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Methods for the diagnosis of amyotrophic lateral sclerosis and frontotemporal lobar
degeneration

Field of the invention

The present invention relates to the field of diagnosis, more particularly to the diagnosis of
amyotrophic lateral sclerosis and frontotemporal lobar degeneration. In particular the invention
relates to the detection of mutations in the promoter region of the gene C9ORF72, whereby
said mutations cause a significant decrease in the expression of gene COORF72. The
decrease in gene C90ORF72 expression is related to the presence of amyotrophic lateral
sclerosis (ALS) or frontotemporal lobar degeneration (FTLD) in a patient. The identified
mutations can be used in the diagnosis of ALS and/or FTLD, or in the construction of
transgenic animals for studying ALS and/or FTLD.

Introduction to the invention

Amyotrophic lateral sclerosis (ALS) and frontotemporal lobar degeneration (FTLD) are two
fatal neurodegenerative diseases for which effective therapies aiming at delaying, halting or
preventing the disease are lacking. ALS is the most common motor neuron disorder (Rowland
& Shneider, 2001) and FTLD has a prevalence close to that of Alzheimer disease in the
population below age 65 years (Rosso et al., 2003). They are considered as both extremes of
a spectrum of clinically and pathologically overlapping disorders (Lillo & Hodges, 2009). In
addition, there is emerging evidence that FTLD and ALS also share common genetic
aetiologies, suggesting that overlapping disease mechanisms are involved in both diseases.
Clinically, ALS patients show reduced control of voluntary muscle movement expressed in
increased muscle weakness, disturbances of speech, swallowing or breathing, as a result of
progressive upper and lower motor neuron degeneration in motor cortex, brainstem and spinal
cord, and up to 50% of ALS patients shows mild disturbances in executive functions while a
minority also develop overt FTLD (Lomen-Hoerth et al., 2003; Ringholz et al., 2005). FTLD
symptoms include behavioural, personality and language disturbances, and also cognitive
dysfunctions, due to affected frontal and temporal cortical neurons in the brain. FTLD patients
may additionally present with typical clinical signs of ALS in a later stage of the disease (Neary
et al., 1998). Pathologically, although in different neuronal cells, TAR DNA-binding protein-43
(TDP-43) is a major constituent of neuronal deposits in both ALS and TDP-43 positive FTLD
(FTLD-TDP), the most common pathological FTLD subtype (Arai et al., 2006; Neumann et al.,
2006). Five to 10% of ALS patients and up to 50% of FTLD patients has a positive familial
history of disease with a Mendelian mode of inheritance indicating a significant contribution of
genetic factors in disease aetiology. Although the exact biochemical pathways involved in ALS
or FTLD are still unknown, several molecular components were identified in the last twenty
years through molecular genetic studies in familial and sporadic patients, which are most likely
part of a complex network of cellular mechanisms. Since these genes explain only a minority of
patients, further unraveling the genetic heterogeneity is necessary to identify new therapeutic
targets. Mutations causing ALS were observed in genes encoding Cu/Zn superoxide
dismutase 1 (SOD7T) (Rosen et al., 1993), TDP-43 (TARDBP) (Gitcho et al., 2008; Kabashi et
al., 2008; Sreedharan et al., 2008; Van Deerlin et al., 2008; Yokoseki et al., 2008), fused in
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sarcoma (FUS) (Kwiatkowski, Jr. et al., 2009; Vance et al., 2009) and angiogenin (ANG)
(Greenway et al., 2006), among other genes, while in familial FTLD patients mutations in the
genes encoding granulin (GRN) (Baker et al., 2006; Cruts et al., 2006), the microtubule-
associated protein tau (MAPT) (Hutton et al., 1998), the valosin-containing protein (VCP)
(Watts et al., 2004) and the charged multivesicular body protein 2B (CHMPZ2B) (Skibinski et al.,
2005) were found. Recent family-based linkage and population-based association studies
identified genetic factors overlapping between ALS and FTLD. For example, mutations in the
ALS genes TARDBP and FUS are occasionally found in FTLD patients (Kovacs et al., 2009;
Van Langenhove et al., 2010) and mutations in the FTLD gene VCP were also detected in ALS
(Johnson et al., 2010). However, most convincing evidence for the genetic overlap comes from
the observation that both ALS and FTLD can occur within the same family or within a single
patient of a family. More than 15 autosomal dominant families with ALS and FTLD worldwide
are causally linked with a major disease locus at chromosome 9p13-p21 (ALSFTD2 locus)
(Boxer et al., 2010; Gijselinck et al., 2010; Le Ber et al., 2009; Luty et al., 2008; Momeni et al.,
2006; Morita et al., 2006; Pearson et al., 2011; Valdmanis et al., 2007; Vance et al., 2006). The
minimally linked region in all these families is about 3.6 Mb in size containing five known
protein-coding genes. Moreover, several recent genome-wide association studies (GWAS) in
ALS populations from different European origins showed the presence of a major genetic risk
factor for ALS at the same chromosome 9p region (Laaksovirta et al., 2010; Shatunov et al.,
2010; van Es et al., 2009). The Finnish study narrowed the associated region to a 232 kb
linkage disequilibrium (LD) block containing three known genes (MOBKL2B, IFNK, C90orf72)
and suggested the presence of a major risk gene with high penetrance (Laaksovirta et al.,
2010). Likewise, a GWAS in FTLD has implicated the same region (Van Deerlin et al., 2010).
This finding was further confirmed in other FTLD and ALS-FTLD cohorts (Rollinson et al.,
2011). Together, these data demonstrate that ALS and FTLD share a major common genetic
factor on chromosome 9p, most likely showing high mutation frequencies. Despite all attempts
of several research groups, the genetic defect(s) underlying both genetic linkage and
association to this region have not been identified yet.

In the present invention we have identified the causal gene mutation. This mutation can be
used for the development of a diagnostic assay and Kits for the detection of FTLD and/or ALS.

Figure legends:

Figure 1: Schematic view of the repeat primer-based PCR detection assay on Chr 9

Figure 2: PCR amplification products of healthy person are separated on an Applied
Biosystems ABI 3730 and analyzed.

Figure 3: PCR amplification products of ALS patient with repeat expansion on Chr 9 are
separated on an Applied Biosystems ABI 3730 and analyzed.

Figure 4: Schematic representation of the chromosome 9p21 ALS-FTLD locus. Upper panel:
grey bars indicate the minimal candidate regions in all reported significantly linked ALS-FTLD
families, defining a minimal interval of 3.7 Mb between D9S169 and D9S251 containing five
protein coding genes, illustrated with grey lines. Lower panel: associated SNPs in ALS and
FTLD GWAS are shown in red and LD blocks or finemapped regions of these GWAS are
indicated with green lines. Three genes are located in the associated region.
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Figure 5: the effect of the repeat expansion on gene expression was evaluated. gPCR analysis
of random-primed and poly-A RNA of frontal cortex of two patients carrying the repeat
expansion compared to frontal cortex RNA of control individuals demonstrated that in repeat
expansion carriers, the CO9ORF72 transcript was about 50% reduced after normalization to 4
housekeeping genes.

Figure 6: The DNA-sequence depicts the first 5460 base pairs of SEQ ID NO: 1, in the figure
the hexanucleotide repeat which is expanded in patients diagnosed for ALS, FTLD or ALS and
FTLD or are susceptible for ALS, FTLD or ALS and FTLD corresponds to nucleotides 5299 to
5321, i.e. 3 %/ repeat units (depicted as bold underlined). In this DNA sequence exon 1A, the
first non-coding exon of the longer transcript NM_018325 (GenBank accession number) is
located from nucleotides 5362 to 5414 (depicted in UPPER CASE LETTERS).

Figure 7: European Early-Onset Dementia (EOD) Consortium

The European EOD consortium was launched in August 2011 to centralize and harmonize
epidemiological, clinical, and biological data together with biomaterial of early-onset dementia
patients throughout Europe to stimulate high-profile translational dementia research. The
European EOD consortium currently holds 40 partnering dementia research groups from 16
EU-countries. The European EOD consortium is coordinated by Christine Van Broeckhoven,
Neurodegenerative Brain Diseases group, Department of Molecular Genetics, VIB, Antwerp,
Belgium. The European EOD consortium member countries are indicated with an asterisk.

Figure 8: Genotyping assays to characterize the C9orf72 region and G4C, repeat

The C9orf72 G,C, repeat (dark grey box) is located upstream of the first exon, exon 1a (white
box), in the largest transcript and adjacent to a GC-rich low-complexity sequence (LCS; light
grey box) with their nucleotide sequences shown above. The sequence of the recurrent 10-bp
deletion, we observed in the LCS, is indicated in blue. Below, the primers with their
corresponding PCR amplicons are shown for each of the PCR genotyping assays.

Figure 9: Distribution of normal repeat lengths in the Flanders-Belgian patients and control
individuals. Histograms of G4C, repeat units sized < 60 repeats in Flanders-Belgian patients,
excluding patients with mutations in known causal genes or with a pathological G4C,
expansion, compared to control individuals.

Figure 10: Correlation of normal repeat lengths with rs2814707 alleles. Histograms of G4C,
repeat units in 610 control individuals homozygous for the rs2814707 C-allele and 53
homozygous for the rs2814707 T-allele.

Detailed description of the invention

In practicing the methods described herein, many conventional techniques in molecular
biology, protein biochemistry, cell biology, immunology, microbiology and recombinant DNA
are used. These techniques are well-known and are explained in, e.g. Current Protocols in
Molecular Biology, Vols. I-lll, Ausubel, Ed. (1997); Sambrook et al., Molecular Cloning: A
Laboratory Manual, Second Ed. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY, 1989); DNA Cloning: A Practical Approach, Vols. | and Il, Glover, Ed. (1985);
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Oligonucleotide Synthesis, Gait, Ed. (1984); Nucleic Acid Hybridization, Hames & Higgins,
Eds. (1985); Transcription and Translation, Hames & Higgins, Eds. (1984); Animal Cell
Culture, Freshney, Ed. (1986); Immobilized Cells and Enzymes (IRL Press, 1986); Perbal, A
Practical Guide to Molecular Cloning; the series, Meth. Enzymol., (Academic Press, Inc.,
1984); Gene Transfer Vectors for Mammalian Cells, Miller & Calos, Eds. (Cold Spring Harbor
Laboratory, NY, 1987); and methods in Enzymol., Vols. 154 and 155, Wu & Grossman, and
Wu, Eds., respectively.

The definitions of certain terms as used in this specification are provided below. Unless
defined otherwise, all technical and scientific terms used herein generally have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs.

As used in this specification and the appended claims, the singular forms "a", "an" and "the"
include plural referents unless the content clearly dictates otherwise. For example, reference to
"a nucleic acid" includes a combination of two or more nucleic acids, and the like.

The term "amplification™ or "amplify" as used herein means one or more methods known in the
art for copying a target nucleic acid, thereby increasing the number of copies of a selected
nucleic acid sequence. Amplification may be exponential or linear. A target nucleic acid may
be either DNA or RNA. The sequences amplified in this manner form an "amplicon." While the
exemplary methods described hereinafter relate to amplification using the polymerase chain
reaction ("PCR"), numerous other methods are known in the art for amplification of nucleic
acids e.g., isothermal methods, rolling circle methods, etc). The skilled artisan will understand
that these other methods may be used either in place of, or together with, PCR methods. See,
e.g. Saiki, "Amplification of Genomic DNA" in PCR Protocols, Innis et al, Eds., Academic
Press, San Diego, CA 1990, pp. 13-20; Wharam et al, Nucleic Acids Res., 2001, 29(11):E54-
E54; Hafner et al, Biotechniques 2001, 30(4):852-6, 858, 860; Zhong et al, Biotechniques,
2001, 30(4):852-6, 858, 860.

The terms "allele" and "allelic variant” are used interchangeably herein. An allele is any one of
a number of alternative forms or sequences of the same gene occupying a given locus or
position on a chromosome. A single allele for each locus is inherited separately from each
parent, resulting in two alleles for each gene. An individual having two copies of the same
allele of a particular gene is homozygous at that locus, whereas an individual having two
different alleles of a particular gene is heterozygous.

The term "complement" as used herein means the complementary sequence to a nucleic acid
according to standard Watson/Crick base pairing rules. A complement sequence can also be a
sequence of RNA complementary to the DNA sequence or its complement sequence, and can
also be a cDNA. The term "substantially complementary” as used herein means that two
sequences hybridize under stringent hybridization conditions. The skilled artisan will
understand that substantially complementary sequences need not hybridize along their entire
length. In particular, substantially complementary sequences comprise a contiguous sequence
of bases that do not hybridize to a target or marker sequence, positioned 3 ' or 5' to a
contiguous sequence of bases that hybridize under stringent hybridization conditions to a
target or marker sequence.
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The term "diagnosing” means determining a disease state or condition in a patient in such a
way as to inform a health care provider as to the necessity or suitability of a treatment for the
patient.

