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Abstract: Locomotive defects resulting from neurodegenerative disorders can be a late onset
symptom of disease, following years of subclinical degeneration, and thus current
therapeutic treatment strategies are not curative. Through the use of whole exome
sequencing, an increasing number of genes have been identified to play a role in
human locomotion. Despite identifying these genes, it is not known how these genes
are crucial to normal locomotive functioning. Therefore, a reliable assay, which utilizes
model organisms to elucidate the role of these genes in order to identify novel targets
of therapeutic interest, is needed more than ever. We have designed a sensitized
version of the negative geotaxis assay that allows for the detection of milder defects
earlier and has the ability to evaluate these defects over time. The assay is performed
in a glass graduated cylinder, which is sealed with a wax barrier film. By increasing the
threshold distance to be climbed to 17.5 cm and increasing the experiment duration to
2 minutes we have observed a greater sensitivity in detecting mild mobility
dysfunctions. The assay is cost effective and does not require extensive training to
obtain highly reproducible results. This makes it an excellent technique for screening
candidate drugs in Drosophila mutants with locomotion defects.
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Our manuscript present a simple yet very reliable method to study locomotion in
Drosophila as a model to understand the genetic basis of movement disorders such as
Parkinson's disease, hereditary paraplegia and amyotrophic lateral sclerosis. As you
know there is still no curative treatments for these devastating diseases. Considering
the increasing number of genes associated with such conditions, the Drosophila's
genetic toolbox becomes very advantageous. In addition, it provides an excellent
model to test candidate drugs at the full organism level. We believe that JoVE will be a
perfect venue to allow the wide distribution of this important methodology.
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SHORT ABSTRACT:

We present an optimized inexpensive and reliable negative geotaxis assay in Drosophila
melanogaster as a model for neurodegenerative disorders. Being more sensitive to mild
locomotor defects, this assay will help screen for potential genetic interactions and drug
targets.

LONG ABSTRACT:

Locomotive defects resulting from neurodegenerative disorders can be a late onset symptom of
disease, following years of subclinical degeneration, and thus current therapeutic treatment
strategies are not curative. Through the use of whole exome sequencing, an increasing number
of genes have been identified to play a role in human locomotion. Despite identifying these
genes, it is not known how these genes are crucial to normal locomotive functioning. Therefore,
a reliable assay, which utilizes model organisms to elucidate the role of these genes in order to
identify novel targets of therapeutic interest, is needed more than ever. We have designed a
sensitized version of the negative geotaxis assay that allows for the detection of milder defects
earlier and has the ability to evaluate these defects over time. The assay is performed in a glass
graduated cylinder, which is sealed with a wax barrier film. By increasing the threshold distance
to be climbed to 17.5 cm and increasing the experiment duration to 2 minutes we have
observed a greater sensitivity in detecting mild mobility dysfunctions. The assay is cost effective
and does not require extensive training to obtain highly reproducible results. This makes it an
excellent technique for screening candidate drugs in Drosophila mutants with locomotion
defects.
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INTRODUCTION:

Devastating neurodegenerative disorders such as Parkinson’s disease, amyotrophic lateral
sclerosis, and hereditary spastic paraplegia are increasingly recognized. Unfortunately, most of
these neurodegenerative disorders are still without treatments. The widespread clinical use of
genome-wide, unbiased genetic tests such as whole exome sequencing has led to an increasing
number of genes being implicated in human locomotive disorders. Despite this progress, the
pathological progression from early to late stages, remains elusive in these disorders.
Drosophila provides one with the genetic tools for studying gene requirement in a controlled
spatial and temporal manner. In addition, Drosophila has proven useful in screening drugs for
neurological conditions such as Parkinson’s’, Alzheimer’s?, intellectual disability>* and
epilepsy”® among others. Our aim was to develop a cost effective and reliable assay that would
allow high throughput analysis that would still be sensitive enough to detect small changes in
motor performance.

There are several assays used to quantify the effects of genetic mutation and/or environmental
condition on Drosophila climbing behavior. Most of the assays capitalize on the natural
tendency of flies to climb, known as negative geotaxis, or the climbing assay. Benzer ’
suggested in 1967 that the counter-current apparatus used for the study of phototaxis could
also be used to study gravitaxis. Since then, Ganetsky® and many others ° *>*? have built on the
initial assay. The principle is to place a known number of flies in a vial and tap the vial strongly
against a hard surface, causing the flies to fall to the bottom of the vial. As it is an innate
behavior, the flies will attempt to climb to the top of the vial, opposed to gravity. This assay is
guantitative and measures how many flies have climbed past a marker on the vial during an
allotted time period. Measurement of speed instead of total number of flies climbing has
become a reliable parameter and shown defects in cases where the number of flies criteria was
not significant13.

The climbing assay has proven useful in the study of many neurodegenerative disorders
including Parkinson’s disease™®. However, we noted that locomotive defects may not be
detectable at time where neurodegeneration is already seen in pathological studies™®. Thus, use
of the traditional assay may limit the ability to study the early stages of disease pathogenesis.
The appearance of locomotive defects during later stages of pathology may reflect a disease
whose progression is too advanced for complete rescue.

