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Vineeta Bajaj, PhD 
JoVE Review Editor 
1 Alewife Center, Suite 200 
Cambridge MA 02140 
USA 
 
Lausanne, November 25th, 2019 

Manuscript resubmission to the Journal of Visualized Experiments (JoVE) 

Dear Dr. Bajaj, 

Following your invitation and a first round of peer review, we would like to re-submit our 
manuscript entitled “Morphological and functional evaluation of axons and their synapses 
during axon death in Drosophila melanogaster” for consideration in JoVE. 

We greatly appreciated the positive feedback provided by the editor as well as all three 
reviewers. Their suggestions helped us to greatly improve the quality of our manuscript. As 
you will see in our rebuttal letter, we aimed to implement most of the suggestions brought up 
by the editor and reviewers. Here, we would like to highlight the most important changes: 

• We changed the sequence of our experimental procedures from “1. Brain, 2. Wing, 3. 
Optogenetics” new to “1. Wing, 2. Brain, 3. Optogenetics”, as suggested by reviewer #3. 
This also means that we exchanged “Functional” and “Morphological” in the title of our 
manuscript. 

• Our protocol section consists now solely of action steps, as requested by the editor. The 
“non action steps” text has been relocated to and implemented in the discussion, which 
underwent substantial editing. 

• The crosses performed in our experiments have been added as schematics in all result 
figures, as suggested by the editor and several reviewers. This should facilitate the 
understanding of the underlying genetics in our experiments. 

 
Importantly, the revised manuscript still covers the three most important and state-of-the-art 
axon death assays in the fly, and our major novel finding, where over-expression of dnmnat 
(dnmnatOE) results in functionally preserved axons and synapses for at least one week. Our 
article should therefore be of broad interest to the readership of JoVE.  

Thank you in advance for considering our submission. Please feel free to contact me directly if 
you require any additional information.  

I look forward to hearing from you soon. 

Best regards, 

 

Lukas J. Neukomm 
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SUMMARY: 24 
Here, we provide protocols to perform three simple injury-induced axon degeneration (axon 25 
death) assays in Drosophila melanogaster to evaluate the morphological and functional 26 
preservation of severed axons and their synapses. 27 
 28 
ABSTRACT: 29 
Axon degeneration is a shared feature in neurodegenerative disease and when nervous systems 30 
are challenged by mechanical or chemical forces. However, our understanding of the molecular 31 
mechanisms underlying axon degeneration remains limited. Injury-induced axon degeneration 32 
serves as a simple model to study how severed axons execute their own disassembly (axon 33 
death). Over recent years, an evolutionarily conserved axon death signaling cascade has been 34 
identified from flies to mammals, which is required for the separated axon to degenerate after 35 
injury. Conversely, attenuated axon death signaling results in morphological and functional 36 
preservation of severed axons and their synapses. Here, we present three simple and recently 37 
developed protocols that allow for the observation of axonal morphology, or axonal and synaptic 38 
function of severed axons that have been cut-off from the neuronal cell body, in the fruit fly 39 
Drosophila. Morphology can be observed in the wing, where a partial injury results in axon death 40 
side-by-side of uninjured control axons within the same nerve bundle. Alternatively, axonal 41 
morphology can also be observed in the brain, where the whole nerve bundle undergoes axon 42 
death triggered by antennal ablation. Functional preservation of severed axons and their 43 
synapses can be assessed by a simple optogenetic approach coupled with a post-synaptic 44 
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grooming behavior. We present examples using a highwire loss-of-function mutation and by 45 
over-expressing dnmnat, both capable of delaying axon death for weeks to months. Importantly, 46 
these protocols can be used beyond injury; they facilitate the characterization of neuronal 47 
maintenance factors, axonal transport, and axonal mitochondria. 48 
 49 
INTRODUCTION: 50 
The morphological integrity of neurons is essential for sustained nervous system function 51 
throughout life. The vast majority of the neuronal volume is taken by axons1,2; thus life-long 52 
maintenance of particularly long axons is a major biological and bioenergetic challenge for the 53 
nervous system. Multiple axonal-intrinsic and glial-extrinsic support mechanisms have been 54 
identified, ensuring life-long axonal survival. Their impairment results in axon degeneration3, 55 
which is a common feature of nervous systems being challenged in disease, and by mechanical 56 
or chemical forces4,5. However, the underlying molecular mechanisms of axon degeneration 57 
remain poorly understood in any context, making the development of efficacious treatments to 58 
block axon loss challenging. The development of effective therapies against these neurological 59 
conditions is important, as they create an enormous burden in our society6. 60 
 61 
Injury-induced axon degeneration serves as a simple model to study how severed axons execute 62 
their own disassembly. Discovered by and named after Augustus Waller in 1850, Wallerian 63 
degeneration (WD) is an umbrella term that comprises two distinct, molecularly separable 64 
processes7. First, after axonal injury, axons separated from their cell bodies actively execute their 65 
own self-destruction (axon death) through an evolutionarily conserved axon death signaling 66 
cascade within one day after injury8. Second, surrounding glia and specialized phagocytes engage 67 
and clear the resulting axonal debris within three to five days. The attenuation of axon death 68 
signaling results in severed axons that remain preserved for weeks9-12, while the attenuation of 69 
glial engulfment culminates in axonal debris which persists for weeks in vivo13-15. 70 
 71 
Research in flies, mice, rats and zebrafish revealed several evolutionarily conserved and essential 72 
mediators of axon death signaling8. Axon death mutants contain severed axons and synapses that 73 
fail to undergo axon death; they remain morphologically and functionally preserved for weeks, 74 
in the absence of cell body support9,10,12,13,16-23. The discovery and characterization of these 75 
mediators led to the definition of a molecular pathway executing axon death. Importantly, axon 76 
death signaling is activated not only when the axon is cut, crushed or stretched24,25; it also seems 77 
to be a contributor in distinct animal models of neurological conditions (e.g., where axons 78 
degenerate in an injury-independent manner4, yet with a range of beneficial outcomes4,8). 79 
Therefore, understanding how axon death executes axon degeneration after injury might offer 80 
insights beyond a simple injury model; it could also provide targets for therapeutic intervention. 81 
 82 
The fruit fly Drosophila melanogaster (Drosophila) has proven to be an invaluable system for axon 83 
death signaling. Research in the fly revealed four essential evolutionarily conserved axon death 84 
genes: highwire (hiw)11,14, dnmnat12,26, dsarm10 and axundead (axed)12. The modification of these 85 
mediators – loss-of-function mutations of hiw, dsarm and axed, and over-expression of dnmnat 86 
– potently blocks axon death for the life span of the fly. While severed wild type axons undergo 87 
axon death within 1-day, severed axons and their synapses lacking hiw, dsarm or axed remain 88 
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not only morphologically, but also functionally preserved for weeks. Whether functional 89 
preservation can also be achieved through high levels of dnmnat remains to be determined. 90 
 91 
Here, we will present three simple and recently developed protocols to study axon death (e.g., 92 
the morphology and function of severed axons and their synapses over time) in the absence of 93 
cell body support. We demonstrate how attenuated axon death results in severed axons which 94 
are morphologically preserved with a hiw loss-of-function mutation (hiw∆N) and how attenuated 95 
axon death results in severed axons and synapses that remain functionally preserved for at least 96 
7 days with over-expression of dnmnat (dnmnatOE). These protocols allow for the observation of 97 
individual axonal and synaptic morphology either in the central, or peripheral nervous system 98 
(CNS and PNS, respectively)13,14, while the functional preservation of severed axons and their 99 
synapses in the CNS can be visualized by the use of a simple optogenetic setup combined with 100 
grooming as a behavioral readout12. 101 
 102 
PROTOCOL: 103 
 104 
1. Observation of axon morphology during axon death in the PNS 105 
 106 
1.1. Wing injury: partial injury of axon bundles 107 
 108 
1.1.1. Use 5 virgin females and 5 males from the right genotype (Figure 4A, P0 generation) to 109 
perform crosses at room temperature (RT). Pass P0 into new vials every 3-4 days. Collect freshly 110 
eclosed adult progeny (F1 generation) daily and age them for 7 - 14 days. 111 
 112 
1.1.2. Anesthetize flies on CO2 pads. Use micro scissors to cut the anterior wing vein roughly in 113 
the middle of the wing (Figure 1A). Use one wing for the injury and the other wing as an age-114 
matched uninjured control. Apply one injury per wing, and make sure to get sufficient wings 115 
injured (approximately 15 wings). 116 