The term "genomic DNA" refers to some or the entire DNA from the nucleus of a cell. Genomic
DNA may be intact or fragmented. In some embodiments, genomic DNA may include
sequence from all or a portion of a single gene or from multiple genes, sequence from one or
more chromosomes, or sequence from all chromosomes of a cell. In contrast, the term "total
genomic nucleic acid" is used herein to refer to the full complement of DNA contained in the
genome of a cell. As is well known, genomic nucleic acid includes gene coding regions,
introns, 5' and 3' untranslated regions, 5' and 3' flanking DNA and structural segments such as
telomeric and centromeric DNA, replication origins, and intergenic DNA. Genomic nucleic acid
may be obtained from the nucleus of a cell, or recombinantly produced. Amplification
techniques may also be used.

As used herein, "nucleic acid" refers broadly to segments of a chromosome, segments or
portions of DNA, cDNA, and/or RNA. Nucleic acid may be derived or obtained from an
originally isolated nucleic acid sample from any source e.g. isolated from, purified from,
amplified from, cloned from, or reverse transcribed from sample DNA or RNA.

As used herein, the term "oligonucleotide" refers to a short polymer composed of
deoxyribonucleotides, ribonucleotides or any combination thereof. Oligonucleotides are
generally between about 10 and about 100 nucleotides in length. Oligonucleotides are
preferably 15 to 70 nucleotides long, with 20 to 26 nucleotides being the most common. The
single letter code for nucleotides is as described in the U.S. Patent Office Manual of Patent
Examining Procedure, section 2422, table 1. An oligonucleotide may be used as a primer or as
a probe.

An oligonucleotide is "specific" for a nucleic acid if the oligonucleotide has at least 50%
sequence identity with a portion of the nucleic acid when the oligonucleotide and the nucleic
acid are aligned. An oligonucleotide that is specific for a nucleic acid is one that, under the
appropriate hybridization or washing conditions, is capable of hybridizing to the target of
interest and not substantially hybridizing to nucleic acids which are not of interest. Higher
levels of sequence identity are preferred and include at least 75%, at least 80%, at least 85%,
at least 90%, at least 95% and more preferably at least 98% sequence identity.

As used herein, a "primer" for amplification is an oligonucleotide that specifically anneals to a
target or marker nucleotide sequence. The 3' nucleotide of the primer should be identical to the
target or marker sequence at a corresponding nucleotide position for optimal primer extension
by a polymerase. As used herein, a "forward primer" is a primer that anneals to the anti-sense
strand of dsDNA. A "reverse primer" anneals to the sense-strand of dsDNA.

As used herein, the term "promoter" refers to a nucleic acid sequence sufficient to direct
transcription of a gene. Also included in the invention are those promoter elements which are
sufficient to render promoter dependent gene expression controllable for cell type specific,
tissue specific or inducible by external signals or agents. The term "neuron-specific promoter"
refers to a promoter that results in a higher level of transcription of a gene in cells of neuronal
lineage compared to the transcription level observed in cells of a non-neuronal lineage.
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Diagnostic Methods of the present invention

The present inventors identified that the presence of a hexanucleotide expansion (5-
GGCCCC-3’) in SEQ ID NO: 1, particularly in the promoter region of SEQ ID NO: 1, more
particularly in exon 1A, shows a strong association with ALS and/or FTLD disease risk. In
accordance with the present invention, there are provided methods of detecting a particular
nucleic acid segment of interest in a sample of nucleic acids. In particular embodiments, the
nucleic acid segment of interest includes a hexanucleotide expansion (5-GGCCCC-3’) in the
gene SEQ ID NO: 1. SEQ ID NO: 1 is the genomic sequence of ORF (open reading frame 72)
present on human chromosome 9 (in short C9ORF72). The complete nucleotide sequence of
SEQ ID NO: 1 is depicted below. This information may be used to determine if an individual is
suffering from or is susceptible to ALS and/or FTLD. The wording ‘ALS and/or FTLD’ means
that in one embodiment a patient having a hexanucleotide expansion in SEQ ID NO: 1 has
ALS or is susceptible to ALS, in another embodiment a patient having said hexanucleotide
expansion in SEQ ID NO: 1 has FTLD or is susceptible to FTLD. In yet another embodiment a
patient having said hexanucleotide expansion in SEQ ID NO: 1 has combined disease
hallmarks of FTLD and ALS. In particular embodiments the information may also be used in
genetic counseling to determine if the individual could have offspring with an increased risk of
ALS and/or FTLD.

SEQ ID NO: 1 depicts the genomic sequence of C9ORF72, preceded by 5000 bp upstream
and followed by 2000 bp downstream regulatory sequence. In other words SEQ ID NO: 1
codes for the gene COORF72. COORF72 is a gene with hitherto unknown function. The
sequence SEQ ID NO: 1 corresponds to the reverse complement of the region spanning
nucleotides 27532544 to 27568842 in the human reference genome sequence version
GRCh37; in GenBank the sequence is referred to as Accession NT_008413. Figure 6 depicts
the first 5460 base pairs of SEQ ID NO: 1, in Figure 6 the hexanucleotide repeat which is
expanded in patients corresponds to nucleotides 5299 to 5321, i.e. 3 °/s repeat units (depicted
as bold underlined). In this DNA sequence exon 1A, the first non-coding exon of the longer
transcript NM_018325 (GenBank accession number) is located from nucleotides 5362 to 5414
(depicted in UPPER CASE LETTERS).

The hexanucleotide repeat in SEQ ID NO: 1 is a repeat of the sequence 5-GGGGCC-3'.
Because SEQ ID NO: 1 is depicted in the complement with respect to the orientation of human
chromosome 9 the diagnostic method can be described as a detection of a 5-GGCCCC-3’
repeat expansion wherein said repeat expansion is measured with respect to the orientation of
the chromosome (human Chromosome 9). In the alternative the diagnostic method can be
described as a detection of a 5-GGGGCC-3’ repeat expansion wherein said repeat expansion
is measured with respect to the orientation of the COORF72 gene on Chromosome 9 (in
particular since the orientation of the COORF72 gene on Chromosome 9 is reversed). In the
scientific literature the detection of a sequence (here the repeat expansion) is described (as a
scientific consensus) with respect to the gene. The claims of the application are therefore citing
the detection of a 5-GGGGCC-3’ repeat expansion in the promoter region of the COORF72
gene or in the alternative the detection of a 5-GGGGCC-3’ repeat expansion in SEQ ID NO: 1.

In a specific embodiment the invention provides a method for diagnosing ALS or FTLD or the
combined presence of ALS and FTLD or a method for diagnosing the susceptibility to ALS or
FTLD or the combined presence of ALS and FTLD comprising detecting the presence of a
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hexanucleotide repeat expansion of 5-GGGGCC-3’ in SEQ ID NO: 1 in a sample comprising
nucleic acids from a subject, and diagnosing the subject as having or being susceptible to ALS
or FTLD or the combined presence of ALS and FTLD when said hexanucleotide repeat
expansion is present in SEQ ID NO: 1.

In another embodiment the invention provides a method for diagnosing ALS or FTLD or the
combined presence of ALS and FTLD or a method for diagnosing the susceptibility to ALS or
FTLD or the combined presence of ALS and FTLD comprising detecting the presence of a
hexanucleotide repeat expansion of 5-GGGGCC-3’ of more than 60 repeats in SEQ ID NO: 1
in a sample comprising nucleic acids from a subject, and diagnosing the subject as having or
being susceptible to ALS or FTLD or the combined presence of ALS and FTLD when said
hexanucleotide repeat expansion is present in SEQ ID NO: 1.

In another embodiment the invention provides a method for diagnosing ALS or FTLD or the
combined presence of ALS and FTLD or a method for diagnosing the susceptibility to ALS or
FTLD or the combined presence of ALS and FTLD comprising detecting the presence of a
hexanucleotide repeat expansion of 5-GGGGCC-3’ of more than 80 repeats in SEQ ID NO: 1
in a sample comprising nucleic acids from a subject, and diagnosing the subject as having or
being susceptible to ALS or FTLD or the combined presence of ALS and FTLD when said
hexanucleotide repeat expansion is present in SEQ ID NO: 1.

In a particular embodiment the diagnostic method is based on a PCR method.

In yet another particular embodiment the diagnostic method is based on a repeat primer-based
PCR detection assay.

In yet another embodiment the present invention also provides variant nucleic acids derived
from CO9ORF72 associated with ALS and/or FTLD. In one embodiment, the detection of a
hexanucleotide expansion (5-GGGGCC-3’) present in SEQ ID NO: 1 has a strong association
with ALS and/or FTLD risk. In a specific embodiment said hexanucleotide expansion is
between 25 and 200 repeats. In yet another embodiment said hexanucleotide expansion is
between 25 and 50 repeats. In yet another embodiment said hexanucleotide expansion is
between 30 and 200 repeats. In yet another embodiment said hexanucleotide expansion is
between 30 and 50 repeats. In yet another embodiment said hexanucleotide expansion is
between 40 and 200 repeats. In yet another embodiment said hexanucleotide expansion is
between 50 and 200 repeats. In yet another embodiment said hexanucleotide expansion is
between 60 and 200 repeats. In yet another embodiment said hexanucleotide expansion is
between 70 and 200 repeats. In yet another embodiment said hexanucleotide expansion is
between 80 and 200 repeats. In yet another embodiment said hexanucleotide expansion is
between 90 and 200 repeats. In yet another embodiment said hexanucleotide expansion is
between 100 and 200 repeats. In yet another embodiment said hexanucleotide expansion is
higher than 25 repeats. In yet another embodiment said hexanucleotide expansion is higher
than 30 repeats. In yet another embodiment said hexanucleotide expansion is higher than 35
repeats. In yet another embodiment said hexanucleotide expansion is higher than 40 repeats.
In yet another embodiment said hexanucleotide expansion is between 80 and 140 repeats. In
yet another embodiment said hexanucleotide expansion is between 30 and 80 repeats. In yet
another embodiment said hexanucleotide expansion in SEQ ID NO: 1 is longer than 1000 base
pairs. In yet another embodiment said hexanucleotide expansion is longer than 5000 base
pairs. In yet another embodiment said hexanucleotide expansion is longer than 10.000 base
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pairs. In yet another embodiment said hexanucleotide expansion is between 5000 and 10.000
base pairs. In yet another embodiment the number of repeats reflects the onset of the disease
of ALS and/or FTLD, id est the higher the number of hexanucleotide repeats are identified in
SEQ ID NO: 1 the earlier the onset of ALS and/or FTLD can occur in a patient (i.e. the
presence of a higher expansion of the hexanucleotide sequence results in a younger disease
onset of ALS and/or FTLD).

Those skilled in the art will readily recognize that nucleic acid molecules may be double-
stranded molecules and that reference to a particular site on one strand refers, as well, to the
corresponding site on a complementary strand. In defining a variant position, allele, or
nucleotide sequence, reference to an adenine, a thymine (uridine), a cytosine, or a guanine at
a particular site on one strand of a nucleic acid molecule also defines the thymine (uridine),
adenine, guanine, or cytosine (respectively) at the corresponding site on a complementary
strand of the nucleic acid molecule. Thus, reference may be made to either strand in order to
refer to a particular variant position, allele, or nucleotide sequence. Probes and primers may
be designed to hybridize to either strand and variant genotyping methods disclosed herein may
generally target either strand. Throughout the specification, in identifying a variants position,
reference is generally made to the protein-encoding strand, only for the purpose of
convenience.

References to variant peptides, polypeptides, or proteins of the present invention include
peptides, polypeptides, proteins, or fragments thereof, that contain at least one nucleotide or
amino acid residue that differs from the corresponding nucleotide or amino acid sequence of
the art-known nucleotide/protein (the art-known protein may be interchangeably referred to as
the "wild-type", "reference", or "normal” protein). Such variant proteins can result from a codon
change caused by a non-synonymous nucleotide substitution at a protein-coding SNP position
(i.e., a missense mutation) disclosed by the present invention. Variant proteins can also result
from a nonsense mutation, i.e., a SNP that creates a premature stop codon, a SNP that
generates a read-through mutation by abolishing a stop codon, or a SNP that otherwise alters
the structure, function/activity, or expression of a protein, such as a SNP in a regulatory region
(e.g., a promoter or enhancer) or a SNP that leads to alternative or defective splicing, such as
a SNP in an intron or a SNP at an exon/intron boundary.

The methods and compositions described herein may be used to detect mutations in the gene
depicted in SEQ ID NO: 1, more particularly in Exon 1A present in SEQ ID NO: 1, more
particularly in the promoter region of C9ORF72 using a biological sample obtained from an
individual. Nucleic acid (DNA or RNA) may be isolated from the sample according to any
methods well known to those of skill in the art. Examples include tissue samples or any cell-
containing bodily fluid. Biological samples may be obtained by standard procedures and may
be used immediately or stored, under conditions appropriate for the type of biological sample,
for later use. Methods of obtaining test samples are well known to those of skill in the art and
include, but are not limited to, aspirations, tissue sections, drawing of blood or other fluids,
surgical or needle biopsies, and the like. The test sample may be obtained from a patient. The
test sample may contain cells, tissues or fluid obtained from a patient suspected being afflicted
with or a carrier for an allele associated with increased susceptibility to ALS and/or FTLD. The
test sample may be a cell-containing liquid or a tissue. Samples may include, but are not
limited to, amniotic fluid, cerebrospinal fluid, biopsies, blood, blood cells, bone marrow, fine
needle biopsy samples, peritoneal fluid, amniotic fluid, plasma, pleural fluid, saliva, semen,
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serum, tissue or tissue homogenates, frozen or paraffin sections of tissue. Samples may also
be processed, such as sectioning of tissues, fractionation, purification, or cellular organelle
separation.