This raises a potential issue with the sensitivity of the traditional climbing assay. The potential
inability of the traditional climbing assay to detect mild locomotive defects can be attributed to
the height to which the flies are required to climb. The traditional assay'>*® measures the
number of flies to successfully climb over a height of 2to 5 cm in 10 to 20 seconds.

PROTOCOL:

Research on Drosophila melanogaster was in compliance with the University of Alberta’s
research guidelines.
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1. Fly Collection

1.1) Collect 20 flies using CO, (g) anesthetisation and place in a 25 mm x 95 mm collection vial
containing food.

1.2) Store vials containing flies horizontally to avoid trapping flies in any liquids that may
accumulate in the bottom the vial.

1.3) Incubate flies for at least 21 hours at 22 °C at 45% humidity in an incubator for
approximately for 15 hours. Set the incubator with a 12 hours light:dark cycle.

2. Climbing Assay

2.1) The following morning, transfer 20 flies from a single vial into a 250 mL glass graduated
cylinder. Mark the position of the cylinder to keep it constant everyday. Use one glass cylinder
per genotype to prevent cross contamination between the genotypes. Wash at the end of each
experiment and rotate them between genotypes.

2.1.1) Conduct the experiments in ambient light (or red light if there is a potential defect in
vision) at temperature and humidity of 22 °C and 40% respectively. To avoid circadian rhythm
confound, always perform experiments at the same time of day.

2.2) Seal the top of cylinder with a barrier film (wax film) to prevent the escape of any flies
(Figure 2).

2.3) Set up the video camera on a tripod. Focus camera on the 190 mL line of the 250 mL
graduated cylinder (17.5 cm).

2.4) Count the number of dead flies at the bottom of the cylinder and in the food vials. Record
this number as the mortality.

2.5) Very lightly tap the cylinder against a closed cell foam pad repeatedly with enough force to
displace the flies to the inner bottom surface. Tap 5-10 times while using the other hand to
press record on the camera.

2.6) Press the “Record” button on the camera.

2.7) Start the video camera recording and tap the cylinder six times in a distinct non-rhythmic
pattern.

2.8) Conduct each trial for 2 min from the time the flies are last tapped and record the number
of flies crossing the height of 17.5 cm (190 mL) at each time point chosen (quantify every 10
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seconds). Note: The mL marking on the cylinder will vary from one cylinder model to another
depending on diameter. To avoid error, measure the height on each cylinder used.

2.9) Once the trial has ended, dispose of flies in 95% ethanol.
2.10) Repeat steps 2.1 to 2.9 until all the replicates have been tested with fresh flies every time.

Note: Although 5 replicated may be enough with mutation having strong effect on locomotion,
10 biological replicates of 20 flies (200 flies) is recommended to detect smaller differences.

2.11) Upon completion of the experiment, wash the cylinders in the lab dishwasher and dry
overnight to be re-used.

3. Analysis

3.1) Analyze videos of each fly trial. Each 10 seconds, record the total number of flies that pass
the target line.

3.1.1) If a fly climbs back down or falls, record that fly as -1 and count the next fly to cross the
target line as the same number as the fly that climbed back down or fell. For example, if the
17t fly falls below the target line, the next fly to cross the line (the 18" fly) is considered the
17" fly and not the 18"

3.2) Subtract the mortality from the total number of flies (20) to obtain the number of flies that
remain in the trial. At each time point, obtain the fraction of flies above the target line.

3.3) Plot each percentage at each time point (see Figure 3).

3.4) Analyze the performance at the 120 seconds data point and perform student t-test when 2
groups are present or ANOVA and a post-test for multiple comparisons (with Bonferroni
modification for planned and Tukey for unplanned comparisons). The Kolmogorov-Smirnov
tests'’ is also performed to ascertain normality and equal variance but also to compare the
distributions of the mutant group to the control.

3.5) To present the data over aging, plot the percentage of flies climbing at 120 seconds with
flies of different ages (2 days, 1 week, 2 weeks) to see if there is a progressive deficit (Figure 4).

REPRESENTATIVE RESULTS:

Climbing is a strong and reproducible behavior. Indeed, one day old wild-type flies reach the
target distance climbing performance rapidly (25-30 seconds). Mutant flies present a range of
performance from mild (or delayed) to complete inability to climb to the target. We illustrate
this here with two different mutant alleles. The first one is a severe allele of the gene spastin
caused by a complete deletion of the spastin gene (spas>’>) 2. In this line (spas®’> with TM6b)
one day old flies do not reach WT climbing performance even after 2 minutes. This mutant line
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presents with severe defects even using the vial method (Figure 1a,b). The advantage of the
method presented here becomes more evident when studying a mutant for the same gene but
with an incomplete deletion published by the same group (spas”'7 with TM3)™. In that case
performance up to 8 days is normal (Figure 1c-f). At 8 days, those flies present a defect in
climbing noted to be mild but significant in the cylinder method but not in the vial method for
the same number of repetitions. This may suggest that using a greater target distance allows
for detection of defects in less severe mutants. Selection of genetically appropriate controls
ensures that the effect is a result of transgenic expression (Figure 3) or genetic interaction. For
further proof, include rescue of the behavioral phenotype with the expression of a wild-type
protein for the gene studied. For interaction studies, compare flies that are heterozygous for
both mutations of interest with flies that only have one mutation of interest. The assay also
allows one to monitor the progression of the climbing defect over time, an important aspect in
modeling progressive locomotor disorders (Figure 4). In addition, 2 minutes allow to better see
the progression of climbing in severe mutants.