 117 
NOTE: The whole wing can be cut through, but it is sufficient to cut only the anterior wing vein. 118 
This is the strongest part of the wing. 119 
 120 
1.1.3. Recover the flies in food-containing vials. 121 
 122 
1.2. Wing dissection and visualization of axons 123 
 124 
1.2.1. Spread 10 µL of halocarbon oil 27 with a pipette along a whole glass slide (Figure 1B).  125 
 126 
1.2.2. Cut off the injured, as well as, the uninjured control wing at desired time points (e.g., 1- or 127 
7-days post injury). Use micro scissors to cut, and tweezers to grab the wing. Mount maximal 4 128 
wings into halocarbon oil 27 (Figure 1B) and cover them with a cover slide. 129 
 130 
1.2.3. Image the wing immediately using a spinning disk microscope. Acquire a series of optical 131 
sections along the z-axis with 0.33 μm step-size and compress z-stacks into a single file for 132 
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subsequent analyses. 133 
 134 
NOTE: Do not grab the anterior wing vein where cell bodies and axons are housed. Grab the wing 135 
at the center. The tissue in wings is not fixed; keep the time from mounting wings to imaging 136 
these under 8 min. 137 
 138 
[Place Figure 1 here] 139 
 140 
2. Observation of axon and synapse morphology during axon death in the CNS 141 
 142 
2.1. Antennal ablation: injury of whole axon bundles 143 
 144 
2.1.1. Use 5 virgin females and 5 males from the right genotype (Figure 5A, P0 generation) to 145 
perform crosses at RT. Pass P0 into new vials every 3-4 days. Collect freshly eclosed adult progeny 146 
(F1 generation) daily and let them age for 7 up to 14 days. 147 
 148 
2.1.2. Anesthetize flies on CO2 pads. Use tweezers to ablate the right 3rd antennal segment for 149 
unilateral ablation; or both left and right 3rd antennal segments for bilateral ablation (Figure 2A-150 
C). This will remove GFP-labeled neuronal cell bodies, while their axonal projections remain in 151 
the CNS.  152 
 153 
NOTE: Antennal ablation severs the whole axon bundle. If unilateral ablation is performed, the 154 
axon bundle on the contralateral side (the unablated antenna) serves as internal control. Make 155 
sure to perform sufficient antennal ablations (approximately 15 animals). 156 
 157 
2.1.3. Recover the flies in food-containing vials. 158 
 159 
2.2. Brain dissection and visualization of axons 160 
 161 
2.2.1. Mix silicone elastomer base (9 mL) and curing agent (1 mL) in a volume ratio of 10:1. 162 
Transfer each 5 mL mixture into a 35 mm tissue culture plate, and reduce air introduced by mixing 163 
with gentle agitation in the fume hood overnight. The mixture solidifies within 24 h.  164 
 165 
NOTE: Dissection plates must be prepared only once and may be used multiple times. 166 
 167 
2.2.2. Anesthetize flies on CO2 pads and decapitate adult heads using two tweezers at desired 168 
time points (e.g., 1 or 7 days after antennal ablation). Use one tweezer to grab the neck, and the 169 
other tweezer to fix the thorax. Gently pull the neck and head off the thorax. 170 
 171 
NOTE: Leave decapitated heads on the CO2 pad until the desired number is achieved, but make 172 
sure to proceed to the next step within 30 min. 173 
 174 
2.2.3. Transfer all heads into a 1.5 mL microcentrifuge tube containing 1 mL of fixing solution 175 
containing 4% paraformaldehyde (PFA) and 0.1% Triton X-100 in phosphate buffered saline (PBS) 176 
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using tweezers that have been dipped into the fixing solution.  177 
 178 
NOTE: Fly heads stick well on wet tweezers. It makes it feasible to transfer all heads readily into 179 
the microcentrifuge tube. 180 
 181 
2.2.4. Fix heads for 20 min with gentle agitation at RT. Put the microcentrifuge tube on ice, heads 182 
will gravitate to the bottom of the microcentrifuge tube. Remove the supernatant with a pipette 183 
and repeat this procedure with five 2 min washes with 1 mL of washing buffer containing 0.1% 184 
Triton X-100 in PBS with rocking at RT, to remove residual fixing solution. 185 
 186 
NOTE: Videos on how to dissect adult Drosophila brains are readily available27. 187 
 188 
2.2.5. Transfer the heads with a glass pipette into a dissection plate filled with washing buffer.  189 
Use one tweezer to grab and pull the proboscis off the head, while holding the head with the 190 
other tweezer. This will leave a hole were the proboscis was attached to the exoskeleton.  191 
 192 
2.2.6. Use two tweezers to remove the exoskeleton between the hole and each compound eye. 193 
This will make it feasible to open the head structure with both tweezers, and to gently scratch 194 
out the brain within.  195 
 196 
2.2.7. Clean each brain by removing trachea or fat stuck to it (Figure 2D, top). Once the brain is 197 
cleaned, put it in a new microcentrifuge tube containing 1 mL of washing buffer on ice.  198 
 199 
NOTE: Damaged or lost optic lobes will not affect the olfactory lobe in the center of the brain 200 
(Figure 2D, top). 201 
 202 
2.2.8. Replace washing buffer with 1 mL of fixing solution once all brains are collected and 203 
accumulated at the bottom of the microcentrifuge tube. Fix brains for 10 min with rocking at RT, 204 
followed by five 2 min washes in 1 mL of washing buffer with rocking at RT. 205 
 206 
2.2.9. Apply primary antibodies (1:500) in washing buffer overnight with rocking at 4 °C, followed 207 
by 10 washes over 2 h using 1 mL of washing buffer with rocking at RT. 208 
 209 
2.2.10. Apply secondary antibodies (1:500) in washing buffer 2 h with rocking at RT and wrap 210 
microcentrifuge tube in aluminum foil to block light. Keep the microcentrifuge tube covered with 211 
aluminum foil for the rest of the procedure. Apply ten washes with 1 mL of washing buffer over 212 
2 h with rocking at RT. 213 
 214 
2.2.11. Remove the supernatant and use a single drop of antifade reagent to cover the brains in 215 
the microcentrifuge tube. Incubate brains for at least 30 min at 4 °C before preparing them for 216 
mounting and imaging. 217 
 218 
2.2.12. Prepare a cover slide, stick lab tape on it, and cut out a “T”-like shape from the tape 219 
(Figure 2D, bottom). The resulting space serves as area where the brain-containing antifade 220 