The methods can also be used to perform prenatal diagnosis using any type of embryonic or
fetal cell or nucleic acid containing body fluid. Fetal cells can be obtained through the pregnant
female, or from a sample of an embryo. Fetal cells are present in amniotic fluid obtained by
amniocentesis, chorionic villi aspirated by syringe, percutaneous umbilical blood, a fetal skin
biopsy, a blastomere from a four-cell to eight-cell stage embryo (pre- implantation), or a
trophectoderm sample from a blastocyst (pre -implantation or by uterine lavage). In yet another
particular embodiment the mutation detection can be carried out on the basis of free-floating
DNA which is genomic DNA derived from the fetus and which is present in the blood of a
pregnant female.

If necessary, the sample may be collected or concentrated by centrifugation and the like. The
cells of the sample may be subjected to lysis, such as by treatments with enzymes, heat,
surfactants, ultrasonication, or a combination thereof. The lysis treatment is performed in order
to obtain a sufficient amount of nucleic acid derived from the individual's cells to detect using
polymerase chain reaction. Alternatively, variants in the COORF72 gene may be detected
using an acellular bodily fluid.

Methods of plasma and serum preparation are well known in the art. Either "fresh" blood
plasma or serum, or frozen (stored) and subsequently thawed plasma or serum may be used.
Frozen (stored) plasma or serum should optimally be maintained at storage conditions of -20
to -70°C until thawed and used. "Fresh" plasma or serum should be refrigerated or maintained
on ice until used, with nucleic acid (e.g., RNA, DNA or total nucleic acid) extraction being
performed as soon as possible. Exemplary methods are described below.

Blood can be drawn by standard methods into a collection tube, typically siliconized glass,
either without anticoagulant for preparation of serum, or with EDTA, sodium citrate, heparin, or
similar anticoagulants for preparation of plasma. When preparing plasma or serum for storage,
although not an absolute requirement, is that plasma or serum is first fractionated from whole
blood prior to being frozen. This reduces the burden of extraneous intracellular RNA released
from lysis of frozen and thawed cells which might reduce the sensitivity of the amplification
assay or interfere with the amplification assay through release of inhibitors to PCR such as
porphyrins and hematin. "Fresh" plasma or serum may be fractionated from whole blood by
centrifugation, using gentle centrifugation at 300-800 times gravity for five to ten minutes, or
fractionated by other standard methods. High centrifugation rates capable of fractionating out
apoptotic bodies should be avoided. Since heparin may interfere with RT- PCR, use of
heparinized blood may require pretreatment with heparanase, followed by removal of calcium
prior to reverse transcription. Imai, H., et al., J. Virol. Methods 36:181-184, (1992). Thus, EDTA
is a suitable anticoagulant for blood specimens in which PCR ampilification is planned.

Nucleic Acid Extraction and Amplification: the nucleic acid to be amplified may be from a
biological sample such as a patient, cell culture, tissue sample, and the like. The biological
sample can be from a subject which includes any animal, preferably a mammal. A preferred
subject is a human, which may be a patient presenting to a medical provider for diagnosis or
treatment of a disease. The biological sample may be obtained from a stage of life such as a
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fetus, young adult, adult, and the like. Subjects may be humans being tested for the existence
of a hexanucleotide expansion in SEQ ID NO: 1. The volume of plasma or serum used in the
extraction may be varied dependent upon clinical intent, but volumes of 100 pl to one milliliter
of plasma or serum are usually sufficient.

Various methods of extraction are suitable for isolating the DNA or RNA. Suitable methods
include phenol and chloroform extraction. See Maniatis et al, Molecular Cloning, A Laboratory
Manual, 2d, Cold Spring Harbor Laboratory Press, page 16.54 (1989). Numerous commercial
kits also yield suitable DNA and RNA including, but not limited to, QlAamp™ mini blood Kkit,
Agencourt Genfind™, Roche Cobas® Roche MagNA Pure® or phenol: chloroform extraction
using Eppendorf Phase Lock Gels®, and the NucliSens extraction kit (Biomérieux, Marcy
I'Etoile, France). In other methods, mRNA may be extracted from patient blood/bone marrow
samples using MagNA Pure LC mRNA HS kit and Mag NA Pure LC Instrument (Roche
Diagnostics Corporation, Roche Applied Science, Indianapolis, IN). Nucleic acid extracted from
tissues, cells, plasma or serum can be amplified using nucleic acid amplification techniques
well known in the art. Many of these amplification methods can also be used to detect the
presence of the hexanucleotide expansion (id est the mutations in COORF72) simply by
designing oligonucleotide primers or probes to interact with or hybridize to a particular target
sequence in a specific manner. By way of example, but not by way of limitation, these
techniques can include the polymerase chain reaction (PCR), reverse transcriptase
polymerase chain reaction (RT-PCR), nested PCR, ligase chain reaction. See Abravaya, K., et
al, Nucleic Acids Research, 23:675-682, (1995), branched DNA signal amplification, Urdea, M.
S., et al, AIDS, 7 (suppl 2):S11-S 14, (1993), amplifiable RNA reporters, Q-beta replication,
transcription-based amplification, boomerang DNA amplification, strand displacement
activation, cycling probe technology, isothermal nucleic acid sequence based amplification
(NASBA). See Kievits, T. et al, J Virological Methods, 35:273-286, (1991), Invader Technology,
or other sequence replication assays or signal amplification assays. These methods of
amplification are well-known in the art. In particular embodiments long template PCR can be
used for the detection of the hexanucleotide repeat of the invention. In yet another
embodiment sequencing (e.g. Sanger sequencing or other) can be used for the detection of
the hexanucleotide repeat of the invention. In yet another embodiment classical sequencing or
bisulfite sequencing, in which the template DNA is first chemically modified using bisulfite
converting unmethylated C nucleotides into T, can be used to detect the hexanucleotide repeat
of the invention. Without limiting the diagnostic methods to a particular mechanism it is thought
that the latter methods are more suitable for the detection of huge (id est larger than 1000
base pairs) repeats of the hexanucleotide of the invention, in one mechanism because the
bisulfite reaction prevents the formation of excessive secondary structures in the template
DNA comprising C9ORF72, in particular the hexanucleotide repeat region. In yet another
embodiment Southern blot restriction fragment length analysis can be used for the detection of
the hexanucleotide repeat of the invention.

Thus in suitable embodiments PCR is used to amplify a target or marker sequence of interest.
The skilled artisan is capable of designing and preparing primers that are appropriate for
amplifying a target or marker sequence. The length of the amplification primers depends on
several factors including the nucleotide sequence identity and the temperature at which these
nucleic acids are hybridized or used during in vitro nucleic acid amplification. The
considerations necessary to determine a preferred length for an amplification primer of a
particular sequence identity are well-known to a person of ordinary skill. For example, the
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length of a short nucleic acid or oligonucleotide can relate to its hybridization specificity or
selectivity.

For analyzing variant nucleic acids, it may be appropriate to use oligonucleotides specific for
alternative alleles. Such oligonucleotides which detect single nucleotide variations in target
sequences may be referred to by such terms as "allele-specific probes”, or "allele-specific
primers". The design and use of allele-specific probes for analyzing polymorphisms is
described in, e.g., Mutation Detection A Practical Approach, ed. Cotton et al. Oxford University
Press, 1998; Saiki et al, Nature, 324: 163-166 (1986);

In one embodiment, a probe or primer may be designed to hybridize to a segment of target
DNA such that the herein identified hexanucleotide repeat sequence aligns with either the &'
most end or the 3' most end of the probe or primer.

In some embodiments, the amplification may include a labeled primer, thereby allowing
detection of the amplification product of that primer. In particular embodiments, the
amplification may include a multiplicity of labeled primers; typically, such primers are
distinguishably labeled, allowing the simultaneous detection of multiple amplification products.

In a specific embodiment, the primer or probe is labeled with a fluorogenic reporter dye that
emits a detectable signal. While a suitable reporter dye is a fluorescent dye, any reporter dye
that can be attached to a detection reagent such as an oligonucleotide probe or primer is
suitable for use in the invention. Such dyes include, but are not limited to, Acridine, AMCA,
BODIPY, Cascade Blue, Cy2, Cy3, Cy5, Cy7, Dabcyl, Edans, Eosin, Erythrosin, Fluorescein,
6-Fam, Tet, Joe, Hex, Oregon Green, Rhodamine, Rhodol Green, Tamra, Rox, and Texas
Red.

In yet another embodiment, the detection reagent may be further labeled with a quencher dye
such as Tamra, especially when the reagent is used as a self-quenching probe such as a
TagMan® (U.S. Pat. Nos. 5,210,015 and 5,538,848) or Molecular Beacon probe (U.S. Pat.
Nos. 5,118,801 and 5,312,728), or other stemless or linear beacon probe (Livak et al, 1995,
PCR Method Appl, 4:357-362; Tyagi et al, 1996, Nature Biotechnology, 14:303- 308;
Nazarenko et al, 1997, Nucl. Acids Res., 25:2516-2521.

In some embodiments, the target sequence comprising the hexanucleotide repeat of the
invention is amplified and the resulting amplicon is detected by electrophoresis. In some
embodiments, the specific mutation or variant is detected by sequencing the amplified nucleic
acid. In some embodiments, the target sequence is amplified using a labeled primer such that
the resulting amplicon is detectably labeled. In some embodiments, the primer is fluorescently
labeled.

In one embodiment, detection of a variant nucleic acid, such as the hexanucleotide repeat of
the invention, is performed using the TagMan® assay, which is also known as the 5' nuclease
assay (see U.S. Pat. Nos. 5,210,015 and 5,538,848). The TagMan® assay detects the
accumulation of a specific amplified product during PCR. The TagMan® assay utilizes an
oligonucleotide probe labeled with a fluorescent reporter dye and a quencher dye. The reporter
dye is excited by irradiation at an appropriate wavelength, it transfers energy to the quencher
dye in the same probe via a process called fluorescence resonance energy transfer (FRET).
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When attached to the probe, the excited reporter dye does not emit a signal. The proximity of
the quencher dye to the reporter dye in the intact probe maintains a reduced fluorescence for
the reporter. The reporter dye and quencher dye may be at the 5' most and the 3' most ends,
respectively or vice versa. Alternatively, the reporter dye may be at the 5 ' or 3' most end while
the quencher dye is attached to an internal nucleotide, or vice versa. In yet another
embodiment, both the reporter and the quencher may be attached to internal nucleotides at a
distance from each other such that fluorescence of the reporter is reduced. During PCR, the &'
nuclease activity of DNA polymerase cleaves the probe, thereby separating the reporter dye
and the quencher dye and resulting in increased fluorescence of the reporter. Accumulation of
PCR product is detected directly by monitoring the increase in fluorescence of the reporter
dye. The DNA polymerase cleaves the probe between the reporter dye and the quencher dye
only if the probe hybridizes to the target hexanucleotide repeat expansion containing template
which is amplified during PCR, and the probe is designed to hybridize to the target
hexanucleotide repeat expansion site only if the particular hexanucleotide repeat expansion
allele is present. TagMan® primer and probe sequences can readily be determined using the
variant and associated nucleic acid sequence information provided herein. A number of
computer programs, such as Primer Express (Applied Biosystems, Foster City, Calif), can be
used to rapidly obtain optimal primer/probe sets. It will be apparent to one of skill in the art that
such primers and probes for detecting the variants of the present invention are useful in
diagnostic assays for ALS and/or FTLD can be readily incorporated into a kit format. The
present invention also includes modifications of the TagMan® assay well known in the art such
as the use of Molecular Beacon probes (U.S. Pat. Nos. 5,118,801 and 5,312,728) and other
variant formats (U.S. Pat. Nos. 5,866,336 and 6,117,635).

Oligonucleotide probes can be designed which are between about 10 and about 100
nucleotides in length and hybridize to the amplified region. Oligonucleotides probes are
preferably 12 to 70 nucleotides; more preferably 15-60 nucleotides in length; and most
preferably 15-25 nucleotides in length. The probe may be labeled. Amplified fragments may be
detected using standard gel electrophoresis methods. For example, in preferred embodiments,
amplified fractions are separated on an agarose gel and stained with ethidium bromide by
methods known in the art to detect amplified fragments.

Assay controls may be used in the assay for detecting carriers and individuals afflicted with or
susceptible to a ALS, FTLD or to ALS and FTLD. Positive controls for normal or wild type
C90RF72 gene may be used.