Figure 1. Comparison of different climbing assays. For severe mutations different degrees of
climbing defect can be seen using various methods but milder mutations may not be detected
with some assays. To demonstrate this we used two published mutant lines for the gene
spastin: spastin®’> which contains a full deletion of the spastin gene and spastin *’” which
contains a partial deletion of the spastin gene. A) First, climbing is assessed by having flies
climb to the top of an empty food vial. The number of flies at the top after 18 seconds is
recorded. Using this protocol a significant defect is seen in Spast>’>/TM6b when compared to
wild-type controls (N=10, p<0.001). B) Next, climbing performance is assessed using the
method described here. Climbing is also defective in the same genotype Spast5'75/TM6b. The
difference in performance is highly significant (N=5, p<0.001), but the gap in performance is
larger. For mutations shown to have lesser effect thought (e.g. Spast”"7 for instance contains a
partial deletion of spastin gene), the cylinder method presented here may be more sensitive. C)
No significant defect is observed with 3 days old spast’’’/TM3 with the vial method (N=5). D)
No significant defect is observed with 3 days old spast17'7/TM3 with the cylinder method (N=5).
E) A non-statistical trend is noted with 8 days old spast17'7/TM3 flies (N=5). F) But a significance
is observed for 8 days old spast17'7/TM3 tested with the cylinder method presented for the
same number of replicates (N=5, p<0.001).

Figure 2. Schematic representation of the experimental set up. 20 flies are inserted in a glass
cylinder and then capped with a wax barrier film. The flies are then tapped to the bottom and
the number of flies crossing the midline is recorded using a camera for 120 seconds.

Figure 3. Representative results of the climbing experiment. The percentage of flies having
passed the threshold line is represented every 10 seconds over the duration of the assay. In this
experiment, 3 genetically appropriate controls (Wild-type, UASspas-RNAi/+, Elav-GAL4/+) are
compared to transgenic flies containing both UAS and Gal4 components (Elav-GAL4/UASspas-
RNAI ). The UAS spas-RNAi is from VDRC #108739. This representation allows for the
assessment of the rate of climbing for each genotype.
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Figure 4. Representative graph for the aging profile. Since many locomotive disorders are
progressive, it is important to portray the evolution over time. In this graph, WT flies are
compared to heterozygous mutants (spas/WT) and trans-heterozygous mutants (spast5-
75/spastl17-7) at 2 days A) and 8 days B) (N=10, p<0.001). Results are also depicted over time
for the 120 sec. time point C).

DISCUSSION:

Drosophila has already proven to be an excellent model in Parkinson’s disease'® and other
neurodegenerative conditions™?. In addition to the genetic tools available in Drosophila, its
genome is highly conserved for genes involved in neurological disorders®®. The advent of
genome wide genetic screening methods (including whole exome sequencing) is likely to
continue to provide a larger list of candidate genes associated with human movement
disorders. The development of treatments for these conditions will require animal models to
increase our understanding of the pathology involved in the early stages of neurodegeneration.
The use of Drosophila and the negative geotaxis assay provides an inexpensive and reliable
method to identify genes involved in locomotive defects and subsequently screen candidate
drugs for phenotype rescue. This adds to the molecular, electrophysiological, and imaging
proofs that can also be obtained in the same animal model. Using the climbing assay, others
have successfully reproduced motor defects in flies mutant for genes disrupting human
locomotion. Nonetheless, previous research has shown that pathological changes could
precede the detection of locomotive defects by several days**. This phenomenon is also
observed in human neurodegenerative conditions where we speak of subclinical changes. We
believe that by understanding and then treating these subclinical changes, disease modification
would be improved greatly.

We present here a model that allows the detection of mild locomotion defects that may help
with understanding the passage from “presymptomatic to symptomatic” of neurodegenerative
pathology using a Drosophila model. Many groups have used a short climbing distance (5-10
cm) but, we increased the distance to 17.5 cm as in Palladino et al.%. Although this difference
between climbing heights may seem minor, the increase in height was intended to increase the
assay difficulty, thereby aiding in the identification of the comparatively minor climbing defects.
Also, some methods chose to illuminate the top of the cylinder with a fiber-optic lamp, to take
advantage of the phototaxic response of adult Drosophila. However, the light source can cause
light reflection within the cylinder; thus, a diffuse overhead fluorescent light source is used
instead. In addition, mutation in genes involved in neurodegeneration may affect eye function
and therefore bias the results. The increase in the sample size from 10 to 20 flies increases the
statistical power of each trial. Initially, we increased this number to as high as 30 flies, but it
was subsequently reduced in order to minimize overcrowding and interaction effects between
flies. The samples are discarded after a single use, rather than being run for four repeat trials
per sample, to eliminate the possibility of learning or fatigue. Due to flies with extremely poor
climbing performance, it was counterproductive to record the time required for 50% of the flies
to cross the target line for it could take a considerable amount of time for this criteria to be
fulfilled. Rather, flies were given a duration of 2 minutes to cross the target line. The number of
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flies to cross the line was recorded and binned in increments of 10s, and the resulting value
expressed as a percentage.

