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SUMMARY: 24 
We present a method specifically tailored to image the whole brain of adult Drosophila during 25 
behavior and in response to stimuli. The head is positioned to allow optical access to the whole 26 
brain, while the fly can move its legs and the antennae, the tip of the proboscis, and the eyes can 27 
receive sensory stimuli.  28 
 29 
ABSTRACT:  30 
We present a method developed specifically to image the whole Drosophila brain during ongoing 31 
behavior such as walking. Head fixation and dissection are optimized to minimize their impact on 32 
behavior. This is first achieved by using a holder that minimizes movement hindrances. The back 33 
of the fly’s head is glued to this holder at an angle that allows optical access to the whole brain 34 
while retaining the fly’s ability to walk, groom, smell, taste and see. The back of the head is 35 
dissected to remove tissues in the optical path and muscles responsible for head movement 36 
artefacts. The fly brain can subsequently be imaged to record brain activity, for instance using 37 
calcium or voltage indicators, during specific behaviors such as walking or grooming, and in 38 
response to different stimuli. Once the challenging dissection, which requires considerable 39 
practice, has been mastered, this technique allows to record rich data sets relating whole brain 40 
activity to behavior and stimulus responses. 41 
 42 
INTRODUCTION:  43 
Imaging brain activity using various techniques have deepened the understanding of brain 44 

Manuscript Click here to access/download;Manuscript;61876_R1.docx

mailto:alexandra.woller@online.de
mailto:paul@bandow.de
mailto:aimon.sophie@gmail.com
mailto:ilona.grunwald@tum.de
mailto:aimon.sophie@gmail.com
https://www.editorialmanager.com/jove/download.aspx?id=1253935&guid=32b6b577-37b8-4bda-ad16-7a4dc925778f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1253935&guid=32b6b577-37b8-4bda-ad16-7a4dc925778f&scheme=1


   

function. In humans, brain imaging techniques have important limitations: while functional 45 
magnetic resonance imaging (fMRI) offers spatio-temporal resolution far below single neuron 46 
resolution, fast techniques such as electroencephalography (EEG) only allows indirect and partial 47 
access to the brain1. In sufficiently big animal models such as rodents, recording of fluorescent 48 
activity sensors (e.g., GCaMP) using head-mounted microscopes permits to observe brain activity 49 
while the animal is moving in its environment2. Nevertheless, these techniques currently give 50 
access only to a small portion of the brain. Head-fixed animals can be imaged more 51 
comprehensively, but coverage is still partial (e.g., the cortex surface3). It is only in small animals, 52 
such as the zebrafish larvae, C. elegans and Drosophila that the whole brain can be imaged with 53 
temporal and spatial resolution at the level of or close to single neurons4.  54 
 55 
D. melanogaster is particularly promising because it has long been used as a genetic model 56 
organism5 and powerful genetic tools have been developed6. Complemented by the new large 57 
scale anatomical network derived from electron microscopy7, the fly could provide unique 58 
opportunities to study complex brain dynamics generated on a large scale network8. Although 59 
the cuticle is not transparent, and must thus be removed to image the brain, in vivo functional 60 
imaging has become more and more common place since the first study in 20029 and several 61 
protocols have already been published. However, these methods involve either separating the 62 
fly head from the body10, severely restricting the fly’s movements and/or responses to stimuli11–63 
15, or only permitting a small part of the brain to be imaged9,16,25–27,17–24. To complement these 64 
nevertheless powerful approaches, we recently developed a preparation to image the whole 65 
brain during behavior and responses to various stimuli28. 66 
 67 
Here, we build upon this study to present a method specifically developed to image the whole 68 
brain while the fly performs semi-naturalistic behavior (i.e. walking and grooming) and responds 69 
to sensory stimuli. This is achieved by using an observation holder designed to give access to the 70 
whole brain from the dorsal-posterior side, while leaving the antennae and proboscis intact, and 71 
permitting the fly to move its legs to walk (e.g., on an air-cushioned ball). Steps for dissecting the 72 
back of the head have been refined for speed, reproducibility, and to minimize their effect on the 73 
viability and mobility of the fly. 74 
 75 
PROTOCOL: 76 
 77 
All steps are performed under a stereomicroscope. 78 
 79 
1. Preparing the holder 80 
 81 
1.1. Print the holder ‘FlyholderVJove.stl’ (see Supplementary Material) with a 3D printer or 82 
have it printed using online services (Figure 1A). Both SLS (Nylon PA12) and multijet fusion (PA12) 83 
are suitable. 84 
 85 
1.2. Create the head slot. 86 
 87 