Kits

In a further aspect, the invention disclosure provides kits for diagnosing ALS, FTLD, or ALS
and FTLD or prognosing patients for having an increased risk of ALS, FTLD, or ALS and
FTLD, the kit comprising a set of reagents for determining the presence or absence, or
differential presence, of the hexanucleotide repeat expansion.

Protein detection
Gene CO9ORF72 or SEQ ID NO: 1 codes for at least two different splice forms, a shorter and a

longer isoform wherein the shorter isoform is essentially a fragment of the longer isoforms.
These two splice forms are depicted in SEQ ID NO: 2 and SEQ ID No: 3.
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The gene COORF72 has 2 major, validated transcripts, but more transcripts may exist. The
validated transcripts have GenBank Accession Numbers NM_018325 (the longer transcript,
3233 nucleotides) and NM_145005 (the shorter transcript, 1879 nucleotides). The encoded
proteins have GenPept Accession Numbers NP_060795 (the longer protein isoform, 481
amino acids, depicted in SEQ ID NO: 2) and NP_659442 (the shorter protein isoform, 222
amino acids, depicted in SEQ ID NO: 3).

For convenience the term further used as “protein COORF72” refers to SEQ ID NO: 2 and SEQ
ID NO: 3.

A level of protein COORF72 expression is reduced due to the presence of the identified
mutation in the promoter region of gene COORF72 that results in little or no expression of
C90RF72 RNA and little or no presence of the CO9ORF72 protein. The presence of the
identified mutations in only one C90ORF72 allele can result in a level of wild-type COORF72
polypeptide that is intermediate between the level of wild-type CO9ORF72 polypeptide typically
observed when both COORF72 alleles are wild-type and the level typically observed when both
alleles contain the mutation.

The term "reduced level" as used herein with respect to a level of COORF72 expression is any
level of COORF72 expression that is less than a median level of wild-type COORF72
polypeptide or C9ORF72 RNA expression in a random population of humans (e.g. a random
population of 10, 20, 30, 40, 50, 100, 500, 1000 or more humans) having homozygous wild-
type COORF72 alleles. In some cases, a "reduced level" of COORF72 expression can be any
level of wild-type COORF72 polypeptide or C9ORF72 RNA expression that is less than a
median level of wild-type C9ORF72 polypeptide or RNA expression, respectively, in a random
population of humans (e.g. a random population of 10, 20, 30, 40, 50, 100, 500, 1000 or more
humans) not having been diagnosed with ALS and/or FTLD. In some cases, a reduced level of
C90RF72 expression can be a level of wild-type COORF72 expression that is at least one (e.g.
at least 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, or 2.2) standard deviation less than a mean level of wild-
type C9ORF72 expression in a random population of humans (e.g. having homozygous wild-
type COORF72 alleles and/or not having been diagnosed with ALS and/or FTLD). In some
cases, a reduced level of CO9ORF72 expression can be a level of wild-type COORF72
expression that is less than a median level of wild-type CO9ORF72 expression in a random
population of humans (e.g., a random population of 10, 20, 30, 40, 50, 100, 500, 1000 or more
humans) that are age-matched and/or who are race-matched. Humans that are age-matched
can be the same age or can be in the same age range (e.g., 15 to 35 years of age, 35t0 75
years of age, 75 to 100 years of age, 35 to 45 years of age, 60 to 80 years of age, 20 to 35
years of age, or 40 to 50 years of age). In some case, a reduced level of C9ORF72 expression
can be a level of wild-type COORF72 expression that is less than a median level of wild-type
C90RF72 expression in a random population of humans (e.g. a random population of 10, 20,
30, 40, 50, 100, 500, 1000 or more humans) having homozygous wild-type COORF72 alleles
that are age-matched and/or who are race-matched. In some cases, a reduced level of
C90ORF72 expression can be little or no detectable wild-type CO9ORF72 expression.

It will be appreciated that COORF72 expression levels from comparable samples (e.g. blood
samples) are used when determining whether or not a particular COORF72 expression level is
a reduced level. For example, a mRNA level of COORF72 expression in a skin biopsy from a
human is compared to the median mRNA level of COORF72 expression in skin biopsies from a
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random population of humans (e.g. having homozygous wild-type COORF72 alleles and/or not
having been diagnosed with ALS and/or FTLD). In addition, COORF72 expression levels are
compared to a median COORF72 expression level measured using the same or a comparable
method. Any appropriate method can be used to determine a C9ORF72 expression level. For
example, Northern blotting, RT-PCR, or quantitative PCR can be used to determine a level of
RNA molecules encoding a wild-type C90ORF72 polypeptide. In some cases, mass
spectrometry can be used to determine a level of a wild-type COORF72 polypeptide. In some
cases, a level of C9ORF72 polypeptide can be detected using a method that relies on an anti-
CI90RF72 polypeptide antibody. It is envisaged here that an antibody against SEQ ID NO: 2
will also have a specificity for SEQ ID NO: 3 because SEQ ID NO: 3 can be considered as a
fragment of SEQ ID NO: 2. Such methods include, without limitation, FACS, Western blotting,
ELISA, immunohistochemistry, and immunoprecipitation. Antibody based assays (e.g.
sandwich enzyme-linked immunosorbent assays) can include using combinations of antibodies
that bind to one or more sites of the amino-terminal, central, and carboxy-terminal portions of a
C90RF72 polypeptide or a fragment thereof. An anti-COORF72 polypeptide antibody can be
labeled for detection. For example, an anti-COORF72 polypeptide antibody can be labeled with
a radioactive molecule, a fluorescent molecule, or a bioluminescent molecule. COORF72
polypeptides can also be detected indirectly using a labeled antibody that binds to an anti-
C90RF72 polypeptide antibody that binds to a C9ORF72 polypeptide. An antibody can be,
without limitation, a polyclonal, monoclonal, human, humanized, chimeric, or single-chain
antibody, or an antibody fragment having binding activity, such as a Fab fragment, F(ab')
fragment, Fd fragment, fragment produced by a Fab expression library, fragment comprising a
VL or VH domain, or epitope binding fragment of any of the above. An antibody can be of any
type (e.g., 1gG, IgM, IgD, IgA or IgY), class (e.g., 1gGl, 1gG4, or IgA2), or subclass. In a
particular embodiment an antibody is derived from camels, in another particular embodiment
an antibody derived from camels is a variable heavy chain also designated as a nanobody®. In
addition, an antibody can be from any animal including birds and mammals. For example, an
antibody can be a human, rabbit, sheep, camelid or goat antibody. An antibody can be
naturally occurring, recombinant, or synthetic. Antibodies can be generated and purified using
any suitable methods known in the art. For example, monoclonal antibodies can be prepared
using hybridoma, recombinant, or phage display technology, or a combination of such
techniques. In some cases, antibody fragments can be produced synthetically or
recombinantly from a gene encoding the partial antibody sequence. An anti-C9ORF72
polypeptide antibody can bind to a C9ORF72 polypeptide at an affinity of at least 10* mol™
(e.g., at least 10°, 10° 107, 108, 10°, 10", 10", or 10" mol™). An anti-COORF72 polypeptide
antibody provided herein can be prepared using any appropriate method. For example, any
substantially pure COORF72 polypeptide, or fragment thereof can be used as an immunogen
to elicit an immune response in an animal such that specific antibodies are produced. Thus, a
human C90ORF72 polypeptide or a fragment thereof can be used as an immunizing antigen. In
addition, the immunogen used to immunize an animal can be chemically synthesized or
derived from translated cDNA. Further, the immunogen can be conjugated to a carrier
polypeptide, if desired. Commonly used carriers that are chemically coupled to an immunizing
polypeptide include, without limitation, keyhole limpet hemocyanin (KLH), thyroglobulin, bovine
serum albumin (BSA), and tetanus toxoid. The preparation of polyclonal antibodies is well-
known to those skilled in the art. See, e.g., Green et al, Production of Polyclonal Antisera, in
IMMUNOCHEMICAL PROTOCOLS (Manson, ed.), pages 1-5 (Humana Press 1992) and
Coligan et al, Production of Polyclonal Antisera in Rabbits, Rats, Mice and Hamsters, in
CURRENT PROTOCOLS IN IMMUNOLOGY, section 2.4.1 (1992). In addition, those of skill in
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the art will know of various techniques common in the immunology arts for purification and
concentration of polyclonal antibodies, as well as monoclonal antibodies (Coligan, et al., Unit
9, CURRENT PROTOCOLS IN IMMUNOLOGY, Wiley Interscience, 1994). The preparation of
monoclonal antibodies also is well-known to those skilled in the art. See, e.g., Kohler &
Milstein, Nature 256:495 (1975); Coligan et al, sections 2.5.1 2.6.7; and Harlow et al,
ANTIBODIES: A LABORATORY MANUAL, page 726 (Cold Spring Harbor Pub. 1988). Briefly,
monoclonal antibodies can be obtained by injecting mice with a composition comprising an
antigen, verifying the presence of antibody production by analyzing a serum sample, removing
the spleen to obtain B lymphocytes, fusing the B lymphocytes with myeloma cells to produce
hybridomas, cloning the hybridomas, selecting positive clones that produce antibodies to the
antigen, and isolating the antibodies from the hybridoma cultures. Monoclonal antibodies can
be isolated and purified from hybridoma cultures by a variety of well-established techniques.
Such isolation techniques include affinity chromatography with Protein A Sepharose, size
exclusion chromatography, and ion exchange chromatography. See, e.g., Coligan et al ,
sections 2.7.1 2.7.12 and sections 2.9.1 2.9.3; Barnes et al, Purification of Immunoglobulin G
(IgG) , in METHODS IN MOLECULAR BIOLOGY, Vol. 10, pages 79-104 (Humana Press
1992).

Once hybridoma clones that produce antibodies to an antigen of interest have been selected,
further selection can be performed for clones that produce antibodies having a particular
specificity.

In particular embodiments the methods for diagnosis herein described before can also be used
for the detection of somatic mutations in patients which are suspected to suffer from ALS
and/or FTLD. Such mutations (which are generally known as non-familial or non-hereditary or
de novo mutations) can occur because of the expansion of the 5-GGCCCC-3’ repeat present
in SEQ ID NO: 1 in several cells including neuronal cells. In a particular embodiment
cerebrospinal fluid (CSF) is used to identify the hexanucleotide expansion repeat of the
invention. ldentification can be based on DNA based methods, protein based detection or
mRNA based detection of the lower expression of COORF72 or the presence of the
hexanucleotide repeat expansion in COORF72.

The invention also provides kits that can be used to perform a method provided herein (e.g. to
determine whether or not the promoter of the COORF72 gene comprises the mutation of the
invention). Such kits can include nucleic acid molecules (e.g., primer pairs or probes),
antibodies (e.g., anti-C90ORF72 polypeptide antibodies), secondary antibodies, control nucleic
acid molecules (e.g. C9O0RF72 nucleic acids that do or do not contain a mutation), control
polypeptides (e.g. wild type or mutant CO9ORF72 polypeptides), DNA aptamers, microarrays,
ELISA plates, or data analysis software optionally together with any other appropriate reagent,
tool, or instruction for performing the methods described herein. Appropriate informational
material can be descriptive, instructional, marketing or other material that relates to the
methods described herein and/or the use of the reagents for the methods described herein.
For example, the informational material can relate to performing a genetic analysis on a human
and subsequently diagnosing the human as being at risk (or not) for ALS, FTLD or ALS and
FTLD, and/or delivering a prognosis of the human relating to survival time, likelihood of
responding to therapy, or quality of life. In addition, or in an alternative, the informational
material of a kit can be contact information, e.g., a physical address, email address, website,
or telephone number, where a user of the kit can obtain substantive information about
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performing a genetic analysis and interpreting the results, particularly as they apply to a
human's likelihood of developing dementia and a subsequent prognosis. The informational
material of the kits can be in any form. In many cases, the informational material, e.g.
instructions, can be provided in printed matter, e.g. a printed text, drawing, and/or photograph,
e.g., a label or printed sheet. Informational material can be provided in other formats, such as
Braille, computer readable material, video recording, or audio recording. Informational material
can also be provided in any combination of formats. The kit can include one or more
containers for the reagents for performing a genetic analysis, such as reagents for performing
PCR, FISH, CGH, or any other method described herein. The kit can contain separate
containers, dividers, or compartments for the reagents and informational material. A container
can be labeled for use for the diagnosis and/or prognosis of a human relating to the
development and treatment of dementia.

This document also provides methods and materials to assist medical or research
professionals in determining whether or not a mammal has a hexanucleotide repeat expansion
in the CO9ORF72 nucleic acid. Medical professionals can be, for example, doctors, nurses,
medical laboratory technologists, and pharmacists. Research professionals can be, for
example, principle investigators, research technicians, postdoctoral trainees, and graduate
students. A professional can be assisted by (1) determining the presence or absence of a
mutation (id est the hexanucleotide repeat expansion of the invention) in a C9ORF72 nucleic
acid in a sample, and (2) communicating information about the presence or absence of that
mutation to that professional. Any appropriate method can be used to communicate
information to another person (e.g., a professional). For example, information can be given
directly or indirectly to a professional. In addition, any type of communication can be used to
communicate the information. For example, mail, e-mail, telephone, and face-to-face
interactions can be used. The information also can be communicated to a professional by
making that information electronically available to the professional. For example, the
information can be communicated to a professional by placing the information on a computer
database such that the professional can access the information. In addition, the information
can be communicated to a hospital, clinic, or research facility serving as an agent for the
professional.