   

Page 5 of 13 
 

reagent28 will be pipetted into, preferably into both chambers.  221 
 222 
NOTE: Use a 20-200 µL pipette tip where 3 mm of the tip has been cut off to widen the opening 223 
of the pipette. This will make it feasible to pipette the brain-containing antifade reagent. Carefully 224 
cover the brains with a cover slide. 225 
 226 
2.2.13. Use clay to prepare two small even rolls. Ensure that the clay rolls are not higher than the 227 
height of a glass slide. Stick the clay rolls onto the glass slide (Figure 2D, bottom). Place the brain-228 
containing cover slide sandwich onto the clay rolls.  229 
 230 
NOTE: GFP-labeled axons and their synapses are located in the front of the brain. It is, therefore, 231 
easier to image them from the front. However, brains will either face up, or face down on the 232 
cover slide sandwich. Clay rolls serve as sandwich holders, and during imaging, the sandwich can 233 
be flipped upside down. This will make it feasible to acquire images from the front from every 234 
brain. 235 
 236 
2.2.14. Acquire a series of optical sections along the z-axis with 1.0 μm step-size using a confocal 237 
microscope, and compress z-stacks into a single file for subsequent analyses, to assess the 238 
number of axonal projections remaining intact. 239 
 240 
[Place Figure 2 here] 241 
 242 
3. Grooming induced by optogenetics as a readout for axon and synapse function 243 
 244 
3.1. Optogenetic setup 245 
 246 
3.1.1. Perform the optogenetic experiment in a dark room. Ensure that the setup consists of an 247 
850 nm infrared (IR) LED spotlight to illuminate flies in the dark (Figure 3A), a flashing 660 nm 248 
red LED spotlight to activate neurons expressing CsChrimson, and a monochrome camera with a 249 
700 nm longpass filter, which prevents the recording of red light flashes. 250 
 251 
3.1.2. Use a 3D printer to generate a tiny circular behavior chamber with a diameter of 1 cm, 252 
cover it with a cover slide, and place an 860 nm emitter coupled to the red LED spotlight next to 253 
the chamber (Figure 3B). 254 
 255 
NOTE: The emitter indicates when the red LED spotlight is on, thus activating the neurons. 256 
 257 
3.1.3. Mount the LED spotlights and the camera on top of the chamber (Figure 3A, C). 258 
 259 
3.1.4. Activate neurons by 10 Hz flashes during 10 s. The duration of activation can be adjusted 260 
according to the experimental design. 261 
 262 
3.2. Preparing flies for optogenetics 263 
 264 
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3.2.1. Melt fly food in a microwave. After the food cooled down, before solidification, add 1:100 265 
of 20 mM all trans-retinal in ethanol (EtOH) to a final concentration of 200 µM. Mix well, and 266 
pour the food immediately into empty vials. 267 
  268 
NOTE: Avoid adding all trans-retinal to hot food, this could result in less efficient optogenetics. 269 
 270 
3.2.2. Cool the food in vials in a dark, cold room. Cover vials containing solidified food with plugs 271 
or cotton balls. Wrap vials with aluminum foil. 272 
 273 
3.2.3. Use 5 virgin females and 5 males (Figure 6A, generation P0) from the right genotype to 274 
perform crosses at RT. Pass P0 into new vials every 3-4 days. Collect freshly eclosed adult progeny 275 
(generation F1) on a daily base and let them age for 7 up to 14 days in aluminum-covered vials 276 
containing 200 µM all trans-retinal in fly food. 277 
 278 
3.2.4. Collect flies by tapping them from food-containing vials into an empty vial with no food. 279 
Cool the vial down in ice-containing water for approximately 30 s. Flies will fall asleep. Put 280 
individual flies rapidly into small chambers covered with a cover slide (Figure 3B).  281 
 282 
NOTE: As soon as flies warm up, they wake up. It is crucial to quickly spread individual flies into 283 
single chambers each. Avoid CO2 pads to anaesthetize flies, this will impact their behavior. 284 
 285 
3.2.5. Perform optogenetics to elicit antennal grooming. Here, the protocol consists of the 286 
following intervals: 30 s where the red light is absent, followed by 10 s of red-light exposure at 287 
10 Hz. Repeat this procedure three times in total, followed by an additional 30 s interval where 288 
the red light is absent12,29,30. 289 
 290 
NOTE: This protocol can be adjusted according to the experimental preference. 291 
 292 
3.2.6. Collect individual flies from each chamber on CO2 pads. Subject them to antennal injury. 293 
Ablate both the left and the right 2nd antennal segments (Figure 2C). This will remove the cell 294 
bodies of Johnston's organ (JO) neurons, while the axonal projections remain in the CNS. Recover 295 
the flies in aluminum-covered vials containing 200 µM all trans-retinal. 296 
 297 
NOTE: For antennal grooming induced by optogenetics, the sensory neuron cell bodies are 298 
housed in the 2nd antennal segment (Figure 2C). 299 
 300 
3.2.7. At corresponding time points (e.g., 7 days post antennal ablation), subject flies to another 301 
grooming assay (go back to step 3.2.4). 302 
 303 
[Place Figure 3 here] 304 
 305 
REPRESENTATIVE RESULTS: 306 
Above, we described three methods to study the morphology and function of severed axons and 307 
their synapses. The first method allows for high-resolution observation of individual axons in the 308 
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PNS. It requires clones generated by the MARCM technique14,31. Here, we performed crosses to 309 
generate wild type and highwire mutant MARCM clones (Figure 4A). A simple cut in the middle 310 
of the wing induces axon injury of neurons housed distal  (e.g., at the outer side of the wing), 311 
while proximal neurons (e.g., between the cut site and the thorax) remain uninjured. This 312 
approach makes it feasible to observe axon death side-by-side of uninjured control axons in the 313 
same nerve bundle (Figures 1A, 4B). Here, we used a genetic background resulting in low 314 
numbers of GFP-labeled clones (e.g., two in each experiment14). We present examples of 1 and 315 
7 days after injury of wild type axons, to provide examples of control axons, axons undergoing 316 
axon death, and axonal fragments being cleared by surrounding glia, respectively. In addition, we 317 
repeated axonal injury in highwire mutants where we analyzed the outcome 7 days after injury. 318 
 319 
Uninjured control wings harbor two wild-type clones, thus two GFP-labeled wild-type axons 320 
(Figure 4B, wild type, uninjured control). One day after cutting the middle of the wing by the use 321 
of micro scissors, axon death is induced in GFP-labeled axons where cell bodies are distal to the 322 
cut site, while axons from proximally housed cell bodies serve as an internal control within the 323 
same nerve bundle (Figure 4B, wild type, 1 day post injury). Note the axonal debris trace in the 324 
upper part indicated by the arrow. 7 days after axonal injury, GFP-labeled axonal debris is cleared 325 
