhance the activity, cellular distribution or cellular uptake of the resulting antisense
oligonucleotides. Typical conjugate groups include cholesterol moieties and lipid moieties.
Additional conjugate groups include carbohydrates, phospholipids, biotin, phenazine, folate,
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phenanthridine, anthraquinone, acridine, fluoresceins, rhodamines, coumarins, and dyes.

[0255] Antisense compounds can also be modified to have one or more stabilizing groups that
are generally attached to one or both termini of antisense compounds to enhance properties
such as, for example, nuclease stability. Included in stabilizing groups are cap structures.
These terminal modifications protect the antisense compound having terminal nucleic acid
from exonuclease degradation, and can help in delivery and/or localization within a cell. The
cap can be present at the 5'-terminus (5'-cap), or at the 3'-terminus (3'-cap), or can be present
on both termini. Cap structures are well known in the art and include, for example, inverted
deoxy abasic caps. Further 3' and 5'-stabilizing groups that can be used to cap one or both
ends of an antisense compound to impart nuclease stability include those disclosed in WO
03/004602 published on January 16, 2003.

Cell culture and antisense compounds treatment

[0256] The effects of antisense compounds on the level, activity or expression of COORF72
nucleic acids can be tested in vitro in a variety of cell types. Cell types used for such analyses
are available from commerical vendors (e.g. American Type Culture Collection, Manassus, VA,
Zen-Bio, Inc., Research Triangle Park, NC; Clonetics Corporation, Walkersville, MD) and are
cultured according to the vendor's instructions using commercially available reagents (e.g.
Invitrogen Life Technologies, Carlsbad, CA). lllustrative cell types include, but are not limited to,
HepG2 cells, Hep3B cells, and primary hepatocytes.

In vitro testing of antisense oligonucleotides

[0257] Described herein are methods for treatment of cells with antisense oligonucleotides,
which can be modified appropriately for treatment with other antisense compounds.

[0258] In general, cells are treated with antisense oligonucleotides when the cells reach
approximately 60-80% confluency in culture.

[0259] One reagent commonly used to introduce antisense oligonucleotides into cultured cells
includes the cationic lipid transfection reagent LIPOFECTIN (Invitrogen, Carlsbad, CA).
Antisense oligonucleotides are mixed with LIPOFECTIN in OPTI-MEM 1 (Invitrogen, Carlsbad,
CA) to achieve the desired final concentration of antisense oligonucleotide and a LIPOFECTIN
concentration that typically ranges 2 to 12 ug/mL per 100 nM antisense oligonucleotide.

[0260] Another reagent used to introduce antisense oligonucleotides into cultured cells
includes LIPOFECTAMINE (Invitrogen, Carlsbad, CA). Antisense oligonucleotide is mixed with
LIPOFECTAMINE in OPTI-MEM 1 reduced serum medium (Invitrogen, Carlsbad, CA) to
achieve the desired concentration of antisense oligonucleotide and a LIPOFECTAMINE
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concentration that typically ranges 2 to 12 ug/mL per 100 nM antisense oligonucleotide.

[0261] Another technique used to introduce antisense oligonucleotides into cultured cells
includes electroporation.

[0262] Cells are treated with antisense oligonucleotides by routine methods. Cells are typically
harvested 16-24 hours after antisense oligonucleotide treatment, at which time RNA or protein
levels of target nucleic acids are measured by methods known in the art and described herein.
In general, when treatments are performed in multiple replicates, the data are presented as
the average of the replicate treatments.

[0263] The concentration of antisense oligonucleotide used varies from cell line to cell line.
Methods to determine the optimal antisense oligonucleotide concentration for a particular cell
line are well known in the art. Antisense oligonucleotides are typically used at concentrations
ranging from 1 nM to 300 nM when transfected with LIPOFECTAMINE. Antisense
oligonucleotides are used at higher concentrations ranging from 625 to 20,000 nM when
transfected using electroporation.

RNA Isolation

[0264] RNA analysis can be performed on total cellular RNA or poly(A)+mRNA. Methods of
RNA isolation are well known in the art. RNA is prepared using methods well known in the art,
for example, using the TRIZOL Reagent (Invitrogen, Carlsbad, CA) according to the
manufacturer's recommended protocols.

Analysis of inhibition of target levels or expression

[0265] Inhibition of levels or expression of a COORF72 nucleic acid can be assayed in a variety
of ways known in the art. For example, target nucleic acid levels can be quantitated by, e.g.,
Northern blot analysis, competitive polymerase chain reaction (PCR), or quantitaive real-time
PCR. RNA analysis can be performed on total cellular RNA or poly(A)+mRNA. Methods of RNA
isolation are well known in the art. Northern blot analysis is also routine in the art. Quantitative
real-time PCR can be conveniently accomplished using the commercially available ABI PRISM
7600, 7700, or 7900 Sequence Detection System, available from PE-Applied Biosystems,
Foster City, CA and used according to manufacturer's instructions.

Quantitative Real-Time PCR Analysis of Target RNA Levels

[0266] Quantitation of target RNA levels may be accomplished by quantitative real-time PCR
using the ABI PRISM 7600, 7700, or 7900 Sequence Detection System (PE-Applied
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Biosystems, Foster City, CA) according to manufacturer's instructions. Methods of quantitative
real-time PCR are well known in the art.

[0267] Prior to real-time PCR, the isolated RNA is subjected to a reverse transcriptase (RT)
reaction, which produces complementary DNA (cDNA) that is then used as the substrate for
the real-time PCR amplification. The RT and real-time PCR reactions are performed
sequentially in the same sample well. RT and real-time PCR reagents are obtained from
Invitrogen (Carlsbad, CA). RT real-time-PCR reactions are carried out by methods well known
to those skilled in the art.

[0268] Gene (or RNA) target quantities obtained by real time PCR are normalized using either
the expression level of a gene whose expression is constant, such as cyclophilin A, or by
quantifying total RNA using RIBOGREEN (Invitrogen, Inc. Carlsbad, CA). Cyclophilin A
expression is quantified by real time PCR, by being run simultaneously with the target,
multiplexing, or separately. Total RNA is quantified using RIBOGREEN RNA quantification
reagent (Invetrogen, Inc. Eugene, OR). Methods of RNA quantification by RIBOGREEN are
taught in Jones, L.J., et al, (Analytical Biochemistry, 1998, 265, 368-374). A CYTOFLUOR
4000 instrument (PE Applied Biosystems) is used to measure RIBOGREEN fluorescence.

[0269] Probes and primers are designed to hybridize to a C9ORF72 nucleic acid. Methods for
designing real-time PCR probes and primers are well known in the art, and may include the
use of software such as PRIMER EXPRESS Software (Applied Biosystems, Foster City, CA).

Analysis of Protein Levels

[0270] Antisense inhibition of C9ORF72 nucleic acids can be assessed by measuring
C90RF72 protein levels. Protein levels of C9ORF72 can be evaluated or quantitated in a
variety of ways well known in the art, such as immunoprecipitation, Western blot analysis
(immunoblotting), enzyme-linked immunosorbent assay (ELISA), quantitative protein assays,
protein activity assays (for example, caspase activity assays), immunohistochemistry,
immunocytochemistry or fluorescence-activated cell sorting (FACS). Antibodies directed to a
target can be identified and obtained from a variety of sources, such as the MSRS catalog of
antibodies (Aerie Corporation, Birmingham, MI), or can be prepared via conventional
monoclonal or polyclonal antibody generation methods well known in the art. Antibodies useful
for the detection of mouse, rat, monkey, and human C90ORF72 are commercially available.

In vivo testing of antisense compounds

[0271] Antisense compounds, for example, antisense oligonucleotides, are tested in animals to
assess their ability to inhibit expression of C9ORF72 and produce phenotypic changes, such
as, improved motor function and respiration. In certain embodiments, motor function is



DK/EP 2906696 T3

measured by rotarod, grip strength, pole climb, open field performance, balance beam,
hindpaw footprint testing in the animal. In certain embodiments, respiration is measured by
whole body plethysmograph, invasive resistance, and compliance measurements in the
animal. Testing may be performed in normal animals, or in experimental disease models. For
administration to animals, antisense oligonucleotides are formulated in a pharmaceutically
acceptable diluent, such as phosphate-buffered saline. Administration includes parenteral
routes of administration, such as intraperitoneal, intravenous, and subcutaneous. Calculation
of antisense oligonucleotide dosage and dosing frequency is within the abilities of those skilled
in the art, and depends upon factors such as route of administration and animal body weight.
Following a period of treatment with antisense oligonucleotides, RNA is isolated from CNS
tissue or CSF and changes in C9ORF72 nucleic acid expression are measured.

Targeting C9ORF72

[0272] Antisense oligonucleotides described herein may hybridize to a CO9ORF72 nucleic acid
in any stage of RNA processing. For example, described herein are antisense oligonucleotides
that are complementary to a pre-mRNA or a mature mRNA. Additionally, antisense
oligonucleotides described herein may hybridize to any element of a CO9ORF72 nucleic acid.
For example, described herein are antisense oligonucleotides that are complementary to an
exon, an intron, the 5' UTR, the 3' UTR, a repeat region, a hexanucleotide repeat expansion, a
splice junction, an exon:exon splice junction, an exonic splicing silencer (ESS), an exonic
splicing enhancer (ESE), exon 1a, exon 1b, exon 1c, exon Id, exon 1e, exon 2, exon 3, exon 4,
exon 5, exon 6, exon 7, exon 8, exon 9, exon 10, exon 11, intron 1, intron 2, intron 3, intron 4,
intron 5, intron 6, intron 7, intron 8, intron 9, or intron 10 of a C9ORF72 nucleic acid.

[0273] In certain embodiments, antisense oligonucleotides described herein hybridize to all
variants of COQORF72. In certain embodiments, the antisense oligonucleotides described herein
selectively hybridize to certain variants of C9ORF72. In certain embodiments, the antisense
oligonucleotides described herein selectively hybridize to variants of COORF72 containing a
hexanucleotide repeat expansion. In certain embodiments, such variants of C9ORF72
containing a hexanucleotide repeat expansion include SEQ ID NO: 1-3 and 6-10. In certain
embodiments, such hexanucleotide repeat expansion comprises at least 30 repeats of any of
GGGGCC, GGGGGG, GGGGGC, or GGGGCG.

[0274] In certain embodiments, the antisense oligonucleotides described herein inhibit
expression of all variants of COORF72. In certain embodiments, the antisense oligonucleotides
described herein inhibit expression of all variants of COORF72 equally. In certain embodiments,
the antisense oligonucleotides described herein preferentially inhibit expression of certain
variants of COQORF72. In certain embodiments, the antisense oligonucleotides described herein
preferentially inhibit expression of variants of C9ORF72 containing a hexanucleotide repeat
expansion. In certain embodiments, such variants of C9ORF72 containing a hexanucleotide
repeat expansion include SEQ ID NO: 1-3 and 6-10. In certain embodiments, such
hexanucleotide repeat expansion comprises at least 30 repeats of any of GGGGCC,
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GGGGGG, GGGGGC, or GGGGCG. In certain embodiments, the hexanucleotide repeat
expansion forms nuclear foci. Antisense oligonucleotides described herein are useful for
reducing nuclear foci. Nuclear foci may be reduced in terms of percent of cells with foci as well
as number of foci per cell.

[0275] Based on earlier studies directed to repeat expansions, it is not possible to predict if
antisense oligonucleotides targeting C9ORF72 outside of the hexanucleotide repeat expansion
would successfully inhibit expression of COORF72 for two reasons. First, the COORF72 repeat
expansion is located in an intron and it is not known if the RNA in the foci contains only the
repeats or also the flanking intronic sequence. For example, an earlier study on myotonic
dystrophy type 2 (DM2), which is a disease caused by a CCTG expansion mutation in intron 1
of the ZNF9 gene, determined that large DM2 expansions did not prevent allele-specific pre-
mRNA splicing, nuclear export of the transcripts, or steady-state mRNA or protein levels. The
study further demonstrated that the ribonuclear inclusions found associated with the disease
are enriched for the CCUG expansion, but not the flanking intronic sequences. These data
suggest that the downstream molecular effects of the DM2 mutation may be triggered by the
accumulation of CCUG repeat tract alone. Therefore, this study implies that targeting the
CCUG repeat expansion alone would lead to amelioration of the disease, since targeting the
flanking sequences, especially the region downstream of the repeat expansion, would not
affect the formation of ribonuclear inclusions (Margolis et al. Hum. Mol. Genet., 2006, 15:1808-
1815). Second, it is not known how fast intron 1 of COORF72, which contains the repeats, is
excised and accumulates in foci. Thus, it is not possible to predict if targeting the pre-mRNA
would result in elimination of the repeat RNA and foci.

C90FF72 Features

[0276] Antisense oligonucleotides described herein may hybridize to any C9ORF72 variant at
any state of processing within any element of the COORF72 gene. For example, antisense
oligonucleotides described herein may hybridize to an exon, an intron, the 5' UTR, the 3' UTR,
a repeat region, a hexanucleotide repeat expansion, a splice junction, an exon:.exon splice
junction, an exonic splicing silencer (ESS), an exonic splicing enhancer (ESE), exon 1a, exon
1b, exon 1c, exon Id, exon 1e, exon 2, exon 3, exon 4, exon 5, exon 6, exon 7, exon 8, exon 9,
exon 10, exon 11, intron 1, intron 2, intron 3, intron 4, intron 5, intron 6, intron 7, intron 8, intron
9, or intron 10. For example, antisense oligonucleotides may target any of the exons
characterized below in Tables 1-5 for the various COORF72 variants described below.
Antisense oligonucleotides described herein may also target variants not characterized below
and such variants are characterized in GENBANK. Moreover, antisense oligonucleotides
described herein may also target elements other than exons and such elements are
characterized in GENBANK.

Table 1
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Functional Segments for NM_001256054.1 (SEQ ID NO: 1)

Exon mMRNA mMRNA | Start site in reference § Stop site in reference
Number | start site { stop site to SEQ ID NO: 2 to SEQ ID NO: 2
exon 1C 1 158 1137 1294

exon 2 159 646 7839 8326

exon 3 647 706 9413 9472

exon 4 707 802 12527 12622

exon 5 803 867 13354 13418

exon 6 868 940 14704 14776

exon 7 941 1057 16396 16512

exon 8 1058 1293 18207 18442

exon 9 1294 1351 24296 24353
exon 10 1352 1461 26337 26446
exon 11 1462 3339 26581 28458

Table 2
Functional Segments forNM_018325.3 (SEQ ID NO: 4)

Exon mMRNA mMRNA | Start site in reference | Stop site in reference
Number | start site { stop site to SEQ ID NO: 2 to SEQ ID NO: 2
exon 1B 1 63 1510 1572

exon 2 64 551 7839 8326

exon 3 552 611 9413 9472

exon 4 612 707 12527 12622

exon 5 708 772 13354 13418

exon 6 773 845 14704 14776

exon 7 846 962 16396 16512

exon 8 963 1198 18207 18442

exon 9 1199 1256 24296 24353
exon 10 1257 1366 26337 26446

exon 11 1367 3244 26581 28458
Table 3

Functional Segments for NM_145005.5 (SEQ ID NO: 6)
Exon Number sgft':ﬁe sm‘;'\;ﬁe refs::r:tczli?) IQEQ refgrt:rlloczltt?) IQEQ
ID NO: 2 ID NO: 2
exon 1A 1 80 1137 1216
exon 2 81 568 7839 8326
exon 3 569 628 9413 9472
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Functional Segments for NM_145005.5 (SEQ ID NO: 6)

Start site in Stop site in
Exon Number sgft':ﬁe s&Rgﬁe reference to SEQ  reference to SEQ
P ID NO: 2 ID NO: 2
exon 4 629 724 12527 12622
exon 5B (exon 5
into intron 5) 725 1871 13354 14500
Table 4
Functional Segments for DB079375.1 (SEQ ID NO: 7)
Start site in Stop site in
Exon Number s::;rl?t':ﬁe sE])R':ﬁe reference to SEQ | reference to SEQ
P ID NO: 2 ID NO: 2
exon 1E 1 35 1135 1169
exon 2 36 524 7839 8326
exon 3 (EST ends
before end of full 525 562 9413 9450
exon)
Table 5
Functional Segments for BU194591.1 (SEQ ID NO: 8)
Start site in Stop site in
Exon Number sgft':ﬁe s::])m;ﬁe reference to SEQ  reference to SEQ
P ID NO: 2 ID NO: 2
exon 1D 1 36 1241 1279
exon 2 37 524 7839 8326
exon 3 525 584 9413 9472
exon 4 585 680 12527 12622
exon 5B (exon 51 4q 798 13354 13465
into intron 5)

Certain Indications

[0277] In certain instances, disclosed herein are methods of treating an individual comprising
administering one or more pharmaceutical compositions described herein. In certain instances,
the individual has a neurodegenerative disease. In certain instances, the individual can be at
risk for developing a neurodegenerative disease, including, but not limited to, ALS or FTD. The
individual may have been identified as having a C9ORF72 associated disease. The individual
may have been identified as having a C9ORF72 hexanucleotide repeat expansion associated
disease. Disclosed herein are methods for prophylactically reducing COORF72 expression in
an individual. Certain instances include treating an individual in need thereof by administering
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to an individual a therapeutically effective amount of an antisense compound targeted to a
C90RF72 nucleic acid.

[0278] In one instance, administration of a therapeutically effective amount of an antisense
compound targeted to a C9ORF72 nucleic acid is accompanied by monitoring of COORF72
levels in an individual, to determine an individual's response to administration of the antisense
compound. An individual's response to administration of the antisense compound may be used
by a physician to determine the amount and duration of therapeutic intervention.

[0279] In certain instances, administration of an antisense compound targeted to a CO9ORF72
nucleic acid results in reduction of COORF72 expression by at least 15, 20, 25, 30, 35, 40, 45,
50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 99%, or a range defined by any two of these values. In
certain instances, administration of an antisense compound targeted to a C9ORF72 nucleic
acid results in improved motor function and respiration in an animal. In certain instances,
administration of a COORF72 antisense compound improves motor function and respiration by
at least 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 99%, or a range
defined by any two of these values.

[0280] In certain instances, pharmaceutical compositions comprising an antisense compound
targeted to C90ORF72 are used for the preparation of a medicament for treating a patient
suffering or susceptible to a neurodegenerative disease including ALS and FTD.

Certain Combination Therapies

[0281] In certain instances, one or more pharmaceutical compositions described herein are
co-administered with one or more other pharmaceutical agents. In certain instances, such one
or more other pharmaceutical agents are designed to treat the same disease, disorder, or
condition as the one or more pharmaceutical compositions described herein. In certain
instances, such one or more other pharmaceutical agents are designed to treat a different
disease, disorder, or condition as the one or more pharmaceutical compositions described
herein. In certain instances, such one or more other pharmaceutical agents are designed to
treat an undesired side effect of one or more pharmaceutical compositions described herein. In
certain instances, one or more pharmaceutical compositions described herein are co-
administered with another pharmaceutical agent to treat an undesired effect of that other
pharmaceutical agent. In certain instances, one or more pharmaceutical compositions
described herein are co-administered with another pharmaceutical agent to produce a
combinational effect. In certain instances, one or more pharmaceutical compositions described
herein are co-administered with another pharmaceutical agent to produce a synergistic effect.

[0282] In certain instances, one or more pharmaceutical compositions described herein and
one or more other pharmaceutical agents are administered at the same time. In certain
instances, one or more pharmaceutical compositions described herein and one or more other
pharmaceutical agents are administered at different times. In certain instances, one or more
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pharmaceutical compositions described herein and one or more other pharmaceutical agents
are prepared together in a single formulation. In certain instances, one or more pharmaceutical
compositions described herein and one or more other pharmaceutical agents are prepared
separately.

[0283] In certain instances, pharmaceutical agents that may be co-administered with a
pharmaceutical composition described herein include Riluzole (Rilutek), Lioresal (Lioresal), and
Dexpramipexole.

[0284] In certain instances, pharmaceutical agents that may be co-administered with a
CO0RF72 specific inhibitor described herein include, but are not limited to, an additional
C90ORF72 inhibitor. In certain instances, the co-adminstered pharmaceutical agent is
administered prior to administration of a pharmaceutical composition described herein. In
certain instances, the co-administered pharmaceutical agent is administered following
administration of a pharmaceutical composition described herein. In certain instances the co-
administered pharmaceutical agent is administered at the same time as a pharmaceutical
composition described herein. In certain instances the dose of a co-administered
pharmaceutical agent is the same as the dose that would be administered if the co-
administered pharmaceutical agent was administered alone. In certain instances the dose of a
co-administered pharmaceutical agent is lower than the dose that would be administered if the
co-administered pharmaceutical agent was administered alone. In certain instances the dose
of a co-administered pharmaceutical agent is greater than the dose that would be administered
if the co-administered pharmaceutical agent was administered alone.

[0285] In certain instances, the co-administration of a second compound enhances the effect
of a first compound, such that co-administration of the compounds results in an effect that is
greater than the effect of administering the first compound alone. In other instances, the co-
administration results in effects that are additive of the effects of the compounds when
administered alone. In certain instances, the co-administration results in effects that are supra-
additive of the effects of the compounds when administered alone. In certain instances, the
first compound is an antisense compound. In certain instances, the second compound is an
antisense compound.

EXAMPLES

Non-limiting disclosure

[0286] While certain compounds, compositions, and methods described herein have been
described with specificity in accordance with certain embodiments, the following examples
serve only to illustrate the compounds described herein and are not intended to limit the same.

Example 1: Antisense inhibition of human C9ORF72 in HepG2 cells
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[0287] Antisense oligonucleotides were designed targeting a C9ORF72 nucleic acid and were
tested for their effects on COORF72 mRNA in vitro. The antisense oligonucleotides were tested
in a series of experiments that had similar culture conditions. The results for each experiment
are presented in separate tables shown below. Cultured HepG2 cells at a density of 20,000
cells per well were transfected using electroporation with 7,000 nM antisense oligonucleotide.
After a treatment period of approximately 24 hours, RNA was isolated from the cells and
C90RF72 mRNA levels were measured by quantitative real-time PCR. Human primer probe
set RTS3750 (forward sequence TGTGACAGTTGGAATGCAGTGA, designated herein as SEQ
ID NO: 15; reverse sequence GCCACTTAAAGCAATCTCTGTCTTG, designated herein as SEQ
ID NO: 16; probe sequence TCGACTCTTTGCCCACCGCCA, designated herein as SEQ ID
NO: 17) was used to measure mRNA levels. COORF72 mRNA levels were adjusted according
to total RNA content, as measured by RIBOGREEN®. Results are presented as percent
inhibition of COORF72, relative to untreated control cells.

[0288] The antisense oligonucleotides in Tables 6-8 were designed as 5-10-5 MOE gapmers.
The gapmers are 20 nucleosides in length, wherein the central gap segment comprises ten 2'-
deoxynucleosides and is flanked by wing segments on both the 5' end and on the 3' end
comprising five nucleosides each. Each nucleoside in the 5 wing segment and each
nucleoside in the 3' wing segment has a MOE modification. The internucleoside linkages
throughout each gapmer are phosphorothioate linkages. All cytosine residues throughout each
gapmer are 5-methylcytosines. "Start site" indicates the 5'-most nucleoside to which the
antisense oligonucleotide is targeted in the human gene sequence. "Stop site" indicates the 3'-
most nucleoside to which the antisense oligonucleotide is targeted human gene sequence.
Each antisense oligonucleotide listed in Tables 6-7 is targeted to the either human C9ORF72
mRNA sequence, designated herein as SEQ ID NO: 1 (GENBANK Accession No.
NM_001256054.1) or the human C9ORF72 genomic sequence, designated herein as SEQ ID
NO: 2 (the complement of GENBANK Accession No. NT_008413.18 truncated from
nucleosides 27535000 to 27565000), or both. 'n/a' indicates that the antisense oligonucleotide
did not target that particular gene sequence. The antisense oligonucleotides of Table 8 are
targeted to either SEQ ID NO: 3 (GENBANK Accession No. BQ068108.1) or SEQ ID NO: 4
(GENBANK Accession No. NM_018325.3).

Table 6
ISIS No % inhibition
576816 78
576860 79
Table 7
ISIS No % inhibition
576974 56

Table 8
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ISIS No % inhibition
576816 90
577061 28
577065 0
577083 70

Example 2: Dose-dependent antisense inhibition of human C9ORF72 in HepG2 cells

[0289] Antisense oligonucleotides from the study described above exhibiting significant in vitro
inhibition of COORF72 mRNA were selected and tested at various doses in HepG2 cells. The
antisense oligonucleotides were tested in a series of experiments that had similar culture
conditions. The results for each experiment are presented in separate tables shown below.
Cells were plated at a density of 20,000 cells per well and transfected using electroporation
with 82.3 nM, 246.9 nM, 740.7 nM, 2,222.2 nM, 6,666.7 nM, or 20,000 nM concentrations of
antisense oligonucleotide. After a treatment period of approximately 16 hours, RNA was
isolated from the cells and C9ORF72 mRNA levels were measured by quantitative real-time
PCR. Human C90ORF72 primer probe set RTS3750 was used to measure mRNA levels.
CO90ORF72 mRNA levels were adjusted according to total RNA content, as measured by
RIBOGREEN®. Results are presented as percent inhibition of COORF72, relative to untreated
control cells.

[0290] The half maximal inhibitory concentration (ICgg) of each oligonucleotide is also

presented in Tables 9-10. As illustrated, C9ORF72 mRNA levels were reduced in a dose-
dependent manner in the antisense oligonucleotide treated cells.

Table 9
ISIS 82.3 246.9 740.7 2222.2 6666.7 20000.0 IC50 (uM)
No nM nM nM nM nM nM
576816 5 23 49 76 91 96 0.9
576860 9 24 54 70 83 87 1.0
Table 10
ISIS 82.3 246.9 740.7 2222.2 6666.7 20000.0 IC50 (M)
No nM nM nM nM nM nM
576974 25 45 65 70 65 78 0.5
576816 18 36 53 82 91 95 0.6
577083 0 0 24 50 73 74 3.0

Example 3: Dose-dependent antisense inhibition of human C9ORF72 in HepG2 cells
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[0291] Antisense oligonucleotides from the study described above exhibiting significant in vitro
inhibition of COORF72 mRNA were selected and tested at various doses in HepG2 cells. The
antisense oligonucleotides were tested in a series of experiments that had similar culture
conditions. The results for each experiment are presented in separate tables shown below.
Cells were plated at a density of 20,000 cells per well and transfected using electroporation
with 246.9 nM, 740.7 nM, 2,222.2 nM, 6,666.7 nM, or 20,000 nM concentrations of antisense
oligonucleotide. After a treatment period of approximately 16 hours, RNA was isolated from the
cells and C9ORF72 total mRNA levels, as well as mRNA levels of the exon 1 transcript, were
measured by quantitative real-time PCR. Human C9ORF72 primer probe set RTS3750 was
used to measure total COORF72 mRNA levels. Primer probe set RTS3905 (forward sequence
GGGTCTAGCAAGAGCAGGTG, designated herein as SEQ ID NO: 18; reverse sequence
GTCTTGGCAACAGCTGGAGAT, designated herein as SEQ ID NO: 19; probe sequence
TGATGTCGACTCTTTGCCCACCGC, designated herein as SEQ ID NO: 20) was used to
measure exon 1 message transcript. COORF72 mRNA levels were adjusted according to total
RNA content, as measured by RIBOGREEN®. Results are presented as percent inhibition of
C90RF72, relative to untreated control cells.

[0292] The half maximal inhibitory concentration (ICsg) of each oligonucleotide is also
presented in Tables 11 and 12. As illustrated, COORF72 mRNA levels were reduced in a dose-
dependent manner in the antisense oligonucleotide treated cells. 'n.d." indicates that there is
no data for that particular dose.

Table 11

% inhibition of total COORF72 mRNA levels

ISIS No | 246.9 nM { 740.7 nM { 2222.2 nM ; 6666.7 nM | 20000.0 nM § IC5¢ (UM)
576816 29 53 84 90 92 0.60
576860 25 53 72 86 85 0.80
576974 36 49 64 65 68 0.95
577061 0 3 0 4 0 >20.00
577065 7 0 1 6 0 >20.00
577083 0 19 55 71 75 3.35
Table 12

% inhibition of COORF72 exon 1 mRNA levels
ISIS No { 246.9 nM { 740.7 nM | 2222.2 nM | 6666.7 nM { 20000.0 nM ; IC5o (MM)

576816 45 78 93 n.d. n.d. 0.26
576860 43 36 71 95 91 0.66
577061 8 36 70 67 76 2.03
577065 20 55 67 82 62 1.06

577083 30 43 85 88 92 0.71




DK/EP 2906696 T3

Example 4: Effect of antisense inhibition of human C9ORF72 in ALS patient primary
fibroblasts

[0293] Antisense oligonucleotides, from the studies described above and targeting various
regions of the C9ORF72 gene (SEQ ID NO: 2), were tested in ALS patient primary fibroblasts.
The target location of each antisense oligonucleotide is specified in Table 13 below. As
observed from the Table, several of the antisense oligonucleotides target intron 1 and,
therefore, the pre-mRNA sequence of CO9ORF72. Intron 1 contains a hexanucleotide repeat
(GGGGCC), which is expanded to at least 30 repeats in a pathogenic cell (Renton et al.,
Neuron, 2011, 72, 257-268).