Still another aspect of the invention is the use of a mutation according to the invention in the
construction of a non-human transgenic animal. Indeed, introduction of a mutation according to
the invention in a model organism such as a mouse would lead to an reduction of SEQ ID NO:
2 and SEQ ID NO: 3 production and development of an ALS disease like phenotype or in the
development of an FTLD disease like phenotype or the development of a combined ALS
disease like and FTLD disease like phenotype. Methods to make mutant SEQ ID NO: 1 based
transgenic animals have been described, amongst others, in GB2380196 and in WO9640895.
Such model organism could be used for screening compounds and testing medication useful
for treatment of ALS and/or FTLD. In yet another particular embodiment a knock-out
transgenic animal can be constructed having a loss of COORF72. In a particular embodiment a
knock-out animal is made being hemizygous for a loss of function of COORF72.
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Examples

1. Family-based linkage to ALSFTD2 locus on chromosome 9p

Since the original reports of a Dutch and a Scandinavian ALS-FTLD family linked with
chromosome 9p21 (Morita et al., 2006; Vance et al., 2006), a growing number of families with
inherited ALS and FTLD are reported with significant linkage to the ALSFTD2 locus on
chromosome 9p21 (Boxer et al., 2010; Gijselinck et al., 2010; Le Ber et al., 2009; Luty et al.,
2008; Valdmanis et al., 2007) (table 1). In all these families patients show similar clinical and
pathological characteristics. Clinically, individuals may present with symptoms of both ALS and
FTLD, or with ALS or FTLD alone. Pathologically, autopsied patients have TDP-43 positive
type 2 (Sampathu et al., 2006) brain inclusions (Boxer et al., 2010; Gijselinck et al., 2010; Le
Ber et al., 2009; Luty et al., 2008; Morita et al., 2006; Vance et al., 2006) - (see Table 1).

Family Origin Max  Meanonset Mean TDP- #ALS #ALS #FTLD References
LOD ageinyears disease 43+ +
score  (range) duration FTLD
at in years
9p21 (range)
Luty Australian 3.41 53 (43-68) 9 (1-16) + 2 2 7 (Luty etal.,
2008)
DR14 Belgian 3.38 581 (51-65) 6.4 (1-17) + 1 0 10 (Gijselinck
et al,, 2010)
F2 Dutch 3.02 60.3 (39-72) 3.0 (1-8) ND 7 3 2 (Vance et
al., 2006)
Que23 Canadian 3.01 55.8 (46-58) 24 (1.5-3) ND 5 0 3 (Valdmanis
et al., 2007)
VSM20 Irish 3.01 45.7 (35-57) 5.4 (3-10) + 2 3 5 (Boxer et al.,
2010)
F438 Scandinavian  3.00 55.3 (45-64) 4.3 (1-9) ND 5 0 9 (Morita et
al., 2006)
6 families  French 8.0 57.9(40-84) 3.6 (1-8) + 9 12 10 (Le Ber et
al., 2009)
Quel French- 2,51 54.3 (45-63) 4.8 (2-9) ND 5 3 0 (Valdmanis
Canadian et al., 2007)
Fr104 Spanish 1.55 ND ND ND 4 1 0 (Valdmanis
et al., 2007)
F2 North- 1.5 ND ND ND 0 7 0 (Momeni et
American al., 2006)
Gwent Brittish ND 42.2 (31-52) 3.6 (1-13) + 3 6 0 (Pearson et
al., 2011)
F476 North- ND ND ND ND 2 3 0 (Momeni et
American al., 2006)
ALS_A American ND ? (35-73) ? (0.5-5) ND 6 0 0 (Krueger et
al., 2009)

Table 1: Genetic, clinical and pathological characteristics of ALS-FTLD families linked or
associated with chromosome 9p21 (ND: not determined; 'summed LODscore in 6 small
families, not linked separately)

The minimal candidate region was previously defined by D9S169 (Luty et al., 2008) and
D9S1805 (Valdmanis et al., 2007) spanning 7 Mb and was recently reduced to 3.6 Mb
between D9S169 (Luty et al., 2008) and D9S251 by Boxer and colleagues (2010) (figure 4).
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2. ldentification of a hexanucleotide repeat expansion in C9ORF72

In addition to conclusive genetic linkage of ALS/FTD to chromosome 9p in family DR14, we
found highly significant genetic association with single nucleotide polymorphisms (SNPs) in
cohorts of patients with ALS and ALS/FTD recruited from the Flanders region in Belgium.
Haplotype association identified a 130 kb region that substantially reduced the published
Finnish 42-SNP risk haplotype (Laaksovirta, H. PubMed: 20801718) leaving only three known
positional candidate genes: MOBKL2B, IFNK and C90ORF72. Detailed association mapping
using 58 SNPs tagging over 400 SNPs in this region, including sliding window association
analysis indicated highly significant association with the 5 region of COORF72. Sanger
sequencing of the coding regions of the three candidate genes and all evolutionary conserved
elements in the candidate region (summed size > 60 kb) in patients of conclusively linked
ALS/FTD family DR14 identified no mutations that segregated with disease while being absent
in neurologically healthy control individuals. Also, second-generation sequencing using the
cPAL technology of the complete region could not identify putative mutations. Sequence
analyses were successful for the complete region except of COORF72 exon1A defined as the
first, noncoding exon of the longer gene transcript (chr9:27573429-27573481 in the
GRCh37/hg19 reference sequence of the human genome). Analysis of patient genomic DNA
consequently obtained sequence of only 1 chromosomal copy due to failed PCR or absence of
sequence reads. Also quantitative studies of the COORF72 exon1A genomic region in patients
resulted in ambiguous data. Together, data obtained in genetic association studies, sequence
analysis and quantitative genomic analyses suggested that a structural variation in or near
exon1A was the most likely cause of ALS/FTLD. After exclusion the most obvious possibility of
a genomic deletion, the possibility of an insertion was explored. Sequence inspection of the
C90RF72 exon1A genomic region indicated a low-complexity GC-rich region, partly
overlapping the exon sequence (chr9:27573413-27573544 in the GRCh37/hg19 reference
sequence of the human genome) and in the promoter region of the gene. The most 5 part of
the low-complexity region was composed of 3 5/6 units of hexanucleotide repeat sequence
GGGGCC. Therefore, the possibility of a hexanucleotide repeat expansion as the cause of
chromosome 9p-linked ALS/FTD was explored using a repeat primer-based PCR detection
assay. In patients of family DR14, the repeat was expanded from less than 30 repeat units in
more than 800 control individuals of the Flanders region in Belgium to more than 80 repeat
units, being the upper detection limit of the assay. The size range of the repeat did not show
overlap between patients and controls. Analysis of the repeat size in 101 ALS patients, 23
patients with ALS and FTLD and 267 FTLD patients identified 33 additional patients with an
expanded hexanucleotide repeat sized > 80 hexanucleotide units. Segregation analysis in 4
additional ALS/FTLD families demonstrated complete segregation of the expanded repeat with
disease, suggesting an age-dependent, but complete penetrance of the mutation. The
frequency of the repeat expansion in familial patients was 44% in ALS, 71% in ALS/FTLD and
10% in FTLD patients (see table 2). Genetic association of the repeat expansion with disease
was more significant than the association with the risk haplotype and could fully explain the
latter association, leaving no residual association evidence due to another risk variant in the
same genomic region. Based on data on regulatory elements obtained in the ENCODE project
(Encyclopedia of DNA Elements), the expanded repeat was located inside the promoter driving
expression of C9ORF72. Therefore, the hypothesis of an effect of the repeat expansion on
gene expression was evaluated (see Figure 5). qPCR analysis of random-primed and poly-A
RNA of frontal cortex of two patients carrying the repeat expansion compared to frontal cortex
RNA of control individuals demonstrated that in repeat expansion carriers, the C9ORF72
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transcript was about 50% reduced after normalization to 4 housekeeping genes. Moreover,
analysis of allele-specific expression of COORF72 in frontal cortex of repeat expansion carriers
who are heterozygous for coding SNP rs10122902 demonstrated substantially reduced
expression of the gene copy having the expanded repeat in its promoter. This demonstrates a
direct, cis-acting effect of the repeat expansion on expression of COORF72.

Together these data suggest that haploinsufficiency of COORF72, due to reduced expression
driven by a hexanucleotide repeat expansion in the gene promoter, is the cause of
chromosome 9p linked ALS/FTLD. CORF72 is highly conserved in vertebrates. In worms (e.g.
c. elegans), the corresponding gene exists of the C-terminal half only, while it is completely
absent in insects (e.g. drosophila). It is an orphan gene with unknown function. Based on
functions of genes with similar expression patterns in human and mouse, a function in protein
ubiquitination for proteasomal degradation and/or a function in RNA processing are predicted.

Table 2: The frequency of the repeat expansion in familial patients was 44% in ALS, 71% in
ALS/FTLD and 10% in FTLD patients

repeat expansion carriers

Sample size Number Frequency
FTLD Total 267 14 0.05
Familial 89 9 0.10
Sporadic or unknown 178 5 0.03

FTLD-

ALS Total 23 6 0.26
Familial 7 5 0.71
Sporadic or unknown 16 1 0.06
ALS Total 101 13 0.13
Familial 16 7 0.44
Sporadic or unknown 85 6 0.07

3. Repeat primer-based PCR detection assay of repeat expansion

In a first series of PCR cycles, a fluorescently labeled forward primer F is used in combination
with repeat-anchor primer R1. The R1 primer anneals at random positions in the repeat
sequence of the genomic template. In subsequent series of PCR cycles, these fragments are
further amplified using forward primer F in combination with anchor primer R2. Amplification
products are separated on an Applied Biosystems ABI 3730 and analyzed. For each repeat
unit present in the genomic template DNA, a differently sized PCR amplification fragment is
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observed. Expanded repeats are characterized by a high number of different fragments. See
Figure 1.

PCR Primers:
F: 5-TCCTCACTCACCCACTCG-3
R1: 5-CGTACGCATCCCAGTTTGAGAGGGGCCGGGGLCCGGGGLLEGEaae-3

R2: 5-CGTACGCATCCCAGTTTGAGA-3’

PCR Protocol

DNA (100ng/ul) 1ul 98°C 10’

Buffer 2 2ul 97°C 35~

dNTP (10mM) 1ul 10 cycli - 53°C - 35”

F primer (10uM) 0.66ul 68°C 2

R1 primer (10uM) 0.066ul 97°C 35~

R2 primer (10uM) 0.66ul 25 cycli 53°C 357

Betaine (3M) 13.86ul 68°C 2’ (+20” for each successive) cycle)
Enzyme** 0.75ul 68°C 10’

4°C  forever

** Expand Long Template PCR system (Roche)

Examples of the analysis of genomic templates in neurologically healthy control individuals
without repeat expansion are shown in Figure 2.

Example of the analysis of genomic templates in an ALS patient with repeat expansion is
depicted in Figure 3.

4. A pan-European study of the C9orf72 repeat associated with FTLD and ALS: geographic
prevalence, genomic instability and intermediate repeats

In this example, we determined the geographic prevalence of the pathological G4,C, expansion
in a sizable pan-European cohort of FTLD and ALS patients (N=988), ascertained within a
newly founded European Early-Onset Dementia (EOD) consortium. We obtained an overall
mutation frequency of 8.81% in patients with a possible or probable diagnosis of FTLD and/or
ALS. In the combined European and Flanders-Belgian cohorts (N=1489), we calculated
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frequencies in familial patients with FTLD of 9.51%, with ALS of 38% and with FTLD plus ALS
(FTLD-ALS) of 56.67%. In both cohorts we observed in G,C, expansion carriers, a significant
higher frequency (p < 0.0001) of short insertion/deletions in a low complexity sequence (LCS)
adjacent to the G,C, repeat and extending it by extra GC-rich repeat units, perhaps making it
more prone to pathological expansion. Using a repeat-primed PCR assay that excludes the
LCS and an allele genotyping assay, we identified G4C; alleles with intermediate lengths of 8 to
25 repeat units. In genetic association studies in the Flanders-Belgian patient/control cohort,
we obtained significant allelic association with the G4C, intermediate repeats (OR=1.21, 95%
Cl (1.00-1.46); p=0.047), with the principal effect size in homozygous ALS patients (OR=2.32,
95% CI (1.15-4.68); p=0.019). These data indicate that G,C, intermediate repeats might act as
a pre-mutation and/or a susceptibility factor for disease.

