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Loss of Function of C9orf72 Causes
Motor Deficits in a Zebrafish Model of
Amyotrophic Lateral Sclerosis
Sorana Ciura, PhD,1 Serena Lattante, PhD,1 Isabelle Le Ber, MD, PhD,1,2
Morwena Latouche, PhD,1 Herv
e Tostivint, PhD,3 Alexis Brice, MD, PhD,1,4 and
Edor Kabashi, PhD1
Objective: To define the role that repeat expansions of a GGGGCC hexanucleotide sequence of the C9orf72 gene
play in the pathogenesis of amyotrophic lateral sclerosis (ALS) and frontotemporal lobar degeneration (FTLD). A
genetic model for ALS was developed to determine whether loss of function of the zebrafish orthologue of C9orf72
(zC9orf72) leads to abnormalities in neuronal development.
Methods: C9orf72 mRNA levels were quantified in brain and lymphoblasts derived from FTLD and ALS=FTLD
patients and in zebrafish. Knockdown of the zC9orf72 was performed using 2 specific antisense morpholino oligonucleotides to block transcription. Quantifications of spontaneous swimming and tactile escape response, as well as
measurements of axonal projections from the spinal cord, were performed.
Results: Significantly decreased expression of C9orf72 transcripts in brain and lymphoblasts was found in sporadic
FTLD and ALS=FTLD patients with normal-size or expanded hexanucleotide repeats. The zC9orf72 is selectively
expressed in the developing nervous system at developmental stages. Loss of function of the zC9orf72 transcripts
causes both behavioral and cellular deficits related to locomotion without major morphological abnormalities. These
deficits were rescued upon overexpression of human C9orf72 mRNA transcripts.
Interpretation: Our results indicate C9orf72 haploinsufficiency could be a contributing factor in the spectrum of
ALS=FTLD neurodegenerative disorders. Loss of function of the zebrafish orthologue of zC9orf72 expression in
zebrafish is associated with axonal degeneration of motor neurons that can be rescued by expressing human
C9orf72 mRNA, highlighting the specificity of the induced phenotype. These results reveal a pathogenic consequence of decreased C9orf72 levels, supporting a loss of function mechanism of disease.
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A

myotrophic lateral sclerosis (ALS) and frontotemporal lobar degeneration (FTLD) are prevalent neurodegenerative disorders that share common clinical,
pathological, and genetic characteristics. ALS is the most
common motor neuron disease characterized by progressive paralysis caused by the gradual loss of upper and
lower motor neurons.1 FTLD is the second most common form of degenerative dementia, affecting individuals
younger than 65 years.2 FTLD comprises the progressive