Table 13
Location of antisense oligonucleotides targeting SEQ ID NO: 1
ISIS No Location
577061 Intron 1
577065 Intron 1
577083 Intron 1
576816 Exon 2
576860 Intron 5
576974 Exon 11

[0294] The effect of treatment of antisense oligonucleotide targeting COORF72 was assessed
in primary fibroblasts derived from ALS patients. Primary fibroblasts derived from skin biopsy of
a human ALS patient (Dr John Ravits lab) were plated in DMEM medium supplemented with
20% fetal bovine serum. The cells were treated with the antisense oligonucleotides targeting
C90RF72 at 25 nM concentration for 4 hrs. A set of cells was treated with a control
oligonucleotide (ASO control), with no known human target, and served as a negative control.
After 24 hrs of transfection, the cells were harvested in TriZol reagent for RNA quantification,
or were fixed with 4% paraformaldehyde for in situ hybridization.

RNA analysis

[0295] The cells were harvested and levels of certain mRNA variants of COORF72, as well as
total C9O0RF72 mRNA were analyzed. The mRNA variants measured were SEQ ID NO: 1
(variant 3) and SEQ ID NO: 6 (variant 2). As presented in Tables 1 and 3 listed above, SEQ ID
NOs 1 and 6 encode portions of the C9ORF72 sequence that include intron 1. Because intron
1 includes the hexanucleotide repeat, reducing mRNA levels of these variants are therapeutic
in pathogenic cells (cells containing hexanucleotide repeat expansions of more than 30
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repeats). Certain other mRNA variants do not include the hexanucleotide repeat; for example,
SEQ ID NO: 4. Therefore, it is possible to preferentially inhibit certain C9ORF72 variants by
designing antisense oligonucleotides to target certain regions of the target COORF72 nucleic
acid, such as, for example intron 1.

[0296] The levels of SEQ ID NO: 1 and 6 (variants 3 and 2, respectively) were measured in
combination by primer probe set RTS3905, which targets exon 1. The level of total C9orf72
mRNA was measured by primer probe set RTS3750, which targets exon 2. The data is
presented in Table 14. As compared to PBS control, Isis 577061 and Isis 577065 (each
targeting Intron 1) reduced expression of variant 2/3 RNA by over 90% and reduced total RNA
by 18% and 8%, respectively. Isis 577083 (targeting intron 1), Isis 576816 (targeting exon 2),
Isis 576860 (targeting exon 5), and lIsis 576974 (targeting exon 11) achieved between 75%
and 96% inhibition of variant 2/3 RNA expression and total RNA expression. The ASO control
did not significantly inhibit RNA levels, as expected.

Table 14
Percent inhibition, compared to the PBS control, of RNA levels of C90RF72 in
primary fibroblasts

Oligo ID Location Variant 2/3 Total RNA
ASO control n/a 13 3
577061 Intron 1 95 18
577065 Intron 1 96 8
577083 Intron 1 89 81
576816 Exon 2 96 95
576860 Intron 5 81 75
576974 Exon 11 85 77

Analysis of C9ORF72 RNA foci

[0297] In recent years, intracellular accumulation of expanded nucleotide repeats as RNA foci
in the nucleus of affected cells has emerged as an important disease mechanism in
frontotemporal dementia and ALS patients (DeJesus-Hernandez, M. et al., Neuron. 2011. 72:
245-56). C90RF72 nuclear foci were detected wusing FISH with (5 TYE563-
CCCCGGCCCCGGCCCC) (SEQ ID NO: 23) LNA probe (Exiqon). The data for the percentage
of cells with foci is presented in Table 15. The results indicate that antisense oligonucleotides
targeting C9ORF72 RNA decreased the percentage of cells containing COORF72 RNA foci.

[0298] Single and multiple RNA foci are detected in patient fibroblasts. The numbers of cells
with single or multiple foci from fibroblasts that were treated with I1SIS 576816 or the ASO
control were counted. The data is presented in Table 16, and indicates that the antisense
oligonucleotide targeting C9ORF72 reduced the number of foci per cell compared to the ASO
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control.
Table 15
Percent of primary fibroblasts with foci
% cells
PBS 37
ASO control 38
577061 9
577065 6
577083 6
576816 9
576860 12
576974 12
Table 16
Number of cells with single of multiple foci
Foci# 576816-treated ASO Control
0 82 66
1 14 10
2 2 9
3 2 5
4 0 5
5 0 2
6 0 0
7 0 0
8 0 2
9 0 0
10+ 0 1

Example 5: Effect of siRNA inhibition of human C90ORF72 in ALS patient primary

fibroblasts

[0299] siRNA targeting C9ORF72 and control siRNA targeting GAPDH were obtained from
Thermo Scientific Dharmacon (On-Target plus Smartpool). The effect of treatment of siRNA in
ALS patient fibroblasts was assessed.

[0300] Primary fibroblasts derived from a skin biopsy of a human ALS patients were plated in
DMEM medium supplemented with 20% fetal bovine serum. The cells were treated with the
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siRNA targeting COORF72 at 40 nM concentration for 4 hrs. A set of cells was also treated with
siRNA targeting GAPDH at 40 nM concentration for 4 hrs and served as the control. After
transfection for 24 hrs, the cells were harvested in TriZol reagent for RNA quantification, or
were fixed with 4% paraformaldehyde for in situ hybridization.

[0301] Total CO9ORF72 RNA levels were measured using a primer set (Forward:
TCCTGTAATGGAACTGCTTTCA, designated herein as SEQ ID NO: 21; Reverse:
GGTATCTGCTTCATCCAGCTTT, designated herein as SEQ ID NO: 22). siRNA treatment
resulted in 73% inhibition of total COORF72 RNA levels compared to the control.

[0302] COORF72 nuclear foci were detected wusing FISH with (5TYE563-
CCCCGGCCCCGGCCCC)(SEQ ID NO: 23) LNA probe (Exigon). The data is presented in
Table 17. The results indicate that siRNA treatment against COORF72 does not reduce nuclear
foci in the fibroblasts compared to the control.

Table 17
Percentage of cells with foci
% cells
siRNA-GAPDH 28
siRNA-C9ORF72 31

Example 6: In vivo rodent inhibition and tolerability with treatment of C90ORF72
antisense oligonucleotides

[0303] In order to assess the tolerability of inhibition of C9orf72 expression in vivo, antisense
oligonucleotides targeting a murine C9orf72 nucleic acid were designed and assessed in
mouse and rat models.

[0304] ISIS 571883 was designed as a 5-10-5 MOE gapmer, 20 nucleosides in length, wherein
the central gap segment comprises ten 2'-deoxynucleosides and is flanked by wing segments
on both the 5' end and on the 3' end comprising five nucleosides each. Each nucleoside in the
5' wing segment and each nucleoside in the 3' wing segment has a MOE modification. The
internucleoside linkages are phosphorothioate linkages. All cytosine residues throughout the
gapmer are 5-methylcytosines. I1SIS 571883 has a target start site of nucleoside 33704 on the
murine C90ORF72 genomic sequence, designated herein as SEQ ID NO: 11 (the complement
of GENBANK Accession No. NT_166289.1 truncated from nucleosides 3587000 to 3625000).

[0305] ISIS 603538 was designed as a 5-10-5 MOE gapmer, 20 nucleosides in length, wherein
the central gap segment comprises ten 2'-deoxynucleosides and is flanked by wing segments
on both the 5' end and on the 3' end comprising five nucleosides each. Each nucleoside in the
5' wing segment and each nucleoside in the 3' wing segment has a MOE modification. The
internucleoside linkages are either phosphorothioate linkages or phosphate ester linkages (Gs
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Ao Co Co Gs Cs Ts Ts Gs As Gs Ts Ts Ts Gs Co Co Ao Cs A; wherein 's' denotes a
phosphorothioate internucleoside linkage, 'o' denotes a phosphate ester linkage; and A, G, C,
T denote the relevant nucleosides). All cytosine residues throughout the gapmer are 5-
methylcytosines. ISIS 603538 has a target start site of nucleoside 2872 on the rat COORF72
mRNA sequence, designated herein as SEQ ID NO: 12 (GENBANK Accession No.
NM_001007702.1).

Mouse experiment 1

[0306] Groups of 4 C57BL/6 mice each were injected with 50 pg, 100 pg, 300 pg, 500 pg, or
700 pg of ISIS 571883 administered via an intracerebroventricular bolus injection. A control
group of four C57/BL6 mice were similarly treated with PBS. Animals were anesthetized with
3% isofluorane and placed in a stereotactic frame. After sterilizing the surgical site, each
mouse was injected -0.2 mm anterio-posterior from the bregma na d 3 mm dorsoventral to the
bregma with the above-mentioned doses of ISIS 571883 using a Hamilton syringe. The incision
was closed with sutures. The mice were allowed to recover for 14 days, after which animals
were euthanized according to a humane protocol approved by the Institutional Animal Care
and Use Committee. Brain and spinal cord tissue were harvested and snap frozen in liquid
nitrogen. Prior to freezing, brain tissue was cut transversely five sections using a mouse brain
matrix.

RNA analysis

[0307] RNA was extracted from a 2-3 mm brain section posterior to the injection site, from
brain frontal cortex and from the lumbar section of the spinal cord tissue for analysis of
C90rf72 mRNA expression. C9orf72 mRNA expression was measured by RT-PCR. The data is
presented in Table 18. The results indicate that treatment with increasing doses of ISIS 571883
resulted in dose-dependent inhibition of C9orf72 mRNA expression.

[0308] The induction of the microglial marker AIF-1 as a measure of CNS toxicity was also
assessed. The data is presented in Table 19. The results indicate that treatment with
increasing doses of ISIS 571883 did not result in significant increases in AIF-1 mRNA
expression. Hence, the injection of ISIS 571883 was deemed tolerable in this model.

Table 18

Percentage inhibition of C9orf72 mRNA expression compared to the PBS control
Dose (ug) Posterior brain Cortex Spinal cord
50 22 8 46
100 22 12 47
300 55 47 67
500 61 56 78
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Percentage inhibition of C9orf72 mRNA expression compared to the PBS control

Dose (ug) Posterior brain Cortex Spinal cord
700 65 65 79
Table 19
Percentage expression of AIF-1 mRNA expression compared to the PBS control

Dose (ug) Posterior brain Spinal cord
50 102 89
100 105 111
300 107 98
500 131 124
700 122 116

Mouse experiment 2

[0309] Groups of 4 C57BL/6 mice each were injected with 500 pg of ISIS 571883 administered
via an intracerebroventricular bolus injection in a procedure similar to that described above. A
control group of four C57/BL6 mice were similarly treated with PBS. The mice were tested at
regular time points after ICV administration.

Behavior analysis

[0310] Two standard assays to assess motor behavior were employed; the rotarod assay and
grip strength assay. In case of the rotarod assays, the time of latency to fall was measured.
The data for the assays is presented in Tables 20 and 21. The results indicate that there were
no significant changes in the motor behavior of the mice as a result of antisense inhibition of
ISIS 571883 or due to the ICV injection. Hence, antisense inhibition of C9orf72 was deemed
tolerable in this model.

Table 20
Latency to fall (sec) in the rotarod assay
Weeks after injection PBS ISIS 571883
0 66 66
4 91 70
8 94 84

Table 21
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Mean hindlimb grip strength (g) in the grip strength assay
Weeks after injection PBS ISIS 571883
0 57 63
1 65 51
2 51 52
3 51 51
4 59 72
5 60 64
6 61 72
7 67 68
8 66 70
9 63 61
10 48 46

Rat experiment

[0311] Groups of 4 Sprague-Dawley rats each were injected with 700 pg, 1,000 pg, or 3,000
pg of ISIS 603538 administered via an intrathecal bolus injection. A control group of four
Sprague-Dawley rats were similarly treated with PBS. Animals were anesthetized with 3%
isofluorane and placed in a stereotactic frame. After sterilizing the surgical site, each rat was
injected with 30 pyL of ASO solution administered via 8 cm intrathecal catheter 2 ¢cm into the
spinal canal with a 50 pL flush. The rats were allowed to recover for 4 weeks, after which
animals were euthanized according to a humane protocol approved by the Institutional Animal
Care and Use Committee.

RNA analysis

[0312] RNA was extracted from a 2-3 mm brain section posterior to the injection site, from
brain frontal cortex, and from the cervical and lumbar sections of the spinal cord tissue for
analysis of C9orf72 mRNA expression. C9orf72 mRNA expression was measured by RT-PCR.
The data is presented in Table 22. The results indicate that treatment with increasing doses of
ISIS 603538 resulted in dose-dependent inhibition of C9orf72 mRNA expression.

[0313] The induction of the microglial marker AIF-1 as a measure of CNS toxicity was also
assessed. The data is presented in Table 23. The results indicate that treatment with
increasing doses of ISIS 603538 did not result in significant increases in AIF-1 mRNA
expression. Hence, the injection of ISIS 603538 was deemed tolerable in this model.
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Table 22
Percentage inhibition of C9orf72 mRNA expression compared to the PBS control
Brain (1 mm Spinal cord Spinal cord
Dose (1g) section) Cortex (lumbar) (cervical)
700 21 4 86 74
1000 53 49 88 82
3000 64 62 88 80
Table 23
Percentage expression of AIF-1 mRNA expression compared to the PBS control
Brain (1 mm Spinal cord Spinal cord
Dose (1g) section) Cortex (lumbar) (cervical)
700 97 119 o8 89
1000 105 113 122 96
3000 109 141 156 115
Body weight analysis

[0314] Body weights of the rats were measured at regular time point intervals. The data is
presented in Table 24. The results indicate that treatment with increasing doses of I1SIS 603538
did not have any significant changes in the body weights of the rats.

Table 24
Body weights of the rats (% initial body weight)
Dose (ug) | Week 1 | Week2 | Week 3 | Week 4 § Week 5
PBS 100 94 103 105 109
700 100 94 98 103 107
ISIS 603538 1000 100 95 97 101 103
3000 100 92 98 102 105

SEQUENCE LISTING

[0315]

<110> Isis Pharmaceuticals, Inc.
Ludwig Institute for Cancer Research
The Regents of the University of California
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<120> METHODS FOR MODULATING G90ORF72 EXPRESSION
<130> BIOLC1214WO

<150>61/714,139
<151>2012-10-15

<160> 35
<170> FastSEQ for Windows Version 4.0

<210>1

<211> 3339
<212>DNA

<213> Homo sapiens

<220>
<221> CDS
<222> (203)...(1648)

<400> 1
acgtaaccta c¢ggtgtcccg ctaggaaaga gaggtgcgtc aaacagcgac aagttccgec 60
cacgtaaaag atgacgcttg gtgtgtcagc cgtccetgcet gcccggttge ttetettttg 120
ggggcggggt ctagcaagag caggtgtggg tttaggagat atctccggag catttggata 180
atgtgacagt tggaatgcag tg atg tcg act ctt tgc cca ccg cca tet cca 232
Met Ser Thr Leu Cys Pro Pro Pro Ser Pro
1 5 10

gct gtt gee aag aca gag att get tta agt gge aaa tca cct tta tta 280
Ala Val Ala Lys Thr Glu Ile Ala Leu Ser Gly Lys Ser Pro Leu Leu
15 20 25

gca gct act ttt gct tac tgg gac aat att ctt ggt ect aga gta agg 328
Ala Ala Thr Phe Ala Tyr Trp Asp Asn Ile Leu Gly Pro Arg Val Arg
30 35 40

cac att tgg gct cca aag aca gaa cag gta ctt ctc agt gat gga gaa 376
His Ile Trp Ala Pro Lys Thr Glu Gln Val Leu Leu Ser Asp Gly Glu
45 50 55

ata act ttt ctt gcc aac cac act cta zat gga gaa atc ctt cga aat 424
Ile Thr Phe Leu Ala Asn His Thr Leu Asn Gly Glu Ile Leu Arg Asn
60 65 70

gca gag agt ggt gct ata gat gta aag ttt ttt gtc ttg tct gaa aag 472
Ala Glu Ser Gly Ala Ile Asp Val Lys Phe Phe Val Leu Ser Glu Lys
75 80 85 90

gga gtg att att gtt tca tta atc ttt gat gga aac tgg aat ggg gat 520
Gly Val Ile Ile Val Ser Leu Ile Phe Asp Gly Asn Trp Asn Gly Asp

95 100 105

cgc agc aca tat gga cta tea att ata ctt cca cag aca gaa ctt agt 568
Arg Ser Thr Tyr Gly Leu Ser Ile Ile Leu Pro Gln Thr Glu Leu Ser
110 115 120

ttc tac ctc ceca ctt cat aga gtg tgt gtt gat aga tta aca cat ata 616
Phe Tyr Leu Pro Leu His Arg Val Cys Val Asp Arg Leu Thr His Ile
125 130 135
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cct
Pro

ggt
Gly

ttg
Leu

gta
Val

aga
Arg
260

tca

Ser

gtg
Val

ata
Ile

cat
His

tgg
Trp
340

act
Thr

cac
His

aaa
Lys

gtc
Val

acg

gaa
Glu

atg
Met
165

att
Ile

gaa
Glu

gac
Asp

caa
Gln

aat
Asn
245

aaa
Lys

g4gg
Gly

ctg
Leu

gat
Asp

att
Tle
325

aga
Arg

gac
Asp

aga
Arg

cco
Pro

ctt
Zeu
405

cag

aga
Arg

=

150

gaa
Glu

cct
Pro

gaa
Glu

agc
Ser

acc
Thr
230

aag
Lys

tgc
Cys

ctc
Leu

cct
Pro

gtg
Val
310

tat
Tyr

gce
Ala

gaa
Glu

gge
Gly
390

cac
His

caa
Gln

gat

=

AsSp

gta
val

ata
Tle

tgt
Cys
215

tgt
Cys

ata
Ile

tte
Phe
295

gat
ASp

aat
Asn

act
Thr

agc
Ser

act
Thr
375

tta
Leu

aga
Arg

gga

gaa aat
Glu Asn

cag ggt
Gln Gly

atg gaa
Met Glu
185

gat ata
Asp Ile
200

cat gaa
His Glu

gge tgt
Gly Cys

gtc aga
Val Arg

agg tta
Arg Leu
265

gta caa
val Gln
280

cgg caa
Arg Gln

gtc aat
Val Asn

cag cgt
Gln Arg

tca gaa
Ser Glu
345

ttt act
Phe Thr
360

cta gtg
Leu Val

tet cte

Ser Leu !

aaa gec
Lys Ala

aaa aag

gtc
Val

cag
Gln
170

cty
Leu

gct
Ala

ggc
Gly

tcc
Ser

aca
Thr
250

tgt
Cys

ggc
Gly

gtc
Val

act
Thr

aga
Arg
330

gaa
Glu

cct
Pro

aaa
Lys
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664

712

760

808

904

952

1000

1048

1086

1144

1192

1240

1288

133¢

1384

1432

1480



Thr Leu Ile

ttt
Phe

tect
Ser

aaa
Lys

ctt
Leu
445

gat
Asp

ggc
Gly

tct
Ser

cta
Leu

cac
His
460
cga

Arg
475

gat
Asp

gtt
val

aatcatgatc
ccagaattct
ctgtgagggyg
ttgggataca
ataataggat
acatgtgtca
cattctttag
taaatgattt
aaaattgatc
gtccetggga
aaccacagtt
gttgagctcet
attaattttc
ttagaaaatc
ttttettett
ataaaatgcce
ttccttgagt
tgcaataggc

tactttggca
tataaaataa
aaataaatat
aagggataaa
acatgttcga
agcttgatgt
azaagatata
ttatttaagt
taagttgtac
cctaaatgga

<210>2

Tyr
415

cgg
Arg

ata
“le

ttt
Phe

atc
Zle

cta
Leu

atg
Met

“le

aac <
Asn

ata
“le

ttt
Phe

act
“hr

Asp

aag
Lys

atg
Met

gct
Ala
450

gga
Gly
465

aga
Arg

ttt
Phe

taa

480

gctggtaaag
gctctcagea
atgtcaggty
gacctatgtt
gtaaacttga
aggtgaaatc
tgtgtagaat
caattccaca
aagcagatgt
ttcagtetgt
agggtgtttt
gtaaaaggaa
attatttttyg
taattacttyg
gctaagtctt
ttagagaata
acttecttet
tataaggaat

gagctaagtt
ctgattaata
tttatttaaa
ggtaatagag
atgtgaaagg
tttagacaac
taaatactac
gctaactggt
agtgaaataa
gaattttgasa

<211> 30001

<212> DNA

<213> Homo sapiens

<400> 2

caaagaaaag
attcattggce
gtagataaaa
ggtcacaacyg
catttgtcct
atgacccaat
tctgcagaag
ggtgaatgat
ctgtagtaag
tttttttaca
cctgcagace

N e N s

ggggaggttt
actattaagy
ttagagctgce
ggcagttgca
aagtgetttt
ttgtatgate
gtgtagacgt
taaaacgttc
tgccatctea
catctgagtyg
aaaagacgca

tagctcagtg
attgcagtta
catcattaca
tacaatataa
ccacaactac
tgagttggct
tactgtaata
gaaagaaagt
ttaattggaa
agaaatgtct
gtttatttta
attgtatttt
agccaaattyg
gaacaagttc
accatgtacc
tactaactaa
tgcatttctg
agcaggagaa

atcttttgtt
taattctaac
attctggaag
cccttetgee
tcataatagc
cactgaacta
cttgtagtgt
tattttettt
gttattaaag
taaaatatat

tgttaaaaaa
atctgaggag
agcaggtcat
gcagctggac
ctacccecta
aactttecaca
tgagagccat
tgtgtgattt
cacttgcaga
gtgtaaatgc
aggtttcaaa

Thr
420

Asp Gln

ata
Ile
435

gac

ctz
Asp =

—eu

ctyg
Leu

gct
Ala

gadg
Glu

tte
Phe

cct
Pro

zac
Tyr

Lys Gly Lys

tta
Leu

aca
Thr
440

gat
Asp

att
Ile
455

aaa
Lys

daa
Lys

act
Thr
470

agt
Ser

gty
Val

Lys Pro

425

gca
Ala

gag
Glu

cca
Pro

ggc
Gly

caa
Gln

gaa
Glu

atgtgtaact taataagcct attccatcac

gtgtggggaa
agtaagtzac
ttgggtgzcet
taaatatzaz
tgtttttotg
tttacagata
cttectgcaat
gagcttgaac
ttgattazta
aatagttetc
ttgttettga
atgttttag:
aaatgtgcac
agatttcact
tgctttggca
taagatcztz
cctatgtz-tz
attttaczga

acgttcccct
actacagttc
cttttectag
tgctatettt
asatacatga
gttgactttc
caactgaaaa
ataggatgag
gatcctactt
tatagtectt
tattgttgat
aattgttgce
ctecectgtgee
ggtcagtcat
atcattgcaa
ttttcagaaa
tgaagttgtt
agtgctgttt

ggatcatact
tcacaagagc
atttatgctt
taaagatata
ttcatggttt
tatcttttgy
ctagagcctt
ctttagaaag
tgtggattta
gttcctggtg
attctatgta
aactttttaa
ttttttetee
tttcatcttyg
ctctgagatt
cagaaaatag
gctgtttgee
tcctaggtge
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1528

1624

1678

1738
1798
185¢€
1918
1978
2038
2098
2158
2218
2278
2338
2398
2458
2518
2578
2638
2698
2758

ttcttaatge
acaatgttga
taatataaaa
ccecacccac
tttceccateca
gatgactgtt
cccatactgt
ggctggttta
catgtgtaaa
ttgaaatttt

gagaaatgtt
ctggtgagtt
tttagcaact
ttggagagaa
cccccactat
aagcatagaa
tttgtgtatt
ttagtgatga
tcaaaaggca
tactcatctyg
aatctttgtyg

P e N T

gtttggacca
cattgtagtt
gggaaaatat
caaatttaca
tgaatcagaa
gtactgtagc
gttttttaca
ttgtactgtt
cattgttata
g

acatagtgct
tcaactggtyg
attagataaa
ttacactgtyg
tttagttggg
cagtaggaaa
tattcctceccee
dagagattaa
cacagtttaa
tagtaagtgg
ttttttacac

B R e b e

ttttgctggce
acacaaacac
atttataaga
caacaaaatg
agatgtggac
tcagtcattt
tggtagattc
atacagaatyg
tatcttttct

ctttgagaaa
agtgatggtyg
actggtctca
ggagcagtgt
tataaaaaga
agggtctgtt
tttettecte
atgctacteca
aaaacctttyg
aatctataca
atcaaacaga

2818
2878
2938
2998
3058
3118
3178
3238
3298
3339

60

120
180
240
300
360
420
480
540
600
660



aLryyracycou
atgacattec
gcgatgactt
agggtttgca
atccaccaat
ccacgaaatc
gctattgcgce
ccgecccatt
aacctacggt
taaaagatga
cggggtctag
ctctcececcac
agattaacca
caggagtcgc
gcgggeecygg
ggtggcgagt
gcecgggaaga
tcecteteat
attgcctgeca
caagggatgg
ttceccecgggga
ctgagaggcac
agtcggggtt
gatgggggtyg
ttgcatatga
ttgcttcaca
gcatcacttyg
gctcattggg
ggaggtccetyg
tctgggagag

gcaccagttyg
aaggatcaaa
tttaacataa
tggagtcaga
gccaaggcct
tacatctgaa
ttacctygcte
ctatgttggc
tttttcaagt
ggttagcecta
gaacttcacc
gtactgtaaa
gacggtttag
attgagagce
aggcaagagg
ctctacaaaa
ttgggaggct
gatcctgeca
aagtgagggc
taaataccaa
acctcaaact
gcatgtatgg
agccaccgtc
aactctectgyg
tttgagctga
acttcaagta
catttccecayg
tcettecattt
gagtctctct
ctgccacctc
ggtgtceace
tgttggccag
aagagctggyg
ttaggagtga
teccctataat
ttttcagttt
ttaacctaaa
cttaattcat
taccatttca

LiLLCdaaaayu
ccagtgtgaa
tgcaggggac
gtggagtttt
tatgtgttga
gtcttcactt
caacgcteccet
tcgctagect
gtcccgctag
cgcttgotgt
caagagcagyg
tacttgctct
gaagaaaaca
gecgetagggg
ggcggggcty
gggtgagtyga
ggcgegggta
ttctetgace
tccgggecece
ggatctggee
cccgetggga
tegectgggg
cgctaggaac
tggagacgcc
gggcagcaat
gctccgagat
actgatggta
tctatctgge
cactttccea
tagttgcctg

ttcacaacaa
aazaaaaaaag
tctgtgaata
atacttgaaa
gccactttag
acaagaacga
actccacaat
ctgcectecgg
cctattgtcet
ttcecagtcett
cagttcactg
gatcctgcett
aggttggaga
atcacttgaa
aattaaaaac
gaggcaggag
gtgcattcca
tttatgattg
tciagggaaga
tagcactcta
gattatttcc
tcactcaatt
agtagacagc
tttttttcag
ttagtaaaat
gctatttctt
Ltctttettat
ctgtcgccca
cgggttcaag
accacaccceqg
getggtathg
ataacaggtyg
gagtgtaact
tcaatcagat
aatgatgaaa
agaatgaaag
tatgttggee
attcagatta