4.1 The European EOD Consortium

The European cohort used to determine the contribution and distribution of the C9orf72 repeat
expansion mutation to FTLD and ALS in Europe, was collected through the European Early-
Onset Dementia (EOD) consortium (Table 3). The European EOD consortium brings together
epidemiological, clinical and biological data with biomaterials of EOD patients throughout
Europe to stimulate high-profile translational dementia research. The consortium currently
holds 40 partner groups from 16 countries: Belgium, France, the Netherlands, UK, Germany,
Austria, Portugal, Spain, Italy, Sweden, Finland, Denmark, Czech Republic, Bulgaria, Greece,
and Turkey (Figure 7). In this study, the European cohort included 1060 patients that were
ascertained within the European EOD consortium of which 988 had a possible or probable
diagnosis of FTLD (n=744), ALS (n=184) or FTLD-ALS (n=60) (Table 4). In an additional 72
other patients, clinical presentation showed indications of FTLD or ALS together with
symptomatology of other neurodegenerative brain diseases such as Alzheimer or Parkinson
disease. A pathological diagnosis on autopsied brain was obtained for 60 patients comprising
FTLD-TDP (n=23), FTLD-UPS (n=1), FTLD-MND-TDP (n=15) and MND-TDP (n=21)
pathological diagnoses. Information on family history of disease was available for 816
(82,59%) of the 988 European cohort patients of which 303 had a positive family history of
disease and 513 had no indications of affected relatives and were considered sporadic
patients (Table 5). Average onset age and onset age range were comparable between the
FTLD and FTLD-ALS groups. In the ALS patient group average onset age and range were
about 5 years earlier.

Table 3: European cohort - Patients per country overall and per clinical subgroup

Country Partner Group FTLD FTLD-ALS | ALS Uncertain | Total
European EOD @) 184 1060
Consortium 744 (33) 60 (17) (20) 2 (60)

Italy Brescia, Brescia

n =402 University 192 1 26 229
Brescia, IRCCS 47 1 21 69
Florence, FLO 84 5 6 95
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Country Partner Group FTLD FTLD-ALS | ALS Uncertain | Total
Verona, UNIVR 1(1) 1
Antwerp, DMG DSF 4 4 8
Germany Tubingen, HIH 38 8 82 128
n=283
Munich, TUM 129 2 131
Munich, LMU 2(1) 2
Bonn 20 1 21
Antwerp, DMG DSF © 1 1
Portugal Lisbon 77 3(1) 34 114
n=193
Coimbra 68 3 2 6 79
Spain Barcelona, Brain bank 13 (13) 9(9) 16 (16) 38
n= 61
Barcelona 16 6 0 22
Antwerp, DMG DSF 1 1
Sweden Stockholm, K 37 (3) 2 2 4 45
n=47 Antwerp, DMG DSF @ | 1 1 2
Bulgaria | g ia, MU 3 28 31
n= 31
Belgium Liege, CRC-ULG-CHU 1 1
n=26 ©
Antwerp, DMG DSF 8 16 1 25
Czech
Republic Prague, TH 5(5) 5(5) 3(3) 13
n=13
‘:‘f;”a Vienna, MUV 2(2) 1(1) 3
E‘:":"ark Antwerp, DMG DSF @ 1 1

Y

Note: ) The European EOD consortium was launched in August 2011 and is coordinated l?s
Christine Van Broeckhoven and Julie van der Zee, Department of Molecular Genetics, VIB, Antwerat
Belgium. Patients with clinical diagnosis of FTLD or ALS, or indications of FTLD or ALS symptonB
are listed. The 1060 patients included 13 additional patients from other European countries th

had been referred for clinical genetic testing to the Diagnostic Service Facility (DSF) in the

V,

)

Department of Molecular Genetics, DMG DSF and 26 patients from Wallonia, the French speakir
part of Belgium.  Number of patients with autopsy confirmed neuropathology diagnosis is indicate
between brackets behind the total and subgroup number of patients contributed per country.
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subgroups

C_Iinical _ Total | Familial | picoace onset | Pathology

diagnosis + SD (range)

cohorts n n (%) - 9 n (%)

European Cohort

Total 988 303 61.4 £ 10.9 (20-88) | 60 (6.07)
(30.64) T )

FTLD 744 246 62.8 £ 9.0 (28-88) 22 (2.95)
(33.06) R ’

FTLD-ALS 60 23 (38.33) | 61.1 £ 9.8 (31-83) 18 (8.60)

ALS 184 34 (18.48) | 56.0 + 15.1 (20-85) | 20 (10.87)

Other 72 40 (55.56) | 60.0 £ 12.1 (35-95) | N.A.

Flanders-Belgian Cohort

Total 501 124 62.0 £ 10.3 (27-85) | 29 (5.79)
(24.75) T '

FTLD 337 101 63.0 £ 9.7 (29-85) 21 (6.23)
(29.97) DR ’

FTLD-ALS 23 7(30.43) |62.7+10.0(39-75) | 3(13.04)

ALS 141 16 (11.35) | 59.6 £ 11.4 (27-79) | 5(3.55)

Combined European and Flanders-Belgian cohorts

Total 1489 427 61.6 £ 10.7 (20-88) | 89 (5.98)
(28.68) R '

FTLD 1081 347 62.9 £ 9.2 (28-88) 43 (3.98)
(32.10) DR ’

FTLD-ALS 83 30 (36.14) | 61.5+£ 9.9 (31-83) 21 (25.30)

ALS 325 50 (15.38) | 57.6 £ 13.7 (20-85) | 25 (7.69)

Note: " This group of other 72 patients was not included in the total since they did not fulfill the
criteria for possible or probable diagnosis.
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4.2 C9orf72 pathological G4C, expansions in the European cohort

To determine the impact and distribution of the pathological G4C, expansion across Europe,
G4C;, repeat lengths were determined by repeat-primed PCR (forward RP-PCR, figure 8)
followed by fluorescent fragment length analysis. This assay is able to discriminate between
the presence (minimal 60 repeat units) and absence (maximal 25 repeat units) of a
pathological G4C, expansion. A pathological G,C, expansion was observed in 8.81% (87/988)
of the European cohort (Table 5). Per clinical subgroup, 6.18% of FTLD, 33.33% of FTLD-ALS
and 11.41% of ALS patients carried a pathological G4C, expansion (Table 5). In familial
patients, the overall frequency increased to 14.52% with subgroup frequencies of 8.54%
(21/246) in FTLD, 47.83% (11/23) in FTLD-ALS and 35.29% (12/34) in ALS patients. In
sporadic patients, the overall frequency decreased to 5.07% with subgroup frequencies of
3.64% (13/357) in FTLD, 18.52% (5/27) in FTLD-ALS and 6.20% (8/129) in ALS patients. All
pathological G4C, expansion carriers in the European cohort carried at least one T-allele of the
single-nucleotide-polymorphism (SNP) rs2814707, the top SNP in the ALS genome-wide
association studies and tagging the chromosome 9p21 risk haplotype (Laaksovirta et al (2010);
Van Es MA et al (2009)). To evaluate the distribution of the pathological G4C, expansion
across the partnering countries we calculated, overall and per clinical phenotype, mutation
frequencies per country contributing to the European cohort (Table 6). In most countries the
pathological G4C, expansion mutation showed a comparable overall frequency ranging from
5.87 to 8.75%. The Bulgarian patients showed an intermediate overall frequency of 12.90%
driven by the predominance of ALS patients in this cohort. However, a marked overall
enrichment was observed in the Spanish (21.31%) and Swedish (25.58%) patient cohorts.
Looking at clinical subgroups, 30.00% was observed in the FTLD and 26.67% in the FTLD-
ALS clinical subgroups from Spain, and 21.05% in the FTLD patients from Sweden.

Table 5: Frequencies of the C9orf72 pathological G4C, expansion in the European and
Flanders-Belgian cohorts and clinical subtype groups

FTLD FTLD-ALS ALS Total
European Cohort
Total 46/744 6.18% | 20/60 | 33.33% | 21/184 11.41% | 87/988 8.81%
Familial 21/246 | 8.54% | 11/23 | 47.83% | 12/34 35.29% | 44/303 14.52%
Sporadic 13/357 3.64% | 5/27 18.52% | 8/129 6.20% 26/513 5.07%
Other " 12/141 8.51% | 4/10 0.40% 1/21 4.76% 17/172 9.88%
Flanders-Belgian Cohort
Total 21/337 6.23% | 7/23 30.43% | 13/141 9.22% 41/501 8.18%
Familial 12/101 11.88% | 6/7 85.71% | 7/16 43.75% | 25/124 20.16%
Sporadic | 9/236 3.81% | 1/16 6.25% 6/125 4.80% 16/377 4.75%
Combined European and Flanders-Belgian cohorts
Total 67/1081 | 6.20% | 27/83 | 32.53% | 34/325 10.46% | 128/1489 | 8.60%
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FTLD FTLD-ALS ALS Total
Familial 33/347 9.51% | 17/30 | 56.67% | 19/50 38.00% | 69/427 16.16
Sporadic 22/593 3.71% | 6/43 13.95% | 14/254 5.51% 42/890 4.72

Note: "Other includes patients of which there was no family history data available in the
European cohort.

Table 6: C9orf72 pathological G4C2 expansion carriers calculated per partnering European
EOD country overall and per clinical subgroup

Country Total Overall FTLD FTLD-ALS ALS
patients carriers carriers carriers carriers
n(1) (%)(2) (%)(2) (%)(2) (%)(2)
Total 1489 128/1489 67/1081 27/83 (32.53) | 34/325
(8.60) (6.20) (10.46)
Belgium® 526 46/526 (8.75) | 22/346 (6.36) | 7/23 (30.43) | 17/157
(10.83)
Italy 375 22/375 (5.87) | 17/328 (5.18) | 4/17 (23.53) | 1/30 (3.33)
Germany 283 18/283 (6.36) | 4/189 (2.12) | 3/10 (30.00) | 11/84 (13.10)
Portugal 153 11/153 (7.19) | 7/145 (4.83) | 3/6 1/2
Spain 61 13/61 (21.31) | 9/30 (30.00) | 4/15(26.67) | N.A.
Sweden 43 11/43 (25.58) | 8/38 (21.05) | 1/2 2/3
Bulgaria 31 4/31 (12.90) | N.A. 3/3 1/28 (3.57)
Czech
Republic 13 113 (7.69) N.A. 1/5 N.A.

Note: "Total number of patients with a possible or probable diagnosis of disease; ?Carrier
percentages is calculated only for countries that contributed 10 or more patients to the
European cohort and for subgroups with minimal 10 patients (Table S.1). The Belgium
sample includes apart from the Flanders-Belgian cohort an additional 25 patients ascertained
in Wallonia-Belgium. N.A. Not applicable, no carriers were identified in these subgroups.

4.3 CY9orf72-associated phenotype of the mutation carriers in the European cohort

Of the 87 carriers of a pathological G4C, expansion, 46 had a clinical diagnosis of FTLD, 20 of
FTLD-ALS and 21 of ALS (Table 7). The average onset age was 58.4 + 8.0 years with an
onset age range of 40 to 75 years and was comparable in the FTLD, FTLD-ALS and ALS
subgroups (Table 7). The average duration of disease in 33 deceased carriers was 4.4 + 3.3
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years (range 1 to 14) but differed in the clinical subgroups with shortest survival for ALS
carriers with on average 2.8 + 1.6 years (n=12, range 1 to 6) and longest for FTLD patients
with 6.2 + 4.9 years (n=9, range 1 to 14 years). The survival of FTLD-ALS carriers was in
between both other subgroups with 4.6 + 3.5 years (n=12, range 1 to 14).

Table 7: Descriptive characteristics of G4C, expansion mutation carriers in the European
clinical subgroups

European cohort Flanders -Belgian cohort

Clinical | Total | Average Average duration” | Total n | Average Average
subgroup | n onset age | years * SD (range) onset age | duration

years * SD | (n) years * SD | years * SD

(range) (range) (range) (n)

584 + 80|44 + 33 (1-14) 555 + 8.9|49+42(1-17)
Total 87 | (40-75) (n=33) 41 (38-71) (n=19)

579 + 7.6 _ 553 + 84 |6.9+4.7(3-17)
FTLD 46 (44-75) 6.2 +4.9(1-14) (n=9) | 21 (42-71) (n=9)
FTLD- 20 574 + 83|46 * 35 (1-14) 7 579 + 9729 + 07 (2-
ALS (40-71) (n=12) (43-69) 4) (n=6)

60.5 £ 85 _ 545 + 99|33 £ 45 (1-
ALS 21 (43-74) 28+1.6(1-6) (n=12) | 21 (38-64) 10) (n=4)

Note: P Average duration of disease was calculated for n pathological G,C, expansion carriers
with information on age at death.