by surrounding glia, while GFP labeled uninjured control axons remain in the nerve bundle (Figure 326 
4B, wild type, 7 days post injury, arrow). In contrast, highwire mutant axons that have been 327 
severed for 7 days remain morphologically preserved, consistent with previous findings11,14 328 
(Figure 4B, highwire, 7 days post injury, arrow). These results demonstrate the powerful visual 329 
resolution of the Drosophila wing. Axon death can be observed side-by-side of uninjured controls 330 
in the same nerve bundle. While wild-type axons undergo axon death within 1 day after injury 331 
and the resulting debris is cleared within 7 days, axon death deficient highwire mutants remain 332 
morphologically preserved for 7 days. 333 
 334 
[Place Figure 4 here] 335 
 336 
The second method describes how to visualize whole axon bundles projecting into the CNS where 337 
they form synapses, which belong to neurons housed in both left and right antennae (Figures 2A-338 
C). Here, we performed crosses to generate wild type and highwire mutant MARCM clones 339 
(Figure 5A). Uninjured, GFP-labeled axons and their synapses can be visualized over the course 340 
of days to weeks, in the absence of injury (Figure 5B, Wild type, uninjured control). Alternatively, 341 
animals can be subjected to 3rd antennal segment ablation, and severed GFP-labeled axons and 342 
their synapses can be observed during a time course over hours to days. We focused on 7 days 343 
after antennal ablation, because at this time point, axons and their synapses have undergone 344 
axon death, and resulting debris is cleared by surrounding glia. If unilateral ablation of the right 345 
antenna is performed, then the right axon bundle is severed and will disassemble and the 346 
resulting debris is fully cleared 7 days after injury (Figure 5B, wild type, unilateral ablation, 7 days 347 
post injury, arrows), consistent with previous findings13. Alternatively, both the right and the left 348 
antennae can be ablated, which will sever both axon bundles, and 7 days after injury, axons and 349 
their synapses disappeared (Figure 5B, wild type, bilateral ablation, 7 days post injury, arrow). In 350 
contrast, unilateral ablation of the right antennae in highwire mutants results in severed axons 351 
that remain preserved 7 days post injury, consistent with previous findings11,14 (Figure 5B, 352 
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highwire, unilateral ablation, 7 days post injury, arrow). These results demonstrate that severed 353 
wild-type axons undergo axon death and the resulting debris is cleared within 7 days, while axon 354 
death deficient highwire mutants fail to undergo axon death and remain morphologically 355 
preserved for 7 days. 356 
 357 
[Place Figure 5 here] 358 
 359 
The third method allows for the observation of functional preservation of severed axons and their 360 
synapses in the CNS. It relies on the manipulation of a subset of JO neurons housed in the 2nd 361 
antennal segment which are sufficient to induce antennal grooming. Expression of a red-shifted 362 
channelrhodopsin (CsChrimson) in JO neurons, combined with dietary supplementation of all 363 
trans-retinal, is sufficient to elicit a simple post-synaptic grooming behavior upon red light 364 
exposure12,30. Here, we performed crosses to generate wild type JO neurons, and JO neurons 365 
over-expressing dnmnat (dnmnatOE) (Figure 6A). Wild type flies or flies containing JO neurons 366 
with attenuated axon death (dnmnatOE), both harbor a potent grooming behavior before injury. 367 
However, 7 days post injury (e.g., bilateral ablation of the 2nd antennal segment), grooming fails 368 
to be elicited by optogenetics in wild type flies due to injury-induced axon and synapse 369 
degeneration, while animals with attenuated axon death continue to groom (Figure 6B, Movie 370 
1,2). Attenuated axon death is therefore capable of functionally preserving severed axons and 371 
their synapses for 7 days. 372 
 373 
[Place Movie 1 and 2 here]  374 
 375 
[Place Figure 6 here] 376 
 377 
FIGURE AND TABLE LEGENDS: 378 
 379 
Figure 1: Observation of axon morphology during axon death in the wing. (A) Schematic fly wing 380 
with two sparsely GFP-labeled sensory neurons, which are also separately indicated below. The 381 
site of injury and the field of observation are indicated. (B) Schematic setup for wing imaging. 382 
Injured and uninjured control wings (grey) are mounted in halocarbon oil 27 (red) on a glass slide 383 
(light blue) and covered with a cover slide (black). 384 
 385 
Figure 2: Observation of axon and synapse morphology during axon death in the brain. (A) Side 386 
view of a schematic fly head with GFP-labeled cell bodies, axons and synapses. (B) High-387 
magnification front view of GPF-labeled olfactory receptor neurons and their axons and synapses. 388 
Cell bodies are housed in the 3rd antennal segment, and their axons project into the CNS. Axons 389 
form synapses in a glomerulus in the left olfactory lobe, cross the midline and form synapses in 390 
the glomerulus on the contralateral olfactory lobe. (C) Examples of fly heads with unilateral 391 
antennal ablation. Top: Uninjured control. Middle: Ablation of the 3rd antennal segment. Bottom: 392 
Ablation of the 2nd (and thus also 3rd) antennal segment. (D) Brain preparation. Top: Schematic 393 
dissected fly brain with indicated olfactory lobes and axonal projections in the field of view. 394 
Bottom: Schematic setup for brain imaging. Two clay rolls (green) are mounted onto a glass slide 395 
(light blue), they carry a cover slide sandwich, which contains fly brains (grey). Brains are 396 
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mounted in antifade reagent(purple), surrounded by a lab tape (orange), and covered by two 397 
cover slides (black). 398 
 399 
Figure 3: Optogenetic setup to induce grooming as a readout for axon and synapse function. 400 
(A) Illustration of assembled components required for optogenetics. Infrared (IR) LED spotlight, 401 
camera and red LED spotlight (from left to right, respectively). The components including a 402 
detailed description are listed in the table of materials. (B) Top view illustration of a behavior 403 
chamber including an IR emitter to indicate red LED spotlight activation. (C) Illustration of a single 404 
mount setup. A total of three mount setups are required for the two LED spotlights and the 405 
camera, respectively. 406 
 407 
Figure 4: Approach to study axon death of GFP-labeled sensory neuron axons in the wing. (A) 408 
Schematic crosses to generate wild type and highwire clones in the wing (P0 and F1 generation, 409 
respectively). Virgin females are on the left, males on the right. See table of materials for 410 
genotype details. (B) Examples of control and injured GFP-labeled axons. The field of view is 411 
indicated in (Figure 1A). From left to right: uninjured wild type control axons, wild type axons 1-412 