Lacacacacacia
aatcatgcett
cgtgggattc
gaatgcactt
gcgeccactyg
tctecagate

~cagageqggg
cgtgagaaaa
gaaagagagyg
gtcagccgte
tgtgggttta
cacagtactc
aggagggaaa
ccggggeegg
cggttgeggt
ggaggcggcea
gaagcggggd
gaagctgggt
gggctteceyg
tcttecttge
gcgctgecge
gaaggcegga
ccgagacggt
tgcacaattt
gcaagtcggt
gacacagact
atcagttgtc
cgcgttgaac
ggaggggtygy
gttgtggcayg

gggtacgtaa
atactgttaa
tcacagaaac
tacggtgtca
gaaaaccctg
gagtaattac
ttgctttcag
gttctattct
gagaaacttyg
ccctgatgtt
tccttgaagt
ctctttgggce
aggtggctta
gccaggagtt
ttagecggge
ggtcatttga
gcctggatga
tagaattttc
gatggttgat
ctaacagttt
agaaagtgta
tgaatcttgg
actacatgta
ctgcatttge
aattgtacag
ttggtaggat
tectttttgtt
ggctggagtyg
agattctect
gctaattttt
agctactgac
tgacccacca
agcagtataa
tttgctcecag
tattagagtt
aaaaatatgt
tccagtttge
cattcctata

caacreacec
gagagaattc
ccgcecegeag
aacagtgtet
cctaccaadgc
cagcagccte
tcttaagata
cgtcatcgca
tgcgtcaaac
cctgetgecce
ggaggtgtgt
gctgagggtyg
caaccgcagce
ggccggggcg
gcectgegecece
tecetggeggg
ctctecectecag
gtcgggettt
geggcggeag
ttteccgcee
tgegggeteyg
gggtgggcgg
ccectgecegge
cagcccaage
gtgctccceca
tgcttaaagg
taaagaagtg
accaccaggc
ccctttcaga
ttggtaaatt

tectgtctgge
gatatgattt
dagactatca
tttgacacgg
aatcagttygg
cacattccag
cttatgaagt
agaaacaaaq
acgttaatta
gaactgtgag
gaagattgag
ggtcctggge
tgggagaaaa
cacctgtaat
caagctcaac
gtggtgatgt
gcccaagagt
caaaacgaga
actacadatag
tttttaacag
tagcagatgt
ttgggaaacc
cttccctcecaa
cgtaagatag
atgtatggat
ctctectgat
ttaaaactaa
tgtttgtttyg
cagtggcgcce
gcctcagect
tgtattttta
ct.caggtgat
tgccecggcecee
tagttcaatt
ggttcagtte
gtaatattgce
ttgcaatata
tgttgttagt
tttaatcatt

acacacrryca
ttacatgtaa
tgccggagcet
tacggtaaaa
acaaacaaaa
cccotattaag
aaagaacagqg
catagaaaac
agcgacaagt
ggttgcttet
gtttttgttt
aacaagaaaa
ctgtagcaag
tggtcgggge
gcggcyggcegyg
tggctgtttyg
agctcgacgc
cgcetetage
cggcggegge
tcagtacccyg
agaaaaggga
cgcgeggett
gaggagatca
ttctagagag
ttctgtggga
aagtgactat
cacagattac
tttgtattca
tgcaatcgag
tctattcaaa
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a.Llaycadccaca
aggcaaaatt
gtccectace
acaaaatttc
ccattcaaaa
gttcgcacac
acaagttgcc
agacagacgt
teccgeccacyg
cttttggggg
ttcccaccet
gacctgataa
ctctggaact
gggcccgggg
aggegcagge
gggttcggcet
atttttactt
gactggtgga
ggcgcaggga
agctgtctec
gcoctegggta
ctgcggacca
tgcgggatga
tggtgatgac
catgacctgg
tgtgacttgg
atgtccgtgt
gaaacaggag
attgttagge
cagttgccat

LRV

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460

atzacttcta
ttctecagact
tataggggat
gcattgttgt
aaactgctac
atzgttcact
tgataaaata
taaaccaagqg
gazagttccc
aaatggccag
aaagtgttgt
agctcctgtt
taaacagcat
gccagagctt
ctgggcaacy
gcacctgtag
ttgaagttac
cccectgtetcet
cagtggacca
acgtttaaag
taattaatgt
tczcatgaac
aagactggct
gtacataaac
ttztctecacc
tatacttctc
gcaattcagt
ttogtttttt
atctcagctce
cecgagtadgce
gtagaggtgg
ccacctgeat
atzttttttt
ttcacadcegt
tgZtttagga
ctttatgatt
at-ttatggt
taZgacagca
dtaaactoac

cttttgtaca
ttgggaaact
zttaataacc
caccacctcect
stgctgatag
sagccagcat
ttttgtttgyg
aggacttctyg
gggaggacta
ctagtgatat
gaactttctg
gtggaaagtg
ggttacaagt
tgggaggcayg
tagaccctgt
teocctagetac
cgagagctat
zaaaaacaag
accaccttte
caaaagcaaa
czatcatgtcet
cctgtgagca
zatgtttggt
zactattggt
zaagacgatyg
tgtgacattt
etgatctttyg
tcttgaggca
zttgcaacct
tgggattaca
ggtttcacca
cggccetacca
tcttattetyg
ggtaaaagtt
zatactttta
stccaccttt
tgtatgttaa
gtagtgtcat
tacttacatt

2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3200
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800



gtattaaaaa
aagactatta
attacaaata
ttaactgttt
gctctgtaaa
gaaattcttt
caaagcaatc
gctattatta
ttactttcag
tgcatcatta
gatagtatag
acctgtacaa
tatctaaata
tatacctgtyg
gagtcagtga
ctataaacac
aaattataac
tgaaacacaa
gaagcttttt

aaaactaaaa
tccecttecac
caataacaca
aggacttgcc
ctctaaaata
tattatcaayg
atagtactaa
cattgtaatc
tggcacataa
ctttttagag
geccctgggtt
ttaaattcaa
aactaaagct
tgtattggtt
cgttttaaac
caggactgtt
tttttttttt
ttacttttect
tttattctet
atcttcaaga
cctgagtgtt
catggctgtc
tattggatta
tctagataag
gacacaattc
ctttttagtt
tggatatttg
agtgtaaaga
taagtaacaa
tactgtgcta
ttaagaggac
gctgaaccta
atgtgacagt
caagacagag
ggacaatatt
tetcagtgat
aaatgcagag
tattgtttca
aattatactt
tagattaaca
agcttattaa
atttttttaa
ctattagata
acgaaatggt
ttagaccctyg
gcacaattct
cataagctgt
cataaaatga
attattgttt
tttgatgtat

[ I

cagtggatat
aattgataca
cacgtgttaa
tgccaggcetce
tagaagtcag
aagtaaaatt
atatggcaaa
taadtagact
tcttagataa
ggcgattttyg
cctttatgta
ctgttactgt
tatgcaaaca
taggccactt
gtgagtggtyg
agtacgctga
tttttaactt
atacattgta
tctattttcet

cacacacact
ctcactgcecct
catgtagetg
tgaggctgtt
acaataaaag
tgttgtacac
gaccttatga
taatgggact
ctgtatttge
tggtatgttt
ctgtcttgga
aggcttgaac
tttaaattct
tettggetag
atcaggatcyg
tgcccatttt
ttttttgacc
aagattactt
cacaattcta
gagaagactc
cctttettge
taccatttgt
ggceccactae
gtcacattca
aacccacaag
gctatgggtt
ggaatactgc
agcccLtttt
gttaccatgt
gttgaatgtc
aaaccaaata
atcattggtt
tggaatgcag
attgctttaa
cttggtcecta
ggagaaataa
agtggtgcta
ttaatectttg
ccacagacag
catataatcc
tecatgttaac
ttatatgcag
caaatacatc
agctccacat
gattcttctt
gtcttttgct
tggtcatata
ggaggttgaa
tcetaaatece
ctaaagaaca

IR

tttaaagaag
acatatttaa
aactgtcgtt
tgtatgccta
tgctttccat
gtttactttg
gataggtata
tcacagtttt
caagtcttca
tcattatgca
cctaggocgt
actgaatact
gagaaaaggt
accacgaatyg
aattaatgtg
agctacacca
tgtaaacttt
tagctataca
attttaaatt

ttcacctagg
tccacctcecea
tcacctatga
ttacatttaa
gcatagtata
tgtaataatt
tggttacagt
accatcatat
aagaatgatt
atgtggatta
tgtgagcgtt
gggccctatt
agccatttag
catattaaat
ggcttcagta
ttgttatggce
ttttagcgge
aacaaagcac
gaagctagaa
tttecttgce
cttgtagttt
ctctgtgtct
taatccagta
cgtacaccaa
tgtcagtctc
aggggccaaa
gggtctattc
taagttattt
cttgtaaaat
tttatcctga
tgtctaaatc
tcatatgtca
tgatgtcgac
gtggcaaatc
gagtaaggca
cttttcttge
tagatgtaaa
atggaaactg
aacttagttt
ggaaaggaag
ctatctgttg
tgaacatcaa
tggtctcata
tatagatgaa
gggagcettt
tactactatg
gcctttggte
tggaatggtt
tgtagttgaa
cattgaattc

PR VR S,

ctgtacggct
aagtaaatat
gtgttcaacc
ctcataatat
cagactgaac
tcatacattt
tcatagtttyg
agacttgcett
attatagtac
aacatcatag
atggtatagt
atagacagtt
acagtaaaag
gagcttgcag
aaggcctaga
aatttatctt
ttaatttttt
agaatatttt
ttttttttta

catagacagg
catcttgtecce
taacagtgcect
cttaadaaaa
gtgaatacat
gtatgtgcta
gtcactaagyg
atgcagtcta
tgttttacat
agatgtacaa
tatgttette
tagcccttet
tgtagaactc
atttttatct
ttctcataac
teccagacttyg
tttaaagtat
cacaaactga
gtccgaaatc
tcttcctgge
caacaatcca
ccaaatctct
tgaccccatt
gggttaggaa
tagctgagcc
tctceccagtca
tatgagcecttt
ctttgaattt
gatcatatca
taggagataa
atttggggtt
ttgtttagat
tctttgecca
acctttatta
catttgggct
caaccacact
gttttttgte
gaatggggat
ctacctccca
aatatggatyg
aaagcttatt
acaataaatyg
cctgtcatct
aagctaaagc
gactctaata
tgtaagtata
tctttaacct
cccaagagaa
tatataatgc
Cacttactgt

S T

tatatctagt
tacctaaatg
at-tctgtac
gazaaaagca
tc-cttgaca
acagatcaaa
cczattagcet
aggtgaaatt
aatcacacat
ag-gtactta
ctgttgctce
gtaacacagt
tazggtataa
gactagaagt
acactgtaca
aacagttttt
aacttttaaa
ttetttgtat
cttgttagtc

atzaggatca
cactggaagg
ttctgttgaa
aaaaaagtag
aaaccagcaa
tactttaaat
caatagcata
ccattgactg
taatatcaca
gt-gagcaag
tcectecatgte
gtzttctacg
tozttgcagt
ttgtcttgat
cagagagttc
tggtatttce
ttctgttgtt
gtggctttaa
aaagtgttga
ttctggtggt
gtatctgect
ctccttataa
ttaacatgat
ttgaacatat
tttceccttee
tactagaatt
ag-atgtaac
ctaaatgtat
acaaacattt
caggattcca
ttgatggata
atctecocggag
ccgceccatete
gragctactt
ccaaagacag
ctaaatggag
tLtgtctgaaa
cgcagcacat
ct-catagag
cazaaggtaa
ttctggtaca
ttatttattt
tcatattaac
ttagacaaat
ccotttgttt
acagttcaaa
ct-tgccaag
ttcecttttaa
tazZttacatt
gt-ccagttt

gctgtectett
catttttgaa
ztacttagag
ctcatctaat
agatgtggat
tgttagctce
gctttgtatt
grdattettt
tgcttaggaa
cacaaaccta
taggccacaa
ggtaaatatt
zagataatgg
tgctctgggt
ccactgdgtaga
cttcaataaa
ztacttaget
ccttattcta
gtttttgtta

tcagtatcac
tttttagggg
tacctectga
zaggagtgca
tgtagtagtt
zacttgcaaa
ttttcaggte
zaacgttaca
taggatgtac
gggaccaaga
tgttttctca
tgttctaaat
gatgaaatgc
acttcaatgt
actgaggata
ctgtettttt
zggtgttgta
acaacagcaa
caggggcaty
taccagcaat
tttgtcttca
ccacagcagt
tacacttatt
ctttttgggy
tgtttttcte
gcacatggac
ztttaatatc
gcectgaata
zatgtgcacce
catctttgac
tctttaaatt
catttggata
cagctgttge
ttgcttactyg
zacaggtact
zaatcctteg
zZgggagtgat
ztggactatc
tgtgtgttga
gtgattttte
tataaatctt
tgcatttacc
tgtggaaggt
caagaaactt
ccectttecatt
gtaatagttt
ttcccaggtt
tcttacagaa
tcagtatagt
gatactaaca
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LgaaagLecs
atatctttta
ttatgaaact
agtgcaagtc
gaagttatct
tgagaacatyg
gaaagtattt
adgtatcaaa

agaaaatgtc
agattgcata
atttgtcaag
cagaataaac
aggaaaatag
agaataaatt
ctttaaggta
tgtacccctg
tcttatgttyg
ttaaaatttyg
cttggctttg
gtgtggctte
tttgaaggag
gggtgaccct
ctttgcttct
aaacttgtga
ttgttatgtt
ggtctgactt
gtcaataagc
ttagtagact
ctgettttac
taatgaattt
agttcaagtt
cttctgtatt
tcagtgaggc
atgtatgctt
gttgcctttt
tggggatgat
tcacagggaa
attgtaattg
agttgtggag
tgggcatatg
cttaataata
gacaaagatt
aagtgaggaa
gtttagctaa
accaagttgg
catatttgag
gactacazat
tctaanggga
atttgggtag
cctatttggt
aatatattga
aaaagaggca
tactctctaa
cctggccaac
ggcggcacet
gaggagaggt
gaaactcecat
tataaatact
tattttcate
ctcatattac
tccaatgett
cagtgttcct
ttttggggtt
ttgtcataca
tcctggattt
tttgtttatt

gcaattaata
taatggaagt

LizagedlLa
aaagaataat
cttaaaatca
attcttttce
ttttttcact
catttgttgg
ttcttgtgaa
atgttgtggg

cagaagatta
ctgtcaaatg
gccttggaga
tggaggaaga
taattgcatc
ttggataact
ctacttcteyg
aggtatctgt
tatcgttaag
trcagtgatat
aatgcccctce
cccectgcggaa
aatctccagt
caatgctcct
ttttagcatyg
aaatacatgg
tgtacttttyg
aacaagaaasa
agggtcceocez
aattaagtas
tgggattttyg
tggtctctct
tgggaagtac
tagccctgta
tattcattca
aaacctaaga
gattgagttc
grattagttt
ggaaatttaa
taaacaggca
gttactaaag
gcttaggata
tggggctcty
ctaacttaaa
aaacaactag
aaatgcatag
tcacaaaact
acactttaca
ttcaaaatta
atttttctgt
attatacttt
aaggatttca
tgacctttaa
tgatgactta
agaataaaag
atggcgaaac
atagtcccag
tgcagtgagce
ctcaaaaaaa
ttagacatgt
aaagaatgtt
gtgattttct
actggagaayg
gaagaaatag
atagtattat
tactattcac
tatggcaaaa
tcattacttt

tttaatgtag
ttacttgtag
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ccaglLiLidaa
tttttactat
ggagaatctt
tttttgaaac
gcagaataaa
gttaatttce
ctaaattact
ttgttttttt

tcttagaagy
tttttetcac
catacgaata
tttececatatc
tacaaattaa
tgttcatagt
aacctttcec
ctggggtgta
actcatgcaa
ttecttaccct
aggaacagac
actaagtaca
gaagaaagag
tgtaaaactc
aatgagacag
ccataataca
tagatagctt
gatttcectt
ggaatggggt
acttatcgca
ttttttcaaa
tttaagtgct
aaggaggaat
ggattttttt
cttatactga
ggaaatattt
ttgcaaatct
gaaacaactt
cacggatcta
tgataattat
gatggttttt
aaacttccag
aaaaactggt
gatgcttatg
tattaaattc
tcatttgaca
gatgagactqg
tttgtgatgt
caatttcaag
tttattgatt
tatgagtatg
aagtcttttt
caaatttttt
atcattgcat
tgagctttag
ccecgtetcecta
ctacttggga
tgagatcacyg
aaaaaagaaa
agtagacttyg
attgtttgat
tractteatyg
tgattcetgt
atgtaagttt
tatgtatatt
atacagtatt
cagaggcatt
tataattecect

tgtcttttga
tcacaaattt

Aaggore Ly
gtttgcaggce
ttaaacaaca
tatgcagatg
ggttgttttg
tacccctgee
acacaagaac
aaataaattt

cacagagaga
agcatgtatce
agcctttaat
ttaaacccaa
tatttgctcc
aaaaataaaa
tagadgtage
ggcccaggtce
tttacatttt
ctcetetagyg
actaagagtt
gactatttca
ttettecactt
caatatttta
atgatacttt
gaacccaata
tccaattcag
tacccaaaga
aactttecagc
agttgaggaa
ccagaaacct
cttcttaaaa
agaaacttaa
tttttttttt
taatgtctga
tcccaaaatt
cacaacgact
cagttgtaagc
gtcattattc
tactttaaaa
ttttaaataa
aagtagcatc
taaggttact
aagactttyga
atcttaaata
atttcattta
gtggtggtag
gttatactga
atgtaataag
cttaaaatat
gaggttaggt
gtgcttggtt
ttatctcaaa
gtaacagtaa
ggccgggcat
ctaaaaatac
ggatgagaca
ccattgcact
agaaagaata
tttgatactqg
gttattttta
tcactttatt
aatggaactg
aaatgagagc
attaatattc
agccacttta
tttgatcagt
aaaagtggga

aacaaaactg
agtttceetta
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cecaaLagrsd
ttacttcctt
tcataatgtt
ttacattgac
atzttatttt
cccatttttt
atgtctattg
teczcttgete

atggaagatc
tgtataaggt
ggagctttta
agagttaaat
cttttttttt
aaaattctcect
cacecaatat
attccataac
aaaetgtgce
tgagaagcat
ctgtaaagca
ttacttcecat
aacatggctg
aaazaagtaa
caatgatctce
agacagttat
atcccagtcec
accectctaac
acttagaacc
ttacttaagt
atgttatctt
gagaettttct
ttttttggtyg
gatzactgtga
attcttccecg
ttattttgaa
tgtcatctga
ttgttagatt
actzaaaaca
adactttcagce
acatttaaat
ccazaaatgg
gtazaatcat
atgtatgatt
tatctcaaaa
tgastaaatg
attttecagtt
tagtaatatc
atgtgectgat
attgattcaa
ttecctcattt
ttttaaagga
acgéetaaacc
ggtcagaaat
aaaecatcagc
ggagagtcac
ccagcctgag
aaagtgagct
tgtttgaaca
ttttttattg
gtgcagggte
ctttcatcta
aattatacac
taattttaat
gcagataage
gatgacaaaa
ggatcccage

tgtgccaaag
atcatttgtt
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ttttctecaca
taatttgaaa
tgttttctgt
gtattgttta
ccctaaagta
aaaaataagc
zggaaagaca

aggtatatgc
tgatggctac
tggaggtgta
cagtaaacda
ctgtttgcce
ctgatatgtt
ttcttctaag
tattttagta
atgtttatcc
ggttacaagg
gagaagttct
ttecctettgt
ttttgecettt
ttaaaaaaaa
ctttaccaaa
tctgtgtaaa
ttatttgctyg
ccactagtta
aactaaaatt
tgactactat
actgctgaga
tttagagcct
ttgttgagct
atgaaatact
aaaaggagga
caatactgtt
taaaattgct
gaatgtgtga
gtgaatagtt
attatgcaaa
toctcaageaa
ccctgggtet
ttcataaaat
taaaaaatat
aatttactta
agggaccatc
tgattctata
ttgaaatagc
tttgatttge
gttttcctta
ttaaatatga
gatcttttct
aatgattcca
ttgacaccaa
cgggcatggt
ttgaacctgg
caatgaaagc
ttggattgca
aattacgaag
ccecagettct
agagtattat
tgaaatcaca
tttatgagtt
agtaaggact
acacacaaaa
ttaaattcat
tcettatagga

tagtaaccat
gaggacgttt
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Lyaaceacas
attttgtcat
aaaaattgtt
gcacadgadat
geaatcecagac
agactaattt
gatattggtyg
aagctggatyg
ataacagact
tttgtgttat
ttaaagaaac
tocttgtttta
gaacttaagt
ccagcagtag
gectgtgtace
atggcaataa
ataatataaa
ctaacatttc
ttagttcctt
acagttacag
ttcactttta
tgtgtttaac
cagtgtcagc
ctctctacat
aattaaatga
tgaaaggtet
cttcggtgtt
tgtttttagt
cagtgccatce
agagaaagta
tgatgatata
ataaggaggc
agataaactg
agtagtgtat
totattteeoc
tccaaagaaa
tctgteectt
taatgtttct
acatttccaa
gttagaaaga
agaaaaagtt
tttttttgta
accatttatg
tattccttet
gcacagagtg
tttttttttt
ttttatcttyg
ttaacataat
tcctaataga
cctgettatt
tctttgatat
ttgcatggtc
agtatgtagce
ctaaatttat
ccaggtgact
tttcagatat

tattttcettt
tgctcececaggt
ggcctgetaa
ttgagactct
cccagagact
agttagtatc
cctacatgtce
tcaaaaataa
LaaacalcllL
atatatttct
actgtcaagyg
agaaagttgt
aagaaatagc
tagccacgge

acvLacryayiy
ttaggttagt
taacctgctt
tgttttttgg
ttececgaadac
ttttattttt
acagctgtca
aagcagatac
gtctacttag
ttttcactca
cgagtttcea
cttctcatta
tatttaggcyg
agtttagtac
cgtgggcaag
tagtaatagt
gcacttagas
ctatttacat
tactagttgc
attttcatga
tgttcacagt
ctaagagcct
ctttcataca
gtcaatttct
tattatactyg
ctagaaaatyg
tatcatataa
ttgttaaatt
agctcacact
aataaggtag
tcatggatty
aatgtaatct
agtaagaatc
aaatggtttt
aatgttatct
tgttatttgt
ctagggagct
gaccctttce
gcattagcta
gttcagagat
ttacatagga
atcagctact
agagcttagt
gttdcctcaa
actgccgage
ttttaaacat
ttttaatttyg
aactgtggat
gctgtaggte
ttaaatcaaa
ttcttacaac
aaataagtct
caaatgttaa
ttgaccacag
aaagaatact
ctttcataag

tatagatagt
tatgtgaagce
aggtatagtt
ttatagacaza
gacttccttt
atcagtgaaa
tagcctcagg
gatcatttct
Laagaagcll
atatataata
agcaaaacag
tcaccttgtt
tttactaatg
aaaatgaaat

LLaayayaca
ctcctgatte
gaccagcttt
ggagtcttyga
ttgtatatta
tgatgcattt
tgaaggcttt
catcttatgce
attgttctag
ttatatttct
tcccagacaa
aagctaacaqg
tagaacaaaa
ttaagagttt
gtgecectgaat
acctaatgtyg
cagtgcctygg
ttcttetaga
tttacatgta
aattttactt
cttttcettt
taatggcttyg
tcattttaaa
tcagctataa
actaattggg
taggttccta
agctattctg
gttttatagg
tgcaaacctg
trttattrrat
tcatttaaat
catcaaattyg
atttatcagt
gagaatataz
ttaacaaatc
ttattcatct
attgggatta
ttcagtgcta
ataaactaaa
aagtatgtygt
aatatgttgg
ttgtatattt
atacctgtgt
acaggtagcet
tgctttatga
ttttcccate
agaaagaagt
atgotttgaa
aaatattatt
ttcaataatt
gaatttcatg
gagaaagtct
aggttttgag
aatcectatt
tatttecttag
caaatcagtg

cagaacatta
agaatcatca
tcoctagttate
atcttaaata
acacagttct
caccatagaa
actttttttt
ttttaactaa
alaggallla
tatattagaa
agaaatgtaa
gaatctatta
gtrtatgtga=
aaaaaaattt

LeLLLayyaa
tgacagctca
cacatttgtt
ttctcggaaa
aaagtgttat
tagatagctg
cttctcaagt
tcacctatyga
ggacattacg
atatatattt
gaaatcatgg
aatccttteca
ttattcatat
gtgcecttaa
tctctataca
tagggttgtt
aacataaaaa
aatagccagt
ttatcttata
ttaataaaag
aggctcatga
aatcagaagce
tcececatttga
aatgatggta
ctgttttaag
tacaaataaa
agttatttga
caatgttttt
tggetgttece
aatctagcaa
ggtaggttge
ctaagacacc
ttattttgat
taaaatcaga
tgaagatagt
tgatttcatt
agtggtecatt
cttgagttaa
ggattttgca
atctttcaat
aaatgatact
acatgagcct
cattatattg
ttcecatctgt
agggagaaag
ctccatcecctce
tgccaccact
tttcaagata
agaatcagat
aattctette
tgtagaccca
gcagatgata
atgccataca
ttaagcaaca
gatatgtttt
gtetttttac

tgcecttttte
tttaaatatyg
acaagtgaaa
ttagcattta
gcacatagac
taccctttgt
ttttaacaca
atagatttga
agcaallccl
aaaaattgta
attagcaatt
ttgttatttc
tgtcteatag
aaaaattgtt

acLLaLLwLLy
gaagaggaag
cttctgaagt
tgaeggcagt
atacagtact
aageattttt
caagatttygg
tatttgaact
ggtgttattce
cceccttgett
tattaagttg
ttatactgat
acceagactcece
cctetttceect
atasgcattyg
cacttaataa
atttgttgag
ttctgtttta
agazgtaaaa
tggagtatca
actttagtcc
ctttaagtaa
tttcaataaa
gctcaataag
agataacatt
agagctcacc
aatctgtttt
gttgtagtag
atgatttgac
aattaaaatyg
ttgtggeaac
agctcggaaa
tatataaaaa
catgtacttt
gtcttcgett
gattattata
ttasggatta
cttttcttca
ttcagcaaac
ttacaaagat
taatttatat
catctacgaa
gatctcraaa
gctccatagt
ttgagggaga
ctaggttgaa
gttacatgca
ttctaaatec
tttttggagg
ctazacagaa
taattcacct
gtasatttac
actgttacat
attgataata
tteatgtttt

tgactccage
agtcagggcet
ccacttttct
atgtatctca
tatatgtcectt
gttccaggtyg
tgcttaaatc
attttattga
alglalglgl
tttttetttt
atttataata
aattatagtc
tgactacttt
gcazatacaa