4.4 Genomic complexity in the C9orf72 region adjacent to the G4C, repeat

In the genomic sequence, the C9orf72 G4C, repeat is contiguous with a GC-rich, low
complexity sequence (LCS), located upstream of exon 1a of the longest C9orf72 isoform
(Figure 8). We successfully sequenced the GC-rich LCS in 432 patients of the Flanders-
Belgian cohort and in 752 matched control individuals by repeat-primed PCR sequencing (RP-
PCR for sequencing, figure 8). We observed short deletions of 5 to 23 base pairs (bp) and
insertions of 1 to 12 bp in a total of 25 individuals of which 13 patient carriers of a pathological
G4C, expansion (13/39 = 33.33%), 8 patient non-carriers (8/393 = 2.04%) and 4 control
persons (4/752 = 0.53%) (Table 8). These variable insertion/deletions (indels) were
significantly more frequently observed in carriers of a pathological G4C, expansion compared
to the group of non-carrier patients (OR 24.06, 95% 95% (9.16-63.23); p<0.0001) and control
persons (OR 93.50, 95% CI( 28.53-306.39); p<0.0001). Also, remarkably is that 10 of 13
(76.92%) patient carriers presented with the same 10-bp CCCCGACCAC deletion which was
not observed in patient non-carriers and control persons (Table 8). The 10-bp deletion is
contiguous with the G,C, repeat and joins two GC-rich sequences and extends the GC-rich
motif of the G4C, repeat though with imperfect repeats (Figure 8). In this context, it is striking
that deletion of the ACCAC motif between both GC-rich regions (Figure 8) was seen in 11 of
the 39 patients carrying an expanded G4C2 repeat (28%), only once in the non-carrier patients
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(1/393 = 0.25%) and once in control individuals (1/752=0.13%) (Table 8). To replicate these
findings, we successfully sequenced the LCS in 68 patient carriers and 122 patient non-
carriers from the European cohort. We observed a comparable high frequency of indels in the
patient carriers (19/68 = 27.94%) and no indels in the non-carriers (0/122, <0.82%) (OR 46.92,
95% CI (6.11-360.14; p<0.0001) (Table 8). Ten of 19 (52.63%) patient carriers presented the
same 10-bp deletion and in 14 of 19 (73.68%) the ACCAC sequence was deleted (Table 8). All
carriers of the 10-bp deletion had at least one rs2814707 T-allele and the 10-bp deletion was
co-transmitted with the pathological G4C, expansion in available relatives of 2 pathological
G4C, expansion carriers of the Flanders-Belgian cohort, suggesting that the 10-bp LCS
deletion is probably located on the disease haplotype.

Table 8: Low Complexity Sequence (LCS) indels in carriers of a pathological G4C, expansion
and in non-carriers

Diagnosis | Number Indel ™ Genomic position

Flanders-Belgian cohort

Patients expansion carriers (13/39)

FTLD 7 del CCCCGACCAC 27563512-27563521
FTLD-ALS | 1 del CGGGCCCGCCCCGACCACGCCCC 27563504-27563526
FTLD-ALS |2 del CCCCGACCAC 27563512-27563521
ALS 1 del CCCCGACCAC 27563512-27563521
ALS 1 del CGGGCCCGCCCC 27563504-27563515
ALS 1 ins CGGGCCCGCCCC 27563516

Patients without expansion (8/393)

FTLD 1 del ACCAC 27563517-27563521
FTLD 3 del GGCCCGCCCCG 27563506-27563516
FTLD-ALS | 1 del GGCCCGCCCCCGGGCCCGCCCCG 27563494-27563516
ALS 1 del GGCCCGCCCCG 27563506-27563516
ALS 1 ins CGGGACCGCCCC 27563516
ALS 1 ins G 27563492

Controls (4/752)

control 3 del GGCCCGCCCCG 27563506-27563516

control 1 del GCCCGCCCCGACCACG 27563507-27563522

European cohort

Patients expansion carriers (19/68)
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FTLD 6 del CCCCGACCAC 27563512-27563521
FTLD 1 del ACCAC 27563517-27563521
FTLD 1 del CCCCCGGGCCCGCCCCGACCAC 27563500-27563521
FTLD 1 ins C 27563493
FTLD 1 ins CGGGCCCGCCCC 27563516
FTLD 1 del CGGGCCCGCCCC 27563504-27563515
FTLD-ALS | 1 del CCCCGACCAC 27563512-27563521
FTLD-ALS | 1 del 27563495-27563522

GCCCGCCCCCGGGCCCGECCCCGACCAC

G
FTLD-ALS | 1 del GGCCCGCCCCG 27563506-27563516
ALS 3 del CCCCGACCAC 27563512-27563521
ALS 1 del 27563498-27563526

GCCCCCGGGCLCCGECCCCGACCACGLCCC

Cc
ALS 1 del CGGGCCCGCCCC 27563504-27563515

Note: ™ The nucleotide sequence ACCAC is most frequently deleted in the LCS adjacent to the
G4C2 repeat in C9orf72 (indicated in bold) ® genomic location is based on NCBIbuild37 - hg19

The LCS adjacent to the G4C, repeat is comprised in the PCR fragments produced by the
forward RP-PCR assay that we used to identify pathological G4,C, expansion carriers (Figure
8). To eliminate possible influences of LCS variability when assaying the G,C, for the presence
of pathological expansions or for sizing the repeat for normal alleles, we developed a reverse
RP-PCR assay on the sense strand that eliminates the LCS from the PCR amplicon (reverse
RP-PCR, Figure 8). This RP-PCR assay confirmed the presence of the pathological G.4C,
expansion in patients of the Flanders-Belgian as well as the European cohort.

4.5 Sizing of normal C90rf72 G4C, repeat lengths

We used the reverse RP-PCR assay to more precisely determine the length of the longer
normal G4C, alleles. In addition, we used a STR genotyping assay (STR-PCR, Figure 8)
optimized for high GC-content, to size the normal alleles in non-carriers and the wild-type allele
in carriers of a G4C, expansion mutation. When we compared the allele lengths obtained with
the two assays in the Flanders-Belgian cohort, we obtained a 99% match. The remaining 1%,
we could match when we adjusted normal allele size in subjects in whom we had observed a
LCS indel by sequencing. This implies that the STR-PCR alleles can be used for correct sizing
of normal repeat alleles. The observed lengths of the G,C, repeat ranged from 3 to 25 units in
the Flanders-Belgian cohort (Figure 9). In the European cohort, the repeat sizes ranged
between 3 and 22 units. In our study, we observed on the shortest allele 2 perfect G,C, repeat
units and 1 imperfect repeat G,C, in contrast to the reference sequence which shows 3 perfect
G4C, repeat units next to the imperfect G4C4 repeat (NCBIbuild37 - hg19) (Figure 8).
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4.6 Genetic association with C90rf72 intermediate G4C2 alleles

Visual comparison of the frequency distribution of normal repeat alleles in Flanders-Belgian
patients (n=419) and control individuals (n=1005) (Figure 9), suggested 3 groups of alleles with
a comparable pattern of frequency distribution (3-4 units (50.8% in patients versus 53.1% in
controls), 5-6-7 units (23.0% in patients versus 24.4% in controls) and 8-25 units (26.3% in
patients versus 22.5% in controls). We did not detect significant allelic association between
groups 1 and 2. Consequently, we calculated genetic association with one group of short (3 to
7 repeat units) and a second group of intermediate (8 to 25 repeat units) alleles and disease.
We obtained significant allelic association in the overall cohort (OR = 1.21; 95% CI 1.00 - 1.46,
p=0.047) and genotypic association in homozygous carriers of intermediate repeat alleles (OR
= 1.65; 95% Cl 1.01 — 2.70, p=0.047) (Table 9). The risk effect was derived mainly from the
ALS subgroup in which we calculated significant allelic (OR = 1.39; 95% CI 1.03 — 1.87,
p=0.032) and genotypic association in homozygous carriers of intermediate repeat alleles (OR
= 2.32; 95% Cl 1.15 — 4.68, p=0.019). In the FTLD subgroup a slight increase in frequency of
intermediate alleles (25.0%) was observed compared to control individuals (22.5%) (Table 9).

Table 9: Allelic and genotypic association of C9orf72 G,C, intermediate repeats in the
Flanders-Belgian patient/control cohort

Phenotype Genotype Controls Patients Logistic regression EU patients
N % N % OR (95%Cl) p-value N %
Overall S 1559 77.5 620 73.7 1.21 (1.00-1.46) 0.047 1303 75.9
I 453 225 221  26.3 413 241
S/S 597 594 230 54.9 ref 493 57.5
S/l 363 36.1 159 37.9 1.13(0.89-1.44) 0.322 317 36.9
I/l 45 45 30 72 1.65(1.01-2.70) 0.047 48 56
FTLD S 1559 77.5 423 75.0 1.14 (0.92-142) 0.236 997 74.6
I 453 225 141  25.0 339 254
S/S 597 594 158 56.0 ref 371 55.5
S/l 363 36.1 107 37.9 1.11(0.84-1.47) 0.471 255 38.2
I/l 45 45 17 6.0 1.41(0.78-2.55) 0.253 42 6.3
ALS S 1559 77.5 174 71.0 1.39 (1.03-1.87) 0.032 237 785
I 453 225 71 29.0 65 215
S/S 597 594 64 529 ref 91 603
S/l 363 36.1 45 372 1.16 (0.77-1.75) 0.465 55 36.4

I/l 45 45 12 9.9 232(1.15-468) 0.019 5 3.3
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Note: OR = odds ratio, 95% Cl = 95% confidence interval. Patients with a known mutation in
an FTLD or ALS gene (including pathological C9orfr2 G4C2 expansion carriers) were
excluded from all association analyses. p-values were calculated using logistic regression
analysis and were corrected for age and gender. S = short repeat alleles with < 8 repeat units;
I = Intermediate repeat alleles with > 8 repeat units.

4.7 Intermediate repeat length and chromosome 9 risk haplotype

In the Flanders-Belgian cohort, we previously had calculated a significant association of
disease with the risk T-allele of rs2814707 (p=0.001), located on the risk haplotype. Most of
the risk association we could attribute to the carriers of a pathological G4C, expansion, but in
the remaining cohort without carriers a residual association signal remained for homozygous
carriers of the T-allele (OR = 1.88; 95% CI 1.17 — 3.03; p = 0.009) (Table 10). We used 3
different PCR genotyping assays to test for pathological G,C, expansions, making it unlikely
that the residual association could be explained by missed mutation carriers. Also, we
analyzed C9orf72 for other mutations by successfully sequencing all exons in 493 patients and
by exon-based quantitative analysis of putative deletions/duplications in 413 patients. Except
for 3 missense mutations — p.T49R, p.T66S and p.T375I, without a clear in silico predicted
deleterious effect, no other potentially pathogenic mutations were identified (Table 11). Next,
we calculated genetic association after excluding individuals homozygous for intermediate
repeat alleles (n=122), and showed that the residual association completely disappeared
(p=0.11) (Table 10). Accordingly, when we compared the distribution of normal repeat lengths
between control persons homozygous for the rare T-allele and control persons homozygous
for the common C-allele (Figure 10), we observed a highly significant allelic association
between the presence of an intermediate repeat allele and the T-allele (p<0.0001) (Figure 10).

Table 10: Association with rs2814707: effect with and without intermediate repeat carriers.

Phenotype | Genotype | Controls Patients Logistic regression

N (%) N (%) OR (95% Cl) f”;lue

All patients and controls

CC 597 58.2 228 55.7 ref

Total CT 382 372 147 35.9 0.99 (0.78-1.27) 0.965
TT 46 4.4 34 8.3 1.88 (1.17-3.03) 0.009
CC 597 58.2 155 56.6 ref

FTLD CT 382 372 98 35.8 0.98 (0.73-1.30) 0.864
TT 46 4.4 21 7.7 1.77 (1.02-3.06) 0.043
CC 597 58.2 65 53.7 ref

ALS CT 382 372 44 36.4 1.05 (0.70-1.58) 0.823

TT 46 4.4 12 9.9 2.31 (1.14-4.66) 0.020
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Phenotype | Genotype | Controls Patients Logistic regression
p-
1] 1] 0,
N (%) N (%) OR (95% CI) value
Excluding C90rf72 homozygous intermediate repeat length carriers
Total CcC 570 60.8 224 59.9 ref
ota cT 358  38.2 143 382 1.02 (0.79-1.31)  0.906
T 10 1.1 7 1.9 2.33 (0.83-6.56) 0.110
FTLD CcC 570 60.8 154 60.4 ref
CT 358 38.2 96 37.6 0.99 (0.74-1.32) 0.946
T 10 1.1 5 2 2.40 (0.77-7.50) 0.133
ALS CcC 570 60.8 70 58.8 ref
CT 358 38.2 47 39.5 1.07 (0.72-1.59) 0.736
T 10 1.1 2 1.7 2.23 (0.46-10.86) 0.321

Note: OR = odds ratio, 95% Cl| = 95% confidence interval. ORs were calculated for all
patients, and after exclusion of patients and control individuals carrying two C9orf72
intermediate repeat alleles. Patients with a known mutation in an FTLD or ALS gene
(including pathological C9orf72 G,C, expansion carriers) were excluded from all association
analyses. p-values were calculated using logistic regression analysis and were corrected for
age and gender.