   

1.2.1. Place a piece of sticky tape rectangularly on a flat surface. Cut a slice of approximately 5 88 
mm x 1 cm. Cut the neck slot (~400 x 400 µm) in the middle of the longer side of the tape using 89 
fixed parallel blades (two scalpel blades stuck together) to ensure the same width in every holder 90 
(Figure 1B).  91 
 92 
1.2.2. Place the tape over the flatter side of the hole in the holder on the bottom side (see Figure 93 
1C and Figure 1D). The tape can be deformed by pushing it down with forceps ~500 µm around 94 
the hole; this will further minimize hindering later fly movements.  95 
 96 
1.2.3. Cover the tape and the holder from the top with black nail polish to prevent the buffer 97 
from leaking out. The black nail polish will also protect the fly’s eyes from the excitation light of 98 
the microscope. Let the nail polish dry at least an hour before using the holder.  99 
 100 
1.2.4. Once the nail polish is dry, add ~1 µL of grease in the head slot using a rolled tissue to 101 
ensure the glue will not wet the back of the fly’s head (Figure 2A). Make sure not to put grease 102 
outside of the slot that would prevent the glue from sticking. 103 
 104 
1.3. Create the body slot (Figure 2B). 105 
 106 
1.3.1. Optionally, prepare the tape that will be used to position the fly’s body (see below) in 107 
advance. Use the design shown in Figure 2B top to cut a piece of ~2 cm wide tape in two and cut 108 
1.5 mm wide slices. Cut out 0.3 mm deep shoulders and body slot. Make sure that it fits the 109 
holder. 110 
 111 
NOTE: The variability between fly sizes (in particular with sex, age, genotype or species) can make 112 
it necessary to adjust the tape design. If the head tends to be ill-centered, it can be helpful to add 113 
a V-shaped piece of tape temporarily over the neck slot (Figure 3). Also apply a few microliters 114 
of grease inside the neck slot and on the V-shaped tape.  115 
 116 
2. Placing the fly 117 
 118 
NOTE: One to four days old female flies are ideal because the female head is bigger and thus 119 
easier to dissect than the male head, and younger flies have softer cuticle. For walking 120 
experiments the activity of the fly can be increased by matching the experiments with times of 121 
higher circadian activity (ZT0 or ZT11), by using saline containing glucose (such as 103 mM NaCl, 122 
3 mM KCl, 5 mM TES, 8 mM trehalose 2 H2O, 10 mM glucose, 26 mM NaHCO3, 1 mM NaH2PO4, 123 
2.5 mM CaCl2·2 H2O, 4 mM MgCl2·6 H2O), by starving the fly up to 24h with a water only 124 
environment, and by heating the environment to ~28 °C during the experiment. Clipping the 125 
wings at least one days in advance also helps to decrease attempts to fly and thus increase the 126 
frequency of walking bouts7,29,30. 127 
 128 
2.1. Fill a Petri dish or pipette tip box lid with ice, place a laboratory tissue on top of the ice 129 
and set the holder upside down on it. 130 
 131 



   