These conditions create are a more sensitive assessment of an adult fly’s climbing capabilities.
While other designs of the assay are still useful, this paradigm may be considered in cases
where mild early defects are investigated. In addition, this assay may help detect smaller
changes in the context of drug trials.

An important issue is that the negative geotaxis behavior is based on the flies being tapped to
the bottom of the cylinder. It is therefore important to assess other forms of locomotion, such
as on a flat surface or flight. Other aspects such as motivation and social interaction need to be
considered as potential confound. Another caveat is that the assay presented only allows one
to assess locomotion in adult flies. This limits the ability to obtain neuropathological correlates
for the behavior observed which is very important in understanding the pathogenesis of a
disease. Indeed, most neuroimaging work has been done at the larva neuromuscular junction
so far in Drosophila. Obtaining locomotion behavior in larva may be an important step in order
to draw direct correlation between behavior and pathological changes.

It is very important to control the temperature and humidity at which the flies are raised and
tested. In addition to the effect on fly development, these factors had an important effect on
the climbing ability of flies raised and stored in non-ideal conditions. In the presence of
increased static electricity or humidity, flies did not perform optimally. This effect was not equal
for all genotypes, mutant flies usually being more affected by such factors than controls. In
addition, cylinders need to be washed and dried properly between each experiment.
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Excel Spreadsheet- Table of Materials/Equipment

Click here to download Excel Spreadsheet- Table of Materials/Equipment: JoVE_Materials-climbing.xlIs

Name of Material/ Equipment

Drosophila stocks
Video camera
Graduated cylinder
computer

Company Catalog Number

Kimble

20028W

Comments/Description

The stocks are selected depending on the experiments. The temper:
Any digital camcorder will do. Make sure they can focus on close obj
Different models of graduated cylinder may have different diameter
Any model will do. We used the computer to monitor the climbing o
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iture and humidity in the room and in the incubator must be controled and consistent to avoid flies being too staticky or too wet.
lect.

. It is therefore imporant to measure the height.

f the flies and record the number of flies at each time point
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ARTICLE AND VIDEO LICENSE AGREEMENT
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Item 1 {check one box): The Author elects to have the Materials be made available (as described at

X

http://www.jove.com/publish ) via:

Item 2 {check one box):

Standard Access

Open Access

The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, maotion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JOVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article, In consideration of JOVE agreeing
to publish the Article, the Author hereby grants to loVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license {a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed {including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works {including,
without limitation, the Video) or Collective Works based on ail
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
{c} to license others to do any or all of the above, The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JOVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4, Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use ail or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video, To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
ali such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only If the “Open Access” box has been checked in

Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JOVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed {including without limitation in print, digital and
electronic form) throughout the world, {b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section & is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.5.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness. Privacy, Personality. The Author hereby grants
loVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materiais and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s} listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, andfor modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, Including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board,

10. JoVE_Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. |f more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and soie
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have



1 Alewife Center #200

Cambridge, MA 02740
JOUHNAL - tel, 61?.945.9051
VISUALIZED EXPERIMENTS www.jove.com

full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein, The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author's institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
ather losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE ar elsewhere by JoVE. The Author shall be responsible
for, and shall held JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s

ARTICLE AND VIDEO LICENSE AGREEMENT

expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JOVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author,
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US51,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, producticn and
publication of the Materials will be suspended until payment is
received.

13, Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:

Name: F‘Tﬂ weots B ELpUC
Department: Pe V\ Catyics _
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Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;
2) Fax the document to +1.866.381.2236;
3) Mail the document to JOVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

Article Title:

Signature:

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Comments
Click here to download Rebuttal Comments: climbing-jove-reviewers-dec26.docx

Editorial comments:

1) All of your previous revisions have been incorporated into the most recent version of the manuscript.
On the JoVE submission site, you can find the updated manuscript under "file inventory" and download
the microsoft word document. Please use this updated version for any future revisions.

2) Please print and sign the attached Author License Agreement, then scan and upload it with your
manuscript files.

Done

3) Please minimize use of the pronoun “our” throughout the manuscript.
Minimized.

4) Please add units to the x-axis label.
Added.

5) Editor removed sub-headings from the Discussion section to comply with the JoVE format. In the
Discussion, please included any modifications that can be made to the protocol that is presented in the
manuscript (not modifications that were made to previous protocols) and any tips to troubleshoot
problems that researchers may face when using your protocol.

Done.

6) step 3.1 is unclear as written - should the total number of flies that have passed the target line be
recorded as +1?

Fixed.
Reviewers' comments:

Reviewer #1:

This technique manuscript describes an improvement in the already well-utilised climbing assay as a
method of assaying locomotor defects in freely climbing Drosophila melanogaster. Using glass cylinders
the authors claim that by allowing flies to climb approximately 3 times higher (17.5 cm c.f. 2-5 cm) over a
longer period (120 secs c.f. 10-20 secs) they are able to detect milder defects earlier and with a greater
sensitivity.

Major comments:

While an interesting and potentially useful advancement on the current assays used to detect locomotor
deficits in flies carrying mutations or silenced genes its clear that the authors need to add a little more
work to their paradigm to make it a truly useful approach.