day post injury, wild type axons 7 days post injury, highwire mutant axons 7 days post injury, 413 
respectively. Arrows indicate severed axons (scale bar, 5 µm). 414 
 415 
Figure 5: Approach to study axon death of GFP-labeled sensory neuron axons in the brain. (A) 416 
Schematic crosses to generate wild type and highwire clones in the brain (P0 and F1 generation, 417 
respectively). Virgin females are on the left, males on the right. See table of materials for 418 
genotype details. (B) Examples of control and injured GFP-labeled axons. From left to right: 419 
uninjured wild type controls, wild type 7 days post unilateral antennal ablation, wild type 7 days 420 
post bilateral antennal ablation, and highwire mutants 7 days post unilateral antennal ablation, 421 
respectively. Arrows indicate severed axon bundles (scale bar, 10 µm). 422 
 423 
Figure 6: Approach to visualize axonal and synaptic function after axotomy. (A) Schematic 424 
crosses to generate wild type and dnmnat over-expressing JO sensory neurons (P0 and F1 425 
generation, respectively). Virgin females are on the left, males on the right. See Table of 426 
Materials for genotype details. (B) Individual ethograms of grooming behavior induced by 427 
optogenetics. Top: individual ethograms of wild type flies before and 7 days after injury (blue). 428 
Bottom: individual ethograms of flies over-expressing dnmnat (dnmnatOE) in JO neurons before 429 
and 7 days after injury (red). Each bin indicates at least 1 grooming behavior within 1 s. The black 430 
line indicates the sum of all bins. (C) Quantification of grooming behavior. Data is shown as 431 
average ± standard deviation, p > 0.001 (one-way ANOVA, multiple comparison with Tukey's post 432 
hoc test). 433 
 434 
Movie 1: Representative wild type grooming behavior elicited by optogenetics before and 7 435 
days after antennal ablation.  436 
 437 
Movie 2: Representative grooming behavior elicited by optogenetics in flies over-expressing 438 
dnmnat in JO neurons before and 7 days after antennal ablation. 439 
 440 
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DISCUSSION: 441 
The protocols described here allow for the robust and reproducible observation of morphology 442 
as well as function of axons and their synapses separated from their cell bodies in Drosophila. 443 
The wing assay facilitates the observation of axon death side-by-side of uninjured control axons 444 
in the PNS14, while the antennal assay facilitates the observation of whole nerve bundles of GFP-445 
labeled axons and their synapses, to assess both morphology and function in the brain (CNS)12. 446 
There are critical steps and certain advantages for each approach to study morphology that have 447 
to be taken into consideration when designing experiments. 448 
 449 
To observe axon morphology in the PNS in the wing, experiments can be readily performed, 450 
because of the transparency of the wing: it allows to bypass dissection and 451 
immunohistochemistry. However, due to the lack of fixation, the wings have to be imaged 452 
immediately after mounting14. Currently, two distinct Gal4 drivers are frequently used, either 453 
ok371-Gal4 or dpr1-Gal4, and both references offer distinct approaches to quantify 454 
degeneration14,26. Sparse labeling of a few neurons is recommended, by using “Mosaic Analysis 455 
with a Repressible Cell Marker (MARCM)”14,31, as the resolution of axonal morphology is 456 
unprecedented. In contrast, the observation of synapses is not possible in wings, they are located 457 
in the ventral nerve cord inside the thorax of the flies. Furthermore, additional axonal markers 458 
cannot be visualized by immunohistochemistry: the waxy cuticle makes it impossible for the 459 
diffusion of fixatives and antibodies into the underlying tissue. 460 
 461 
To observe axon and synapse morphology in the CNS, brain dissections have to be performed. 462 
They offer the advantage of visualizing additional axonal and synaptic markers by the use of 463 
immunohistochemistry, and synapses can be observed alongside axons in the same field of 464 
view10,13. A large collection of characterized olfactory receptor neuron (ORN) Gal4 drivers is 465 
readily available32, and frequently, OR22a-Gal4 is the driver of choice. For antennal ablation, cell 466 
bodies of OR22a neurons are housed in the 3rd segment (Figure 2B). A fluorescence intensity-467 
based quantification is used to quantify the degeneration of either axons or synapses13. 468 
Conversely, experiments are time consuming due to brain dissection and antibody staining.  469 
 470 
To visualize axonal and synaptic function after axotomy, optogenetics is used to trigger antennal 471 
grooming: it serves as a readout for functional preservation of severed axons and their 472 
synapses12. The grooming circuit and corresponding sensory, inter- and motorneuron Gal4 473 
drivers have been thoroughly described29,30. GMR60E02-Gal4 labels a subset of Johnston’s organ 474 
(JO) sensory neurons, which are required and sufficient for grooming29,30. For antennal ablation, 475 
cell bodies of JO neurons are housed in the 2nd antennal segment (Figure 2B). An optogenetic 476 
setup can readily be built from scratch, or an existing setup adjusted. Importantly, experiments 477 
have to be performed in a dark room, and flies thus visualized with an infrared (IR) LED spotlight. 478 
When using CsChrimson as a channel, it is crucial to supply the food with all trans-retinal and a 479 
red LED spotlight to activate JO neurons29. Alternatively, blue light-sensitive channels and a blue 480 
LED spotlight, or the TrpA1 channel and temperature can be used for neuronal activation29,33. 481 
The quantification of grooming behavior has already been described12,29.  482 
 483 
When these assays are used to specifically study axon death, it is important to note that the 484 
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phenotype of morphological or functional preservation should be robust over time. There are 485 
cases where axon death leads to a consistent yet less pronounced phenotype in morphological 486 
preservation34,35, and whether such a phenotype translates into functional preservation remains 487 
to be determined. 488 
 489 
Axon death phenotypes have also been observed in neurons during development of Drosophila 490 
larvae, where nerves were crushed rather than injured11,23. Here, we specifically focused on adult 491 
Drosophila neurons which completed development. In this context, the use of RNA 492 
interference36, or tissue-specific CRISPR/Cas937 can readily be implemented. Importantly, the 493 
above techniques can be used in an axon death independent context: they facilitate the 494 
characterization of neuronal maintenance factors38, axonal transport39, age-dependent axonal 495 
mitochondria changes40, and morphology of axonal mitochondria41. 496 
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Name of Material / Equipment Company Catalog Number Comments/Description