2.2. Transfer a fly on ice to paralyze it by sucking it from its vial into a tube and blowing it onto 132 
the ice (make sure the ice is not melted which would drown the fly).  133 
 134 
2.3. When the fly stops moving, use dull forceps to slide it into the holder with the neck inside 135 
the slot (the fly can be held at the basis of the wing) as in Figure 4, left. The eyes should be at 136 
equal positions in respect to the sides of the slot (Figure 4, middle). If needed, add 1 µL grease 137 
on the top of the head to prevent the glue (see next step) from reaching the back of the head 138 
and remove later. 139 
 140 
2.4. Cover the body with a tissue and some ice to make sure the fly does not move during this 141 
step and the next (Figure 4, right). Another option to prevent the legs from reaching the head is 142 
to use a piece of tape just below the head (see Figure 6). 143 
 144 
3. Securing the head 145 
 146 
3.1. Place the head at a ~20° angle from a fully posterior view (around the lateral axis, see 147 
Figure 5A). This is a compromise between decreasing the depth to image and on the other side 148 
maintaining the front leg free to move and minimizing the stretch of the neck. 149 
 150 
3.2. With a rolled-up tissue (Figure 5B), put UV-glue around the head while avoiding soiling 151 
the sensory area of interest (antennae, proboscis and/or eyes). For taste experiments, pull the 152 
proboscis out and add glue at its base to prevent movement. If no taste experiment is planned, 153 
the proboscis is best pushed into the head and fixed with glue to minimize movement (Figure 6). 154 
 155 
3.3. Cure the glue with UV-light for 5 s. Carefully clean the surrounding of the head with a 156 
rolled-up tissue to remove remaining liquid glue that could stick to the legs and/or soil sensory 157 
areas.  158 
 159 
NOTE: The tape can be roughed with sandpaper to increase glue adhesion if necessary. 160 
 161 
3.4. Use a thin strip of tape or a rolled-up tissue to move the legs to the front (if they are not 162 
already) so they will not be damaged by the next step. 163 
 164 
4. Positioning the body  165 
 166 
NOTE: This step needs to be performed fast; before the fly recovers from anesthesia. 167 
 168 
4.1. Remove the ice container and turn the holder around. Remove the water around the fly 169 
with a tissue. 170 
 171 
4.2. Place the body slot tape (created in step 1) over the hole and gently push the fly’s body 172 
down (Figure 7). Be careful to not stretch the neck too much.  173 
 174 
5. Sealing the hole 175 



   

 176 
5.1. Cover any remaining large holes with tape. 177 
 178 
5.2. Add ~1 µL of grease to the back of the head and in the neck area to make sure no glue 179 
will wet there. 180 
 181 
5.3. With a rolled-up tissue, paint UV-glue around and on top of the tape and on the thorax 182 
(upper dorsal part of the mesonotum) to fix it. Cure the glue with UV-light for ~5 s. 183 
 184 
NOTE: It is important to minimize the use of UV light as it can strongly affect the fly’s health. 185 
 186 
5.4. Carefully clean grease and uncured glue with a laboratory tissue.  187 
 188 
5.5. Put ~1 mL of saline on top of the head. Push air bubbles aside with forceps. Look for leaks 189 
by placing a coverslip over the saline and turning the holder around to check for saline on the 190 
front side. If there are any leaks, remove the saline and fix the hole (either by adding more glue 191 
or more grease). 192 
 193 
NOTE: This can be a good time to pause if necessary. The fly can be offered a small piece of tissue 194 
or Styrofoam ball to walk on to prevent flailing and calm the fly down. 195 
 196 
6. Dissecting the head 197 
 198 
NOTE: Use sharpened forceps for the following steps. Very fine forceps are critical as dull forceps 199 
will make it more difficult to open the head cuticle and may lead to additional injuries on the fly’s 200 
head or brain. Strong magnification can help at this stage. To that aim, one can replace the 201 
oculars of the binocular microscope with 30x oculars. 202 
 203 
6.1. Make two cuts at the base of the central dark cuticular triangle on each side of the neck 204 
(see crosses in Figure 8A). 205 
 206 
6.2. Cut around the dark triangle and remove this part of the cuticle. 207 
 208 
6.3. The hole in the brain through which muscle 16 and the esophagus go should now be 209 
visible and move rhythmically (Video 1 presents this rhythmic movement in a fly with fluorescent 210 
muscles). Carefully pinch the top of this area to cut muscle 16 without puncturing the esophagus. 211 
If the rhythmic movement of the brain stopped, muscle 16 was likely removed, however, the 212 
movement sometimes pause and restart later. It is thus important to pay attention to rhythmic 213 
movements and perform this step again if necessary. 214 
 215 
6.4. Cut the remaining cuticle in small pieces and remove them carefully. Try not to pull on 216 
the cuticle too much. Instead use the forceps like a pair of scissors, to cut pieces of tissue. One 217 
can start on the medial edges, where the dark triangle was removed before and work one’s way 218 
to the sides.  219 