Table 11: Predictions C9orf72 missense mutations

Variant  SIFT"? SNAP SNPs&GO MutPred PMut

90%® 100% effect RI® effect RI® g-score® Output® R

p.T49R 047 0.33 non- 0 neutral 9 0.216 0.8493 6
neutral

p.T66S 0.11  0.07 non- 1 neutral 9 0.682 0.1107 7
neutral

p.T250I 0.01  0.01 non- 2 neutral 8 0.566 0.7668 5
neutral

“SIFT prediction was performed using automated SIFT homologue retrieval (from UniProt-
TrEMBL 39.6 database), ?Scores <0.05 are predicted to affect protein function while scores
>0.05 are predicted to be tolerated, For each set of entered homologues test sequences 90%
or 100% identical sequences were removed, “ Ri=reliability index, ranging between 0 and 9, 0
being the least reliable, ® The MutPred g-score implicates the probability that the amino acid
substitution is deleterious/disease-associated. Mutations with a score above 0.75 are
considered as confidently predicted to be deleterious,® PMut outputs >0.5 are predicted to be
pathological. Pathological predictions of variants are indicated in bold.
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MATERIALS AND METHODS

4.8 Study populations

European cohort

The European cohort was collected after an initial call for participation in a Pan-European
study of the frequency across Europe of the C90rf72 G,C, expansion mutation from within the
European Early-Onset Dementia (EOD) consortium (Table 3). Table 3 describes the number of
patients per country and per clinical subgroup contributed by European EOD consortium
members to the European cohort. We received DNA and clinical and demographic information
on the 1060 patients as well as pathology data of 60 patients obtained at autopsy. The 1060
patients also included 26 patients from Wallonia, the French speaking part of Belgium, and 13
patients from different European countries that were referred for clinical genetic testing of
causal genes to the Diagnostic Service Facility in our Department of Molecular Genetics, DMG
DSF). Patients had been diagnosed according to established clinical diagnostic criteria i.e. the
Neary criteria for FTLD and the El Escorial criteria for ALS (Neary D et al (1998); Brooks BR et
al (2000)). For the neuropathology diagnosis the Mackenzie consensus criteria were followed
(Mackenzie IR et al (2010)).

Flanders-Belgian cohort

Flanders-Belgian FTLD patients were recruited through the Belgian Neurology (BELNEU)
Consortium, a collaboration with neurologists affiliated to 9 different specialized memory clinics
and neurology departments in Belgium. Index patients were evaluated using a standard clinical
diagnostic protocol, including detailed recording of clinical and family history, neurological
examination, neuropsychological testing, biochemical analyses and neuroimaging. The ALS
patients were recruited through the neuromuscular reference centers of the Antwerp University
Hospital and the University Hospitals Leuven Gasthuisberg. Additional patients were included
who had initially been referred to the DMG DSF for clinical genetic testing. Patients were
diagnosed with behavioral variant FTD (bvFTD), progressive non-fluent aphasia (PNFA) or
semantic dementia (SD) according to consensus diagnostic criteria for FTLD (Brooks BR et al
(2000)); with definite, probable or laboratory supported probable ALS according to the revised
El Escorial criteria (Mackenzie IR et al (2010)) or with concomitant FTLD-ALS. Postmortem
analysis confirmed clinical diagnosis in 21 FTLD, 5 ALS and 3 FTLD-ALS patients. For the
genetic studies, index patients were re-contacted by trained research nurses who performed
extensive genealogical studies and investigated family history of the disease in the extended
pedigrees with the help of medical records. Mutation analyses of FTLD (C9orF72, GRN,
MAPT, VCP and CHMP2B) and ALS (C9orF72, SOD1, TARDBP, FUS, ATXN2 and VCP)
genes identified pathogenic mutations in 60 (16.7%) of the FTLD and 17 (12.1%) of the ALS
patients. Age-matched community controls were recruited from the same geographical region
of Flanders-Belgian as the patients. All were submitted to a medical survey inquiring about
personal as well as family medical history of neurodegenerative or psychiatric disease,
followed by a Mini Mental State Examination test (MMSE). Only participants free of the
aforementioned diseases and with a MMSE score > 26 were included in the control population
(n=1083).
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Ethical assurance

All participants or their legal guard gave written informed consent for participation in the clinical
and genetic studies, and for brain autopsy if appropriate. The clinical study protocol and the
informed consent forms for patient ascertainment were approved by the local Medical Ethics
Committees of the collaborating centers. The genetic and pathological study protocols and
informed consent forms were approved by the Medical Ethics Committee of the University
Hospital of Antwerp, Belgium.

4.9 C90orf72 G4C, genetic PCR assays for genotyping

To determine the frequency of the C9orf72 pathological G4C, expansion in the European
cohort, the forward repeat-primed PCR (forward RP-PCR; Figure 8) assay was used as
described [2]. In the reverse repeat-primed PCR assay (reverse RP-PCR; Figure 8), we used a
locus-specific fluorescently labeled reverse primer (5-AGTACTCGCTGAGGGTGAAC-3’), a
first forward primer (F1, 5-CGTACGCATCCCAGTTTGAGAGCCCCGGCCCCGGCCCCGG
CCCC-3’) consisting of the reference amount of GGGGCC repeat and an anchor and a second
forward primer (F2, 5-CGTACGCATCCCAGTTTGAGA-3’) consisting of the anchor (reverse
RP-PCR; Figure 2). We used the Expand Long Template PCR System (Roche Diagnostics)
amplification protocol with an annealing temperature of 55°C. The resulting PCR products
were separated and analyzed on an ABI 3730 automated sequencer (Applied Biosystems) and
analyzed using an in-house developed Tracl genotyping software
(hitp://www.vibgeneticservicefacility.be). For accurate sizing of the normal G4C, repeat length,
we developed a genotyping assay using a fluorescently labeled primer pair flanking the repeat
(6'-CCAGCTTCGGTCAGAGAAAT-3" and 5-CAGGTGTGGGTTTAGGAGGT-3’) (Figure 8).
The PCR amplification protocol was optimized for alleles with intermediate repeat length
because of higher GC content. We used the KAPA HiFi HotStart DNA Polymerase with dNTPs
kit (Kapa Biosystems) with the KAPA HiFi GC buffer, 1M betaine, 50ng genomic DNA, and
0.3uM of primers. The PCR cycling profile was as follows: denaturation at 95°C for 5 minutes,
33 cycles at 98°C for 20 seconds, 59°C for 15 seconds, and 72°C for 1 minute; and a final
extension at 72°C for 5 minutes. The resulting PCR products were size separated and
analyzed on an ABI 3730 automated sequencer (Applied Biosystems) with GENESCAN
LIZ600 as a size standard (Applied Biosystems) and genotypes were assigned using an in-
house developed Tracl genotyping software (http://www.vibgeneticservicefacility.be).

4.10 Sequencing of the C9orf72 GC-rich LCS adjacent of the G,C, repeat

We used the product of an alternative forward repeat-primed PCR (RP-PCR for sequencing;
Figure 2) amplified with the Expand Long Template PCR System (Roche Diagnostics)
amplification protocol under previously described conditions [2] with a gene-specific forward
primer (5-ATGCGTCGAGCTCTGAGGAG-3') and two reverse primers (R1, 5-
CGTACGCATCCCAGTTTGAGAGGGGCCGGGGCCGGGGLCGGGGL-3 and  R2, 5
CGTACGCATCCCAGTTTGAGA-3") (Figure 8). PCR amplicons were purified with 10U
exonuclease | (USB Corporation) and 2U shrimp alkaline phosphatase (USB Corporation).
Purified amplicons were sequenced with the forward primer using the BigDye Terminator Cycle
Sequencing kit v3.1 (Applied Biosystems) and analyzed on an ABI 3730 DNA Analyzer
(Applied Biosystems). Co-segregation of variations in the flanking repeat with the presence of
a pathological G4C, expansion was analyzed in two available families.
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4.11 C9orf72 exon sequencing

Primers were designed for all 11 exons and exon-intron boundaries and 5UTR of both major
isoforms of C9orf72 using Primer 3 (Rosen S. et al (2000)). Standard PCRs on 20ng genomic
DNA amplified exons and exon-intron boundaries with optimized conditions. PCR amplicons
were purified using ExoSAP-IT® (USB Corporation, Cleveland, Ohio), sequenced in both
directions using BigDye® Terminator Cycle Sequencing kit v3.1 (Applied Biosystems) and
analyzed on an ABI3730xI DNA Analyzer (Applied Biosystems). Sequences were analyzed
using NovoSNP software (Weckx S et al (2005). Exons containing rare mutations were also
PCR sequenced in genomic DNA of 400 control individuals using the same primers and
conditions as for the mutation analysis.

4.12 C9orf72 exon-based dosage analysis

We screened the Flanders-Belgian cohort for C9orf72 exonic deletions or duplications using
the Multiplex Amplicon Quantification (MAQ) technique (Kumps C et al (2010). consisting of a
multiplex PCR amplification of fluorescently labeled test and reference amplicons, followed by
fragment analysis on an ABI 3730 DNA analyzer (Applied Biosystems). Thirteen test
amplicons located in all exons of C9orf72 and 16 reference amplicons located at randomly
selected genomic positions outside known copy number variants (CNVs) were simultaneously
PCR-amplified on 20 ng genomic DNA. Peak areas of the test amplicons were normalized to
these of the reference amplicons. Comparison of normalized peak areas between a patient
and control individuals resulted in a dosage quotient (DQ) for each test amplicon, calculated by
the MAQ software package (http://www.vibgeneticservicefacility.be/MAQ.htm). DQ values
below 0.75 or above 1.25 were considered indicative of a heterozygous deletion or duplication
respectively.

4.13 Genetic association studies

We calculated association with disease of C90orf72 intermediate G4C, alleles (sized between 8
and 25 repeat units) with disease. Allelic and genotypic frequencies were compared between
patients and control individuals. Odds ratios (OR) with 95% confidence interval (Cl) were
calculated in a logistic regression model, adjusted for age and gender. Analyses were
performed in SPSS 16.0 (SPSS Inc., Chicago, IL). We had previously genotyped SNP
rs2814707 tagging the chromosome 9p21 risk haplotype in the Flanders-Belgian patient and
control cohorts. We calculated ORs with 95% Cls for rs2814707 genotypes in the different
clinical subgroups, relative to the most frequent rs2814707 genotype CC in a logistic
regression model, stratifying the patient and control groups by presence or absence of C90rf72
intermediate repeats. Analyses were performed in SPSS 16.0 (SPSS Inc., Chicago, IL). In
addition, we studied the correlation between the minor risk T-allele and intermediate repeat
length. In the European cohort, rs2814707 was genotyped by direct PCR-based Sanger
sequencing.

4.14 Onset age and survival analysis

In the patients without a pathological G4C, repeat of the Flanders-Belgian cohort and of the
European cohort, we calculated correlation between age at onset and repeat length using a
non-parametric Kruskal-Wallis test. We further compared age at onset between short repeat
length (3 — 7) and intermediate repeat (8 — 25) length in a Kaplan-Meier survival analysis. Also
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the modifying effect of the wild-type allele of pathological G4C,expansion carriers on onset age
was assessed.
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10.

11

42

A method for diagnosing ALS, FTLD, ALS and FTLD or susceptibility to ALS, FTLD,
ALS and FTLD comprising detecting the presence of a hexanucleotide repeat
expansion of 5-GGGGCC-3’ in SEQ ID NO: 1 in a sample comprising nucleic acids
from a subject, and diagnosing the subject as having or being susceptible to ALS,
FTLD, ALS and FTLD when said hexanucleotide repeat expansion is present.

A method according to claim 1 wherein said hexanucleotide repeat expansion
comprises more than 60 repeats.

A method according to claim 1 wherein said hexanucleotide expansion comprises more

than 80 repeats.

. A'method according to any one of claims 1, 2 or 3 wherein said diagnosis is based on a

PCR method.

A method according to claim 4 wherein said diagnosis is based on a repeat primer-
based PCR detection assay.

A method according to any one of claims 1, 2 or 3 wherein the presence of the
hexanucleotide repeat expansion leads to a reduced presence of SEQ ID NO: 2 and 3
in the cells of a patient.

A method according to claim 6 wherein the reduced presence of SEQ ID NO: 2 and 3 is
determined with an antibody with a specificity for SEQ ID NO: 2.

A transgenic animal comprising a hexanucleotide repeat expansion of more than 60
repeats of 5-GGGGCC-3’ in the orthologous sequence of SEQ ID NO: 1.

A transgenic animal which is a hemizygous knockout for the orthologous gene of
CI90RF72.

A diagnostic kit having primers or antibodies for carrying out the diagnostic methods of

any one of claims 1to 7.

. A nucleic acid sequence depicted in SEQ ID NO: 1 comprising a hexanucleotide repeat

expansion of 5-GGGGCC-3’ consisting of between 30 and 200 repeats in exon 1A.
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GCGGTGGCGA GTGGgtgagt gaggaggcgg catcctggcg ggtggcectgtt

tggggttcgg
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