We thank the reviewer for pointing this out. We think that each method has its own advantage. We think
that depending on the type of mutation and gene as well as the strength of the mutation, scientists may
opt for one method over the other. We have added further experimental results with milder allele to show
the enhanced detection of the method presented. In addition, we thought useful of presenting our method
in JOVE as we had to go through several troubleshooting steps to optimize this method and believe it will
help other researcher to “see it” presented.

As the authors acknowledge in the discussion it is clear many of the components of this method has been
described previously in Palladino et al. (2002) but has the added component of a temporal measurement
(every 10 seconds over a 120 second period) versus the simpler measurement of the time required for
50% of flies to climb above the 17.5 cm mark on the cylinder. This is fine but it is unclear what advantage
the more laborious method of collecting video footage, analyzing it and producing data for every 10
seconds has over simply using the measure of time for 50% to climb (Palladino et al., 2002) or the
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numbers that climb over a shorter timeframe as used in other studies (e.g. refs 12,14 &15). The authors
should comment on this explicitly.

This method of analysis came from the observation of severe mutants where there was severe defects.
Indeed, in flies with extremely poor climbing performance, it was difficult to record the time required for
50% of the flies to cross the target line for it could take a considerable amount of time for this criteria to
be fulfilled. Rather, flies were given a duration of 2 minutes to cross the target line. Recording the
number of flies having climbed in a short amount of time is also widely used but we noted by doing
recording of distance over time that the slope of the climbing curve was not the same for all genotypes
which would have led to under estimation of the effect of a gene or a treatment effect.

In figure 1 the authors show that defects in a fly heterozygous for a mutation in the spastin gene can be
as successfully detected after 18 seconds in an empty fly vial as it can in the much larger cylinder. In
fairness the difference is much more pronounced in the cylinder system. But where does this method
differ to that of Palladino et al. (2002)? What sets this technique apart?

We thank the reviewer for pointing this out. This method provides a more descriptive quantification of
climbing ability. By observing climbing performance over time we can detect climbing deficits in flies that
are described as good performers in other assays. For example, two lines of flies may both reach
maximum climbing performance but one line may take longer than the other in doing so. This assay is
more sensitive to these slight differences in climbing between the flies.

The Palladino paper presented an excellent method. We made several modifications based on repeated
experimentations and felt that other groups may also benefit of those in their experiments.

It is possible that the true power of this approach lies in its potential ability to detect weak defects: a) in
the case of moderate to strong mobility dysfunction, defects can be detected much earlier than current
methods allow and/or b) in the case of moderate to mild mobility dysfunction to sensitively assay and
show a role for candidate genes in locomotor control. Unfortunately this possibility is not supported by
direct data. The article would be a lot stronger if they could show with strong examples how the approach
is a major improvement over current methods.

We thank the reviewer for this suggestion. We have updated figure 1 with new experiments. We tested
that directly using two different alleles of spastin previously characterized and published. A stronger
allele spast5-75 contains a full deletion of the spastin gene. In that case, both method detect the
impairement althought the difference is more present in the cylinder method. We have now added data
from another allele containing a partial deletion only and shown to have milder locomotor defect. In that
case, we observed that the defect was only significant with the cylinder method.

That being said, the details and procedures and clearly presented and in that sense, is appropriate for a
JOVE atrticle.

We thank the reviewer for their positive feedback.

Other comments:

Figures 3 and 4 should detail the RNAi and mutants used
Done.

Line 135 - CO2 (as indeed chilling) anaesthetization is known to affect fly behaviour (e.g Barron (2000) J.
Insect Phys 46(4): 439) including locomotion (vanDijken et al. (1977) Experentia 33(10): 1360) and it may
be a slightly confounding issue. May | suggest for at least a certain proportion of the experiments to
simply flip the flies from bottles/vials into vials and approximating a number of 20 in order to satisfy the



reader that CO2 anaesthetization is not an issue? Since the data is represented as a fraction of the total
number small variation in numbers will have little or no effect on behavioural outcome or scoring.

We thank the reviewer for pointing this out. As noted by the reviewer, Barron noted an effect for up to 20
hours for the copulation behaviour. We were also concerned with a potential effect so we select the flies
the day before and leave them to rest for at least 21 hours. We also observe that wild type flies climb
normally.

Line 135: What ages were the flies? Although detailed later it would be nice to know the age ranges at
this early point.

Flies used in figures 1-3 were all 1 day old flies. Flies used in figure 4 are 2 and 8 day old flies.

Line 136+: While drug delivery is detailed, none were used in the experiments and is not necessary.
Deleted.

Lines 154 & 175: Although the experiments were conducted under ambient light it might be useful to
conduct - at least some of - the experiments under red light conditions so as to eliminate the confound of
phototaxis in general, but also eliminate potential differences caused by the effect of gene perturbation on
the visual system. Moreover, the markings on the cylinder may also affect fly behaviour, as they provide a
visual reference. In this vein how was the background colouration controlled? It is well known that
background architectural features of different colour and shape can affect fly movement.

Line 158: What type of barrier film was used?

We used parafilm” wax film but considering this was a brand name we had to replace the name with
something else.