LLyrLLioLy
ttgttcttgt
ttatggtagt
gtgttatatt
tgttacagce
caatgatgat
cttttcataa
aagaaagaaa
gttgcttaaa
catttgctat
gattetggtt
tactgtagat
ctttttccat
ctggattaat
catctgtaaa
agtaagataa
tagcectecatag
tgcctacatg
aagtttette
gtataaagta
gaggcatgag
tgtatctgtt
gtcacttaat
taaatacatt
aaaatttctyg
gtgcttatag
tacttttttt
ctttaactta
gtagcagtgc
totttaagac
atctagtagt
agtgagtttyg
taccagtgtc
aaattactcet
tggtagtagt
tcoccttctaaa
ctttattcag
atgaacagtt
ctgaccatta
ctaatttttt
attcataatt
tictcatata
ctagtgacct
gccttaggtt
tggagtgttt
atagcttacc
aaccactcct
tttttatttt
cacccaatga
atctggacat
getataaaag
gaagagtcac
caagcatttt
ccoccatggatt
acaattaaaa
datgctaaaa

agagagaaaa
ctttgtacaa
azaatcattt
tattgacatg
atggatttat
ggtccectgtt
aggttgcaca
aaaaaaattt
aclaaaalal
atttgagtct
cttaaaggga
ccaagacgtyg
cttgaggatg
gttatattag
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gcttttgtge
gaaactagtt
toctectgtta
taattatata
gctatgatct
tccagaaaat
aatggaaata
tattattaca
aaaatacata
tgaatccagt
ttttgcatgt
ctgctttttt
catctataga
ttaggtcatt
aaactttgca
aatcagagac
agtaaatttt
aagtcatgta
agatgccace
cagccttetyg
acgaaagctt
atatgaaatt
aatattacca
ttcttectttt
aatatttaac
gggcttaata
ttatgtaaca
tttttcttga
ttttttactt
tgaacagtaa
gaaaaaaaaa
atgttctgaa
aaaaaggcac
tcacttgagg
aaaaataaaa
aagctgagga
gccagtgtac
aaaatgcttyg
ccaggtctaa
tacagaatca
tgttaaccaa
tcaaggtgca
tattggttct
ttacatgtca

attaatctgt
tttgattggt
daccatttgg
atcattttta
tctcattttyg
taaattttct
taagtctatt
tttgttattt
LLlgyglcacly
tgttatacag
gtaataagca
taggccotygyg
cttagaagtg
atgacctcta
acattttett
tcatgaatag
attcctttag
gttatttgag
agcagtgtat
ttttaataat
ttttttecata
goecagtttyg
gattctgcat
gttgtectttt
gtgtttgttt
atotccagaa

attttcaata
aaaggaaacyg
aaggcataat
attttagttce
aatgaaaaazn
acctttgaca
gccectetttet
tggtaactygg
ctcattgagg
gaatacccac
attttcttta
cacagcagat
tgccaaataa
ctgatgtttt
cacactcatg
cattttttaa
ccttttattt
tgctcecatat
ctgtcatgas
gagagccact
tactectgat
gtgtctttta
gcagaattat
tccatacaat
tatttgttta
gtggccaacc
gttattgaat
catatgaata
tgcattttat
attcaaaagy
atgatgatga
atcaggaaaa
agtagctcat
ccaggagttc
aagaattatt
aggaggatct
tcecagecetgg
caataatgcc
gtgtgtaagg
gtttgagctt
aagcatagaa
gaaagatgac
tgagaaagta
gtaagttttt

gccttgaaac
tacttgggayg
tatttttgtt
gccagctatg
ctgatcatga
aaacataaaza
gtcacagagt
ttaattttaa
gaalLLLLLL
gtaaattgcg
tagtacccaa
tgttgctgtt
agaacatgcg
gctececatetyg
tatccagtcet
tgctgtgatg
gtacatatag
aaatcttcaz
aagtgttccc
agccattect
tgectttttag
tagtggggty
atccetttgt
actctgttga
ttgttgcagt
togtatttcc

atgtgectgcet
tagtttotat
aaagtgetta
tgaaagggac
tatttaatag
ttatacaaaqg
tctogttetgt
ctaccccaac
tgcatagaat
tgttaatatt
agactecccac
tctaagectce
taaattcat:
gctattgaaa
aatagcttct
aattaaaaaa
tgacaggatt
cocaccacac
catatttata
tragaagaaqg
ttgtacgtaa
cgaataaaaa
gcttgaagaa
tgtgtttace
ataaatatat
agacagcccce
ggacttatta
taaaatacag
attgttattc
aaaagtaatyg
taaatctata
gaattatagt
gcectgtaaga
cagaccagcc
ggaatgtgtt
tttgagacca
ggaacaccga
tggracatag
caatagaaaa
aggtaacaga
taggaatate
ttaatatagg
gtaggggaat
atatattggt

attttctttt
cttttttgag
ttgtttttta
tttgttttgce
caaaataata
ttgtccaaaa
cattttactt
ctttttaaaa
LLLgaclLLL
tgtcatgagg
taggtagttt
tecettettty
gtagttggtt
gtttttatgg
accattgata
aacatacaca
aataatgggyg
actgctttte
ttttetcecac
agagaattga
ctgtctgtat
ggttgttttt
tggatacatg
tagtttettt
tgcttttggce
tagottatet

atgaactcag
ttgagttata
atacttttgt
ctataccaga
ttctecatge
atgattatca
tcatagcaca
tgattaggaa
aattaagaaa
tggtatatct
ccccactgga
tttgaatatc
tttatttact
ccaatgctat
taggataaat
caattattca
caactggaag
acatagatgt
atcagcgtag
acatggctca
tgectctgect
caaaacagaa
acatttaatc
ctaaaatagg
attgagctcc
agceccagece
acaaaaccaa
caaaactgtt
acttcttatt
ataattaatt
atcctaaaac
atacttttgt
acagagcttt
tgggcaacat
tctgtgtgece
ggagtttgaqg
gactctgtcet
aaggtaacag
attggggcaa
cctgtggage
ttgttcaagg
acccattttt
gttttagaaa
aaattttagt

ttcctaaagt
gaaatttagt
gaggatgtat
tgatttgaca
tcectgaattt
aatagtattt
ttaagtatat
taattccagt
allllaggll
gtttggtgta
tttgatccte
tgtccatgta
ttetgttact
ctgcatagta
ggcatttagg
tgcatgtgtce
ttgctagggt
ataatagcta
aaccttgcea
tttgcaattce
atattcttet
tgcttgttaa
gtttgcagat
tgccatgcag
gtcttcatca
teccagaattt

aatgatagta
cateatctgta
ttectecagea
tgcctagagyg
aadtacaaat
cagcattata
gtgcctcata
agazgtaaat
ttasaagaca
ctttctagtc
tcatctctge
aacscaaact
taaccacttce
actgaacact
ttttagagat
tatcgtttgg
ctttgtgctg
ggatgtcaat
atacatgaga
ggatacgatc
gctggtactg
gttgcattta
aagcattttt
taagattaac
taggcactgt
cctacattgt
agaagtaatt
aaastatatt
tttttttaaa
gttgagcatyg
ccteagtaaa
gtttctettt
gggagtgcaa
agtgaaaccc
tgteatccta
gttzcaggga
tatttaaaaa
taagtgttaa
atazgectga
accagtaatt
gacccccage
tectagttet
atgzattggt
agacatgtag

gcttagtatt
gaactgcaga
gtgtatttta
aactacagtt
ttazattttyg
tcagccacta
gtttttacat
cactgccaat
calyglglaca
caggtgattt
acccttectece
tactcagtgt
ggattagttc
ttcecatggtg
ttgattcect
tttatggtag
gaatggtagt
aactaattta
acatctgtga
tctattagtyg
gaacadtttt
ttagttttaa
atttttctcc
gagctecgtta
taaaatctgt
ttacaatttt

tttaaatata
aattagaact
cectectecatt
aaatttcaaa
catatagttt
atagtaaaaa
cgcagtaggt
ttgttttata
cttgtaattt
tttttttecce
atgttctaat
tcaacaactt
ctttggatgce
tctgtcacta
ggatttgcta
catgtaagac
cettteeggc
actgtgaagc
tccgagctga
atctacactg
tagtcaagca
aaaagaaada
ttcttaaatg
ccttaaagta
tctaggtace
gtatagtcta
ctaagtettt
aatggaacat
azaaaaaagcc
gacccaactt
cacttaaaag
tatcagttga
ggcaggcgga
catctctaca
gctattccga
gttatgatgt
aaaaaaaaaa
ctgtaataac
cctatgtatc
acacagtaag
cttatacatc
ccagagtttt
ccaactgaaa
aagttttcta

ttttcegttt
atgggtttge
acatttctta
agacagctat
catccagctc
gattgtgtgt
gttaattatyg
acatgaaaaa
Lalygcaygglyg
cattacccag
caccctcaag
ttagctccca
acttaggata
tatatgtatce
gtctttgtta
aaaaatttgt
tctattttca
cagtcccgce
ttttttgact
atattaagca
catgtcecttt
gttccttceca
cattgtgtag
ggtccecattt
gccagggoect
agattttaca
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172893
17340
17400
174690
175293
175890
17640
17700
17760
17820
178893
17943
18009
18063
18120
18180
18240
18300
18363
184273
18487
18540
18600
18660
18720
18783
18840
18200
18963
19020
190890
1914793
19203
19260
19320
19380
19440
19500
195670
19620
19680
19740
19800
19860

19923
198807
200420
201090
201630
202223
20280
203470
20400
20460
205290
20583
20640
20700
20760
20822
20883
20940
21000
21063
21123
21183
21247
21300
21360
21423



tttatgtectt
ttcactccaa
ttccccattg
tttatttctt
gctgttcagg
gttetttttg
taaaacadtt
aatctgtaga
gaatatggaa
agctggtatt
atgaggccag
ttcaggccaa
caaatccagc
atgcaaggtt
agaaacaaaa
catcctccat
gcactttggyg
gcagcatggt
gltgacatgca
cgggaggcayg
gagtgagacc
aaggaacatg
caaatgggca
tctcaccact
aagaaagaaa
tataattctg
aatttcagca
caagaacaca
aaccagggag
tgacacaaac
tgaagatact
ttctetttee

taatattttt
taaggaaact
actctggtca
aatgttctct
aagggaggtyg
cacctgctat
ctactactca
ttacttacag
Lclaalclca
ggcttatttt
tttatttatt
attgatagat
catattagcc
tatattttgt
trcaatttata
tggccatttc
tttttcaaga
ttgaacttga
aatgcctgtt
tgcagttaag
tcattacatt
caatataata
acaactactg
cttagectttt
gtagtacaag
atattaccag
agaacccelall
actctatgat
attaagaatt
aagtgtctaa
ttaagagtge
aacaagtaag
tcaaaaatat
tttaaaaaat
ttcttaatat
catagataaa
ctatgaggtc

P T,

taatccatct
ttcectatgge
cttgtttttt
ggctctctat
ttcectatage
cttaggattg
ttttctggtt
ttgetttggg
tgtttttcea
attcctactc
catcattctg
tatccttgat
agcacatcaa
ggttcaacat
accacaagat
gttaaaaacc
aggccaaggc
gaaaccccat
cctatagtcc
aggttoggcag
ctgtctcaaa
cctcaaaaas
aaagctggasn
cottttocage
gacattcaga
tacctagaaa
aagttttggce
gtcccattea
gtgaaagatc
aaatggaaat
cattcagtgg
agagcccaag

cceetttacg
tgaactacct
ggtataggat
taccctctgg
gggcctyggga
atcctaggtyg
ctctggtcgt
atggtgggct
clcaaalllLL
tgttgctggt
aattgcctaa
acatacatac
tgacaaacad
gtctccaaat
agaacttaaa
aacatttgasa
tgtcttacac
gattgtcaga
ctatatattt
ttagttacac
ggttgcctct
aatattattg
ttttttgaaa
acagatataa
tatatatata
cattgtagga
alygllLalgla
agagtgtaat
gagtcctaat
atgatttttc
agcattccat
tttttttttt
ttttgaaaca
atctacttas
attacagttt
gctttgaaat
tgtgacatat
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tgagttgatt
tagcaattat
gtcaactttg
tctecattyg
cttttagtat
ctttggetat
ttgtgaagga
cagtatggcce
tgtgtttgtg
aatctgttce
ataccaaaac
gaatatagat
aaagctgatc
acacaadtca
tatctcaata
ttcagtaggt
gggcatatct
ctctacaaaa
cagctattca
cgagctgaga
aaagaaaaat
ataagaacca
gtattectect
atagtteotgg
taggaagaga
atctcatagt
attctctata
caatagccgce
tctatgagaa
gttetttttt
aacaggtata
aaggggcact

gtttetttet
tcectgtttyge
gatcecectace
cctgagtaga
agggaataag
ctgtgttagg
tgccaaggta
tgttgaggca
Lellecacall
ttgttttttyg
gggtctctac
ccttactggg
cagtraasaatg
atatatatct
atgttggcte
cttttttett
agagacactc
gtgaatgata
atattceccct
tacagttctc
tgtecctagat
ctatctttta
catagaattc
tatatacata
tgtttgtgtyg
tatatatatyg
gaglalalgl
atatttttta
ctgttttatt
cttttgactt
acgtcaaaca
ttttttgaga
tagtgtactt
ttacacagtt
gttatadtaa
aatgagatcc
tgcgaagttc

tttgtatatg
ccecagcacca
ttgaagatca
tctatgtgte
aaaatcggct
ttgggctact
tatcattggt
attttaacaa
tcatctettt
aaaaaattga
ctggcagaga
gcaaaaatcc
tactttgatc
ataagtgtga
ggtagagaaa
caggtgtagt
cttaagccca
asaaaaaaaa
ggaggttgag
tcatgccacc
cacaaacaat
tctatgacag
tgagaaccgt
aagtcctage
agaagtcaaa
ctctgeccag
cteoccaacacc
aaaacgaata
ttacaaaaca
aacaccttge
ataagtccac
atecagtgcece

tectgtagtgt
ttctacacat
actttcagtt
acctagggaa
tagtcctgtt
cacacattat
ggtagtactt
aacccagtgg
LLLLygglLlLly
tttttttttg
tttttttaaa
gactgcttat
taaatatatc
atattcttac
aagtgaggga
ttcttecattt
tagtgaaagc
tgacatgttt
ggatcatgcce
agaagagtct
ttatgctteg
aagatataat
ctggtttaca
tatatatcct
tgtatatata
tttatatatt
Lalalalgal
tatatatttt
aggtgctttt
attaatgggg
acaaacattt
aagggaggtt
atttaaataa
gaaggaaatc
cattctgggyg
ttatgtttac
aaggaaaatt

gcacaaggaa
tttettgaat
gatggttgta
tgtttttata
aatgtgatgc
ttttggctca
agtttatagg
tattaattcet
atacctgatg
gdgaggaggdaa
caczacagaa
tcaacaaaat
aagtaggctt
ttecotecacat
aggttgtcaa
gactcacacc
ggagttcaag
aaacaaatta
gtgggaggat
gcactccagc
cctzaacaaa
acccatagcc
aaceagacaa
cagagcaata
ctatttctgt
aadectcctaa
ttccaaagtg
aaatacctag
ctgctgaaag
tttatctaat
tcgattaaat
agtcaataat

ggtacactcg
acccattcectce
aaazactect
aatggaagag
tgtttotgtyg
tttzagtggce
tcttggatag
atastcatcyg
LLLLggtlLLL
agatggcaag
agatgagagt
attctttaga
cttgagtaaa
aaatgtgttt
ttgtggaagg
tettectttte
cttcctggat
tettttttaa
ccagagttcet
gtgagggcat
ggacttcaga
aateaagatat
tgtatcaaag
gcactgcttyg
tatagtacga
aaasgaaaagt
alglaaaala
aacatttata
tgtagtgtct
aagagectgt
taattcaagce
gtttatttgce
catectttatt
gtagattata
atcaggccag
tagzaatttt
cgtaggcctg

PR F N T

ggggtccagt
acggagtect
agtgtgtggce
acagtaccct
ctccagcttt
atattaattt
aatagcattg
tecctatetat
tataaagaaa
ctcttcecta
aaaagaaaac
actagcaaac
tatccctgog
aaacagagcet
taaaatttaa
tgtaatccca
acgagcctag
gcttggtatyg
tgtttgagcc
ctgggcaacg
ctaggcattg
aatatcttac
ggatgtccac
aggaaagadga
ttgcaggcag

atctgttaaa 2.

agagcaaaat
gaatccagct
aaatcagaga
tcacttatga
ataagcctta
gacgaaatgc

tttcttaaga
tttttttgce
cctettacta
aaaaagatga
tttgctttag
cattatatta
ttggttcatg
gagtgtgttc
Lgalgglagl
aattggtagt
agtaaaatag
gaaaaaatta
taadtgaatg
atatgtaata
tagcattata
ttcaggaata
caggtaaatyg
tatatcctac
gctcagcaat
gtcaagtgca
cctttgttta
aaagttgacc
tgaaatctga
tactatatat
gcatatatac
tataaactta
Lalaacalal
aaatgataga
ggtctttcta
atattaacaa
attaacctat
ctgaaatgac
gtttecattet
tggaacttat
gaaactgtgt
ggattgagat
gaatttcatg

U VIR

DK/EP 2906696 T3

21480
215423
21600
216670
21720
21780
218420
219070
21960
22027
22087
221490
22200
22260
22320
22383
22440
22500
22560
22620
22681
22747
22800
22860

23340

23400
23460
23520
23580
23640
23700
23760
238290
23880
23942
24000
24063
24120
24183
24240
24300
24360
24423
24480
24540
24600
24660
24720
24780
24840
243900
24963
25020
250890
25140
25200
252630
25320
25380
25447
25500
25560

NnE N



cLLoLeaaygoc
tcctacccac
ggctcatett
acgaaataac
aatgcaaaat
tgtctgggec
atcacaaggt
gtatacaaaa
tgaggcagga
actgcacttt
attgttccta
gttaaggaga
toctgtacgag
ttcagctgaa
ttcacagaaa
tacacggaag
atatcataat
gcagaaggga
agcagagggc
ctcttttatce
tttttaaatyg

ctcagtggtyg
gcagttaagt
cattacattg
aatataataa
caactactgt
gttggctttt
tgtaatactt
agaaagtgag
attggaattg
aatgtctaat
tattttattyg
gtattttatg
caaattgaaa
caagttcaga
atgtacctgc
taactaataa
atttctgcect
aggagaaatt
ttttgtttte
ttectaacaca
ctggaagtaa
ttetgeccecee
taatagcttt
tgaactagat
gtagtgtcce
tttectttgge
attaaagcat
aatatatttg
gaagactgat
taattttgte
asaaaacttt
tttcaaatgt
taatataacc
aatccaagga
ccaagaaaaa
gactaactga
taaagtaaat
gatcactctt
cctatgatcet
cacagtaaca
ttaaagatgt
gacagttaca
ctcagtgtag
attcagagece
aggttcattt
tgagacctta
ccaatctgac

LgacCatiLadas
ccactccacc
ctaggagctt
ttatgtatga
ttgaatgcat
tggtggetta
caggagatcyg
attagctyggyg
gaatcgettyg
agcctggtga
cacctagtgce
tgtttagtgt
tagaatgtgas
acctggetta
agcocttgaca
aaaaaccttt
ttttgcgett
aaazagcect
gatcttaaca
tttggaagac
tgtaacttaa

tggggaaacy
aagttacact

ggtgtctctt
atattattgc
ttttttgaaa
acagatagtt
ctgcaatcaa
cttgaacata
attattagat
agttctetat
ttcttgctat
ttttagtaat
tgtgcacctc
tttcactggt
tttggcaatce
gatctttttt
atgtttttga
ttactgaagt
ttaatgcgtt
atgttgacat
tataaaaggg
cacccaccaa
cccatcatga
gactgttgta
atactgtgtt
tggtttattyg
gtgtaaacat
aaattttgcc
cagcttcectgt
ttttcaaaga
ctgcttaact
aaaatactat
taaactgaag
atctgaacac
gttttttttt
tcacattact
ataaaatagt
atataatact
gcagggtata
ctatgggact
gtaatacacc
gtcattgcca
ctgaattgaa
cgagtgtgaa
tgtaaatatt
tacgatcctt
aatctccage

LocoeLececac
ccctgcaaaa
caatgttatt
gttttaaaag
ttttaaagat
tgcctgtaat
agaccatcct
cogtggcagcyg
aacccaggag
cagagctaga
ttctatacca
gtattgtctg
graaattatyg
tctetecagaa
ctaataaaat
gtacattgtt
cttttttttt
ttaaatctct
taataatggce
ctttctacac
taagcetatt

ttcceocectgga
acagttctca
ttcctagatt
tatcttttaa
tacatgattce
gactttctat
ctgaaaacta
ggatgagctt
cctactttgt
agtccttgtt
tgttgatatt
tgttgccaac
ctgtgecttt
cagtcatttt
attgcaactc
tcagaaacaqg
agttgttgect
gctgttttec
tggaccattt
tgtagttaca
aaaatatatt
atttacacaa
atcagaaaga
ctgtagctca
ttttacatgg
tactgttata
tgttatatat
tctttcagtt
tcagctgaca
aaaaatattt
ctctggattt
ttagataaat
ttattcatec
tttcatectge
gaaaatagaa
atgattctea
tccttetata
attttgattt
gcettaaagta
agttttatta
gcccaaggtc
tgggcacagc
aggagagtaa
tcecectgetgt
ggaaatggag
agttcagtac
ttgtaattgg

LocLccaceLrce
gtacaggtat
tgaagatttg
tgaagtaaac
aaattagaaa
cccagcactt
gccaacatgg
tgtgcctgta
gtataggttg
ctcegtctca
cactcctgtt
ccaagcactg
tgttgaaatyg
gtactttcct
atatagaaga
tttttgtttt
tttttttttt
tcggaacctyg
tctggctgag
tagtgtgcaa
ccatcacaat

arLcardrgca
atgzatgtet
ggcogaaaaa
atggatgtat
acttctaaaa
tgggagtccg
tgaaacceccyg
atcccagcta
cagtgagtca
aaazaaaaaa
agggggcatc
tcaecactgt
gttcctotaoc
tgcacacttt
cgatacgtga
gtttcectttyg
tttttttceca
aagztagacc
aaaattaaac
gaacgagatg
catgatcget

cacaLLoeLad
caaaaccata
attaagtaat
tctgaagtag
actgtcagat
aggtgggtgy
tctetactaa
cctgggaggce
agatcgcgcec
aaaatatcag
agtggaaatg
catagaaact
ctgcaggtot
ctacttgtece
gtaaaactcc
tacattttet
ttatttttag
ttgatttaac
caggcctaca
ttctaatgac
ggtaaagtag
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L20Ld
25680
25740
25800
25860
25923
25980
26040
26103
26163
262270
26280
26340
26400
26460
26520
26583
26640
26700
267670
26820

tcatactcca
caagagcctg
tatgcttttyg
agatataata
atggtttaca
cttttggecat
gagcctttaa
tagaaagaaa
ggatttagtc
cctggtgaac
ctatgtagtt
tttttaaatt
tttctectta
catcttgttt
tgagattata
aaaatagttc
gtttgectgce
taggtgctac
tgctggctat
cagacacaaa
tataagaaag
caaaatgaca
tgtggacagce
gtcatttaaa
tagattctta
cagaatgtaa
cttttctect
gttcattcag
gtcatgctgyg
aaagaagctt
cattttgatt
tgtttttaaa
caggtatcta
aaagctagga
tagttgggat
aagaagaaac
gtatatttct
tgatgtagaa
acaaaadcag
cttcecatttt
acacagctgg
tcctaactta
ggadgcaggt
gectgcecttgga
tgataatacg
ctgactagtg
ggcatttaga

gaattctgcet
tgaggggatyg
ggatacagac
ataggatgta
tgtgtcaagg
tetttggtgt
atgatttcaa
attgatcaag
cctgggattc
cacagttagg
gagctctgta
aattttcatt
gaaaatctaa
tettettget
aaatgcctta
cttgagtact
aataggctat
tttggcagag
aaaataactg
taaatatttt
ggataaaggt
tgttcgaatg
ttgatgtttt
aaatatataa
tttaagtgct
gttgtacagt
aaatggagaa
aaaaaaatac
atctaaactt
tataatataa
tttcaaatta
cattcttatt
atacatgtat
ataggtttga
gagaggtttc
caaaacttca
ataatgctac
ttgcacaaat
tcaaccacct
acaaatgagg
taaaggtgga
gtaactccat
tttacaggtc
gaagttactt
tacttcacca
cttcataaat
acatttaata

ctcagcaatt
tcaggtgcat
ctatgtttac
aacttgacca
tgaaatctga
gtagaattac
ttccacagaa
cagatgttta
agtctgtaga
gtgttttgtt
aaaggaaatt
atttttgagc
ttacttggaa
aagtcttacc
gagaatatac
tcettecttge
aaggaatagc
ctaagttatc
attaatataa
atttaaaatt
aatagagccc
tgaaaggtca
agacaaccac
atactacctt
aactggttat
gaaataagtt
ttttgaataa
tatgatattt
tttttaaaat
tcttatgtta
tatattaata
attataatat
ccaaagtaaa
cattttcact
tttaaaagaa
tataatacta
agtttaaaca
tgatatttet
ccatttaaca
aaactaaagc
tttcatccca
gtaactggta
tacttgcact
aacctatgca
gaggatttaa
gctttttecat
tgattattgg

26880
26940
27000
27060
27120
27180
27240
27300
27360
27420
27480
27540
27600
27660
27720
27780
27840
27900
27960
28020
28080
28140
28200
28260
28320
28380
28440
28500
28560
28620
28680
28740
28800
28860
28920
28980
29040
29100
29160
29220
29280
29340
29400
29460
29520
29580
29640



catggtaggt
cttttggatt
tttattttag
ttatatacta
gtcttaacgt
tacttataca
+

<210>3
<211> 1031
<212> DNA

taaagctgtce
tttttattct
tggttgtttt
cttgacatat
ttttatttet
gtcaattatc

<213> Homo sapiens

<400> 3

attcccggga
caagttccgce
cttctetttt
gcatttggat
ccagctgttg
tttgettact
gaacaggtac
gaaatccttce
aagggagtga
tatggactat
gtgtgtgttyg
agacaagaaa
tcagagtatt
ctatgaaatt
atggatgaat
atttttttce
tgcgttccac
tceegegege

<210> 4
<211> 3244
<212> DNA

tacgtaacct
ccacgtaaaa
gggggcgggyg
aatgtgacag
ccaagacaga
gggacaatat
ttctcagtga
gaaatgcaga
ttattgtttce
caattatact
atagattaac
aatgtccaga
attccaatgce
cceceegggtt
attgggggac
ttttccataa
ccctatgtga
a

<213> Homo sapiens

<220>
<221>CDS

<222> (108) ... (1553)

<400> 4

atcttgctgt
actatgtctt
agggttatac
agcttaagaa
acagacatta
ttttaaagat

acggtgtccce
gatgacgctt
tctagcaaga
ttggaatgca
gattgcttta
tcttggtect
tggagaaata
gagtgotgcet
attaatcttt
tccacagaca
acatataatc
agattatctt
ttactggaga
cctggaggaa
cgcecctggtea
aaagcttggg
caacagaaat

tttctatttg
ttctattgtce
ctctttctaa
acttactgtt
taaactccac
atttaaatat

gctaggaaaqg
ggtgtgtcag
gcaggtgtgg
gtgatgtcga
agtggcaaat
agagtaaggc
acttttcttg
atagatgtaa
gatggaaact
gaacttagtt
cggaaaggaa
agaaggcaca
agtgattcct
atagatatag
ttgaaaggct
aatggaagac
ttttggggaa

gggcgggget gcggttgegg tgcctgegee cdecggcggcy
tggatatctc cggagcattt ggataatgtyg acagttggaa

ctt
Leu

tgc
Cys

agt
Ser
20

ggc
Gly

ctt
Leu

att
Ile

gta ctt

cca
Pro

aaa
Lys

ggt
Gly

ccg
Pro

cca
Pro

cct
Pro

tca
Ser

cect
Pro

aga
Arg
40

agt gat

tct
Ser

tta
Leu

gta
Val

gga

cca
Pro
10

gct
Ala

tta
Leu

gca
Ala
5

cac
His

agg
Arg

gaa ata

gtt
Val

gcc
Ala

aag
Lys

ttt
Phe
30

act
Thr

gct
Ala

att
Ile

gct
Ala

tgg
Trp

45
ctt

act ttt

ttctttttgt
ttattaacta
tttaccagtt
gttgtctttt
actttattgt
aaacattcaa

agaggtgcgt
ccgtcecectge
gtttaggaga
ctctttgcce
cacctttatt
acatttgggc
ccaaccacac
agttttttgt
ggaatgggga
tctacctcec
gaatatggat
gagagaatgg
gtaatggaaa
gctgatacag
ttcttttete
aacaattcce
acaacaacga

gaggcgcagg
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tttctcetta
tactctttga
tataaccagt
tgctgttatyg
tttttaattt
aacaccccaa

caaacagcga
tgcceggttyg
tatctccgga
accgeccatcect
agcagctact
tccaaagaca
tctaaatgga
cttgtctgaa
tcgcagcaca
acttcataga
gcataaggaa
aagatcaggyg
ctgctttcet
ttacccaatg
caggaaagaa
attctttttt
daaaatttta

cggtggcgag

tgcagtg atg tcg act
Met Ser Thr

1

aca
Thr
15

gag
Glu

tac
Tyr

gct
Ala

cca
Pro

aag
Lys

aac

att
Ile

tgg
Trp

aca
Thr

cac

tta
Leu

gct
Ala

aat
Asn
35

gaa
Glu
50

cag
Gln

act cta

29700
29760
29820
29880
29940
30000
30001

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1031

60
116

164

212

260

308
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H
=
@

Val Leu Leu Ser Asp Gly Glu Thr Phe Leu Ala Asn His Thr Leu
55 60 55

aat gga gaa atc ctt cga aat gca gag agt ggt gct ata gat gta aag 356
Asn Gly Glu Tle Leu Arg Asn Ala Glu Ser Gly Ala Tle Asp Val Lys
70 75 80

ttt ttt gtc ttg tct gaa aag gga gtg att att gtt tca tta atc ttt 404
Phe Phe Val Leu Ser Glu Lys Gly Val Ile Ile Val Ser Leu Ile Phe
85 90 95

gat gga aac tgg aat ggg gat cgc agc aca tat gga cta tca att ata 452
Asp Gly Asn Trp Asn Gly Asp Arg Ser Thr Tyr Gly Leu Ser Ile Ile
100 105 110 115

ctt cca cag aca gaa ctt agt ttc tac ctc cca ctt cat aga gtg tgt 500
Leu Pro Gln Thr Glu Leu Ser Phe Tyr Leu Pro Leu His Arg Val Cys
120 125 130

gtt gat aga tta aca cat ata atc cgg aaa gga aga ata tgg atg cat 548
Val Asp Arg Leu Thr Hig Tle Tle Arg Lys Gly Arg Ile Trp Met His
135 140 145

aag gaa aga caa gaa aat gtc cag aag att atc tta gaa ggc aca gag 595
Lys Glu Arg Gln Glu Asn Val Gln Lys Ile Ile Leu Glu Gly Thr Glu
150 155 160

aga atyg gda gat cag ggt cag agt att att cca atg ctt act gga gaa 644
Arg Met Glu Asp Gln Gly Gln Ser Ile Ile Pro Met Leu Thr Gly Glu
165 170 175

gtg att cct gta atg gaa ctg ctt tca tet atg aaa tca cac agt gtt 692
Val Ile Pro Val Met Glu Leu Leu Ser Ser Met Lys Ser His Ser Val
180 185 120 195

cct gaa gaa ata gat ata gct gat aca gta c¢tc aat gat gat gat att 740
Pro Glu Glu Ile Asp Ile Ala Asp Thr Vval Leu Asn Asp Asp Asp Ile
200 205 210

ggt gac agc tgt cat gaa ggc ttt ctt ctc aat gce atc age tca cac 788
Gly Asp Ser Cys His Glu Gly Phe Leu Leu Asn Ala Ile Ser Ser His
215 220 225

ttg caa acc tgt ggc tgt tcecec gtt gta gta ggt age agt gca gag aaa 8356
Leu Gln Thr Cys Gly Cys Ser Val Val Val Gly Ser Ser Ala Glu Lys
230 235 24Q

gta aat aag ata gtc aga aca tta tge ettt ttt ctg act cca gea gag 384
Val Asn Lys Ile Val Arg Thr Leu Cys Leu Phe Leu Thr Pro Ala Glu
245 250 255

aga aaa tgc tcc agg tta tgt gaa gca daa tea tca ttt aaa tat gag 932
Arg Lys Cys Ser Arg L=u Cys Glu Ala Glu Ser Ser Phe Lys Tyr Glu
260 265 270 275

tca ggg cte ttt gta caa ggc ctg cta aag gat tca act gga agc ttt 980
Ser Gly Leu Phe Val Gln Gly Leu Leu Lys Asp Ser Thr Gly Ser Phe
280 285 290
gtg ctg cct ttc cgg caa gtc atg tat gct cca tat cce acce aca cac 1028
Val Leu Pro Phe Arg Gln Val Met Tyr Ala Pro Tyr Pro Thr Thr His
295 300 305

ata gat gtg gat gtc aat act gtg aag cag atg cca ccc tgt cat gaa 1076

Ile Asp Val Asp Val Asn Thr Val Lys Gln Met Pro Pro Cys His Glu
310 315 320

cat att tat aat cag cgt aga tac atg aga zZcc gag ctg aca gcc ttc 1124



Ile
325

Tyr

Lgy
Tre
340

aga
Arg

gce
Ala

act
Thr

gac
Asp

gaa
Glu

cac
His

aga
Arg

gac
Asp

cct
Pro

aaa
Lys

gge
Gly
390

ctt
Leu
405

gtc
Val

cac
His

acg
Thr
420

cag
Gln

aag
Lys

ctt
Leu

gac
Ksp

gat
Asp

gct
Ala

aaa
Lys

gag
Glu

ttc
Phe

act
Thr
470

tac
Tyr

atgtgtaact
gtgtggggaa
agtaagttac
ttgggtgtet
taaatattat
tgtttttttyg
tttacagata
cttetgeaat
gagcttgaac
ttgattatta
aatagttctc
ttgttecttge
atgttttagt
aaatgtgcac
agatttcact

tgctttggca
taagatcttt
cctatgtttt
attttactga
ttcttaatge
acaatgttga
taatataaaa
cceccaccecac
tttceccatca
gatgactgtt
cccatactgt
ggctggttta
catgtgtaaa
ttgaaatttt