atrophy of the frontal and temporal lobes of the brain
and is distinguished by deteriorations in language, behavior control, and emotional management. Although traditionally considered as 2 separate etiologies, emerging
clinical commonalities between ALS and FTLD have
brought forth the concept of an ALS=FTLD disorder.
Clinically, approximately 15% of FTLD patients have
motor dysfunction meeting the criteria of ALS,3,4 and 15
to 18% of ALS patients have FTLD.5 In addition, the
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majority of ALS and FTLD cases share a common pathological background, consisting of TDP-43–positive
inclusion bodies found throughout the central nervous
system.6 The ALS=FTLD link was finally consolidated
with the recent discovery of the C9orf72 gene, mapping
at the locus 9p21, as the most common genetic cause for
both ALS and FTLD.7,8
Three different transcripts of C9orf72 have been
reported to date, encoding for 2 protein isoforms of
unknown function. The gene contains a stretch of up to
20 hexanucleotide (GGGGCC) sequences in the control
population mapping to the first intronic region, or to
the putative promoter region, depending on the C9orf72
transcript variant. This sequence has been found to be
abnormally expanded in ALS=FTLD patients, with
repeat numbers ranging from >60 to several hundreds.7,8
A number of cross-sectional studies confirm that in different populations C9orf72 repeat expansion accounts for
10 to 50% of familial and 5 to 7% of sporadic ALS cases
and about 12 to 25% of familial and 6 to 7% of sporadic FTLD patients.9,10 Clinical characteristics of ALS
patients carrying the C9orf72 expansion include a higher
rate of psychotic symptoms, more frequent bulbar onset,
associated FTLD, and shorter disease duration than
patients with other known ALS mutations.11–13
The pathogenic mechanism associated with the
hexanucleotide expansion of this gene remains unclear
to date. Initial reports have shown that patients carrying the repeat expansion have lowered levels of
C9orf72 transcripts,7,8,14 suggesting that haploinsufficiency of this gene could be a pathological factor in
disease. In parallel, RNA foci containing the hexanucleotide repeat were identified in patients carrying
pathological numbers of the GGGGCC repeats, suggesting the possibility of a toxic gain of function.7 In
addition to RNA inclusions, 2 independent reports
have recently identified abnormal peptide inclusions
associated with the C9orf72 hexanucleotide repeat
expansion.15,16 Unconventional translation of the
GGGGCC repeat results in the formation of aggregates of insoluble polypeptides specific to patients carrying the hexanucleotide repeats. Although the
pathogenicity of these peptide aggregates is still
unclear, it is possible that they carry toxicity by
sequestering essential cellular factors.15–18 Alternatively,
it has also been suggested that this type of unconventional translation could interfere with the normal processing of the C9orf72 transcripts, resulting in decreased
levels of C9orf72.15 Discerning the different mechanisms of toxicity associated with the C9orf72 hexanucleotide repeat expansion is currently impeded by the
lack of animal models for this genetic abnormality.
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Here we report reduced levels of C9ORF72 gene
expression in a French cohort of ALS=FTLD patients
harboring the hexanucleotide expansion. Interestingly, we
also determined lowered C9orf72 transcript levels in
samples from sporadic cases of FTLD and ALS=FTLD
carrying normal hexanucleotide repeat lengths. Using the
zebrafish as a vertebrate genetic model, we investigated
whether a decrease in C9orf72 levels is sufficient to
induce neuropathological processes. We show that blocking the translation of the zebrafish C9orf72 orthologue
using antisense morpholinos results in specific locomotor
deficits and axonopathy of the motor neurons, suggesting
that C9orf72 could play an essential role in the functioning and viability of these neurons and could represent a
converging pathological mechanism in the ALS=FTLD
spectrum of neurodegenerative disease.

Materials and Methods
Methodology for experiments described here are available in the
Supplementary Data.

Results
Reduction of C9orf72 mRNA Expression in
ALS=FTLD Patients Carrying the Hexanucleotide
Repeats
We investigated the levels of C9orf72 transcript in a
group of patients selected from a French cohort of unrelated probands with ALS=FTLD, previously identified as
carriers of the expanded hexanucleotide repeat in the 50
regulatory region of the C9orf72 gene.10,11 The pathogenic hexanucleotide repeat expansion is found in the
first intron of the short C9orf72 variants, and in the
putative promoter region of the longer variant (Fig 1).
Repeat primed polymerase chain reaction (PCR) was
used to confirm the presence of the pathogenic expansion
in all the patient samples. A minimum of 60 repeats
were detected in patient DNA, whereas normal-sized
repeats, from 3 to 15, were observed in our control sample group. Transcript levels of C9orf72 were measured by
real time (RT) PCR using an inventoried hydrolysis
probe from Roche (Mannheim, Germany) that detects all
3 C9orf72 mRNA transcripts. C9orf72 mRNA transcripts were significantly lowered in ALS=FTLD patients
(n 5 7) compared to age-matched controls (n 5 8) in
postmortem frontal cortex tissue (p 5 0.002). The quality of the mRNA extracted from these samples following
significant neurodegeneration and variable postmortem
times could be a confounding factor in interpreting these
results. To address this issue, we performed RT-PCR on
mRNA obtained from patient and control lymphoblastoid cell lines. As shown in Figure 1E, a similar decrease
of the total C9orf72 transcript levels was observed in
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FIGURE 2: C9orf72 transcript levels are reduced in brain and
lymphoblasts of amyotrophic lateral sclerosis (ALS)=frontotemporal lobar degeneration (FTLD) patients with normalsize hexanucleotide repeats. (A) Quantification of C9orf72
transcript levels in frontal cortex tissue obtained from sporadic FTLD patients with a normal range of C9orf72 hexanucleotide repeats as compared to nonaffected controls. (B)
Analysis of C9orf72 transcript levels in lymphoblastoid cell
lines from ALS=FTLD patients with nonpathogenic hexanucleotide repeats compared to nonaffected controls. *p <
0.05. [Color figure can be viewed in the online issue, which is
available at www.annalsofneurology.org.]