Line 166: Could a number or range be given for the repeated taps as a guide for the reader?

Tap 5-10 times while using the other hand to press record on the camera.

Line 174-177: The exact type of cylinder used should be noted.

Noted.

Line 181: How many groups of flies were tested per cylinder in any given experiment? Flies quickly lay
down trails containing pheromones etc that can affect the behaviour of successive groups of flies (see
Tully and Quinn (1985) J Comp Physiol A. 157(2):263-77)

We thank the reviewer for bringing this ip. Usually 10 groups of flies are tested per genotype. Each
genotype is tested in a different cylinder for a given day. The cylinder are washed in a commercial
dishwasher daily. The cylinder are rotated between groups to prevent any possible instrument bias. The
flies are usually tested in groups of 5 for each genotype each day and compounded with data obtained
the next day.

Line 184: The ideal target of 10 replicates per experiment ironically was not attained for FiglB and
unknown for Fig. 3.

We thank the reviewer for pointing this out. We recommend a target of 10 replicates for fly strains that
may have milder differences in climbing performance. Usually, if the deficit is severe enough, we have
observed that as little as 5 replicates are sufficient to obtain significant results. This is illustrated in figure
1 for the two different alleles presented. The more severe allele of spastin 5.75 reaches a defect in
cylinder and vial methods. In the other hand, the defect in the less severe allele 17-7 is seen only with the
cylinder method. He we suggest the N=10 as it will include replication in different cylinder in different
days.



Lines 191-199: This section is overly complicated for what is essentially a fractional measurement and
should be simplified. It is also unclear if the numbers recorded for each time point were those values at
the 10, 20,30 etc second time point or the time interval between each time point.

We clarified the text to indicate that it is the time point and not the interval.

Line 203: 'Final' needs to be removed.

Done

Line 204: Why a preference for the Tukey post hoc test?

Thank you for pointing this out. We included more details about the choice of the post test.

Line 204-5: The Kolmogorov-Smirnov should be completed first to ascertain normality and equal
variance, as this will advise on the use of parametric or non-parametric testing.

We thank the reviewer for pointing this out. We have clarified this further.

Lines 207-208: these could be moved to the start of the methods to better inform the reader.

We felt that it was easier to understand this line at the end after explaining how to construct each time
point.

Line 213: On instead of In

We modified that sentence for clarity

Line 249: reference needed at the end of 'neurodegenerative conditions'

Done

Line 266: Here an improved model

We modified that sentence for clarity

Line 269: Palladino needs a year

Done

Line 273-276: Further validation for the need to complete the experiments under red light.

We thank the reviewer for this suggestion. We performed the experiments for wild type and the spastin
mutant and did not observe any significant defect. We added this comment to the manuscript in the
method section



Line 280: acute practice = learning?

We clarified this sentence with the suggested term.

Figure 1: Error bars on the control blue line not visible for much of the data points.

corrected

Figure 2: Is wax film the same as barrier film?

yes

Reviewer #2:

* Are the title and abstract appropriate for this methods article?

The abstract is fine but the title does not reflect the content of the manuscript. The authors describe a
method to easily perform climbing analysis in Drosophila melanogaster but they do not test any drug in
their examples to prove that the method is powerful enough to detect the influence of such treatment.
This may be reasonable for a discussion but it should be removed from the title.

We have done the modification to the title

* Are there any other potential applications for the method/protocol the authors could discuss?
No. In our opinion, the discussion covers all the critical applications.

* Are all the materials and equipment needed listed in the table? (Please note that any basic materials or
equipment that a lab who might

use this protocol would already have do not need to be listed, e.qg., pipettes.)

Yes, they have indicated all the special elements needed.

* Do you think the steps listed in the procedure would lead to the described outcome?
The description of the method is very exhaustive and accurate.

* Are the steps listed in the procedure clearly explained?
Yes

* Are any important steps missing from the procedure?
No

* Are appropriate controls suggested?
In the figures, the authors have included the right controls for the experiments they have presented.

* Are all the critical steps highlighted?
Yes. The authors have put enough emphasis in the most important steps.

* |s there any additional information that would be useful to include?

In the step 2.1), the authors indicate that the experiment should be performed under ambient light. Since
light is known to have a strong influence in the locomotor performance of the flies (the phototaxis in the
Benzer paper the authors cite!), the authors should be more precise when describing this aspect of the
experiment. The discussion mentions that the light comes from above. If so, do blind flies perform worse
than seeing flies (as the authors allude t0)? If so, light probably will produce many false positives, i.e.,
blind flies. We would suggest performing the experiments in dim red light to avoid these confounds. If the



experiments have to be performed in lit conditions, the authors should show that blind flies do not perform
worse or that such false positives have to be considered as a negative consequence of some more
important function of the light.

We thank the reviewer for this comments. We included in the revised manuscript experiments addressing
this question. Using a filtered red light, we did not observe any difference in the climbing ability of the wild
type or spastin 5-75 mutant flies. Nonetheless, we added this comment to the method as it may be
important for other genes involved in neurodegeneration.

* Are the anticipated results reasonable, and if so, are they useful to readers?
The results are clearly reasonable and the method proposed here might be useful in order to detect slight
or moderate effects in the climbing ability.

* Are any important references missing and are the included references useful?