   

 220 
NOTE: Pieces of cuticle can be used to gently scrape of fat bodies if present. 221 
 222 
6.5. Remove the air sacks one piece after the other by grabbing them with the forceps and 223 
pulling slowly and steadily. 224 
 225 
REPRESENTATIVE RESULTS:  226 
The preparation described above allows observation of the whole brain under a microscope for 227 
large scale 3D imaging such as classical 2 photons or confocal microscopy, but also faster 228 
techniques such as light sheet31 and other structured illumination microscopy techniques 229 
(reviewed in32), or light field microscopy28.  230 
 231 
The access to the whole brain while observing the behavior and maintaining functional sensory 232 
organs allows to answer several questions.  233 
 234 
First, what is the overall brain activity when the fly is at rest, during behavior, and when it 235 
responds to stimuli? As an example, we include data obtained with a light field microscope 236 
showing brain activation during responses to stimuli and behavior. For example, in Video 2, a 237 
calcium probe was expressed in all neurons (nsyb-GAL4 and UAS-syt-GCaMP6s (left) or UAS-238 
GCaMP6M (right)) and a puff of odor was presented. Notice how the preparation allows to get 239 
an overview of brain activity during the response to the stimulus. The powerful genetic tools in 240 
Drosophila can be used to restrict the expression of these sensors to specific neuronal sub-types. 241 
In Video 3, we restricted the expression of a calcium sensor to dopaminergic and serotoninergic 242 
neurons (TH-GAL4, DDC-GAL4 and UAS-GCaMP6M). Notice the strong synchronous activity over 243 
the brain tightly correlated with the fly walking, allowed by observing the whole brain during 244 
behavior. In addition to calcium activity, other physical or chemical signals can be imaged (using 245 
for example sensors for voltage28,33, metabolism products34,35 or specific neuromodulators36). 246 
 247 
To understand brain activity’s role more specifically, we can ask what regions are involved in what 248 
behavior, response to stimuli or spontaneous patterns of activity. The data can indeed be used 249 
as an unbiased screen to extract functional regions using techniques such as principal component 250 
analysis and independent component analysis. Figure 9A shows different functional regions in 251 
different colors. The shape and localization of the functional regions allow to map them to 252 
anatomical templates to identify brain regions and in some cases neuron type. Furthermore, once 253 
aligned to the anatomical template, fluorescence values can be average in anatomical brain 254 
regions for quantitative analysis (see Figure 9B). For example, a hierarchical gaussian model 255 
applied to data in Figure 9B shows that regions are more active during walk (with a ΔF/F median 256 
of 0.029, 95% credible interval=[0.017 0.041]) but not during groom (ΔF/F median = -0.0049 with 257 
95% credible interval=[-0.016 0.0059]). 258 
 259 
Adding to the understanding depth, the simultaneous recordings of the different functional 260 
regions allowed by the preparation can be used to study the dynamical properties of the 261 
functional network. This is important because brain regions in all brains studied so far are highly 262 
recurrently interconnected and more and more studies show that even sensory areas respond to 263 