FIGURE 1: Hexanucleotide expansion in the C9orf72 gene
leads to reduced levels of C9orf72 transcripts in brain and
lymphoblasts of amyotrophic lateral sclerosis (ALS)=frontotemporal lobar degeneration (FTLD) patients. (A) Schematic
of the main human C9orf72 protein-coding transcripts indicating the location of the hexanucleotide expansion (green
bar) and the binding of the quantitative polymerase chain
reaction (PCR) probe (blue bars). (B, C) Electropherograms
of repeat primed PCR probing for GGGGCC repeats in control (B) and patient carrying the C9orf72 hexanucleotide
expansion (C). The repeat expansion produces a typical sawtooth pattern, with a peak periodicity of 6 base pairs. (D)
Quantification of C9orf72 transcript levels in frontal cortex
tissue obtained from ALS=FTLD patients carrying the hexanucleotide repeats as compared to controls. (E) Quantification of C9orf72 transcript levels in lymphoblast cell lines
obtained from ALS=FTLD patients as compared to controls.
*p < 0.05. [Color figure can be viewed in the online issue,
which is available at www.annalsofneurology.org.]

lymphoblast cell lines from ALS=FTLD patients carrying
the hexanucleotide repeat expansion (n 5 6) versus controls (n 5 3, p 5 0.01). Because the pathogenic repeat
expansion is found in the promoter region of the long
transcript variant of C9orf72, we tested whether the levels of this transcript are directly affected by the expansion. Using a probe that specifically recognizes the long
transcript, we noted a significant decrease in the expression of this transcript in lymphoblast samples from
patients (n 5 6) compared to control (n 5 3, p 5 0.04;
Supplementary Fig 1A).
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We next investigated whether the decrease in
C9orf72 mRNA is specific to patients who carry the
hexanucleotide repeat expansion or whether it represents
a general feature of the ALS=FTLD spectrum disorders.
A set of frontal cortex and lymphoblast samples from
sporadic cases of FTLD and ALS=FTLD were analyzed
using repeat primed PCR to confirm the absence of the
C9orf72 hexanucleotide repeat expansion. RT-PCR analysis revealed a significant decrease of the total C9orf72
transcript levels in FTLD brain samples (n 5 5) relative to controls (n 5 8, p 5 0.03; Fig 2A). In a set of
3 ALS=FTLD brain samples, the levels of C9orf72
were highly variable, and overall no decrease was
detected when compared to the control set (n 5 8, p
5 0.71; data not shown). This result could be due to
the suboptimal nature of the postmortem tissue combined with the limited sample size. RT-PCR analysis of
lymphoblast cells obtained from ALS=FTLD patients (n
5 5) revealed a significant reduction in C9orf72
mRNA levels when compared with control (n 5 3, p
5 0.04; see Fig 2B). A similar decrease was also
observed in the levels of the long C9orf72 transcript in
lymphoblast samples of sporadic ALS=FTLD patients
when compared to controls (p 5 0.02; see Supplementary Fig 1B). In conclusion, we found decreased
C9orf72 levels in patients affected with the ALS=FTLD
spectrum disorder in the presence or absence of the
hexanucleotide repeat expansion, indicating that the
C9orf72 gene could play a wider role in the etiology of
this neurodegenerative condition.
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FIGURE 3: Axonopathy and motor phenotype associated with zC9orf72 knockdown in zebrafish. (A) Representative images of
motor neurons visualized with anti-ZNP immunohistochemistry in the different treatment conditions showing severe axonopathy
in the C9orf72 knockdown using antisense morpholino oligonucleotides (C9a and C9b AMOs) when compared to noninjected
wild-type (WT) controls or to mismatch (Mis C9a/b) AMO-injected fish. Significant rescue was obtained by introducing human
C9orf72 RNA (C9a=bAMO 1 C9RNA). (B) Quantification of motor neuron axonal length demonstrates a significant decrease of
axonal length in 48 hours postfertilization (hpf) zebrafish larvae injected with zC9orf72 AMOs. The phenotype was absent in
mismatch injected fish and was significantly rescued by human C9orf72 mRNA. (C) Bar graph illustrating the distribution of common phenotypes seen in 48-hpf zebrafish larvae showing increased percentage of zebrafish displaying motor deficits (Motor) in
the zC9orf72 knockdown conditions and consequent rescue by coexpression of human C9orf72 mRNA. *p < 0.001 compared to
the mismatch (Mis) AMO control; #p < 0.01 when compared to the respective C9 AMO alone. Scale bar 5 50lm. [Color figure
can be viewed in the online issue, which is available at www.annalsofneurology.org.]