We have noticed at least two references that have not been included in the manuscript. In both of them,
the authors use speed (cm/s) instead of number of flies to monitor locomotor performance. In Sherwood
et al., authors used two different methods to describe locomotor behavior and it is already reported that
speed is more sensitive than the number of flies reaching the top of the vial (85% reduction compared to
40%). This reference is especially important since it described phenotypes of the Spas5.75 allele that the
authors also used in the current manuscript. The authors should discuss the advantage of their method
compared to the measure of walking speed.

We apologize for this oversight. We have included those references in the revised manuscript as they are
key to our discussion about the sensitivity of the method.

The references are:

- Sherwood, N.T., Sun, Q., Xue, M., Zhang, B., Zinn, K. (2004). Drosophila Spastin Regulates Synaptic
Microtubule Networks and Is Required for Normal Motor Function. PLoS Biol. 2(12): e429. 2004

- Botella, J.A., Ulschmid, J.K., Gruenewald, C., Moehle, C., Kretzschmar, D., Becker, K., Schneuwly, S.
The Drosophila carbonyl reductase sniffer prevents oxidative stress induced neurodegeneration. Curr.
Biol. 14:782. 2004.

* General comments.

- Line 106-108 (intro): The authors write "Benzer suggested in 1967 that the counter-current apparatus

used for the study of phototaxis could also be used to study gravity." Surely, Benzer did not suggest to

use flies to study gravity? | thought this was done, in part, at the LHC in Geneva? Certainly, the authors
mean gravitaxis, another term for negative geotaxis?

We thank the reviewer for pointing this out and made the correction.

- The method reported in this manuscript constitutes a welcome improvement over other Drosophila
locomotor approaches because it seems to promote a faster detection of early climbing defects and
increases the statistical power of the samples. Figure 1 reflects these facts very nicely.

We thank the reviewer for their comment. We have also included further data to support this.

However, we have serious concerns when considering this method because since 2004 the monitoring of
speed has been shown to do exactly the same. Moreover, the authors never tested the efficiency of the
method when applying drugs although this is the application more frequently mentioned in the text. Thus,
the difference to measuring speed ought at least to be addressed and the authors either need to show an
example of drug application or changing the title before this manuscript should be accepted for
publication.



We thank the reviewer for pointing this out. We included the information about the usefulness of the
speed in the manuscript. We modified the title to better reflect the content of the manuscript.

- In general, climbing involves more than just locomotion: motivation, the ability to move away from other
flies after the bang, the decision to move with a group of other flies or independently of them, the ability to
be startled by the bang to the bottom of the vial, etc. None of the above are all that related to motor
coordination but will yield deficits in the climbing assay described here, when manipulated. Some of these
defects might even manifest themselves as progressive, for instance if the neurons degenerate that
mediate these functions. Such potential false positives (common to all climbing assays, not just this
version!) need to be addressed in the discussion.

We agree and thank the reviewer for pointing this out and we included it in our discussion.

* Specific comments.

- Step 1.1) Authors indicate here the usage of sucrose for drug administration, however a starvation
process may alter the locomotor ability of the flies and promotion of autophagy has been shown to have
promoting effects in neurodegenerative models. Authors should comment on these possibilities or show
that the locomotor index of flies kept on a sucrose diet does not differ from the performance of flies on
standard food.

We have removed this as no drug treatment is demonstrated in the paper.

- Step 1.3) Here the authors indicate that the experiments are done at 22°C. Authors should better explain
why this particular temperature instead of the standard 25°C.

This temperature is easier to maintain without special equipment. It was therefore used.

- Step 3.4) The authors analyze the results after 120 seconds. However, in the examples shown in figures
1 and 3, a sufficient difference is already present after 30-40 seconds and it does not vary significantly
during the following time-points. The authors should discuss the need for increased observation time or
show examples where this time is actually needed.

We observed following several other preliminary experiments that some genotypes would present a
delayed climbing and have flies climb passed the 1 minute mark. We therefore empirically decided to
perform the assay for 2 minutes.

- The age of the flies is missing in the figure legend of figures 1 and 3. This piece of data must be
included.

We apologize for this and included it.

- In figures 3 and 4, authors present data from unidentified RNAI lines and mutations. This is not
acceptable. The reader needs to know which flies were manipulated in which way.

We included the information in the revised manuscript

- Lines 258 and 291: climbing is not a reflex, it's probably not even simple: see the effects of wing
manipulation on phototaxis in the Benzer paper cited in this manuscript. These same wing manipulations
also affect climbing.



We agree with the reviewer and modified the manuscript to reflect that.

Reviewer #3:

Manuscript Summary:

The authors describe a protocol to quantitatively measure locomotor defects in Drosophila.

Climbing assay is one of the many ways Drosophila biologists quantify behavioral defects related to the
neuromuscular system.

Alternative but complementary methods include flight assays, climbing assays, and Drosophila activity
monitor (DAM) assays.

We agree with the reviewer and integrated that comment in our discussion.

Since the method also rely on the innate behavior of the fly to move against gravity, the assay will also
likely pick up defects in gravity sensation and motivation/decision making.