Tweezers (high precision, ultra fine) EMS 78520-5 Antennal ablation

MicroPoint Scissors (5-mm cutting edge) EMS 72933-04 Wing injury

1.5 mL microcentrifuge tube Eppendorf 30120086.0000

35mm tissue culture dish Sarstedt 83.3900

Cover Slips, Thickness 1 Thermo Scientific™ BB02400600A113MNT0

Superfrost Microscope Slides Thermo Scientific™ AA00008032E00MNT10

High-Sensitivity USB 2.0 CMOS Camera, 1280 x 1024, Global Shutter Thorlabs DCC1240M Camera setup

 SM1 Retaining Ring for Ø1" Lens Tubes and Mounts Thorlabs SM1RR

25mm 1/1.2" C mount Lens Tamron M112FM25

Adapter with External M27 x 0.5 Threads and Internal SM1 Threads Thorlabs SM1A36

Aspheric Condenser Lens, Ø25 mm, f=20.1 mm, NA=0.60, ARC: 650-1050 nm Thorlabs ACL2520U-B

Ø25.0 mm Premium Longpass Filter, Cut-On Wavelength: 700 nm Thorlabs FELH0700

SM1 (1.035"-40) Coupler, External Threads, 0.5" Long Thorlabs SM1T2

SM1 Lens Tube Without External Threads, 1" Long, Two Retaining Rings IncludedThorlabs SM1M10

850 nm, 900 mW (Min) Mounted LED, 1200 mA Thorlabs M850L3 IR LED spotlight

SM1 (1.035"-40) Coupler, External Threads, 0.5" Long Thorlabs SM1T2

SM1 Lens Tube Without External Threads, 2" Long, Two Retaining Rings IncludedThorlabs SM1M20

Aspheric Condenser Lens, Ø25 mm, f=20.1 mm, NA=0.60, ARC: 650-1050 nm Thorlabs ACL2520U-B

Ø25.0 mm Premium Longpass Filter, Cut-On Wavelength: 850 nm Thorlabs FELH0850

 SM1 Retaining Ring for Ø1" Lens Tubes and Mounts Thorlabs SM1RR

660 nm, 940 mW (Min) Mounted LED, 1200 mA Thorlabs M660L4 Red LED spotlight

Aspheric Condenser Lens, Ø25 mm, f=20.1 mm, NA=0.60, ARC: 650-1050 nm Thorlabs ACL2520U-B

SM1 (1.035"-40) Coupler, External Threads, 0.5" Long Thorlabs SM1T2

SM1 Lens Tube Without External Threads, 2" Long, Two Retaining Rings IncludedThorlabs SM1M20

15 V, 2.4 A Power Supply Unit with 3.5 mm Jack Connector for One K- or T-Cube Thorlabs KPS101 LED control

T-Cube LED Driver, 1200 mA Max Drive Current Thorlabs LEDD1B

150 mm x 300 mm x 12.7 mm Aluminum Breadboard, M6 Double-Density Taps Thorlabs MB1530/M Mount base

Ø12.7 mm Universal Post Holder, Spring-Loaded Locking Thumbscrew, L = 75 mmThorlabs UPH75/M Mount, 3x (IR LED, red LED, cam)

Ø1.20" Slip Ring for SM1 Lens Tubes and C-Mount Extension Tubes, M4 Tap Thorlabs SM1RC/M

Ø12.7 mm Optical Post, SS, M4 Setscrew, M6 Tap, L = 150 mm Thorlabs TR150/M

Ø12.7 mm Optical Post, SS, M4 Setscrew, M6 Tap, L = 40 mm Thorlabs TR40/M

Right-Angle Clamp for Ø1/2" Posts, 5 mm Hex Thorlabs RA90/M

M6 x 1.0 Stainless Steel Cap Screw, 16 mm Long, Pack of 25 Thorlabs SH6MS16 screws for mount onto base

USB­6001 14­Bit 20 kS/s Multifunction I/O and NI­DAQmx National Instruments 782604­01 Red LED spotlight controller
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20k Ohm 1 Gang Linear Panel Mount Potentiometer TT Electronics/BI P230-2EC22BR20K fintuner for indicator

IR (860nm) emitter, 100 mA radial Osram 475-1365-ND Red light indicator

cable - - Misc

Name of Chemical Company Catalog Number Comments/Description

All-trans retinal Sigma R2625

Ethanol absolute Vwr 20821.296

Halocarbon Oil 27 Sigma H8773

Mowiol Merk 81381

Paraformaldehyde Sigma F8775

Phosphate buffered saline (PBS) Sigma P5493

Sylgard 184 silicone elastomer base Dow Corning Corp 4019862

Sylgard 184 silicone elastomer curing agent Dow Corning Corp 4019862

Triton X-100 Sigma T8787

Name of Reagent/Resource Company Catalog Number Comments/Description

Chicken anti-GFP antibodies Rockland 600-901-215 Antibodies

Goat Dylight anti-Chicken Abcam ab96947

Namne of transgenic fly Company Catalog Number Comments/Description

FM7a, B BDSC RRID:BDSC_785 X chromosome

FRT19A[hs-neo] BDSC RRID:BDSC_1709

hiw[∆N] BDSC RRID:BDSC_51637

hs-FLP[12] BDSC RRID:BDSC_1929

tub-Gal80[LL1] BDSC RRID:BDSC_5132

w[1118] BDSC RRID:BDSC_3605

20xUAS-IVS-CsChrimson::mVenus BDSC RRID:BDSC_55135 2nd chromosome

5xUAS-Gal4[12B] Kyoto RRID:Kyoto_108492

5xUAS-HA::dnmnat BDSC RRID:BDSC_39702

5xUAS-mCD8::GFP[LL5] BDSC RRID:BDSC_5134

ase-FLP[2d] Freeman laboratory Neukomm et al., 2014 (PNAS)

CyO BDSC RRID:BDSC_2555

dpr1-Gal4 BDSC RRID:BDSC_25083

OR22a-Gal4 BDSC RRID:BDSC_9952

ey-FLP[6] BDSC RRID:BDSC_5577 3rd chromosome

GMR60E02-Gal4 BDSC RRID:BDSC_39250

TM3,Sb,e BDSC RRID:BDSC_3644



JoVE60865 manuscript rebuttal letter 
 
We would like to thank all reviewers and the editor for their positive feedback including 
comments and valuable suggestions to strengthen our manuscript. We tried to 
implement most if not all of the suggestions which were brought up. Below, we’ll 
respond point-by-point to each comment. 
 