   

the animal’s behavioral state. Several aspects can be looked at such as functional graph 264 
properties (e.g., modules) and spatio-temporal patterns that can be fit with dynamical systems 265 
(see 8 for examples). 266 
 267 
FIGURE AND TABLE LEGENDS:  268 
Figure 1: Preparing the holder (step 1). A) Holder design (view from the top). B) Neck slot 269 
preparation. top: tape design, bottom: parallel blades used to cut the neck slot. C) View of the 270 
holder from below. D) Bottom view indicating where to add the neck slot tape.  271 
 272 
Figure 2: Further preparations (step 1). A) Add grease into the neck slot to prevent glue to cover 273 
the back of the head and to prevent saline leaks. Scale bars, 1 mm. B) Top: shape of the piece of 274 
tape that will be used to push the body down. Bottom: make sure the tape fits the holder.  275 
 276 
Figure 3: Placement of a v-shaped piece of tape to aids centering. (A) Bottom view. (B) Top view. 277 
Scale bar, 2 mm. 278 
 279 
Figure 4: Place the fly (step 2). Left, use two dull forceps to place the body so that the neck is in 280 
the neck slot. Middle, align the head. The eyes lie on both sides on the edges of the slot. The fly’s 281 
head is straight. Right, tuck the fly with a tissue covered with ice to keep it from moving. Scale 282 
bar, 1 mm. 283 
 284 
Figure 5: Fix the head (step 3). A) Ideal angle of the head. B) Add UV glue around the head, 285 
avoiding sensory areas of interest. Scale bar, 1 mm. 286 
 287 
Figure 6: The proboscis’ tip and the antennae can be kept free from glue (step 3). The white 288 
circle indicates the area where the UV-glue has been applied. The arrow shows which parts are 289 
left free from glue for olfactory and gustatory experiments. Note the optional tape that prevents 290 
the legs from touching the glue area. Scale bar, 200 µm. 291 
 292 
Figure 7: Place the back tape (step 4.2). The tape created in step 1 (see Figure 2, left) is used to 293 
place the body and cover the large hole in the holder. Scale bar, 1 mm. 294 
 295 
Figure 8: Dissection steps (step 6). A-B) Cut on each side at the base of the dark triangle (crosses) 296 
and remove this part of the cuticle C). D) and E) remove muscle 16. Then gently remove the rest 297 
of the cuticle F), the air sacks G), and muscles. H) Dissected head. Scale bar, 200 µm. 298 
 299 
Figure 9: Representative results. A) Functional regions (extracted using PCA and ICA as in 28) for 300 
a fly expressing GCaMP6 pan-neuronally imaged with a light field microscope (25x, NA=0.95 with 301 
a matching f/12 micro lens array). Scale bar, 100 µm. B) Average calcium activity in large brain 302 
regions during responses to stimuli and behavior (reproduced from28). 303 
 304 
Video 1: Muscle 16 movements (step 6.3). GFP was expressed in muscles. Note the pumping 305 
movement that comes from the hole just above the trachea. 306 
 307 



   