Knockdown of the zC9orf72 Orthologue in
Zebrafish Leads to Axonal Deficits
To investigate the consequences of lowered C9orf72 levels
in vivo, a zebrafish knockdown model was developed by
using antisense morpholino oligonucleotides (AMOs) to
block translation of the orthologue of the human C9orf72.
Zebrafish has only 1 C9orf72 orthologue (zC9orf72 or
C13H9orf72) that is highly conserved, having 76% nucleotide identity to the human gene (Supplementary Fig 2).
Similarly to the human C9orf72 protein-coding transcripts,
the zebrafish also possesses 3 protein-coding transcripts (see
Supplementary Fig 2A), giving rise to 2 C9orf72 protein
isoforms of different size. Whole-mount in situ hybridization of zebrafish embryos shows C9orf72 mRNA expression
in the forebrain and hindbrain regions as well as light labeling in the spinal cord at 24 hours postfertilization (Supplementary Fig 3A), as previously reported.19 Reverse
transcription PCR revealed expression of C9orf72 at 18 and
24 hours postfertilization with primers specific for the 30
and 50 ends (see Supplementary Fig 3B). At adult stages,
zC9orf72 mRNA is present in a number of zebrafish organs
and tissues (see Supplementary Fig 3D), with notable
expression levels observed in the forebrain, midbrain, and
hindbrain, as well as in the spinal cord.
Two different specific AMOs were designed, C9a
AMO and C9b AMO, directed against 2 separate
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translation initiation sites for all 3 protein-coding
zC9orf72 transcripts (see Supplementary Fig 2A). Interestingly, we observed a decrease in mRNA levels following injections with both C9a AMO and C9b AMO,
suggesting that this treatment has an impact on mRNA
stability that could be additive to the translation blocking
effect (see Supplementary Fig 3C). Dose-dependent toxicity curves were performed to determine the working
concentration of both ATG-blocking AMOs resulting in
minimal levels of death and developmental abnormalities
(Supplementary Fig 4). Two mismatch morpholinos
(misC9a for C9a AMO and misC9b for C9b AMO),
with 5 nucleotides modified to block binding to the
ATG sites, were designed and used as controls in the following experiments (all AMO sequences are provided in
the Supplementary Materials and Methods).
Previous genetic models of ALS in zebrafish,
including TDP-43, FUS, and SOD1, have described
behavioral and cellular deficits associated with the
disease-specific mutations, including shortened and overbranched axonal processes from motor neurons.20–22
Similarly, knockdown of zC9orf72 with both C9a and
C9b AMOs resulted in disrupted arborization and shortening of the motor neuron axons when compared to
noninjected or mismatch AMO-injected fish (Fig 3A, B).
To test the specificity of the zC9orf72 knockdown axonal
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FIGURE 4: Deficient evoked swimming in zC9orf72 knockdown zebrafish. (A) Tracing of the swimming paths of 48 hours postfertilization larvae following light touch. A minimum of 10 traces were used per condition. (B–D) Quantification of the touch-evoked swimming distance (B), average velocity (C), and maximum velocity attained (D) shows significant functional impairment of the zebrafish
injected with antisense morpholino oligonucleotides (AMOs) against zC9orf72. mRNA coding for human C9ORF72 significantly rescued this deficit. *p < 0.01 when compared to mismatch (Mis) controls; #p < 0.01 when compared to the respective C9 AMO alone.
[Color figure can be viewed in the online issue, which is available at www.annalsofneurology.org.]

phenotype, we coinjected mRNA encoding the human
C9orf72 long transcript (C9RNA) with the translationblocking AMOs and obtained significant rescue of the
axonopathy. Gain as well as loss of function of TDP-43
is associated with an axonopathy in zebrafish,20–22 reminiscent of the zC9orf72 knockdown phenotype described
here. To determine whether zC9orf72 knockdown had
any effects on the levels of zTDP-43, we performed
semiquantitative RT-PCR analysis that revealed no
change in the levels of TDP-43 transcript (Supplementary Fig 5).
Knockdown of the C9orf72 Orthologue in
Zebrafish Leads to Quantifiable Abnormalities
of Spontaneous and Evoked Swimming
Escape swimming response following a light tactile stimulation was used to assess the extent of motor deficits
associated with the axonopathy caused by zC9orf72
knockdown. Both C9a and C9b AMOs caused a significant increase in the percentage of zebrafish displaying a
deficient touch-evoked escape response (TEER) in the
absence of gross morphological abnormalities, as represented by image sequences in Supplementary Figure 6.
The percentage of zebrafish larvae with motor deficits are
shown as black bars in Figure 3C and detailed in the
Supplementary Table. Injections of either the long or the
short (C9RNA-S) transcripts of human C9orf72 alone
had no deleterious effects (see Supplementary Fig 4 and
Supplementary Table), but coexpression of these transcripts together with the C9a and C9b AMOs resulted in
184