 

Editorial comments: 
 
Changes to be made by the Author(s): 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there 
are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any 
errors in the submitted revision may be present in the published version. 

 
We’ve proof read the manuscript multiple times ourselves, and hope there are no 
errors left. 
 

2. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. 
For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain 
from using bullets or dashes. 

 
We carefully went through our protocol section and substantially changed it. We 
also ensured that the numbering fits according to the JoVE Instructions for Authors. 
 

3. Please remove all commercial language from your manuscript and use generic terms 
instead. All commercial products should be sufficiently referenced in the Table of Materials 
and Reagents. For example Sylgard 184, Eppendorf tube, chicken anti-GFP, Rockland, goat 
Dylight® anti-chicken, Abcam, 1:500, Mowiol, national Instrument USB Multifunction I/O 
Device (NI273 DAQ 6001, etc. 

 
We removed all commercial language from our manuscript. The details of each 
product can be found in the Table of Materials and Table of Reagents. 
 

4. Please include a single line space between each step, substep, and note in the protocol 
section. 

 
We updated our manuscript accordingly. 
 

5. Please ensure that all text in the protocol section is written in the imperative tense as if 
telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions 
should be described in the imperative tense in complete sentences wherever possible. Avoid 
usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. 
Any text that cannot be written in the imperative tense may be added as a “Note.” However, 
notes should be concise and used sparingly. 

 
We tried to adjust our protocol section accordingly. 
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6. The Protocol should contain only action items that direct the reader to do something. 
Please move the intro/discussion about the protocol to the Introduction/Discussion section 
as applicable. 

 
All our texts that were not action items in the protocol section were either rewritten 
as action items, or relocated and implemented as regular text in the discussion 
section. 
 

7. Please move all the materials to the table of materials. Please make a separate table for 
buffer and solutions. Please do not embed Tables from the manuscript. All tables should be 
uploaded separately to your Editorial Manager account in the form of a .xlsx file. Each table 
must be accompanied by a title and a description after the Representative Results of the 
manuscript text. Please then sort the materials table in alphabetical order. 

 
As already mentioned above under point 3., we carefully went through our protocol 
section and removed all commercial language, where possible, to the table of 
materials. We updated and reformatted the table as well where possible. 
 

8. Please include the volume and concentrations of all solutions used in the experiment. 
 
We added missing volumes and concentrations into the protocol section. 
 

9. The Protocol should be made up almost entirely of discrete steps without large paragraphs 
of text between sections. Please write the actions in a stepwise manner and using complete 
sentences providing all specific details associated with your experiment. Please simplify the 
Protocol so that individual steps contain only 2-3 actions per step. 

 
We tried to stick to 2-3 actions per step. 
 

10. Please ensure you answer the “how” question, i.e., how is the step performed? This will 
include discrete experimental steps, button clicks, the knob turns, etc. 

 
We carefully went through all action steps in the protocol section and asked the 
“how” question in every step.  
 

11. 1.2.1: How are the crosses performed. Please detail all the action. 
 
We now added more details to describe the crosses in the action steps. 
 

12. Line 220: Please detail how to perform MARCM crosses. 
 
We added more details to describe the crosses in the action steps. In addition, we 
also added the MARCM crosses as schematics in each result figure. 
 

13. Ste 3.1: Please rewrite this part as a numbered action step, describing the action being 
performed. 

 



We re-wrote this section as action steps. It is important to notice that we do not 
want to encourage the readers to build precisely such a setup. Each laboratory can 
use its own optogenetic setup, and adjust it accordingly. 
 

14. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. 
Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that 
identifies the essential steps of the protocol for the video, i.e., the steps that should be 
visualized to tell the most cohesive story of the Protocol. 

 
We understand that we do not exceed the 10-page limit. 
 

15. Please obtain explicit copyright permission to reuse any figures from a previous 
publication. Explicit permission can be expressed in the form of a letter from the editor or a 
link to the editorial policy that allows re-prints. Please upload this information as a .doc 
or .docx file to your Editorial Manager account. The Figure must be cited appropriately in 
Figure Legend, i.e. “This figure has been modified from [citation].” 

 
We did not reuse figures from any previous publication. 
 

16. As we are a methods journal, please ensure that the Discussion explicitly covers the 
following in detail in 3-6 paragraphs with citations: 
a) Critical steps within the protocol 
b) Any modifications and troubleshooting of the technique 
c) Any limitations of the technique 
d) The significance with respect to existing methods 
e) Any future applications of the technique 

 
We significantly expanded on details in the discussion section, making sure that the 
five points mentioned above are covered to the best of our knowledge. 
 

17. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., 
LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage, (YEAR).] For more 
than 6 authors, list only the first author then et al. 

 
We formatted our references by using the JoVE format in our citation manager. 
 
 

Reviewers' comments: 
 
Reviewer #1: 
 
Manuscript Summary: In the manuscript, "Functional and morphological evaluation of axons 
and their synapses during axon death in Drosophila melanogaster", Paglione et al describe a 
set of assays that allow for assessment of neuronal morphology and/or function following 
neuronal injury. These are some clever and to my knowledge, very robust, assays that have 
been used in the field to identify and characterize so-called "axon death" genes. It is a very 
good idea to publish video instructions for these assays as they could be even more broadly 
used in the neuron degeneration field. 



 
Criticisms: The protocols are overall clear but would profit from some more detail in the 
instructions (1). Also some of the figures could be a little more adapted to the protocols (2). 
 
Major Concerns: 
(1) A major use of these protocols is to characterize new degeneration genes. This would 
obviously be implemented at the level of the genetic cross, but the crosses are not explained 
at all. In particular, the images for protocols 1 and 2 involve relatively complicated clonal 
("MARCM") experiments that require some genetic knowledge to be carried out, and the 
reagents for which are not listed. I think it would be helpful to include a simple crossing 
scheme in the protocol that can be adapted to the study of new genes for people who are not 
so familiar with fly genetics (maybe involving dsRNA expression driven by one of the listed 
GAL4 lines). This would also allow the protocol to be adapted more easily to the study of other 
degenerative conditions (how adaptation to other disease studies can be achieved should 
also be briefly discussed). 