Asn Gln

Lca
Ser

acl
Thr

Arg

gaa
Glu

Arg
330

Tyr

gda
Glu

gdc
Asp

345

ttt
Phe
360

agc
Ser

cta
Leu

act
Thr
375

tta
Leu

tct
Ser

aga
Arg

aaa
Lys

aaa
Lys

dga
Gly

act
“hr

gty
Val

cte
Leu

gcc
Ala

aag
Lys

cct
Pro

gat
Asp

aaa
Lys

gcc
Ala

agt
Ser
395

aga
Arg

ttg
Leu
410

aca
Thr

ttt
Phe

CcCcC
Pro

425

tta
Leu

aca
T"hr
440

att
Ile
455

aaa
Lys

agt
Ser

gtg

Val G

taataagcecct
acgttceccct
actacagttc
cttttcectag
tgctatettt
aaatacatga
gttgactttc
caactgaaaa
ataggatgag
gatcctactt
tatagtccett
tattgttgat
aattgttgcc
ctecctgtgee
ggtcagtcat

atcattgcasa
ttttcagaaa
tgaagttgtt
agtgctgttt
gtttggacca
cattgtagtt
gggadaatat
caaatttaca
tgaatcagaa
gtactgtagce
gttttttaca
ttgtactgtt
cattgttata
g

gca
Ala

cca
Pro

caza

gag
Glu

ggc
Gly

cta
Leu

ggce
Gly

gaa
Glu

cga
Arg
475

attccatcac
ggatcatact
tcacaagagc
atttatgctt
taaagatata
ttcatggttt
tatcttttgg
ctagagocett
ctttagaaag
tgtggattta
gttectggtg
attctatgta
aactttttaa
ttttttctec
tttcatcttg

ctctgagatt
cagaaaatag

ctgtttgcc
tcctaggtgc
ttttgctggce
acacaaacac
atttataaga
cadcaaaatg
agatgtggac
tcagtcattt
tggtagattc
atacagaatyg
tatcttttet

Met Arg Ser

alg
Met

gcl
Ala

cag
Gln
350

atz
Ile

aat
Asn
365

ttg
Leu

tte
Phe
380

ctg
Leu

gat

tte
Phe =

act
Th~

ata
Ile

cta
Leu

aaa
_ys

tct
Ser

ctz
_eu
430

aaa
Lys

ctt
Leu
445

aac
Asn

gat
Asp

tet
Ser

cac
His
460

cta
_eu

gat
Asp

gtt
Val

aatcatgatc
ccagaatzc:o
ctgtgagggyg
ttgggataca
ataataggacz
acatgtgzca
cattcttzgg
taaatgazt=
aaaattgatc
gtccectggga
aaccacagtz
gttgagczczt
attaattztc
ttagaaaatc
ttttcttetz

Glu Thr

335

Leu

alc
Tle

gal
Asp

acy
Thr

Tttt
Phe

caa
Gln

gat
Asp

ttt
Phe
385

gtc
Val

cag
Gln

ttt
Phe

gca
Ala

cag
Gln
400

tat
Tyr
415

ata
Ile

gaa
Glu

aac
Asn

ctyg
Leu

cgg
Arg

ata
Ile

ata
Ile

atg
Met

ttt
Phe

atc
Ile

gga
Gly
165

ttt
Phe

act
Thr
480

gctggtaaag
gctctecagceca
atgtcaggtg
gacctatgtt
gtaaacttga
aggtgaaatc
tgtgtagaat
caattccaca
aagcagatgt
ttcagtctgt
agggtgtttt
gtaaaaggaa
attatttttyg
taattacttg
gctaagtett

Ala Phe

alc
Tle

gtc
Val
370

cag

Gln Leu

ctt
Leu

cta
Leu

gac
Asp

gat
Asp

ata
Ile
435

aag
Lys

gct
Ala
450

ctg
Leu

cct
Pro

aga
Arg

taa

tagctcagtyg
attgcagtta
catcattaca
tacaatataa
ccacaactac
tgagttggoct
tactgtaata
gaaagaaagt
ttaattggaa
agaaatgtct
gtttatttta
attgtatttt
agccaaattyg
gaacaagttc
accatgtacc

DK/EP 2906696 T3

1172

1220

1268

1316

1364

1412

1460

1508

1553

1613
1673
1733
1793
1853
1913
1973
2033
2093
2153
2213
2273
2333
2393
2453

ataaaatgce
ttccttgagt
tgcaataggc
tactttggca
tataaaataa
aaataaatat
aagggataaa
acatgttcga
agcttgatgt
aaaaaatata
ttatttaagt
taagttgtac
cctaaatgga

ttagagaata
acttcettet
tataaggaat
gagctaagtt
ctgattaata
tttatttaaa
ggtaatagag
atgtgaaagyg
tttagacaac
taaatactac
gctaactggt
agtgaaataa
gaattttgasa

tactaactaa
tgcatttctg
agcaggagaa
atcttttgtt
taattctaac
attctggaag
cccttectygcee
tcataatagc
cactgaacta
cttgtagtgt
tattttecttt
gttattaaag
taaaatatat

2513
2573
2633
2693
27753
2813
2873
2933
2993
3053
3113
3173
3233
3244



DK/EP 2906696 T3

<210>5

<211> 761
<212>DNA

<213> Homo sapiens

<220>

<221> misc_feature
<222>693, 722
<223>n=ATCorG

<400>5

cacgaggectt tgatatttct tacaacgaat ttcatgtgta gacccactaa acagaagcta 60
taaaagttgc atggicaaat aagtctgaga aagtctgcag atgatataat tcacctgaag 120
agtcacagta tgtagccaaa tgttaaaggt tttgagatgce catacagtaa atttaccaag 180
cattttctaa atttatttga ccacagaatc cctattttaa gcaacaactg ttacatccca 240
tggattccag gtgactaaag aatacttatt tecttaggata tgttttattg ataataacaa 300
ttdaaatttc agatatcttt cataagcaaa tcagtggtct ttttacttceca tgttttaatg 360
ctaaaatatt ttcttttata gatagtcaga acattatgcce tttttctgac tccagcagag 420
agaaaatgct ccaggttatg tgaagcagaa tcatcattta aatatgagtc agggctettt 480
gtacaaggcc tgctaaagga ttcaactgga agctttgtgce tgcctttcecceg gcaagtcatg 540
tatgctccat atcccaccac acacatagat gtggatgtca atactgtgaa gcagatgecca 600
ccoctgtecatg aacatattta taatcagecgt agatacatga gatccgaget gacagecttce 660
tggagagcca cttcagaaga agacatggcet cangatacga tcatctacac tgacgaaage 720
tntactcctyg atttgaatat ttttcaagat gtcttacaca g 761

<210>6

<211> 1901
<212>DNA

<213> Homo sapiens

<220>
<221> CDS
<222> (125)...(793)

<400> 6
acgtaaccta cggtgtcccg ctaggaaaga gaggtgcocgtc aaacagcgac aagttcegeco 60
cacgtaaaag atgacgcttg atatcteccocgg ageatttgga taatgtgaca gttggaatge 120
agtyg atg tcg act ctt tgce cca ccg cca tct cca get gtt gcocc aag aca 169
Met Ser Thr Leu Cys Pro Pro Pro Ser Pro Ala Val Ala Lys Thr
1 5 10 15

gag att gct tta agt ggc aaa tca cct tta tta gca gct act ttt gct 217

Glu Ile Ala Leu Ser Gly Lys Ser Pro Leu Leu Ala Ala Thr Phe Ala
20 25 30

tac tgg gac aat att ctt ggt cct aga gta agg cae att tgg gcect cca 265
Tyr Trp Asp Asr Ile Leu Gly Pro Arg Val Arg His Ile Trp Ala Pro
35 40 45

aag aca gaa cag ¢ta ctt ctc agt gat gga gaa ata act ttt ctt gcc 313
Lys Thr Glu Glr Val Leu Leu Ser Asp Gly Glu Ile Thr Phe Leu Ala
50 55 60

aac cac act cta aat cga gaa atc c¢ctt cga aat gca gag agt ggt gct 36l
Asn His Thr Leu Asr Gly Glu Ile Leu Arg Asn Ala Glu Ser Gly Ala
65 70 75

at+a ~a2t+ A+ o5~ +++ F+E+H+F At~ FrEA At A2 2o Ao Aty ottt ottt At ANG



Ile
80

(S EIn

Asp

YoLa

val

tta
Leu

ata
Ile

t.ca
Ser

att
Ile

tca
Ser

cta
Leu

cat
His

aga
Arg

gtg
Val
130

ata
Ile

atg
Met

tgg
Trp
145

aca
Thr

gaa
Glu
160

ggc
Gly

ctt
Leu

act
Thr

gda
Gly

tca
Ser

cac
His

agt
Ser

gat
Asp

gat
Asp

gat
Asp
210

gaatttttet
agatttggaa
tttgaactgt
tgttatteca
cettgettga
ttaagttgta
atactgatct

cagactcect
tatttcctca
aagcattgag
cttaataata
ttgttgagtyg
ctgttttaaa
aagtaaaagt
gagtatcaga
tttagtcctyg
ttaagtaagt
tcaataaata
agaaaaaaaa

<210>7
<211> 562
<212> DNA

aur Ll

Phe

[exoaw

Phe

[E RO

Val

Ll
Leu

85

ttt
Phe

gat
Asp
100

ctt
Leu

ata
Ile
115

tgt
Cye

ctt
Val

cat

His Lys

e

caga
Gly

aac caa

atg
Met

aac
Asn

tgg
Trp

cag
Gln

aca
Thr

tta
Leu
135

aga
Arg

caa
Gln

aga
Arg
150

gat
Asp

gaa
Glu

165

cte
val
180

gaa
Glu

cct
Pro

gtt
Val
195

att
Ile

cgt
Gly

tttcataaaa
gaaagaaaat
tgcttaaatt
tttectattt
ttctgottte
ctgtacatga
ttttccatece

ggattaatge
tctgtaaaat
taadgataaat
gctcataget
cctacatgtt
gtttcttcac
ataaagtatt
ggcatgagtyg
tatctgttca
cacttaatct
aatacattasa
aaaaaasaaa

<213> Homo sapiens

<220>

<221> misc_feature

<222> 166

att
Ile

caa
Glu

cac
2Asp

cct
Pro

gta
Val

ata
Tle

gaa
Glu

age
Ser

tgt
Cys
215

gctggatgaa
aacagactgt
tgtgttattt
aaagaaaccyg
ttgttttact
acttaagtta

agcagtggag

tgtgtacccg
ggcaataata
aatataaagc
aacatttcct
agttecettta
agttacagat
cacttttatg
tgtttaacct
gtgtcagect
ctctacatgt
ttaaatgata
aaaaaaaa

(RO

sSer

gaa

Glu

auy
Lys
90

aat
Asn

gat
Asp

gaqg
Gly
105

ctt
Leu

gaa
Glu
120

agt
Ser

ata
Tle

aca
Thr

aat
Asn

gtc
Val

gaa
Glu

ggt
Gly

cag
Gln

caqg
Gln
170

atg
Met

ctg
Leu

gaa
Glu
185

ata
Tle

gat
Asp
200

gct
Ala

cat
His

gaa
Glu

ggc
Gly

gcagatacca
ctacttagat
ttcactcatt
agtttccatc
tcteattaaa
tttaggcgta
tttagtactt

acve

Ile

SIe7eY
Gly

R
Val

aca
Thr

aga
Arg

age
Ser

ttc
Phe

ctc
Leu
125

tac
Tyr

atc
Ile

aaa
Lys

cgg
Arg
140

att
Ile

cag
Gln
155

aag
Lys

att
Ile

att
Ile

agt
Ser

ctt
Leu

tct
Ser

tca
Ser

gat
Asp

aca
Thr

gta
vVal
205

ttt
Phe

ctt
Leu
220

ctc
Leu

tcttatgete
tgttctaggyg
atatttctat
ccagacaaga
gctaacagaa
gaacaaaatt
aagagtttgt

[EYUY

Ile

[CR™
val
95

tat
Tyr
110

gaa
Gly

ctt
Leu

cca
Pro

gga
Gly

aga
Arg

tta
Leu

atc
Ile

cca
Pro

atg
Met
175

aaa
Lys

atg
Met
190

aat
Asn

ctc
Leu

aag taa

Lys

cctatgaca
acattacgta
atatatttgg
aatcatggce
tcettteata
attcatattt
gcecttaaac

DK/EP 2906696 T3

505

553

601

649

697

745

793

853
913
973
1033
1093
1153
1213

tgggcaaggt
gtaatagtac
acttagaaca
atttacattt
ctagttgctt
tttcatgaaa
ttcacagtct
aagagcctta
ttcatacatc
caatttctte
ttatactgac

gcctgaatte
ctaatgtgta
gtgcctggaa
cttctagaaa
tacatgtatt
ttttactttt
tttecctttag
atggcttgaa
attttaaatc
agctataaaa
taattggget

tctatacacc
gggttgttat
cataaaaaca
tagcecagtat
atcttatatt
aataaaagag
gctcatgatg
tcagaagcac
ccatttgact
tgatggtatt
gttttaagge

1273
1333
1393
1453
1513
1573
1633
1693
1753
1813
1873
1901



<223>n=ATCorG

<400>7

agacgtaacc
tgacagttgg
gacagagatt
acaatattct
tcagtgatgg
atgcagagag
ttgtttcatt
ttatacttcc
gattaacaca
tccagaagat

<210> 38
<211> 798

<212> DNA
<213> Homo

<220>
<221> CDS
<222> (81) ..

<400> 8

tacggtgtce
aatgcagtga
gctttaagtyg
tggtcctaga
agaaataact
tggtgctata
aatctttgat
acagacagaa
tataatccgyg
tatcttagaa

sapiens

. (590)

cgctaggaaa
tgtcgactcet
gcaaatcacc
gtaaggcaca
tttcttgeca
gatgtaaagt
ggaaactgga
cttagtttct
aaaggaagaa
g9

gagagatatc
ttgcccaceg
tttattagca
tttgggctec
accacactct
tttttgtctt
atggggatcg
acctceccact
tatggatgca

tceccggageat
ccatctccag
gctacntttt
aaagacagaa
aaatggagaa
gtctgaaaag
cagcacatat
tcatagagtyg
taaggdaaaga

DK/EP 2906696 T3

ttggataatyg
ctgttgccaa
gcttactggg
caggtacttc
atccttcgaa
ggagtgatta
ggactatcaa
tgtgttgata
cadagaaaatyg

50

120
180
240
300
360
420
480
540
562

gggctctett ttggoggcgg ggtctagcaa gagcagatat ctccggagca tttggataat 60
gtgacagttyg gaatgcagtg atg tcg act ctt tgc cca ccg cca tet cca get 113

gtt
Val

gce
Ala

aag
Lys

ttt
Phe
30

act
Thr

gct
Ala

att
Ile

gct
Ala

tgg
Trp
45

ttt
Phe

ctt
Leu

act
Thr
60

agt
Ser

ggt
Gly

gag
Glu

att
Ile

att
Ile

gtg
Val

tat
Tyr
110

aca
Thr

agc
Ser

ctc
Leu
125

tac
Tyr

cca
Pro

aaa gga

aca
Thr
15

gag
Glu

tac
Tyr

gct
Ala

ceca
Pro

aag
Lys

gce
Ala

aac
Asn

ata
Ile
80

gct
Ala

gtt
Val
95

tca
Ser

cta
Leu

gga
Gly

ctt
Leu

cat
His

aga ata

att
Ile

tog
Trp

aca
Thr

cac
His
65

gat
Asp

tta
Leu

tca
Ser

aga
Arg

tgg

Met Ser Thr Leu Cys Pro Pro Pro Ser Pro Ala

1

gct tta
Ala Leu

aat
Asn
35

gac
Asp

gaa
Glu
50

cag
Gln

cta
Leu

act
Thr

gta
Val

aag
Lys

ttt
Phe

atc
Ile

att
Ile

ata
Tle
115

tgt
Cys

gtg
Val
130

atg cat

5

agt
Ser
20

aaa
Lys

ggc
Gly

att
Ile

ctt
Leu

ggt
Gly

ctt
Leu

cte
Leu

gta
val

aat
Asn

gga
Gly

gaa
Glu
70

ttt
Phe

ttt
Phe
25

gtc
Val

gat
Asp
100

aac
Asn

gga
Gly

ctt
Leu

cca
Pro

caqg
Gln

gtt
Val

gat
Asp

aga
Arg

aag gaa aga

tta
Leu
25

cct
Pro

tca
Ser

cct
Pro

gta
Val

aga
Arg
40

gat
Asp

gga
Gly

ctt
Leu

cga
Arg

tct
Ser

ttg
Leu

gaa
Glu

aat
Asn

tgg
Trp

g99g
Gly
105

ctt
Leu

aca
Thr

gaa
Glu
120

tta
Leu
135

cat
His

aca
Thr

caa

gaa aat

10

tta
Leu

gca
Ala

cac
His

agg
Arg

ata
Ile

gaa
Glu

aat
Asn

gca
Ala
75

aag
Lys
90

gga
Gly

gat
Asp

cgc
Arg

tte
Phe

agt.
Ser

atc
Ile

ata
Ile

cag

161

209

305

401

449

497

545



Arg Lys Gly Arg lle

140

aag att atc tta gaa
Lys Ile Ile Leu Glu

agtattattc
aaatcacaca
atttggtgac
aagctgggat

<210>9
<211> 169
<212> DNA

I'rp Met His Lys

145

160

caatgcttac
gtgttecctga
agctgtcatg
gaagccagat

<213> Homo sapiens

<400> 9

ggc aca gag aga
Gly Thr Glu Arg

Glu Arg

150

atg
Met
165

gaa
Glu

tggagaagtg attcctgtaa

agaaatagat

atagctgata

aaaggctttce ttctcaagta

tcccatcet

Gln GLlu Asn

gat cag ggt
Asp Gln Gly

tgggactgct
cagtactcca
ggaatttttt

DK/EP 2906696 T3

val Gln
155

cag 590

Gln

170

ttcatctatg 650
tgatgatgat 710
cttttcataa 770

798

aaacagcgac aadttccgec cacgtaaaag atgatgcecttg gtgtgtcage cgtccetget 60
gcccggttge ttcetettttyg ggggecgggot ctagcaagag cagatatctc cggageattt 120
ggataatgtyg acagttggaa tgcggtgatg tcgactcttt gcccaccgce

<210>10
<211> 176
<212> DNA

<213> Homo sapiens

<400> 10
azaacgteat
gaggtgcegte

agcatttgga
<210> 11

<211> 38001
<212> DNA

169

cgcacataga aaacagacag acgtaaccta cggtgtcceg ctaggaaaga 60
aadcagcgac aadgttccgee cacgtaaaag atgacgettg atatctecegg 120

taatgtgaca gttggaatgc agtgatgtcg actctttgcc caccgce

<213> Mus musculus

<400> 11

tgtctectagyg
ttccagtcett
aagggcttac
cacagaaaac
tatcttaagt
cttttcagct
ctgactggcec
tcgcactett
tatttttaac
aaaacactgt
aaaaaaaaaa
tattgatagg
ggaaaataat
aatcaatcaa
actgtgctat
gggggaatca
atttaaccgt
ccecactaccet
cttecgtaacc
cccatgettt
ctggccagct
acttacggag

taaaattttg
attctgaagt
ttcaagagga
tgacccaatc
gtgcatgcat
tttcagtgtyg
tcactcaget
gaccctagee
tctcagatgt
aagaacttga
aaaaaaaagc
tattctgtta
gaacactact
taaatcagac
ttggcaaaaa
ttgtgcttgt
gtcataggga
gccaactecce
tagatagata
tcctgagegy
gccactggca
tcccacgagy

aaggaaaaaa
gtaatgttat
caccaaacaa
aattacattg
gcocgtgtat
ggatatagta
gecttecetta
ttccaaacat
atacttcatt
tagaatgaca
atacaatacc
ttaatgcctt
catctgtagt
gtcatggtgt
tgacgtttag
tgcggagtga
ccaaaggaaa
aaacaaaaca
acgeaggtga
ctcttggaag
tctcaagget
gaaccgegge

aaaacactaa
gttagtttga
ataccttcta
atagctctgg
gtgtgttagt
taaacgtcta
cctgcaaact
ggtectatge
tatgagatat
actgctaggt
tggtgagagt
tcttttecect
gaaaagceac
tcttttcceca
aagaaaacac
acacgtacag
tccactcact
aagcaaaact
cactatctat
aaaagctaca
ggcaaagcaa
gcgtcaagca

gaaggtatat
ctcacagaca
ttcctagtgg
cttactacag
acctaacacc
ttcectegtgt
cacccacttt
tatttctgtyg
acatctgaag
aaaaaaaaaa
tctattttta
ataaatgatg
aatacagtta
aaggttaaaa
ggtgactacg
tgtgcacgca
cactaaatat
acttacaacc
ctaggttgag
aagcccatga
agtgaaagcyg
gagacgagtt

176

tcecttcaaag 60

ggttttaaag 120
gctctggaat 180
acaagcaaat 240
cacctgggaa 300
tgtggattag 360
gactacagca 420
tgtctggatg 480
accacggtac 540
aaaaaaaaaa 600
ccgaaggtgg 660
aaaagttget 720
caaaccaatc 780
aacaaagtgc 840
cacagagggt 900
gacttacggce 960
ttgttgagca 1020
acaaactacg 1080
ctcagetetg 1140
cagcctecge 1200
ccaacecgga 1260
ccgececcacgt 1320



Jaaagatggc
gtgtctagac
aacttaactc
accggggagce
gggcctaggyg
ttgcggtcec
gggcggagygyg
gggttttttt
cttgcaggag
ctgtccgece
tcogggagta
cggcgacage
gagaaagcgc
agaagtttge
cceccagttet
aaaggaagtyg
agaagtgcac
gggagggatt
cggcagatgg
gtacacagtc
aatactttaa
gggggggaga
ggaaagagat
tccectecagt
cgcctacata
gatgttaaag
agccattgca
cttactgtac
accttggcag
gagagcatga

ttcatcatce
ttactctttt
ggaggaacag
ctgtgggaaa
tcatagaaca
gcatttaaat
tttggctaty
tatcttttga
gceggectga
tgtgagtttt
gtccactgtc
gctgtectge
cagtaggcaa
totttttttt
ctgctaacag
tggttaagce
tggtttggac
ccagaaaaca
tatgggttce
attacactte
tcctaaatca
agttttaagce
ctaccccggg
tgcaccacct
actccttatt
gtttgcttaa
tttggagggg
aaattatgaa
tataaccact
tctgaaaacc
tttatagatt
cttgctattg
agatacatac
tgagtaaaat
aagtgagggt
tagaaaaagyg
atgcttgace
agaacttttt

gtttgtagtyg
agtccaggga
cacaacggtg
cctgcagatt
gegtgteegg
tgcgecggey
gggctgctge
ctcecttegag
ttgcggggge
gcgctecceg
cggcgagege
tggtgggtec
cggtgggatg
aaggagtgcg
gtgggacgtyg
accattgtga
tgattaagtc
ggttgegett
ataaatttct
tgtctcagta
gatagaatcg
gagagagaga
tgagattatg
taaagaggac
cacccatcgt
tttagaaagt
gctgctetygt
ttcacccetg
acaccagatc
atatgctaga

tccacagtaa
tgaatgaaaqg
gggttttectyg
ccccagagtc
caaaaaataa
ttctygggaga
ttggceatece
gcctgececta
gaaacttgga
ggctgaaatt
tttacagtgg
cecctettecece
atgaacttecc
ttttttttea
tgttaacatyg
ctecgtgacee
tetggettet
tataagcaaa
caccaatgcet
gctataagac
tgaaataaca
tgcgtgctat
catggttgat
gcgtgctagt
ttatttaata
gaggagccat
gaggctatac
ggagaaaaag
gtacatgata
atgttectgag
tcagccecaag
cagaggacct
agacaaaaca
aaggataaat
caccaagcca
tcaaacttaa
tgcagaaatg
ttactaatcect

acagccatcc
gggtgtgcga
accaaggaca
ctygggtctyge
ggcggggcgyg
gtgaaggcgc
cacggtcggce
gtgaactccet
cgecggeggty
atceccgaccce
ggceccocace
tgcgacccag
gagtaaggac
gatgcccact
acctggttgce
cttgggecatc
tgtccacaca
tetggtgtgg
tgttacactyg
gtacttttac
ttagtccact
gagagagaga
ttaataatat
attccaggag
gtggatatag
aggcacaata
aaaagtcctyg
ttaagcaaaa
tgataaccaa
caaaagggtyg

aaacctatgt
cttgectacag
tctgagtcac
agttggaaac
gaggggttac
caaatgtaaa
aatgtttget
gacccccatg
tctaggcaag
gaacatttygt
tcttggttag
acaagtggaa
tcaaagcagce
caaggttaaa
tttattaaca
ctgaactcygg
ctcagaagac
agtctgtgag
aacttcaggt
tttatttttt
tagtctaaaa
tctgaacagt
tecctttgtec
cagtcactca
atggcctcat
gaagtagttt
tggtactact
ttacactggt
aataacccta
cagttgatgg
ttctgaagag

taaaattaaa
acacatcata
ttcacaagat
cagagaagtt
ctgacggcca
ccagaaaaaa

caattgcccect
gggaggtgcg
aaagaaggaa
tgtggactgg
teceggggey
ageageggeyg
tcgcgggecy
cccectgteoee
cggaggggat
ggagcgtcte
gccacaagec
tcaggtetee
ggacagaaca
tacatgggct
ctcacagctc
acttgactga
gggtctgtet
ggactattag
ttcececgtteg
tttatattaa
tggaagaactt
gaaaggaagg
ggaatcagaa
gcccccagta
gtgttttccece
agagattaca
tgaatgtgat
caagattcac
gaggatggag
aatcatdacc

cacgtaaada
gcactgaaaqg
tgctgactag
ttcgaaacta
agcctgcget
tataacttta
tttagaaaat
ttgagtgaat
atggcacagt
agagaatgac
ttcctgtttg
gccttatggt
ctggaaagct
gaaaaaacaa
taaataaact
tttatagagt
tctgtggecta
gttgaaatga
gttagtaata
aggtcatagg
atacggtatt
ctgatgcect
azacatctgt
gacattttag
agcaaggcgyg
taaatgaaaa
acgattcacg
ctggtcttgce
aaacaatgaa
cagcaggctg
gectggagaga
acaggcacca
taaattgtgc
attadataaa
ggctgcgcectyg

caaggcatyg
ctgggaggtt
aaaagggaaqg

ttccttetayg
ttttggttgc
acaagactgc
gggcgggact
gggcceceggayg
agtgggtgag
gccggcteeyg
cgggcgaaayg
ggggatgggce
cecgggecectt
tgggcceccag
cgagggtece
acacgcaggce
gctactctta
cgcggttgta
tggtaatcag
ggccaggagt
gctettgtag
tcaccagttyg
gggcccaaaa
aaaatatgag
aagaaggagg
tatttgaaat
tagcctgaaa
ttcattacat
aataactgat
cgctttgtygt
ctgaacgcag
aagtagtggc
taggagcaga
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gtggaaagtg
ctcagetcge
agagatccgce
gcgactggge
cgggctgegy
tgagacgcgc
ggtaccagcyg
ageccettgge
ctcatctttg
gagggaaccae
gggcctggee
cgececcgggag
aggatttcge
ccaggttgtt
cagacttatt
ttgcagagag
gcatttgcct
agttttgtcce
agaaaaacgg
gggactggaa
agagagaggg
aagaggagga
atagtaagcg
tctcaggaaa
ttcatacaca
aataaagtcg
ttcaaagtaa
gcaccttggt
agacagtgtg
aagcaggtat