The authors claim that the compared to the classical method, where investigators score the number of
flies that climb to a certain high (which is lower) within a certain amount of time (which is shorter), the
method described here is more sensitive and allows them to pick up subtle defects that are missed in
previous assays.

We revised the manuscript to nuance this notion. We do not mean to diminish other assay but rather to
present JOVE readers with an illustration of a assay that can be easily reproduced in their lab.

The authors recommend that the assay to be designed so that the flies are asked to climb a longer
distance and given a longer time compared to classical assays to achieve higher sensitivity.

Major Concerns:

Although the authors claim that their assay is indeed more sensitive, hence more useful, using an
example shown in Figure 1, | am not entirely convinced that this is indeed the case.

We thank the reviewer for pointing this out. We have added more experimental data to support our
suggestion of using the cylinder method for detecting milder defects. Indeed, we show now in figure 1 the
results of testing a milder allele of spastin (spas 17-7) where defects are significant in the cylinder method
but not in the vial method.

What is there rational of selecting 17.5 cm as the distance that the fly needs to climb?

We used the same distance as in Palladino (2002) to have a common ground for comparison.

Is the assay even more sensitive when one selects a longer distance and a longer time?

The effect of distance is possibly important as shown in figure 1. With regard to time, we now provide in
figure 4 some data showing that shorter time may not be as accurate.

If one does not see any defect in the climbing assay that the authors propose, can the person conclude
that there is NO locomotor defect in the flies they are testing?



This is a good question. | think one could state what they observe which would be that there is no defect
in “mutant x” in a given assay.

How does the defect in this assay relate to histological defects found in the fly's brain or the muscle?

We thank the reviewer for this question. We did not include this in the scope of our manuscript but think
this is an important question and added it to our discussion.

Minor Concerns:

1) The authors do not explain what the genotype "Spas 5.75/+" is.

What kind of mutation is Spas5.75

Is it a dominant mutation? What is the lesion? What is the source?

The readers may want to use this as a positive control when setting up there assay so it is important to
specify the detail of the flies that they use here.

We included the information about the nature of the mutation as well as the reference.

Similarly, the authors should explain what the "UAS-RNAI" is in Figure 3 is, and what mutant 1 and
mutant 2 are in Figure 4.

These reagents must be publically available upon publication of this protocol on Jove so the authors
should present data using mutants/transgenic lines that they can share.

We included that information in the revised manuscript

2) When testing mutants and RNAIs, it is important that the authors perform rescue experiments with WT
cDNA or genomic rescue reagents.

The UAS/GAL4 only, and heterozygous mutations over WT is a decent control, but showing rescue with a
WT protein is required in mid-high profile journals.

We included this advice in the protocol to strengthen the protocol

3) The authors show the aging profile of WT fly and mutant flies at day 2 and 8 in Figure 4.
It would be really nice if they can show how the pattern changes for a commonly used wild-type fly (such
as CS) to provide a reference point for the readers that wish to perform this assay.

We included that information for the wild-type line used which is derived from w1118 line.

4) In 2.1), how are the flies transfered from the single vials into the 250ml cylinder?
| assume this is done in the absence of anesthesia.
Should one wait a certain amount of time so that the flies get used to the new environment?

Additional Comments to Authors:
None.

Reviewer #4:

Manuscript Summary:

This manuscript focuses on the use of a newly adapted and more sensitive negative geotaxis assay for
screening mild locomotion defects associated with neurodegenerative disorders such as Parkinson's
disease. The authors have taken the well established standard negative geotaxis assay and adapted it for



more sensitivity by increasing the climbing distance from 5-10 cm to 17.5 cm and increasing experiment
duration to 2 minutes. They also adapted the assay by using a diffuse fluorescent light to avoid light
reflection. After adapting this assay for sensitivity, they then tested its use on fly lines that included one
mutant for the locomotion gene spastin.

Major Concerns:

1. The structure of the paper is very confusing. Nowhere is it outlined exactly what mutants the
researchers are using except for figure 1 (mutant types and rationale are not clearly labeled in the rest of
the figures). The authors need to more clearly define the mutants that they test in the assay and why they
choose to use the mutants for a given particular assay.

We apologize for this. We did several edits to enhance clarity. We also included the information about
genotype in the revised manuscript.

2. Most importantly, the researchers to not logically test whether the adaptations to the assay they make
are indeed more sensitive. To do this, the researchers should use several different mutant lines that
cause increasing levels of severity for the locomotion defects well as several neurodegenerative fly
models with varying levels of severity to definitively show that their newly adapted assay does indeed pick
up more mild defects for a given mutant.

We included further experiments using a milder allele of the spastin gene that was previously
characterized. We present data showing that for an equal number of trials, the method described here
allows to obtain significant results when other method only show trends. We also tested the effect of light
on the assay directly.

Minor Concerns:

1. While the adaptations to the assay making it more sensitive are important, they are also very minor.
The negative geotaxis assay is a well-established quick and simple assay to perform. Other researchers
have certainly made simple adaptations such as these to more fine tune this assay to the mutants they
are testing.

We revised the manuscript to include that comment. We acknowledge that several good methods exist
and may be adapted to the gene studied and the lab set up. We feel that JOVE will allow researchers new
to the locomotion field will be able to start quickly addressing research questions by “seeing” the
experimental set up we developed.
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