 
We thank reviewer #1 for the specific concern and suggestion. We now included in 
all of our action steps more details covering how to perform MARCM and “regular” 
crosses. Furthermore, we added a schematic describing our genetic crosses in 
each result figure. This should make it feasible to adapt crosses according to 
individual needs. In the discussion section, we also mentioned that either RNAi or 
CRISPR/Cas9 can readily be implemented in our crosses. 
 

(2) Figure 1 essentially contains a schematic description of the fly olfactory system but no hint 
as to how to use it in the injury assay. At least it should be indicated where the antenna must 
be pinched off. A photo would be helpful in my opinion. 

 
We agree with this suggestion. Figure 2C (formally figure 1) highlights which part 
of the antennae has to be ablated. 
 

Minor Concerns: (personal opinion) while the optogenetic behavior assay is an awesome way 
to demonstrate functionality of severed axons, the appropriate setup is not so easy to come 
by. I remember dimly there is a behavioral assay based on the wing neurons that induces 
kicking or wing grooming that can be induced just by stroking the wing? That would even 
allow for simultaneous morphology/function assessment of the same neurons. 

 
We agree with reviewer #1. We did not intend the idea that a novel optogenetic 
setup should be built for this. In fact, an existing optogenetic setup can be adjusted 
accordingly. 
 
The suggestion to use wing stroking as an approach does not work in this context, 
unfortunately. Stroking is sensed by mechanosensory neurons, which have their 
dendrites projected into the mechanosensory bristles. Injury would result in cut-off 
mechanosensory bristles, thus dendrites and cell bodies. Stroking would therefore 
fail to activate the axon. 
 

Reviewer #2: 
 



This protocol describes two methods for evaluating axon degeneration in Drosophila: antenna 
removal, and wing injury; as well as an optogenetic method for examining axon function 
following antenna removal. Both axon damaging methods have been used in multiple studies 
that made valuable contributions to the axon degeneration field, so a JoVE video is likely to 
be useful to multiple labs. The optogenetic method is an ingenious way to evaluate the 
function of detached axons that has the potential to be used more widely. 
 
Although I cannot personally comment on the specific technical details of this protocol, since 
I don't have experience with these methods, the protocol is clearly written and thorough. The 
video itself will be most useful for illustrating the dissection procedures—removing antennae, 
dissecting the brain, cutting the wing, etc—since these procedures are difficult to describe in 
words. This is already a comprehensive protocol, but the one subject that could be discussed 
more is image analysis. Not much needs to be said about this, but a brief mention of how 
images can be scored would be appreciated. 

 
We thank reviewer #2 for the nice and positive feedback. In the action steps, we 
included a comment indicating that there are already many useful websites out 
there which provide a detailed visualization of brain dissection. However, we will 
show how to perform wing injury and antennal ablation in a video recorded by the 
film crew. We also added references in the discussion containing image analyses 
information, e.g. how quantification is performed in each distinct approach. 
 

Reviewer #3: 
 
Manuscript Summary: The authors have prepared a manuscript discussing the state of the art 
of procedures for studying axon destruction in the fruit fly Drosophila melanogaster. Three 
methods for observing the Wallerian degeneration of axons are described: Antennal ablation 
and observation of CNS axon destruction, Wing injury and PNS axon ablation and 
optogenetics analysis of fly grooming behaviour. The manuscript gives a clear description of 
experimental protocols, which are written in a manner appropriate for an audience with some 
basic experience in working with Drosophila. Expected results are clearly described, including 
clear figures illustrating examples of phenotypic differences when axon destruction mutant 
genes are tested. Useful videos of expected results for the optogenetic assay are provided. 

 

Major Concerns: There are no Major issues with the manuscript, however I have several minor 
points to address. 
 
Minor Concerns: 
Line 98-100: axon death signaling is activated not only when the axon is cut, crushed or 
stretched24,25, it also seems to be a major contributor in different animal models of 
neurological conditions, e.g. where axons degenerate in an injury-independent manner4 
- This statement is a little bold. Evidence from models of neurodegenerations are not entirely 
supportive of a of role axon destruction signaling genes in their pathogenesis and progression. 
Examples of effective and ineffective modification of neurodegenerative phenotypes would 
be useful for the reader. 

We changed the sentence in the following way: “Importantly, axon death signaling 
is activated not only when the axon is cut, crushed or stretched24,25, it also seems 
to be a contributor in distinct animal models of neurological conditions, e.g. where 



axons degenerate in an injury-independent manner4, yet with a range of beneficial 
outcomes4,8.” 
 

Line 118-120: The Gal4/UAS system combined with the clonal tools, they allow for the 
observation of individual axonal and synaptic morphology either in the central, or peripheral 
nervous system (CNS and PNS, respectively)12,13 
- Language is a little unclear in the first half of this statement. What are "the clonal tools"? 

 
We added more details to describe the crosses in the action steps. In addition, we 
also added the MARCM crosses as schematics in each result figure. This should 
help the reader to understand what genotypes were used in this manuscript. 
 

The authors may consider adding a brief statement and citation for reader interested in 
mammalian models for axon destruction, for example neuronal culture and rodent nerve 
cut/crush injury models. 

 
We appreciate this concern. However, we’d like to focus in our article on the tools 
in Drosophila, and how they can be used in a broader context. We therefore would 
like not to mention mammalian models and the approached used there. 
 

The sequence of experimental procedures might be more logically arranged as 1. Wing 
Ablation; 2. Antennae ablation; 3. Optogenetic assay of antennae ablation flies. 

 
We fully agree with this suggestion and arranged the experimental procedures 
accordingly. We also changed the sequence in the discussion. In addition, we 
changed the title of our article from “Functional and morphological evaluation…” to 
“Morphological and functional evaluation…”, so that it is in line with the novel 
arrangement. 
 

Though videos of Drosophila brain dissection are available via other sources (for example 
Janellia Farm website) a video demonstrating the procedure for antennae and wing injury 
would be helpful additions to the manuscript. 

 
We agree with this suggestion. Instead of a video, we now included Figure 2C 
highlighting the parts of antennae to be ablated with tweezers. In addition, we also 
provided a link from Janelia Farm (Section 2.2.) which thoroughly explains how to 
perform Drosophila brain dissections. 
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 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, motion 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 MyJove 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. 
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 
JoVE, 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 all 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 all 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 all 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 6 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.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such 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. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE 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 Materials 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. 
10. 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, and/or 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. 
11. 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. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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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 sole 
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 
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.  
12. 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 other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold 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 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. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of 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 US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. 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 is required per submission. 
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