a significant reduction of the percentage of zebrafish with
TEER (motor) deficits (see Fig 3C and Supplementary
Table). Individual swimming episodes following an
escape response were traced, with representative traces for
each condition shown in Figure 4. Quantitative analysis
of the TEER demonstrated that zC9orf72 knockdown
led to major deficits, as significant reductions were
observed in the total distance, average and maximum
velocity of the locomotor behavior. Each of these parameters was significantly rescued upon coexpression of
C9RNA or C9RNA-S (Supplementary Fig 7A).
To determine whether zC9orf72 knockdown leads
to quantifiable differences in spontaneous swimming, we
employed a semiautomated assay detecting movement of
4-day-old zebrafish larvae in a 96-well plate format (Fig
5). Motility analysis revealed reduced distance, average
velocity, and overall mobility (percentage of time spent
swimming) upon zC9orf72 knockdown using C9a and
C9b AMOs. Significant rescue was again obtained by
coexpression of human C9orf72 transcripts C9RNA or
C9RNA-S (see Supplementary Fig 7B).
In addition to the 2 ATG-blocking morpholinos,
we also designed a splice-blocking AMO (C9 spAMO)
as an alternative and quantifiable method of altering the
C9orf72 transcript. Injection of C9 spAMO caused
TEER deficits, as represented by traces of escape response
in Supplementary Figure 8A and quantified in Supplementary Figure 8B. These TEER deficits were observed
in an increased percentage of larvae with motor phenotype (see Supplementary Fig 8). The motor deficits were
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FIGURE 5: Reduced spontaneous swimming persists upon zC9orf72 knockdown in zebrafish larvae. (A) Detection of freely
swimming zebrafish larvae in 96-well plates. (B–D) Quantification of spontaneous swimming parameters showing deficits associated with zC9orf72 knockdown and rescue with C9orf72 RNA in 4-day-old zebrafish larvae. *p < 0.01 compared to mismatch
(Mis) antisense morpholino oligonucleotide (AMO) control; #p < 0.05 when compared to the respective C9orf72 AMO alone.
[Color figure can be viewed in the online issue, which is available at www.annalsofneurology.org.]

specific, as they could be rescued upon coexpression of
C9orf72 mRNA. Alternative splicing of the transcript
was observed with increasing doses of C9 spAMO, indicating that altering the splicing of zC9orf72 does bear
some pathogenic effects, even if the overall levels of the
zC9orf72 mRNA remained unaltered.

Discussion
The recent discovery of the hexanucleotide repeat expansion in the noncoding region of the C9orf72 gene as the
major genetic cause of both ALS and FTLD holds great
promise for the better understanding of these disorders
and the development of future therapeutic applications.
A possible pathogenic mechanism mediated by this
repeat expansion is the reduction of C9orf72 transcript
levels,7,8,14 triggering neurodegenerative processes due to
haploinsufficiency. Here, we show that a probe designed
to detect all 3 C9orf72 transcript levels assessed a significant reduction both in lymphoblast cells (49%) as well
as in frontal cortex samples (42%) of ALS=FTLD
patients carrying the hexanucleotide repeats as compared
to nonaffected controls (see Fig 1D, E). Interestingly, a
significant but less drastic reduction (33% in brain and
36% in lymphoblasts) of C9orf72 transcript levels was
observed in frontal cortex samples of FTLD patients, as
well as in lymphoblast cell lines from ALS=FTLD
August 2013