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1880
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120

acctacaagt
ttaaaataat
cacctcagtyg
aaggtgacgg
gcagactgga
aaagttggta
gactgaatgyg
ac-gtccaaqg
ccoggtgtcea
aaaggctggt
gctgagaggg
ataattcttg
ga-ttttttt
agggcttcaa
ttattagttt
gatgagtegt
atgttaacct
attttttggce
tcagactcac
aaZttccccet
cctgaaataa
ct-gtagctt
ctgttgtatc
ttataaggta
taatgatact
gg-gaaaatt
gtaagactaa
tg-tggatta
ttzgtaggtg
tgctggaagt
tggctcagtyg
ggcaagegtg
ataataatac
tadattgtaa
atgcagggat
ctactgcagg
tLtcacaaatg
aagaaactga

cgtttttett
ctgtggatca
zccattggea
tgttcttatt
cattcaacaa
zaatactcty
ataaaacgtc
tgttaggtta
tgagtatgca
ctggcaagta
ctggttgatyg
ztcacagtag
tctttecttte
atgtgccagt
ttggaagtat
cgeccteacte
tctgaagtag
cacatttgta
zgcttccetyg
ttttcatgat
acaatttcta
ttactgtgte
cacactggat
gcttatattt
ggtaatttgg
cccactatag
gtcttectgtyg
attttatagt
gatggcataa
gttaggcata
gttaagagtg
ggacacactg
tagtaatata
cgttcectag
statgtgaac
cttggctage
zggaattaga
agcagcctgt

3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400



gatgtggacc
agagctgtgg
tgctgcageca
ttgttttgtt
accgtccett
ttccaaacag
ctttggccat
tagtcagcac
caataaccce
cagcccacgt
tacattttte
ccacccatgt
aacttggagqg
tatttagcat
geacctacta
gtatcactgc
agaccatgtt
tctectttott
tetttgaatt
aaacaacgca

aaatggtata
aagattatgc
tattcacctt
atgactatgt
caacagtggc
tgccctetee
ccatggtctc
atttctgaaa
tgttttgcca
agaagttact
agggggagag
tcegtectet
tgttgaaagg
tgactaatct
tactcttacc
ttatgtgttt
gtgtttgaat
tttgctette
gecgecettea
cttcctgatt
cactgaggtyg
tttatggtat
ttttttttaa
gtcttgttcce
catgagcctc
agtagtccat
gtgcagccga
ttaagcacag
attttacgta
tgttctttag
tatgttcatt
ctaagtcact
gtatgtccct
acctgggatyg
gagattgctt
attcttggte
gatggagaaa
gagagtgggg
tcattaatct
ctgccgecaga
acacacatta
tcatggtagc
ttatatgctyg
ctctecatgecce
tgagtttgtt
tecectttgett
acacagcctt
ccaattagat
ttttctectyg
ctceccttcocta

agaaacgcag
aatacagacc
acaaaaggat
ttgtttcaaa
gctgctgaca
atggtcecggt

taattccca
aagagctgag
attctataat
ggccattatt
tecteteteet
ctettetgee
caaggttaaqg
agcaaaagac
gcctgtgcca
ctgttatcac
catataatta
cctattttge
cctececegygg
acatgacctt

taatgcttta
tctggggctce
tttaaacaaa
gtttattteg
accaatacag
actgggccca
ttazaaatga
agttctgtaa
ccttecgeatg
acagaaaata
gtgoatctta
tctgeccecage
aatgttcact
ttacatgaat
ttaattagaa
gggtgaagat
tcttttgtgt
cattgctgtg
cagtgtcatt
acagggctga
ttctgctgcee
ttttctagga
ctgcgttceta
tgaaggettc
ggtactctct
ccagctttgce
cagtcattgg
tttgtaacta
ctgaaatggt
tggaggtaat
tggoggtttga
gtttagctat
cagyggatgte
taagtggtga
ctagagtaag
taacttttet
ctatagatgt
tcgacggaaa
cagagctgag
ttcgaaaagqg
ctggccaatg
ctaacaccag
tggggtcttc
ctggaagctg
acaacagtgc
agtdactaag
tctaaggagt
atatttacat
ctttcotagrt

tgacagtaac
tcaggtggag
gagctcaaaa
tgaattgggce
tctaagegte
gctgagcact
gataaaagac
caaatatctg
ttgctgtget
ttaagatttt
catggttctc
catctattygg
tagtaetcctyg
cagacctcca
ctcaccteac
aggaaaaagt
tcattctggt
aaattatacc
gagtaggagg
tagtccttat

agtttcccaa
aatactgctt
aggageaaat
cgtgttetgt
tttccactca
aaagagtcay
ttaattgaca
acatttaaaa
tcataeatatyg
acactctaat
tggtggttca
ggggttgaat
agagcaaata
cccaaagtaa
cctaccattt
aatttgcata
ccacatgtgt
tctgagtaac
ctgecctgetg
ttaagcagta
ggctctgctyg
aggtttgggg
acacctagaa
gaaagtccaa
ttgggzaacc
ctgtccacgg
tttagtctgt
attagegccc
aggtcccatt
ttggagacca
aaaggctcat

tgcaagegtt
gactatctgce
atcacccttyg
gcatatttgg
tgccaaccac
aaadatttttt
ctggactgga
cttectaccte
aagaatatgg
aaagtttttt
acagctgtta
acagtcctaa
tgactctacc
aaaagtataa
ctgctgtcece
tattccttte
tgcttttecat
taatataatc

atgtgtgaca
ctcagcatag
gagacaccga
agazaacttt
cgctgtgtee
ttgaatctca
acatacaacc
tcectetatge

catctgggc
tttaccccat
ctctgacccce
ctgtaggcat
ggtetaggtg
caatgatcac
tttgttgaat
gagtcccatce
aagcttttaa
ttacagtaaa
actctttgag
agatagccta

tecagcettaaa
caagaagggc
ggaatagaaa
gggcctgcag
gattacattc
tatcttaaac
tatattaaaa
actctaggta
atagaaacgc
tcttgataag
aggaccattt
acagtcattg
gactttttta
tcacacagac
tgttattttt
caaatttcca
aaccctagct
tgaaactctt
cactaacatt
gtactggacc
ctgtcttttg
gttttgtttt
aacacaaact
gcctaatgce
tttcttgtct
tcagcatccce
ctccttcectea
atccttceet
tacttacaca
aatatccaat
tetttgette
taaatggctyg
cggataatgt
cececcaccat
ttggcggcta
gctccaaaga
actctaaatyg
gtcttatctyg
gatcggagca
ccacttcaca
atgcataagg
tctggtacag
tgttgtgtct
tggaaagtaa
ttcttgtttt
atattctcag
acgctcceccag
aatttgcaaa
tttcagcata
ctaaaaatcc

ttgcaaaggc
ag-cattcgg
ctZctgaatg
ccagctgtygg
cagctcagty
atcctgagtt
ttZatattta
tattatatct
tgctcecttaac
agzgtcttet
aagcctagga
ct-tattcac
ctgtatatgg
tcTgaccate
cacatcttat
aaataagatg
tggttatatt
tatatatgea
gazgggctygce
gagatgagac

agcttttcet
ttttcttttyg
tatgtttgceca
tttgctgctg
tectgttecet
aagctgtaca
agtaaatagt
aactattcct
tcactcagcea
gtggagaaag
gagggaatta
agctcggtgg
tttacatgga
agagaggtag
tttccacttt
tacagtatgt
ctggactggce
tcattttage
actcctttge
tcagtacctt
agcttacctce
gttttgtttt
aggaaactta
agtgtcatygg
czacacctct
agtccctgcce
ggtctccttce
cggatggccce
gggccctcee
cattacaatt
tattggtatg
agcctgatca
gagacctgga
ctecetgetygt
cctttgetta
cagaccaagt
gagaaattct
aaaaaggggt
cttatggact
gagtgtgtgt
taaggggctt
ttacacttaa
cctgggcaca
gatcttataa
cctttcectg
attttgataa
ttctgtataa
tttagctaaa
tctaaagaac
attaaaacat

atgaaaggac
ggattatgcce
cagtgggtgt
zagcttctyga
ctctagggte
tctaccacgc
taataaacct
attacccagc
ttcagtcagc
cactttactt
accctaaace
caatcaggat
gagcaacdccad
ggggcagaag
cctgtagtgt
tttcagaaaqg
ttgttattaa
tccaatgggg
ztttaaagcet
taaataaaag

ataaatcttt
tatttagaat
acataatttt
ttaatgagga
ttctcaaagc
acttagataa
accaaagtyga
tagacttaag
ttctaaatat
agagagagag
gttatgttct
atggctgtce
catccgtttg
ctteccttcag
aaatctttga
agaattgact
tctgagettg
agcttagtat
ttatocttcee
agcccgagcet
tttttaatgt
ttgttttttg
aaagagcagc
ttgtcaggaa
ggtggcaagce
ctttatcttt
ccecgectecte
atttcaccta
cttcctgttt
gtgcacaagc
tgacattttt

atgcagtgag
tgccaagaca
ctggcataat
gcttetcagt
tcgaaatgca
aattattgtt
atcaattata
tgacaggcta
ttgaccttga
gttttggaaa
gaaacccctyg
acattgtgte
tgtgactttyg
gctgtcagec
cgagcatgga
ggaaatattg
aaacctaatt
qactaattat
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5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600

5660
6720
6780
5840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
8240
9300
9360
9420
9480
9540
2600



ataaggacta
acctattcat
caaacagttt
aggcaaaagg
ataaataaac
gatttaaata
gactaaattc
cgagagcttyg

agagtatttt
atcaaaatgg
gaaaattgtc
tgcctgtgygc
gacctgagga
tatagaatga
tacatctaca
atttatttgt
ctatattttec
aatctatatc
agtagtagta
acataaatag
cacaatattt
tgtaaggtgg
tgactttgtyg
tatacccagg
aaatagtgtce
atctgaatceyg
adctatgctc
aggggtgcag
aactcaaatt
cttttatctt
ccagtaatta
aatgggactt
tggtagaata
acacacacac
tgatgaacag
gtctaatctt
accaacctct
ttagtaccaa
taggtggtttg
t.ccattgaga
gtctgaacee
atagctgatyg
tcacagcact
aaacagacat
ttaggatgaa
gagcactgac
acaaccatct
gaactcatac
ttctagatta
atgaagcccce
cttatacatg
tgaggttcta
tgagcaagtt
agattgataqg
aaatggtaaa
atgccgggaa
attctatgtyg
gotggotgtt
tagtcagggt
gtttattcag
taagcaggtc
tgcttceccty
ggcaccacce
ggatctocatg
gtcaagttga
ttaaacgtgg

taatatactt
catgctcacce

taacctacaa
gcagacttce
agctgecaggt
atttgagctc
aaactaaaac
gtgtgtaatt
tctectttact
aacttgttgg

cctgtgagcet
atttgttaaa
ttggaaggca
aggtcctctt
tacattcatt
actgaataaz
aattagtatt
agtaaaattyg
tgattatggt
tgttctttcet
gtaataataa
aagtagaaaza
gcatacacag
agtgggaagc
ttgtgttgcce
aagacttaca
tgggctaggce
gatccgtgca
acaggagttg
agccagccat
tatgtgtatt
cttcecttta
aacatggcta
aaaaaataat
tctgecctage
acatatacac
tgccatagga
tacttgcttyg
gcactggatt
ataaaatttt
aatatgettg
cttatottga
aacggagata
taatgtgctt
tcaggaaatt
ttcagcagtt
atattgaaat
tgctcetteea
gtaatgggga
aaataaaaat
ggataaattt
cgccececcace
ccaggecagcet
actttaaaat
tattactgag
acacttggca
tgttaggggg
atagaaattc
gtaacttcag
gagaggagac
ttctattcct
cttacactte
aggaagcagyg
gcttgetcayg
acaatgggcc
gaggeattte
cacacaaaac
cctttaacaa

aatatacagc
aaggaaaaga

agggazgtag
ttcecttattt
gatattacag
agtgccagcce
aaccgttcect
attttetttt
gtggagtaaa
gctaatcget

gtacatgata
gtaaattttc
cagagaggat
tgcttatgtc
tgacggaagg
aatttctgca
tggccaccet
catgcagttt
tttcectect
ctctetecatt
tgtaaaataa
gagccaaata
aaattgcata
cctgacagea
tgtctgctygg
taaacactta
atteccggett
acccttgtge
ccgtettaag
aggcacagtt
tgtggcagat
gcctggcatg
tgtggeccttt
aatcatcatt
ttccatagcect
acacataaaa
aatattcttyg
ctgatcgtta
tctggagtaa
cattcagtga
gcccagggag
caataaatgc
aaacttacca
graacagctc
taacatacat
actctaaaaa
gataaaattt
gagatcctga
tctgatgccee
aaataaatct
tccaaaggaa
ccecggtetge
gttctgtcac
agatgtgagg
gtgagtataa
atgtcagcat
tgtegetcat
aaggtcttgt
tatgcatttg
ttoctggtga
gcacaaacat
cacactgctg
agctgatgca
cctgctgtet
ctceoocoett
ctcaactgaa
cagccagtac
gcgcettataa

actgtagett
agcttaaaga

cattttgaaa
ctgacatact
acaadgtaatc
tgttctatct
ctgttcctea
gaagctgcag
gggtgctgtyg
tgtctccatce

gagcatatcet
tttttettag
ggaagatcag
ggtataaagt
agcctgaaaa
gcctaagttt
ttttcaatea
atttatttta
ctgaatccte
aggatacaat
gttaaagtaa
agaaattcaa
aaaccgcaag
cagtgagtaa
gcatgaggcce
getttteatt
attgccactt
atatgcagtt
ggagtgagca
ttttttaaaa
tgtttgaatg
ccacccaccce
tctetecattt
ttaagtatgt
tgatcctaca
tgacttttat
gaaaagacct
agcagagtct
ttagggagag
aattttgttt
tgtcctgtaa
ctgagagtca
tttctgaaaa
tattatgaat
tgtttaattc
gtagaaataa
tctgggetygyg
gttcaattce
tcttetggtyg
ttttttaaaa
ataagcacct
acgtgtgttyg
caagtggaat
ggtttaaata
gtaattgata
cttatttagg
gtcacacacc
tttgcgggtyg
gatagattat
attccttttt
tatgaccaag
tteatcacca
gaggccacgyg
tatagaaccc
gatcactaat
actectttet
aacatctttt
aaatgcttaa

aaatgttgca
gcataaaaac

agqaatagttt
taacaaaaat
ccagtgctet
acctggtgag
gatgcgagtce
gtgttatgtg
attgtattte
ctgtctcecece

acattgaaaa
gaasgacaag
gtacagtgca
tggtgggtac
tgagtattct
gaattttaaa
gcacgaatat
ttgaaaatag
ctagaacctc
caggcatgta
aaacaaacca
gaascacata
actggaaacc
agcactttca
tggccttaga
tgtgacctga
cccctecagca
ttazaagtta
cacccctgag
ggtttatgtt
ttgzaatttyg
tcatttctcece
tcecttageat
ctgagggttt
tttgatcecct
aaagttagtyg
gaagctaaat
ccaegtataa
tcatttcaat
ttgzaagtaa
gatttttgtt
atgt.ctaaaa
ggatgaggtyg
cttzatacta
catgtcttaa
tgagtgcttyg
agagatggct
cagcaaccac
tgtctgaaga
atctatatct
ccatgataag
aggetgagat
ataatcctca
atcatttcat
attttaaata
tgatcataaa
gcagttatge
cagectcttc
gtcccatttt
ctazgecatta
aagcacttgg
aggzagtcag
agggatgttc
aagactacta
tgagaaaatg
ctgtgataac
cacetttaat
gcttaaatgt

tgtgagagta
cctgacageg

tetctattat
catttagatt
atctagtctyg
ttccagtcce
gatcttgttt
ggctotttta
atgttctctg
acctccgtaa

atgaacgagc
aaaatgtcca
tatcacatge
ttctggtaag
tgttaagctyg
asaatttaat
gtttgaggtc
gttttttaaa
cacctaccca
aaataatagt
gagtaggaca
tagacacaga
ataatatgta
aaaacaccac
gagtggtgtyg
tagcaattgg
ctgaggeccce
tceettctyge
gcatggctcece
gtagttttga
ccagtaacat
ttgtcaaact
ggctaaggag
gaggatatag
ggcaaaacac
tgctgtgctyg
gctctaaaag
agtcactttc
ataagaaaat
gagcccactg
gttgttgaac
tgctgtacet
ttttatttac
cttcagtata
ttgtatttgt
cttctggtea
cagaggttaa
atggtagctc
caactacagt
gcataggcat
ggcattggaa
ctagggectc
acccttaatt
gaaacttaaa
tatttagctyg
ctgatgggag
tgcaaacaag
tgtctcactg
gaatgtggaa
cecatotgtcot
ggaggaaagg
gactggaact
tttactggcet
gcctagggat
cceccacaget
tccagectgt
ttttctecact
tatttaaget

tatgataagc
gtttctgagt
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9660
9720
9780
29840
9900
9960
10020
10080

10140
102093
102690
103293
10380
1044973
105090
10560
10620
10680
10743
108097
10863
10923
10980
11043
111090
111690
11223
112893
11349
11400
11460
115290
11583
11643
117093
11763
11820
11880
11943
12003
12060
12123
12183
12240
12300
12360
124290
12483
12540
12600
12660
127293
127897
12840
12903
12960
13020
13080
13140
13200
13260
13320
13380
134490
13500
13560

13620
13680



gggaggcteg
tttgaaatgt
tgatctaggg
tgcttgcatc
ttttatgggt
ttgcatactyg
agccatctct
tcacacattt
aattctgata
tccectttgt
cgtgagadgg
acactgtaaa
gatgatgaca
tttttctgaa
acagggaaaa
ttgagcttac
cacagtctaa
ctggtttett
cattttaaat
gacatttttc
gtctaggtta
acctgtgaaa
acaggataat
attatatctg
gctttcectatt
tattcagctt
gatcaggaaa
cttatagacc
ttgatcacta
gaaactccttt
gctgaccdag
ctgttgtagt
attttgttaa
ataccaggtg
atggatttaa
tatgcectggt
tgagtctcca
agccgcetect
ttacccgaat
ttgtcctaac
acctacagtg
agtgcagaga
atcactagca
gltataaggaa
taatagaatg
tattactttt
ccaaaagttt
goottggogt
ccaatgatgg
ggggtactgg
ttaggtactt
gagcatccac
gggtcctttt
atgagatgga
actttgtcte
tgtccacact

atcttgggta
agttcctttg
ctaggaattt
accacatttt
ctattataaa
catcttctgg
attttetgag
aacaatggag
LLLLcalegl
tttacctgat
tcctcaggtyg
ttetggagte
taggataggt

AR A~

gggactgtge
ttttcctgea
tcagagtatc
tatgaaatcc
tececettgagt
ggaattgaac
tcagaacctce
tccgtgagta
gctaagaagg
tcttcectgaaa
ctggctegtyg
cagactaatt
ttggtgacag
tgctaagtaa
gatggtagasa
acgtgttgtt
aaaggcagag
ctttcaattc
tcctgtgaat
atcttcttgt
caactgggaza
tgtgaacagt
ataaagcacc
ctctaagaaa
cctgaacaaa
acacttccac
caggagcaga
ccaagactac
attgagaaaa
ctcetatgata
cagctgtgtyg
ctecotttaca
agtgtttact
accgtgetta
ttttatgtgt
acctgaaaaza
tgtgggttct
gtcecegagtt
aaaagatgac
cttgctgggce
ccatcagctc
aagtaaataa
tatcatacat
gcaatgtaat
agtaagaatt
ttattttatt
cceatacect
tcacctgtac
ccaactagac
ttagttcata
tctctagete
ttctetgttt
agcaaaatct
tcceoecaggat
tgtaactcct
ttggttttea

tecctaagttt
tgattgggtt
cataaattca
ctgtatccat
taaggctgcet
atatatgccc
gaacqggccag
gagtattcct
ageceallcly
gattaaggat
agaattcttyg
caccttcttyg
aaagatcctt

amamras~~tt

tgagcaatte
caaccltaccc
attceccatge
cacagtgttc
ggtgagtggy
ccaagtcctce
ttcraccagt
aatctctcta
gtaaattatt
agtgcataga
ctggectetag
tttatattgt
ctgtcacgaa
agcagattaa
aacctacttc
ctcacccata
tttccgtagt
tcactaagta
tcttecaggte
gtaatttaac
aacttggtga
gataacagct
taggacagtyg
gacagtaagt
aaacatcatg
gttgctgttc
tgcagaggce
cagcccagag
tgcecccacag
actacagect
ttecctetgea
gttacagact
tctatgtcac
acggcatcta
gtttgaatac
gggaaaagag
ggattgtctc
gtcttaagac
atcatgcaga
tttgtcgttyg
acacctgcag
gotaattcgt
tatcatctaa
tttaccaaat
caattaccaa
ttaattaggt
ccecacccact
tgagacatat
catcttctga
ttgttgttee
ctcecattggg
gctaggcccece
tgctagtgtyg
ggcagtatct
tccatgggtyg
ttettettga

ctgggctaaz
acctcactca
ttetttttaa
tcectetgttyg
atgaacatag
aggagaggta
actgatttcc
atttctccac
aclygglylyga
gotgagtttt
gtttagctct
agttctttat
tocaaatetg
tr~aattt+ta

caaccaagdgqg
accctgtgat
ttactgggga
ctgaagacat
tggatgtgtyg
aggaagagca
ttctttgacce
atgctgattt
aaaaagtgcc
cagcatcact
acttcggcac
gcattttaga
ggctttette
aaatcttaat
ctccaattat
caacagtggce
acccagggaa
taacccttag
tagaaatgga
atttaagaac
agctacccaa
agtttcttgg
gagccaatga
ggaatagcca
accaagaagc
ctcaccaaag
atggaggaat
atggtcccac
ctggatctca
gtttcaagtt
gggctgtgtt
gtcatcagta
attcccttece
ttacctaact
ctgecatatgt
ggctttggcet
tgcaagagcg
ctgtgaaagg
tggetttyggt
tgaagctgta
acctgtggct
tctacagttyg
acagtaggct
ttectetgaca
attaattttg
attttcttceca
eccacteccece
aaaatttgca
tacatatgca
acctaaaggg
ggccctgtga
agcatagcct
tgcaatggtyg
agatcgtcea
ttttgttcece
atttcatgtg

atccacttat
ggatgatgcce
tagctgagta
aaggacatct
tggagcatgt
ttgtgggatc
agagtggttqg
atcctcgceea
gyglyggaalecl
tttttcaggt
gagccccatt
atatattgga
ttggtgacct

tAaA~Nt o~

tgttttacte
ttcgttcact
agtcattcct
tgatgtaagt
gtgcatgtgc
gccggtgetce
atttgttgag
gtcettaagc
ctttactctt
ttatagatca
acttattaag
tagctgatac
tcaagtaaga
gctecacccat
ttagggtcaa
atatctgaca
gttctggtet
gaatctatca
aatcattcat
ttgzgctcta
agctgaacct
gtccttgtag
gccaggagcce
atactgactg
aagctgggga
gaagtcagga
gttacttact
ccacaaggga
tggeggcatt
gacacaaaac
ctctgtttgt
acgsgagaga
tataataagc
ggggtatctt
gtatgtacac
ttcttgaaac
gcaggcacac
tccctaaaaa
gttcatcaag
actccgtcaa
gttccgttgt
aacatgatct
gcaettgaaa
ccctetagea
atactctttt
tttacattte
tatccaccca
agaccaatgg
gctagagaca
ttgcagaccc
tececatcecaat
caceagagac
tcagecgtttyg
teectttegte
aattctaaga
ttttgcaaat

cagtgagtac
ctccaagtce
gtactccatt
gggttcttte
gaccttctta
ctceggtagt
taceagcttg
gcatctgctg
cagggllgllL
gcttcectetge
tttezatgggyg
tattagtecc
ttttgtctta

Ftt ot Aot

tctygectececa
cgattatgtt
gtaatggagc
gtcatgtatc
gtgtgtgtge
ttaagcactg
aatattccag
tcagtctcect
cctggeccaat
ccttgatgcet
agttctcceca
agtgctcaat
attttactte
gacaagattt
catggcacat
ttactecttee
gtgtttgggt
agttgagttyg
attttagact
atatcagact
ccattttctt
gcaccaaatg
agtgtgcccect
tcttagtcag
ggaaagggtt
ctggaactca
agcttgecttt
ccctgcececece
tocceaactyg
cagccagtac
ccctecatcte
agtgaatagg
tcacagtgaa
tttccttaaa
catatttatg
tagatggttg
tttagcagtyg
atgcagggtt
ctecttgtgtyg
tgttttcett
agttggcagce
gacttttatc
taaccccata
gaactgactc
ttatttttgt
caatgctatc
ctcccecetttyg
gooctetottt
cgagectecag
ctttagctce
agctgactgt
agctatatca
gaagctgatt
tcagttccaa
agggacaaag
tgtatettat

atattgtgtg
atccatttgce
gtataaatgt
cagcttctgg
ccggttggaa
actatgtcca
caattccacg
tcacctgaat
Llgalllgca
cattcggtat
ttatttgatt
ctatctgatt
ttgatggtgt
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137490
13800
13860
13520
13980
14040
14100
14163
142293
14289
14340
14400
14460
14523
14580
14640
14703
14760
14820
14880
14840
150093
15063
15123
15180
15240
15300
15360
15423
15480
155470
15200
15660
15720
15780
15840
15900
15960
16020
16080
16143
16200
16263
16320
16383
16440
16500
16560
16620
165680
16740
16800
16860
16920
16280
170493

17103
171697
17222
17280
173497
17400
17460
17520
17583
17640
17700
17763
17820
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ClLlLlyouin
cagcacaagc
tgttceccececac
tccacatgga
atgatatccyg
tttagectcece
aattctattc
ttgccectgta
tgagaagagt
tttctaattc
ttgcttttgg
gatctttceca
catacagatc
tgagaagggt
ggccattact
tttaggagtt
aaaagtgata
cgaattgetc
cettgtatag
ttggctactyg
gatctttcca
tctaacgaga
atttcegtat
tgattgtttt
caatattcat
taggtatcag
ttttgtggaa
ctgcactaaa
tctatttctt
ggtacctggt
tatagccttt
tctoecctttt
ctggctaagg
attctttgaa
tcectgcecegte
gttgtcaage
agttttccoca
ttttcattaa
tcattgagaa
ttattgaaga
tttttgtata
accatgaggt
atctgtcaga
ctgtttccac
aaatacatat

ataagttagg
ttttrttttt
attcataatt
taggcattta
ggccttgggt
gtttgggcat
ccttgatcat
tgacgctgtc
LglLacagcle
ttccccatga
tttgcatcag
ccactccaaa
tgctcactca
tattcttcac
cagttgattt
atgttgtttt
tggcaacaaa
cattcraatg
dgcagagagg
actctttagtyg
caagtagaga
tttaatgtct
aagtgtatgt
tatatttcac
atgcttgaat

atayaayoio
cattgatgtt
tectetectet
tttgacatta
ccagttgtyge
ttgtcaaaga
cattggtcta
gtacagcttt
ttttgctatc
gttgaagaat
caagatagcc
tcttctgaga
tttcacttcc
gttgttttcc
tgtttgagtt
ctctggtgga
ttttgacttc
tggctaagac
tccotgattt
gtttgctgta
agacttttat
tgatcatgtg
attgaaccat
gatgagttct
aagggaaatt
agtaattgtyg
tagtttgtga
cccatctggt
taggggatat
atctgtctag
tgtagaagga
catttctgat
gtttatctat
tagttcttct
tactcctctt
tgctaatgtyg
ttagaaatgco
actccaaaaa
gactgttgtt
tcagecttag
tgttgaggct
gctgagaaga
tccatttgtt
gatctgtccea
tcatatcaac

ggttgttatt
tttttttttyg
cttattcaat
gagctgttat
tcegtggget
cacttaaata
ttecatttttyg
tctggctgtyg
Laggccaacl
aagtgagtag
acaatagttc
ggcagtaggt
gatcact.cgg
ttagagagca
accagctact
gacccatgcc
aatttctatt
ttgactettt
aaatgctcea
caaggcttge
tggagggtac
catagtttta
cttagggatt
ttggttcect
cagactgagc

LyLaaLLiia
ctattcagga
ataagctteca
gtacaaggaa
tagcaccatt
tcaagtgacc
cttgtctgta
aggtcaggca
ctaggttttz
tgagttggaa
atttttacaa
tcttectttaa
ttagagtcac
taatttcttt
aattttatat
attcttaggg
ttcctttcea
ttcaagtaca
tagtggggtt
gattgetttt
catgaatggg
gtttttgtct
ctctgecatece
tggattcagt
ggtctgaagt
gcttcataga
agaactggaa
cctgggattt
aggactgttt
aaacttgtcce
tctgatggtyg
tttgttaatt
cttgttgatt
tgtttccact
gggtgaattt
tgctetetet
tatcattgtyg
gtccttaatt
cagtttecac
tcecatggtga
tgtttttctyg
aggtatatce
tcattactte
ttggtgaaag
tggaacaaac

tgcattacaa
agaacaagcece
catttatgac
gtgtaacccc
gtcatcatgg
ttttttcace
agagacaact
gtcagagtcc
cblicllacly
ggttttttet
cctcattgaa
gctyggtaga
atgaagett™
acaagagtta
tcoctaaactt
ctgtcaaagg
taaatttatt
tcectetagat
ggctgtgtga
taaaggtaca
aaataatcac
gttgtctggg
tatagttcgt
ctagctatgt
tgatatgata

Lyayyrasoea
atttttecce
ctgtctctyg
ataggaatgg
tgttgadaat
ataggtgtgt
tataccacta
tggtgattcce
tgttattcca
ttttgatggg
tgttgatcct
tttectttett
gccaaggtat
ctcagcectygt
ccagctactt
tcacttatat
atttgtatcc
gtgttgaata
gecttcoccaget
atcatgttta
tgttggattt
ttgagtttat
ctggaataaa
tagtgagaat
tctetatett
atgagttggyg
ttagatectte
tttttggttg
agatcattaa
atttcatcca
ttttggattt
agaatacttt
ttctctaaga
tggttgattt
gcttettttt
agtttcecttt
taccataagt
tctttettea
gtgaatgttyg
tctgdtagga
accaattatg
ttttgtttta
tgttagttte
tggccatctt
ctaatttctt

agttactcat
tgtgtactta
agaatgctaa
aaaaagtagc
ttggctgtat
tttcatette
tgccactact
agcagagctg
gegaccalll
gtggaagatt
acacgcagtt
gatatgccaa
catggccaaa
ttcaagtgta
aactggccac
atactcctta
tcataagcaa
agtaagaacg
agcagaateqg
cttgccgatce
tgagaggett
tactggtttg
atcatgtatg
gtetggecce
atgttgatgc

Lhiyliyadd
tgagccaata
ttttatgtygyg
attasatttgce
gettttttee
gggttcattt
ccatgcagtt
acczgaggat
gatgaatttg
gattgcattg
gccezatccat
cagzgacttt
tttatattat
ttatcctttg
cattgaagct
atactaccat
ccttgatcte
gggeggaaga
taotcaccatt
ggtatgggec
tgacaaatgc
atastggatt
acctacttgg
tttactgagt
tgttggttct
tagzgtacct
tttgaaggtc
ggagactatt
cctgatcttyg
ggttctccag
cttcaggatce
ccectgtggcec
accegcteccect
cacccctgag
gttctagagce
tggazggcact
ttgggtatgt
tteccocttectt
gctttcetatt
tgcatgggac
tggtcaattt
ggataaaatg
actgtgtecc
tatagtcact
tttocaatgtt

cectttdctt
tatgaacttt
aactcteatt
tttccacttg
gaazagagaa
ttttaggtta
ctagttgaaa
caczgctggt
clazalccac
ttgggcagtc
tattctccag
gtatcacact
tacagttgag
acaasgttcetg
aaastccctt
cttgggaact
gcazagatct
ctgtgecttt
tcetttaagt
atttatcatg
tggcaagtat
ttttcatcat
aaacaccatg
agtgctttcce
tcettttget

CLuyuLuLea
tcttecgagge
agttecttga
attcttctac
actggatggt
ctgggtette
tttatcacaa
cttttatcct
catattgccc
aatctgtaga
gagcatggga
aagttcttgt
ttgtgactat
tatagagaaa
gtttatcaga
atcatctgca
ctcttgttat
aagtggacaqg
tactttgatyg
ttgaattccet
tttectectea
acattgatgg
tcaggatgga
atttttgecat
ttctgtggtt
tctgecttetyg
tgatagaact
aatgactgct
atttaacttt
ttttgttgag
tgttgttatg
tctagtgagt
tgattggttyg
tttgattgtt
ttttaggtgt
cagagctatyg
agtggcettca
gaccaaggta
atttattttyg
aatttcaata
tggagaaggt
ttctgtagat
tgtttagttt
gaagacatac
ttacatggaa

cttttetttt
aatttgccaa
atattttage
agatgctgaa
aggctccatt
agtagcttgt
agtgctgtcet
tacctttcte
callcaclly
ctgttgccac
agcggtetge
aggctatgac
aaagaacaaa
agattccatg
tgtaagcagt
gttttaatga
ttttacttca
ttctgacace
acgaatcggg
tgtgacgcaa
attgttagca
tctgagecatg
gggtaatatt
ttgtaaatgce
tactgagtgyg
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17240
18002
18060
18120
18180
18240
18300
183690
18420
164890
18540
18600
18660
18723
18780
18840
18900
18260
19020
19082
19140
19200
19263
19320
19380
19440
19509
19560
19623
19680
19740
19800
19863
19923
19980
20040
20102
20163
20220
20280
20340
20400
20463
20529

20580
20640
20700
20763
20820
20880
20940
21000
21060
21122
21180
21243
21300
21360
21423
21480
215473
21600
21660
217290
21783
21847
21200
21960
22023



ctatgaatat
acatagcaaa
gtattcaagyg
aaccagcatt
ataataatgt
caaaaatgaa
ttgtgtaccgg
ggaagagaag
dtcaaagctc
tagcaaggcg
ccaggtgtaa
atgccectaga
cccaaaasaat
ccataattat
ctgctgtgac
gtactcagga
tctggacaga
tttcgagaca
gctggecctcecyg
tgcaccacca
cttggtttgc
tcttacctgyg
atgtttctca
caacctctce
tccatgaaca
catttcctet
tacagaccct
atacctaatt
acagcagaga
gaaaagccag
tgagatcctg
ctggggazaa
aacaacaaaa

aagcaacctyg
catcacacag
daataactgg
catgatgaga
atgctttcaa
caagaggata
acatacaaqgqg
cactaggcaa
geagalygacy
cgcggcggcet
cgtggccgtyg
cccygtecacca
tacctgttat
ctaaaggatyg
accaggttca
aagtgctcea
atcgtecctyg
tgecaaggtga
actggcattyg
ttcagccaga
cteccaagact
tccttatcag
gacccaggct
taagtctgcect
tggatgaagc
taaacgccca
gaaaglcagl
cattatgtgt
ccagaactta
aattatacct
tgtgacagtt
ggttgatatc
attgaatgga
actaggttat
gtatagatat
tecectocatgtt
tttotttttt

gcaccatact
atgaagcaaa
agcattccta
aaaccaaata
ctactttcac
aacatagact
ccageagatco
aggggctagy
aattttacta
gcaggttcca
acagtggagce
tgccacctazn
tatttttttt
actcccadgta
aattatgaaa
ctgaaagact
tccgetctag
gggtttctct
aactcagaaa
tacctggctt
tgccecttctyg
tgccactgtt
ttaaggcact
ccteteeate
caaagtaaaqg
ttaaagctga
gagtaggcayg
tcacaataga
tacggagcte
agtggctcat
gtcagcagece
gggtggtttt
cccaaacttyg

cagagtgcag
gtcaatataa
tatatatgaa
tattgcccca
ggatatgggy
ggatggcagt
ttcagcacta
gtcctaaaag
cecyylygcayc
tccacggagyg
gtcgaggccy
agctgggecyg
ccetgegeat
aggttctgaa
aggctttegt
aggaggttge
tgcggagagy
caggccegeltg
tctetgetece
ggctgcactyg
tacagctace
gaattcacygg
ccagctgtgg
gaaaaaaaaa
ccaggcacct
tgcacaaatyg
Lglygalaagl
aaaggctaaa
taaagagttc
aaaataacta
tgttgtattt
aagtgtctga
ctggctagge
aagtacactg
aggctgetge
tacacagaaa
aaatagctag

tactcattgt
acaaaagcga
cttctgtgat
gggaatcact
ggcttttatt
ctgggctgag
acagcctggg
taacgagaga
tatcagcacg
gcagtgggcyg
cctaaggctg
atgacaaatc
gtataccaga
gctacaaact
tgaaagaagt
gctgctaaaa
atgtgaagat
gtgtagccct
tcecgectgee
tttgtgaaga
atgcagtatc
gggaagtgat
gggggcatac
caggctetce
tggactatge
gttttctggg
ggcaatctta
cactgatgga
tettacagtyg
tcteoaccaga
actagaagaa
gottttggtt
acagatgaca

taataaccca
gcaagtactyg
gtagtactta
cttagatgga
aaagtgtact
ttaaattaaa
taataaatga
aaatggactc
gggdggygcce
attcggcage
cggggctegt
cctggttaag
taaggagtct
aatcatgcca
cgctattggg
tactgccatce
ctactggggyg
tggctcectgtg
tgaagctcect
ccaccctggyg
tgacccocga
atcatcttgt
ctaccacata
aaaaaagaaa
tecatctgtgt
aatggtacat
gaaacaagcee
acgtttatct
taggaaaaag
aaaggatagc
ttetggtttg
ctectgcactg
agtggtgccc
ggttttaagt
aactgattac
tcagtactgt
taattagaat

aagaaattaa
tgctgtttta
gcaaaagctg
gaaatcacgt
caggtctagt
gecttteeccectt
ttctagocctyg
aagaacggag
cagttataaa
tggcagacceg
ggggagggga
cagtccagta
aatgaaattg
aaacagccce
daagatgaac
tgcctatcca
ggtectttttt
ggctgtccag
tctgectceee
tgttcttaac
cccaaaggcet
ggaaatgcga
ctatggagca
cctgtgecace
cottagactg
tgctttgtca
tgcagaaaca
ctcagtctgg
gtgctctggyg
cacaaactga
aacttaggag
ttggtttttt
tcacactgca

cagaaggaga
atagtgtgge
gcattgctge
tattatcaaa
tgcaggaatt
aaactagaag
gcaattagac
gcttcttett
dagaggaccly
ggtcttaggg
ggaggtaaag
gacatgaaga
gagatcattg
gtgcagaagc
gactacaatg
cgaggggcca
aacaagattg
ctggtgcgtc
gatgatggce
caactttget
cctetggaaa
gaaaacccac
agggttttta
gaaagaaaga
tgcagcacga
agccacagtg
aggcacagaa
catacaagta
ctatagagag
ttacaatatt
tgtatgtggg
cattatttta
taacatctac
acaggctata
atgggtgctyg
gcctactgag
tatgaatagtt

aatgtctctt
ggtaccctaa
tcteacactgg
tatcaaagat
gctataagtt
agcesgaaaag
gaaaggcatt
ccazgtcaaa
ggadgggcaag
attgagecgg
ggctacactt
caggatgtag
ctgegaaaaa
atagatgaag
adatgaaggg
acccagagct
tttttttttt
gaactcactc
gagtgctggyg
agaectagaa
cgcetgeact
ggaattgtag
tacagtagga
tggeccttggt
taacagtgag
tgttaatgga
tcasagctgg
agtacttaca
agaactggcc
gctcataaga
aaaccattca
agtatattcce
aagcttttgce

ggagatactt
catctccaaa
gtatatggta
acaacatcaa
taazttatta
tggtagagca
atttgaagca
cttcgggaaa
gyggygcleagy
gcecgtggteg
ctgaagacaa
tcaegtecett
atttocttaect
agactcgggce
gtcecgttgg
tecatcttgge
gcaagcccca
tcatccetge
ggtetagatg
aaggccacct
gagoctgtet
accagagtct
tatgagaaaa
aaagaaatgg
gtcaccatgce
aagtgtttga
agalaaalgc
gaaggtaaat
gctcagggtt
ctgtagcact
agagaaagta
ggcagggtcet
ctgtcegtac
ggtatagata
ggasacctaac
tecatttceccec
cctaacaaaa

aaggatgtaa
ctgaccttgt
gcagatctac
gagaaacaadg
tttgccaaaa
tgcttacttg
ttggaaacct
agcaactctyg
ggggggecaa
caagctecctt
agcatgcctyg
agcacceeccce
aaaatgaaga
tgagtgatgt
aagacatcca
ctctgcagac
ttttttggtt
tgtagaccag
attaaaggcyg
agaagtaccc
gaacaltttca
cctecgttgag
acctggtttyg
gttetgccac
tcagaagaaa
gtctgattag
tagcatagac
gtaagaatat
gtcctgtgaa
cgcttgaacc
acacgtcagt
ccaaatcaaa
acaaccaaga

gtgggcagtt
gaagatatga
aattcaaaac
aaagtgacaa
atttgeccatt
gtcgecctaga
acaatctcac
acaccaaatg
allaggaggc
tggccgaggce
ggagtggatc
ggaggagatc
gggtgcgrtea
tggccagegy
tettggtgtt
caagctttce
cactgttceca
cceccagagge
actgctacac
ttgatgccat
teaccaagte
ctgttcagag
ataaaagaat
actcggtatg
aggatcagtc
ccacaaaaaqg
Lgcalgllal
acggagacta
gaataactaa
gtagaataat
tgtggacaga
ctctctaacc
atctcceaat
taggctacag
ataggttggg
agttctagta
gaaaatgata
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22080
22149
22203
22263
22320
22380
224470
22500
22563
22620
226870
22740
22800
22860
22920
22980
230490
23100
23162
23220
232890
23340

3400
23460
23520
23580
236490
23700
23763
23820
238830
23940
24000

240670
24120
24183
24240
24300
24367
24429
244870
24543
24600
24660
24723
247870
24840
24900
24960
25023
25080
25140
25200
25267
25320
253890
25440
25500
25560
25620
25683
25747
25800
25860
25920
25980
26040
261030
261637
26227



actatctgag
aattcattgt
attagtcagce
ccttacaggce
atccaatagt
atcccaaaga
aaggtaatca
agaacaagtyg
ggtttggttt
ggtttctctyg
aatctcttgce
ctcaatagca
cttoctacat
ctectcacagyg
ccaaaagtaa
tgtcataatt
taactattcc
gccltaacgtyg
gcaatgtett
attgatgtta
tgctttetta

gtcatgtgge
aceccttggeca
cattcecttac
ctttaatcac
cataaccttt
cagtcacgcc
ggccaaagtt
gcaagcagaa
glyagaglyga
gtatcaaaga
ctgccccage
ttttgtectyg
ggggagaaat
cagaacagga
ctegetoect
ccccaccccyg
tacagcctag
tcaagttgaa
ctgagtgcta
ggactagatt
ctgtgtgtgt
tgcatggaat
tccacatgcce
attttggtgt
tatgtatata
ttcttataat
aagalllagcel
gcectgagtt
catgagctca
ccaatttcect
agataatgtg
tgattgggtyg
cacatcgggt
ccccacaaca
tagactattt
caggatatct
aaactacaac
aatactttga
tgttctacac
gcccagcectac
aggaagaaga
cattaacttg
acaccctaca
actgtcactg
Lalllclgaa
ttcttttaac
acaggatgca
caccacgcac

PRI PRSI U

atgctagtta
accctgaaaa
aatctctaga
caagatccag
tgttcagtcce
aataggcgce
ggcagaagac
gcccagacta
gotttggttt
tatagccctyg
ctctgcttece
ttaaatggca
caaaqgatcotyg
tgtgccctct
ctattacaag
aatttccaaa
acatacaatc
atataactat
attcttttaa
tatcatatga
agaaaatagyg

cttagtattt
agaacctcag
atgtatgtgc
aggacatcgt
cttacctcca
tcctaacact
gccagaggaa
ctgaaggtct
glagaallal
aaatgtctea
ccttcatact
gttagggtta
gggtttatte
gctcaagcag
aggcttgetce
caatggattg
gcattttgga
gcaaaagtag
atattatatc
catgtaatgyg
gtttctagtt
acatttgata
tatgataacc
gtgatattta
tatatatgta
taagtttaca
LLtgglgallL
cagtctccac
gaattaaaga
ttaaagtcac
atttctgaaa
aaatacctge
tcttagacce
ctaggtagga
cctactgatt
ccaacttctt
aacaggaacc
tatacagtaz
tcagcataat
ctagaaagayg
taaaacaatyg
gcataggtct
gttggattgc
tcaacacaaa
caagyceelygl
aattgcttct
acaggcagtt

tgataccctg
tacaaaaatt
gtaataaaac
ctaatccate
acaaggccygg
aaagctagtyg
aagaccttce
gatgtggatt
gotttggttt
goctgtectygg
caagtgctygg
tgtettttec
gattagaagt
acttttggat
tocacccaat
tgaaaacaat
agaaatgcat
tcttecataca
tatctcaaac
taaagaaatt
acagaaacte

ataactacct
caggtcttygyg
cctttgteat
agcaccaaca
tagtggggag
gttattectt
aatctgagct
caggaatagg
Lelellllel
tatattgtac
gctgccatca
ctattgctgt
agcttatgeg
ggcaggaatc
agactgctta
ggceccteoect
ggectttgagt
acaggcctta
aatttadaat
atacaagtta
taattctgte
ctgaaagggt
gtagaaattc
tatatatatg
tatgtgtata
aaattaaaaa
ggallcllaa
tttecaccccece
aaacacattt
aatgagatac
gagctcacte
gagctctcea
gacatccctt
gagaaagaaqg
aggggtgttra
cttetecatet
agcagtagca
ttatcctage
accttgtata
gtaaatactt
gagaaaggca
ttgtagtctt
acgtggcatyg
tggtagtgge
accagal leca
ctcagttggce
ttgtcctacce
atgtcaacac

PR IV,

agtgaatcac
getetgtygtt
ttagatatat
agtggcaggc
gtggctcage
aggaatggtc
tttttcegtyg
aaatgttttyg
ggtttggttt
gttgtagacc
gattaaaggc
tatctcaaat
ggatctttct
ttttggttet
atcaacttga
aaccatgtca
tcattatata
acagcaaaca
ttaaatatga
gatgaaagaa
tgtcaattat

tcectetgeta
ctcttttcecct
cctgoctgga
catgccccaa
gcagtcccag
tcttageccgy
tccagttcaa
aagcaaacac
acecacllgac
actgattcag
aattgtcacc
gaggaaacac
tctacatcac
tggaggcegt
tagaactcag
caggaatcac
ctgcctcecte
aactcacaac
ttaaatataa
tggaagatgt
atgatttttt
aaattgaatg
atggattagt
tatatatata
tatatatata
ctatcttaaa
Lalyggllgatl
aaaatgaaaa
ctaactttgc
acagtacttc
tacacagggce
agcaaagcca
cccacctgta
gttagtggtg
ggtccttgag
ctttgetcecac
aggacatcag
ctttaagagt
ctgecaggtat
ttctattaac
gtcataattt
tttctgcagt
ttctgaccca
tggattttta
cagygaalalyg
atgtggtcag
ctteccggcaa
tgtcaagcag

actttgtgtg
gattggctag
gggctgtatt
tgtgaacagt
tgccttetygt
ttgctagcaa
tccttatata
ggtttggttt
ggtttgecctt
aggctggcecet
gtgcacacca
gatctggatt
acttcagatt
agatggagtc
taczcaatca
taaaaacacc
tttzaccaag
tgataaattt
taaccattga
agcacaaatg
aatcatcttt

aaccattttg
ggaggactga
ccaggttgtt
aggatctect
tectecttygy
ttgecttaag
tgaztgtaat
ttcccatgga
Lcclygygaccl
agcztgectt
tgtgtcttcecce
catgagcacc
agctcatcat
ggaggaaage
gaccaccagc
aattgcccca
tctgatgatt
aacccacctg
catataadagg
gtgtgtgtot
tcttgtaggt
tggagectca
atagaccttyg
tgtgtgtgta
tatztatata
aattgaattc
glllacclay
tcagcttttg
ttttacaaat
ctagcacccece
acagggcagg
ggcctatttyg
tcctecectaa
gaagtttgca
acasgtccag
aaagtttatc
agttgtatag
gaazgatttg
ttgetgeatg
atacatattc
tacagaccag
gcgtatttece
ctttttatgg
tacagtatca
calelelial
tgagttctet
gttetgtatg
atgccaccgt

P U Y

catgtactga
atgcatgtgt
agacttttgg
aagtctaaga
atacagtgga
agcgaaggtyg
ggctcctage
ggtttgattt
ttcgagacag
caaactcaga
ctacgcccecgyg
aaaagagtgt
aagttaaact
aacatgacaa
tatctecetta
taaacatgaa
tcctaattat
acaataggtg
tgttatctta
tctgtataaa
tcotgeaacta

tattttctec
cccatacctt
gtaacattga
gccctataga
tagtctgcat
ggcatcagaa
gttgttctaqg
tcactacagg
alggalccly
ctggaaaacc
tggtaccaac
aaagcaactt
caaaggaagt
tgctgactgg
tcecagggtygg
cagacttacc
ctagcttttyg
cctecaatttt
gcaatagaaa
gtctgtctgt
ggtaggtgag
cagcttectgt
agtctggtta
tgtatgtatg
tatgcaagat
ttgcaaataa
daaygllaaaa
ggtttcagat
cttaatttta
ttgttcaatt
tgcaaaactg
ctttagctge
ttecttccaa
cacatctttt
tctteattgt
acaagttgat
ctttccagaa
gcagcctetyg
gtaagtggcet
atttagatat
caagtaaacg
tgcagtgccc
tatactgtgt
gcttgaaggt
callaclala
cttccttcectg
cccegtaccece
gtcatgaaca
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26280
26340
26400
264630
26520
26583
26640
26700
26760
26820
26887
26840
27000
27063
27120
27180
27240
27303
27360
274293
27480

27540
27600
27660
27720
27780
277843
27200
279670
28020
280820
28140
28203
282670
283220
28380
28440
28500
28560
28620
28680
28747
28800
28860
28920
28980
29047
29100
29160
29220
29280
293470
29400
29467
29527
29583
20647
29700
29760
298270
29880
29849
30000
300690
30120
301890
30240
30300
30360
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LdLtidlidar
agaagaggac
gtatgtgacg
taaaaacagt
tttttcttta
tctaagtaca
atggttgtga
cagtgctcett
tttttagaca
gatcaggcta

taaaggcgtyg
agataggtaa
ttacttaatg
ctgggaattt
ttecttgggty
tttctttgca
aaaggcadgta
aaagcatttc
clcegalcaa
agtgtggtca
ccgtgtgtet
gccacagtaa
tctacacage
agaggaatcg
acatagaaat
aagtcctgtt
ttgaatggat
aagaaaaagc
tttatttceca
caagattata
tcacttttga
actgtaccac
taattttaac
tgaagatagt
ttgggaaata
tttcagccag
caclcalcce
gttccectggge
tgtgaaaaat
taaaacactyg
gcatgctgaa
cttagctgeg
gacctgagge
tgcctggata
tatgtgegtt
gtgcacattg
aactaagtat
caactttttt
gaaccttttt
agccttectg
ttttctttta
aagtgctaga
atagcctgta
accctectgecce
dallgaally
ttgtctctgt
gcgacttgtt
agatcctgtyg
tgggtctggyg
gtcccctect
daggagatat
ggggacagtg
gaaatggctyg
tgtcttgtgt
cttgcacagt
gatgatacgt
gttccetttyg
ataggcagaa

Foamam~on

cddiyudydlL
atggcgcagy
cttggcetta
gcaagttgta
ttttcttaac
ctgtagctgt
gccaccatgt
acctgctgag
gtctcactgyg
gcecttecaact

tgcctecatsa
agatttccte
aagggccage
agtgtataac
tgactatcaa
ttttatattt
agtgctgatyg
aatggtgttc
craagagcll
tccecgottgg
gaagaagaaa
actgctgccc
tectgetgtge
ttcaaattga
tttcocteactyg
tattttttta
ttgcaccatyg
aattgttcag
gttctaagta
tcttctatta
gtctgggagyg
tatgcagttyg
ctttttaaga
ctttcctttt
gtggacttaa
taaccatgaa
Lcaaggcelyga
agtgatgttg
gttatatttt
aaagggaatg
gtgggtcacc
gtagtaataa
aaacgtgtaa
gcctcaaaac
tgtgtttatt
agtatatgca
gcattccaaa
actagagcasa
cttcttagga
gatcaggtaza
aaatatgtcc
ggecctttcta
tattaaccgt
tttagaattt
aaaalkallcl
ttttaaaagt
tctatacgta
ccatagacat
tctgtgtgayg
ctactccaca
tttaaggtag
ggtttccaga
taatgggtgt
ccetgecaggt
tcetecteat
gagtcctgct
aacattgtct
ggggaaaaayg

et Tato R et o o

dedLgayygLe
acaccatcart
ggtgtcattg
tttaaaagaa
tttaaggttt
cttcagacac
ggttgctggg
ccatcttgcece
gcctaatgac
cccagatate

cctagcctaa
ttaaaaataa
ttaatagtta
gttcattgta
acacagaaaa
tgctatttat
gogtttggagqg
tagagtctaa
gaaalygyglygc
agggctttag
gcagagctga
agaggtccct
totghtagtyg
actettatgt
agtctgocgtg
gttgattgtt
ttagtgtttt
ctattctgge
aatgttttga
ttgtgggctc
tttogaggttt
cttattagta
taaaagcagt
ccagcttttg
gttctaaggyg
gtgctggcgt
gaggeyglygcl
tgatctctac
ccetetgaca
ggggctgaga
tcagttggee
gttatgectgce
ggtgacggtt
acaaacadgtg
ttctgtgcat
tgtgtgttta
tgcacacatc
gaagttgtgyg
atattttcca
atatgatgcc
cacagtgcct
aagtctgtaa
taaagcagca
ttgtggttgyg
Laagacl Llay
atctgatgag
agcagagctt
agagttgaga
gtgaggacag
caacctgaag
aatacaagat
catttgccge
tgtgtgtcag
cttceocatttyg
tetteocacaga
cctetagagg
gtattataat
cocectttaagt

aam~otaatan

dydycLgdid
ctacacagat
ttaaacaaca
aagaaatatg
tttttttttt
accagaagag
atttgaactc
acccccaact
ttacataggt
cacctgecte

atcttecattt
atacttagca
tcagtcagtt
tggtagactg
gtatttgaaa
ttcttaccag
aacttgggat
aaaaqgaatag
Laglccllay
gaagcagtga
aacaagaggc
gtgtggggcet
ctgagaaagg
cactagttca
cctgcogtett
tagaatctct
tgttttgaat
atgacaaaat
atataaaatt
atgatagtat
cagattcagg
ccacagagta
ctgatgatac
tgatccagat
acccacaaac
cccecttecage
geleleclgl
catctgagtc
tgaatataat
aaaaaacagt
attttgtetg
tggctcatac
ctaaacacac
tacaaatgta
taagtatgta
cactgaatac
tgtcttetta
aatgtaactce
agatgtctta
acccattgece
acagaatata
acggattcet
ttcteccatce
tgaagacagg
gligcllcly
taaacatctg
tgtcataata
tgaggagaac
cctgtaatce
tcattgactt
ctaagtgcat
taccagagtc
atcctgtcaa
aagcctggcee
aaagcecttga
aaagccttta
gcgggggttt
ctctteggaa