patients with normal-sized repeats when compared to
nonaffected controls (see Fig 2). The decrease in total
C9orf72 mRNA was paralleled by a specific decrease in
the levels of the long transcript in lymphoblastoid cell
lines from ALS=FTLD patients with normal-size or
expanded hexanucleotide repeats, similar to previous
reports.7,14,16 These results raise the possibility that
depletion of C9orf72 levels is a key process that triggers
neurodegeneration in a wider proportion of patients than
previously thought. Such a decrease can be directly
caused by the presence of the pathogenic hexanucleotide
repeat expansion in patients carrying this mutation, or by
unknown genetic and cellular processes in the case of
other patients. Future studies on larger cohorts of
patients are needed to establish whether decreases in
C9orf72 transcript levels are commonly associated with
ALS=FTLD spectrum disorders.
An alternative interpretation of these results is the
possibility that C9orf72 depletion is not a causative factor in the etiology of the disease but a consequence of
toxic cellular processes involved in neurodegeneration. In
the case of the hexanucleotide repeat expansion, such
neurotoxic processes could be triggered by the accumulation of repeat transcripts into nuclear RNA foci,7 or by
cytoplasmic inclusions containing repeat-encoded dipeptides resulting from unconventional translation of these
185
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repeats.18 Two recent studies have shown that expanded
repeats are translated through repeat-associated non-ATG
translation in pathological tissue samples from patients
carrying the C9orf72 repeat expansion.15,16 Dipeptides
encoded by these repeats were found to aggregate into
cytoplasmic inclusion bodies that could carry a pathological toxicity in neurons.15,16 Interestingly, whereas the
gain of function hypothesis would predict that longer
repeat lengths produce higher toxicity, and progressively
more severe clinical parameters, such correlation was not
found in several clinical studies to date.23,24 It is also
possible that a combination of loss and gain of function
of C9orf72, as appears to be the case for TDP-43 and
FUS, is at play in orchestrating a complex and devastating neurotoxic effect.25,26
To address the loss-of-function hypothesis, we developed a genetic model of C9orf72 haploinsufficiency via
knockdown of zC9orf72 transcripts in the vertebrate
model organism, zebrafish. C9orf72 has only 1 orthologue
in zebrafish displaying high homology (76%) to humans.
We found that expression of this orthologue is enriched in
the developing nervous system at the embryonic and larval
stages and is present in most major organs at the adult
stage. Knockdown of the zebrafish zC9orf72 orthologue by
targeting either the common ATG for all 3 transcripts, or
an upstream ATG using specific AMOs, causes both
behavioral and cellular deficits, characterized by largely
reduced motility and axonopathy in zebrafish. This phenotype was rescued upon overexpression of human C9orf72
mRNA transcripts, highlighting the specificity of the
induced phenotype. Upon injection of the 2 ATGblocking AMOs, we observed reduced transcript levels of
the zC9orf72, indicating that the binding of the morpholinos could result in decreased stability of the transcript and
could complement the effects that these morpholinos have
on translation. Due to unavailability of specific antibodies,
we were unable to determine the degree of reduction in
zC9orf72 protein levels in zebrafish following this treatment. As an alternative method of altering the integrity of
the zC9orf72 transcript, we developed a splice morpholino
designed to bind at the 50 end of the transcript. This
results in a milder, but significant motor phenotype that
was partially rescued by the human C9orf72 mRNA.
Interestingly, whereas the splicing at the 50 end of the
mRNA was altered by the C9spAMO, there was no
decrease in the overall level of the gene transcript as measured by semiquantitative PCR on the 30 end of the transcript, possibly explaining the lack of a more pronounced
motor phenotype. We conclude that the motor deficits
observed in our zebrafish model using each of the 3 AMOs
described in this study were dependent on the transcript
downregulation=modification, as these abnormalities were
186

rescued upon coexpression of the human C9orf72 mRNA
variants.
The combined results presented here suggest that
loss of function of C9orf72 due to the GGGGCC repeat
expansion is sufficient to cause motor neuron defects in an
in vivo setting. A toxic gain of function mechanism, which
is common for other coding as well as noncoding
expanded repeat disorders,27 could also contribute to
C9orf72-related neurodegeneration.28 To further elucidate
the contribution of C9orf72 gain and loss of function to
the pathogenicity of ALS and FTLD, transgenic models
expressing expanded hexanucleotide repeats as well as stable deletion or knockdown transgenic lines for C9orf72
will need to be designed in a number of animal models.
Zebrafish models of disease present the advantage
of a vertebrate organism amenable to large automated
screens, extensively used to discover therapeutic targets
for a number of health disorders. More recently, zebrafish
models have been increasingly used for genetic and pharmacological screens to identify key modifiers of neurodegenerative processes22,28,29 as well as to identify
pathophysiological mechanisms involved in motor neuron diseases.30,31 Here we describe a genetic model of
C9orf72 loss of function presenting a robust behavioral
phenotype, which lends itself to semiautomated detection
and quantification that could be used in the future for
drug screening and physiological characterization to identify appropriate therapies for patients with ALS and
FTLD, disorders that are currently untreatable.
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