Eala s Tak oot oWt

gueueeeryyd
gagzgcttca
taazacttct
acazgcacat
aagztttatt
ggcgtcagat
aggecctttg
ttazattttt
ggcctggaac
tgccacccaa

cttzaaatac
aatatatacc
atczgtgeca
aagtaattct
tttataaaga
aagztgcgag
tttzattata
tgagacccta
Lalecaclyga
ccctggacca
gcatggtagg
gcagaattaa
ttgagaggaa
catactggca
cctegtgact
tctcaggaaa
atgtttgttt
catgtcatga
gtcagaaata
cagtgtggtt
gactcdcaca
attcccagtt
attzaagtcg
ctceattcagt
cccgtgactyg
gccectttet
clalllcecl
ttgctttgca
agcctaggga
cattagcttc
aacgttacat
ttacagatgg
tgatggacag
cecttgegtt
tatgtatgtg
tgaeacccacg
cacatetgtt
tgtzaaaccyg
cacagagaca
agacaaaaga
taazaagcac
ctttgaatta
tagtggetge
ggtgtgettt
cllzaabyggl
gagatggtac
gcatgctggg
ctcgtgttcea
caagtctctg
agttatttcc
taazctagagag
ttgccetttyg
caatgtcgeyg
tgtctetecag
cactaatcaa
tgcattgaca
ttgtctettt
cctgaagata

+aranantt+

gyycdacuue
ctectgattt
catttatgag
actcaggcac
tattattata
ctcattacaa
gaagagcagt
tatactatta
tcactatata
atacttggat

tgttttgcta
gatctectaa
geccectactg
aagtattttt
gaacaggttt
cagcaaagta
aaacttcaag
ttcctgttet
agagacgcla
atgggtgtca
gacaccagca
aagaacccat
ttgtttcaga
atcttggaaa
aatatacttg
tgaggtaaac
ggaagatttg
attttagaat
ttttcagcea
taaataatat
ctgggcaatt
aagttacttt
gacatttcct
agagcagaaa
tgctgtcecgt
ccatttggtyg
cllcececaly
tttatcttac
aagacagaag
tgtctyggceccea
gccagccaac
taagtctett
gcacatgccec
aaagtggatc
tgtttatatt
gcctectgea
tataaaactt
tttaatatct
ctctagtgaa
acatcatata
caaagaatta
ttaatgggaa
ttcaggtcca
catttgtgtt
agcalccllia
tggattctat
aatcaggcca
ctgggacttyg
aagctgaaaa
ataataaaat
aatctgaaaa
gaaatcggaa
gaagctgcac
gagtactttc
gtacatcgag
gttgectgtte
tgttttgttt
gatcttgatt

R el Ye e darel
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[SLVA PAV]
30480
30540
30600
306670
30720
30780
3084120
30900
30960

31020
31080
311420
31200
312639
31323
31380
314470
31500
31560
31620
31683
317470
31800
31860
31922
31983
32040
32100
32160
32220
32280
32340
32400
32460
325220
32583
32640
32700
32763
32820
32880
32040
33000
33060
331223
33180
332490
33300
333690
334290
33480
33540
33600
33660
337230
33780
33840
33900
33960
34020
34080
34147
34200
34263
34320
34380
34440
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Laasayuaya

tacactcttt
tgaccttttyg
gtgtctcage
ctacacttgt
ttcctagaat
ctgtctttta
ttgttttgtt
gaaaccceley
tggtatgtcc
tcagaaagga
agctgtaggt
ctgtacagaa
ttttgttggt
aacttttaag
tttcccaatce
tttcatctga
taagtatgtc
ctttcetttyg
gcagagaaat
tgtttctgtt
tctgtgcaac
gtggacttag
ccegttecte
gctttggcat
gaggcactcc
acacayglaga
agaaaatgta
cttttctcect
ttcattattt
cagtcgtgtt
agacagggtt
cctcgaactc
caactagtct
catcttaaaa
gtgcatgett
cttccaatac
aaacataaag
atttcacata
agacagttcg
ccccacatgg
aacacgcacyg
ttaaactgat
tgaacaaagc
acleccaaygay
ctgggaacgc
gaaagcgtag
gaaaaatagt
ctgccgagtyg
tcccacagga
aaggcettgac
tcgetaagea
gttgaaagga
aaaccacctt
atttagtgtt
accctceccceca
agagggaaca
ctccagttet

YyyryatoLu
catctttggg
accgtgtggt
agtgtgtggg
cagtagaagt
agatgtactc
aagatatgaa
ttgtttgttt
LLlagclilac
gattacttct
acttagtctyg
gaaatcagtt
atgccgaggg
ttattgtagt
gttaattttc
ttggaaaata
ccacccetttyg
agagtacatt
gtttctgcect
ctgacccagt
cctgtaacgt
agcagtgtag
cataaaaagyg
acccaccaga
tacaaatcag
gtcatggtaza
alcllallly
agctgtacag
agatggggaza
agggaaaacyg
gaacggaacc
tctcectgtata
agazatctac
tcttttttes
aaaaaagaag
ctacttccgg
agagttcaag
ctaaagcttt
caaaataatt
cttggtaaayg
gggaggaaga
tgtgtgcgcea
ttattctcce
acttttaggc
aaaaclclle
acacagctca
ggctctcaga
ggcattacac
tgggcggett
ctgtctcagyg
acacagccaa
cagagcattce
ttgaaaaaac
agaatgaaag
attgtacagg
ccgttttcag
ctcagagect
gttcecatcea

agacctttce:
ttgctgtgte
cacatccttc
ctgtacctga
ttttagggcc
tgatggaata
tcttggaaac
agalaaaygly
gccacagcta
actacagatt
gttagcccett
gtcatgecatyg
tctgtcaaag
attatttttg
taatttettqg
cacggctgcece
cgctgataag
gtactctggt
gctattttte
tocgactatet
gagtatacac
gagaatataz
tttagcgaga
aacaacacac
gcgagtaggt
aglygclaall
tgaataagtt
ttttgaataa
ctgctgtgaa
cattggtttt
gceccectggetyg
ctgeoctetge
aagaagatat
agaaaagaaa
tcettgggag
acccactgag
cttcttaact
cttaaattct
gtgcctgttyg
aacccccgca
cacatttttt
caagtcattyg
gctttaagtt
glaglaycya
ggagtggata
tgaggaaaca
taactgttgt
gagagaatga
ctgccaccac
aagctactca
agcacagctc
tcaagactat
cttttgactt
cacgaagcat
cttctattee
tgtctttetyg
tttcattgceca

LYY L Laye
acactagtgt
tgtetecttea
ctceccgagtce
tgtcaggtgce
ttatgtttac
tacacttgac
ttatgattcc
Lgagllgacl
aacattagag
agttcttgag
cctttataga
ggcoctgagt
aaagtggcat
agccgaattia
gcagagggtc
gtgtgcctygyg
atctttgaag
gtttccegtg
taggtgctac
cgctagetgt
aaacacaaat
ttatttttta
aaaagcttte
actgaccatyg
ceccaccteet
gliglcllly
attgaagcat
aatacctttg
agggggcgtyg
catcttcgct
tcectggaccet
ctceccaagtg
ttaaagctaa
agaaaaggta
atgggggeag
ctacgtgagg
teccagtattyg
cttttgaaaa
ccaaacgtga
gcttgcececte
aagttcctat
atacgggtgt
ggaaagcaag
galecyggclygl
gcatccccca
aaaccataca
ggaattgtac
agagagctac
cataaatagc
cattccattt
ttecectgtgg
gttctcaaac
cttattaaca
actectggteca
accttccata
tatctgggat
aagagcaaga

Lyayaaaat L
dcaagaacgt
cagtcacacc
ctgctgcagg
atcgttacag
aattatccta
catzactgct
tggtttacat
Lceclgecceel
catttaaagt
agasgacact
cgtegtecctt
atcgtgacct
ttgtttttat
aaatgcgcac
agatttcagg
cttagattag
agcegggaag
tcacctgeat
tatggcaaac
gaagtactga
atgtgtttct
caaaagggat
tattctgaaa
atggcttgtg
agtygtgeccygce
clgclilacl
gtgtaaacac
aaattctgtg
atcagettec
cccocecect
cactctgtag
ctgggaggca
cgaataatgce
atcacactgce
gatgagacgc
ctacaccagce
caccttgatt
atgttctact
taacctgagt
tgatgccatg
taczttgata
ccaacgtaaa
aaacggagat
gyay Lyaaya
gcctcaacte
aagctgctge
agaccgattc
tggcctcagg
attttagacg
catecccecage
tgggtactca
atttttttaa
tgczctaact
gaacctgtet
cgtctcaaga
atctcactta
tttcactcta

acyurayy e
gatgttctaa
tgctgttaca
acagggtaca
tgaatgactc
agtactattg
gattggtttt
gtaccacact
clglglLlclg
ttgcagttce
gatagggcag
cagattcggt
gtgacaagtt
aattgttgcc
ctecetgtgee
gcccagteae
aagtccttgt
cgtettgeet
cataggaaca
tcaagtggtc
ttagtggagt
atttaaaact
aaaaatgggce
ggtcacggtyg
aactaactgc
tcattgettt
glgllgllal
tgttatatat
tatgttttag
tattctgcga
tggtttttcg
accaggctgg
gttgececcac
tagactctta
ccagtgtgta
tccagacegg
ctgcctttaa
cccecttcaa
gaggccagayg
taaatcatag
tatgcactaa
gtaatataat
atccagcggc
tgacactgtc
Lyclcagayyg
ctaacactgg
aagctaaaca
tcecteccaat
taacagtgct
tgacagagct
tgttetgtea
geactgttga
gctettttta
tcatatacac
coctttggtece
tccacatgtg
dcatgatatt
cagccaaata
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34560
34620
34680
34740
34800
34860
34929
34880
35042
35100
35160
35220
35283
35340
35400
35460
35520
35580
35640
35700
35760
35820
35880
35840
36000
36063
36120
36180
362430
36300
36360
36420
36480
365470
36600
36660
36720
36780
36840
36200
36960
37020
37080
37143
37200
37260
37320
37382
37440
37509
37563
37620
37680
37740
37809
37860
37923

acacatttgt ccatgtatat ccgtattttt cecttattcat ctgttgaatg gecacaagact 37980
gatatcatgg gtaatatcta t

<210>12
<211> 3435
<212> DNA

<213> Rattus norvegicus

38001



<220>
<221> CDS
<222> (370)

<400> 12

cgtttgtagt
agtccaggca
cataacggtg
ctgcagaatc
gtgggagggc
cggtgaaggc

... (1815)

gtcagceate
gggtatgcta
accaaagaca
tggagecggee
ggggccgggyg
gcagcggcegyg

ccaattgcecct
ggcaggtgceyg
aaagaaggaa
gtggttgggyg

cggggceccgyg
cgagtggcta

gttccttecte
ttttggttgce
accagattaa
gcggggcetac
agccggcetge
Lttgcaagcgt

tgtgggagtyg
ctcagatcgc
aaagaaccgg
gacggggcgg
ggttgcggte
ttggataatg

DK/EP 2906696 T3

gtgtctagac
aacttgactc
acacagaccc
actcggggge
cctgecgecgg
tgagacctyg

60

120
180
240
300
360

atc tgc cce cca cca tct cct get gtt goe aag 411
Ile Cys Pro Pro Pro Ser Pro Ala Val Ala Lys
5 10

gatgcaggg atg tcg act
Met Ser Thr

1
att 459
Ile

acc ttt
Thr Phe
30

tca
Ser

tta
Leu

aca
Thr
15

gct
Ala

agt
Ser
20

ccce
Pro

ttg
Leu
25

gct
Ala

ttg gcg
Leu Ala

ggt
Gly

gag
Glu

gaa
Glu

att 507

Ile

ctt
Leu

att
Ile

cct
Pro

aat
Asn
35

tac
Tyr

gct
Ala

tgg
Trp

gat
Asp

gta
Vval

cac
His

gct
Ala

tgg
Trp
45

ggt
Gly

aga agyg

Arg

ttt
Phe

ctt
Leu

act 555
Thr

50

atc
Ile

ctc
Leu

ctc
Leu

cca
Pro

aag
Lys

aca
Thr

gac
Asp
50

caa
Gln

gta
Val

agt
Ser
55

gga
Gly

gaa
Glu

att
Ile

aat 603

Asn

aat
Asn

act
Thr

gcc
Ala

aac
Asn

cac
His
65

ctg
Leu

agt
Ser

gga
Gly

gaa
Glu
70

Cgg
Arg

gcg
Ala
75

gag
Glu

999
Gly

ttt 651

Phe

ttt
Phe
85

tta
Leu

tect
Ser

att
Ile

att
Ile

ata
Ile
80

gca
Ala

gat
Asp

gta
Val

aag
Lys

gtc
Val

gaa
Glu

aag
Lys
90

gtc
Val

ggce
Gly

tac 699
Tyr

110

act
Thr

gtt
Val
95

tta
Leu

tte
Phe

atc
Ile

tca
Ser

gac
Asp
100

aac
Asn

aac
Asn

gat
Asp

tgg
Trp

gg99
Gly

gga
Gly
105

cgg
Arg

agc
Ser

att 747

Ile

tte
Phe

ctc
Leu
125

tac
Tyr

ata
Ile
115

tca
Ser

cta
Leu

cca
Pro

ctg
Leu

ctg
Leu

agt
Ser

gga
Gly

ccyg
Pro

cag
Gln

acg
Thr

gag
Glu
120
att 795
Ile

atc
Ile

cta
Leu
135

cac
His

aaa
Lys

cac
His

ctg
Leu

aga
Arg

tgt
Cys

gtt
val

agyg
Arg

acg
Thr

cga
Arg
140

gga
Gly

gtyg
Val
130

gac
Asp

ata tgg atg aag gaa aga gaa gtc cag zaa att gtc 843

Glu Val Gln

155

Arg Ile Met His Lys Arg Gln Glu Asn Ile val

150

Lys

cct
Pro

atec
Tle

atc
Tle

ttg
Leu

gaa
Glu
160

acc
Thr

atqg
Met
165

gat
Asp

agt
Ser

gag
Glu

agg
Arg

gaa
Glu

cag
Gln

g9~
Gly

caqg
Gln
170
ctt 939
Leu

ctt
Leu

tct
Ser

cct
Pro

atc
Ile

atg
Met

atg
Met
190

gtyg
vVal

atg
Met
175

gtc
Val
~80

ctyg
Leu

gqg
Gly

gaqg
Glu

qgaqg
Glu
185

gcq
Ala

cte 987

Leu

ata
Tle

cte
Leu

cct
Pro

tca
Ser

cac
His

aca
Thr

aga
Arg

agt
Ser

gtt
Val
195

gaa
Glu

gac
Asp

gat
Asp
200

gct
Ala

gat
Asp

gta
Val
205
att 1035
“le

ttt
Phe

ctt
Leu

aat
Asn

cte
Leu

cat
His

aat
Asn

tgt
Cys

gat
Asp

gat
Asp

gac
Asp

ggt
Gly

gac
Asp

age
Ser

gaa
Glu

ggc
Gly



gcc
Ala

agc
Ser

ctg
Leu
255

tce
Ser

gcg
Ala

tat
Tyr

cca
Pro

gag
Glu
335

gac
Asp

ttc
Phe

gca
Ala

tac
Tyr
415

cgg
Arg

ata
Ile

atc
Ile

atg
Met

atc
Tle

agt
Ser
240

aca
Thr

ttt
Phe

act
Thr

cce
Pro

ceg
Pro
320

ctyg
Leu

acc
Thr

caa
Gln

gtc
Val

cag
Gln
400

ata
Ile

aac
Asn

ata
Ile

ttc
Phe

act
Thr
480

agc
Ser
225

gca
Ala

cca
Pro

aaa
Lys

ggc
Gly

acc
Thr
305

tgt
Cys

aca
Thr

atc
Tle

gat
Asp

tte
Phe
385

ttce
Phe

gag
Glu

ctg
Leu

atg
Met

999
Gly
465

ttt
Phe

tca
Ser

gag
Glu

gca
Ala

tac
Tyr

agt
Ser

290

aca
Thr

cat
His

gcc
Ala

atc
Tle

gtc
val
370

cat

His

ctc
Leu

gat
Asp

aag
Lys

gct
Ala
450

aga
Arg

taa

cat
His

aaa
Lys

gag
Glu

gaa
Glu
275

ttt
Phe

cac
His

gaa
Glu

ttc
Phe

tac
7yr
355

tta
Leu

ttg
Leu

ctc
Leu

gac
Asp

ata
Ile
435

cta

Leu

cct
Pro

ctg
Leu

gta
vVal

gta
Val

atc
“le

cat
His

tgg

cag
Gln

aat
Asn
245

aaqg
Lys

Gly

cta
Leu

gat
Asp

att
Ile
325

agg

“rp Arg

340

aca
“hr

cac

gat

)

Asp

aga

His Arg

aag cct
Pro

Lvs

att
Ile

acqg
Thr
420

gat
Asp

gct
Ala

ttc
Phe

ctt
Leu
o)

caqg

Gln

ctt
Leu

gag
Glu

tac
Tyr

acc
Thr
230

aag
Lys

tgce
Cys

ctc
Leu

cct
Pro

gtg
Val
310

tat
Tyr

gca
Ala

gag
Glu

gac
Asp

gge
Gly

tgc
Cys

ata
Ile

ttt
Phe

tte
Phe
295

gat
Asp

aat
Ash

act

agc
Ser

act
Th»
375

390

cac
His

aag
Lys

gat
Asp

aaa
Lys

act
Thr

ctyg
Leu

aga
Arg

ggg
Gly

tta
Leu

att
Ile

ggce
Gly

gta
Val

agg
Arg

gta
val
280

cgg
Arg

gte
Val

caa
Gln

tca

- Ser

T

tte
Phe
360

cta
Leu

aaa
Lys

aaa
Lys

aca
Thr

Cys

aga
Arg

ctg
_eu
265

caa
Gln

caa
Gln

aac
Asn

cgc
Arg

gaa
Glu
345

acT

Thr

gtg
Val

tct cte
Ser

Leu

gcc
Ala

aag
Lys

tct
Ser

aca
Thr
250

tgt
Cys

ggc
Gly

gtt
Val

act
Thr

aga
Arg
330

dgag
Glu

cct
Pro

aaa
Lys

gtg gty gta
Vval val val

235

ctg tgce ctt
Leu Cys Leu

gaa gcc daa
Glu Ala Glu

ttg cta aag
Leu Leu Lys

285

atg tat gcc
Met Tyr Ala
300

gtc aag cag
Val Lys Gln

315

tac atg agg
Tyr Met Arg

gac atg gct
Asp Met Ala

gat ttg aat
Asp Leu Asn

365

gce ttt ctg
Ala Phe Leu
380

agyg agt
Arg Ser

395

ttg aca
Leu Thr

410

425

440

455

470

agt
Ser

aag
Lvs

gtc
Val

gca
Ala

cca
Pro

caa
Gln

cce ttt
Pro Phe

gag ggc
Glu Gly

ggc cta
Gly Leu

gaa cgt
Glu Arg

475

act ttc
Thr Phe

cta atc
Leu Ile

aag tct
Lys Ser

gac ctt
Asp Leu

ggc
Gly

ttt
Phe

teg
Ser
270

gat
Asp

cct
Pro

atyg
Met

tca
Ser

cag
Gln
350

att
Tle

gat
Asp

445

cac tct
His Ser

460

gat gtt
Asp Val

acatgtggtt tgctccgtgt gtctcatgac agtcacactt

ctt
Leu
430

aac
Asn

ttc
Phe

cta
Leu
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1083

1131

1178

1275

1323

1371

1412

1467

1515

1563

aag 1611

1659

1707

1755

1803

1855



gctgttacag
cgttacacta
atgtctcecttt
gtactagtge
gttggttttyg
gaaaccctag
tggcctgtac
ttgtttgcay
catgagaaaqg
ctttagatgt
actgtggtat
tataattgtt
cacctcctgt
agggcccagt
agttcttgta
agagcttctt
gcatcctaag
gcaaactcaa
ctgactggta
ttatttaaaa
ataaaaatgg
aaaggtcaca
atgaactcca
ccattgcttc
ctgttgtttt
tgttatacat
aaaaazaaaaa

<210> 13

<400> 13
000

<210> 14

<400> 14
000

<210> 15
<211> 22
<212> DNA

<213> Artificial Sequence

<220>

tgtctcageg
cacttgtcag
tccectagacta
tgtcttgtaa
ttgtttttgt
ttagettttt
gatctgtgge
ttctacagaa
cggagtttta
ggtctgtata
gectttttgtt
gccaagtttt
gcctttccca
cactttcgtce
gactatgcca
gcctetttece
gacagcagga
gcggtecgte
aagctccegtg
ctgtggactt
aaccctttee
gtggttttga
agtcactcca
ccacagtaga
agagaatgta
cttttctect
aaaaaaaaaa

<223> Primer

<400> 15

tgtgacagtt ggaatgcagt ga

<210> 16
<211> 25
<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

ctttggacac
tagaggtctg
gatgtaccct
ggatacgaat
tttttgaaac
acaggtaagc
gtgtaggatc
agcaacttag
ggtgaagtca
gacatgccca
ggtttattgt
aaggttaatt
atcttggaaa
tgacttccct
gagagtacat
tttcatttct
gaactctgac
tctgtcectyg
ctacagcagt
agcataaaaa
tcacccacca
catgacacat
tcatggtaaa
atcttattta
agttgtatag
agatggggdaa

22

atccttecte
taccagatgt
cgtagggact
gaagggatgt
ttataattca
tgtgagttga
acttttgcaa
tctgtetgea
gttgttggat
accatcatgc
acttctgteca
ttcattattt
atataatttc
ttgcacagtc
tecgectgataa
gcctggactt
cccagtgcta
taacgttcgt
gtagggtata
gggagactat
gatttagtca
cagaacaacyg
tgggtagatc
agtgctaagt
tgaataagtt
tttggaataa

cagggtcctyg
caggtacatc
tatgtttaca
aaacttcacc
tggtttacat
ctgcctgtac
caactaaaaa
gattegtttt
cttcctttat
atgggcactg
aagaaagtgg
ttgagccaaa
ttggcagaaqg
cgccatggge
aatcttcttt
tggtgttctc
tttctctagg
accttgctgg
cacaaacaca
atttattttt
gaaaaaaaca
cacactgtec
cctectteta
gttgtctctg
attgaagcat
aataccttta
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ccgcaggaca
gttgtagtga
accctectaa
acaactgctyg
gcatcacact
ctgtgttcte
ctaaagcact
tgaaagaaga
agacttagtc
aatatcgtga
cattggtttt
ttasaatgtg
gtcagatttc
ctggcttaga
gcagagcagg
cacgttcccet
tgctattgtyg
ctgtgaagta
agtaagtgtt
tacaaaaggg
ttctattetg
atgatggctt
gtgtgccaca
ctggtttact
gtgtaaacac
aaattcaaaa

1915
1975
2035
2095
2155
2215
2275
2335
2385
2455
2515
2575
2635
2695
2755
2815
2875
2935
2995
3055
3115
3175
3235
3295
3355
3415
3435



<400> 16
gccacttaaa gcaatctctg tctig

<210> 17

<211> 21

<212>DNA

<213> Artificial Sequence

<220>
<223> Probe

<400> 17
tcgactcttt gcccaccgec a

<210> 18

<211> 20

<212>DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 18
gggtctagca agagcaggtg

<210>19

<211> 21

<212>DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 19
gtcttggcaa cagctggaga t

<210> 20

<211> 24

<212>DNA

<213> Artificial Sequence

<220>
<223> Probe

<400> 20
tgatgtcgac tctttgccca cecge

<210> 21

25

21

20

21

24
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<211> 22
<212>DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 21
tcctgtaatg gaactgcttt ca 22

<210> 22

<211> 22

<212>DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 22
ggtatctgct tcatccaget tt 22

<210> 23

<211> 16

<212>DNA

<213> Artificial Sequence

<220>
<223> Probe

<400> 23
cceeggeccee ggecece 16
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Patentkrav

1. Forbindelse omfattende et modificeret antisense-oligonukleotid bestdende af 12
til 30 bundne nukleosider, hvor det modificerede antisense-oligonukleotid er
mindst 90% komplementaert med en CO90ORF72 nukleinsyre, til anvendelse i
behandling af en neurodegenerativ sygdom ved at reducere procentandelen af
cellerne med nukleaere foci og/eller reducere antallet af nukleaere foci pr. celle i et
dyr identificeret som havende foci, hvor det modificerede antisense-oligonukleotid
omfatter mindst én phosphorthioat-internukleosidbinding, mindst én 5-methyl-
cytosin, mindst ét bicyklisk sukker eller mindst én 2'-O-methoxyethylgruppe.

2. Forbindelsen til anvendelse ifglge krav 1, hvor sygdommen er associeret med

C90RF72-hexanucleotid-repeat ekspansion.

3. Forbindelsen til anvendelse ifglge krav 2, hvor sygdommen er hvilke som helst
af amyotrofisk lateral sclerose (ALS), frontotemporal demens (FTD), corticalbasal
degenerationssyndrom (CBD), atypisk Parkinson-syndrom, eller
olivopontocerebellzer degeneration (OPCD).

4. Forbindelsen til anvendelse ifglge et hvilket som helst af kravene 1-3, hvor
nukleobasesekvensen af det modificerede antisense-oligonukleotid er 100%
komplementart med en CO9ORF72 nukleinsyre med samme laangde.

5. Forbindelsen til anvendelse ifglge et hvilket som helst af kravene 1-4, hvor
nukleobasesekvensen af det modificerede antisenseoligonukleotid er
komplementaert med en hexanukleotid-repeat ekspansion, eventuelt hvor
hexanukleotid-repeat ekspansionen er hvilken som helst af GGGGCC, GGGGGG,
GGGGGC, eller GGGGCG.

6. Forbindelsen til anvendelse ifglge et hvilket som helst af kravene 1-5, hvor
C90RF72-nukleinsyren har nukleobasesekvensen af hvilke som helst af SEQ ID
NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO:
6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, eller SEQ ID NO: 10.
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7. Forbindelsen til anvendelse ifglge et hvilket som helst af kravene 1-6, hvor det

modificerede antisense-oligonukleotid er et enkelt-strenget oligonukleotid.

8. Forbindelsen til anvendelse ifglge krav 7, hvor det enkelt-strengede
modificerede antisense-oligonukleotid omfatter:

et gap-segment bestdende af bundne deoxynukleosider;
et 5’-wing-segment bestdende af bundne nukleosider;
et 3’-wing-segment bestdende af bundne nukleosider;

hvor gap-segmentet er positioneret umiddelbart greensende til og mellem
5’-wing-segmentet og 3’-wing-segmentet og hvor hvert nukleosid af hvert
wing-segment omfatter et modificeret sukker.

9. Forbindelsen til anvendelse ifglge et hvilket som helst af kravene 1-8, hvor det
modificerede antisense-oligonukleotid omfatter mindst én phosphorthioat-

internukleosidbinding.

10. Forbindelsen til anvendelse ifglge krav 9, hvor hver internukleosidbinding er
en phosphorthioat-internukleosidbinding.

11. Forbindelsen til anvendelse ifglge et hvilket som helst af kravene 1-10, hvor
det modificerede antisense olinukleotid omfatter mindst én 5-methylcytosin.

12. Forbindelsen til anvendelse ifglge et hvilket som helst af kravene 1-11, hvor
det modificerede antisense-oligonukleotid omfatter mindst ét modificeret
nukleosid omfattende et bicyklisk sukker.

13. Forbindelsen til anvendelse ifglge krav 12, hvor det bicykliske sukker omfatter
en kemisk bro mellem 4’- og 2’-positionerne af sukkeret.
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14. Forbindelsen til anvendelse ifglge krav 13, hvor den kemiske bro er a) 4'-
CH(R)-0-2' og hvor R er methyl; b) 4'-CH(R)-0O-2' og hvor R er H; eller ¢) 4'-
CH(R)-0-2' og hvor R er -CH2-O-CHs.

5 15. Forbindelsen til anvendelse ifglge et hvilket som helst af kravene 1-14, hvor
det modificerede antisense-oligonukleotid omfatter mindst ét modificeret

nukleosid omfattende en 2'-O-methoxyethylgruppe.

16. Forbindelsen til anvendelse ifglge et hvilket som helst af kravene 1-15, hvor

10 forbindelsen er en konjugeret forbindelse.