Video 2: Pan-neuronal calcium activity during response to odor for two different preparations. 308 
Balsamic vinegar was puffed onto the fly. Pan-neuronal calcium activity (nsyb-GAL4 driver, UAS-309 
syt-GCaMP6s left and UAS-GCaMP6M right) was imaged with a light field microscope (25x, 310 
NA=0.95 with a matching f/12 microlens array). Light field images were then reconstructed as 311 
described in ref.28,37. 312 
 313 
Video 3: Calcium activity in a neuron type subset during behavior. GCaMP6 was expressed in 314 
dopaminergic and serotoninergic neurons (with TH-GAL4 and DDC-GAL4). In combination with 315 
the fly genetic tools, the preparation allows to observe a strong increase in activity in many 316 
regions during walk. 317 
 318 
DISCUSSION: 319 
Drosophila is one of the rare adult animals that whole brain can be imaged during complex 320 
behaviors. Here, we present a method to prepare the fly and expose its whole brain to image 321 
ongoing whole brain activity. Several important points should be noted. 322 
 323 
Dissecting a small animal such as D. melanogaster is challenging. The method thus requires a lot 324 
of practice and patience to master it. However, after training, the procedure takes less than 30 325 
minutes and produces reproducible results.  326 
 327 
The method we presented has additional limitations. First, tilting the fly head from its natural 328 
position leads to stretching the neck which could be damaging to connective tissue, nerves or 329 
muscle. Second, although the ventral sub-esophageal zone (SEZ) is optically accessible, it is below 330 
the semi-transparent esophagus, which decreases the intensity and resolution in this area. 331 
Finally, although the holder is out of reach in most directions, the fly still sometimes realizes its 332 
presence and pushes on it to try to escape.  333 
 334 
Despite these limitations, the comprehensive data obtained from whole brain imaging during 335 
behavior and responses to stimuli will make it possible to decipher brain function at the level of 336 
the whole network when the animal interacts with and navigates complex, naturalistic 337 
environments. 338 
 339 
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black

soft handle
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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. 

We have carefully proofread the manuscript. 

2. Please specify which video is Movie 1: Muscle16_movie.avi or 

pbio.2006721.s001.avi? 

We have changed the name to Video 1 to match the Jove nomenclature. 

3. Please provide a legend for Movie 1 and Movie 2. 

We have added legends for the videos. 

4. Please include a scale bar for all images taken with a microscope to provide context 

to the magnification used. Define the scale in the appropriate Figure Legend. 

We have added scale bars. 

5. For in-text formatting, corresponding reference numbers should appear as numbered 

superscripts after the appropriate statement(s). 

This has been corrected. 

6. Please revise the title for conciseness. 

We have modified the title to “Preparing adult Drosophila melanogaster for whole brain 

imaging during behavior and stimuli responses”. We believe that all the remaining 

elements are important to identify the study. 

7. Please add more details to your protocol steps. Please ensure you answer the “how” 

question, i.e., how is the step performed? 

Rebuttal Letter Click here to access/download;Rebuttal
Letter;JoveRebuttalSubmitted.docx
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We have added details throughout the protocol. 

8. 1.1: Does the printing material matter? 

We have added details for the printing material: ”Both SLS (Nylon PA12) and multijet 
fusion (PA12) are suitable.” 

 
9. 1.2: What are the dimensions of the sticky tape? 

We have added the width of the sticky tape: “Cut slices of approximately 5 mm x 1 cm.” 

 
10. 1.3: Create the body slot how? Please quantitate how much grease to use. 

We have added precisions on how to cut the tape for pushing the body down. “Use the 
design shown in Fig. 2A top to cut a piece of ~2cm wide tape in two and cut 1.5 mm 
wide slices. Cut out 0.3 mm deep shoulders and body slot.” 

We have added precision on the grease quantity: “add a few microliters of grease in the 
head slot using a rolled tissue to ensure the glue won’t wet the back of the fly’s head. 
Make sure not to put grease outside of the slot that would prevent the glue from 
sticking. 

 
11. 2.1: How much is used? 

We have added modified to: “Fill a Petri dish or pipette tip box lid with ice.” 

 
12. Please specify all volumes and amounts used throughout. 

We have added the volumes for grease and saline. 

 
13. Please revise the Representative Results in the context of the technique you have 
described, e.g., how do these results show the technique, suggestions about how to 
analyze the outcome, etc. 

We have drastically revised the section Representative Result, with a new structure, 
new original examples, and an example of analysis of the outcome. We have clarified 
why these representative results are specifically enabled by the technique described in 
the protocol. 

 
14. Please avoid bulleted lists in the Representative Results. 

We have rewritten the whole section and removed the bullet list. 

 
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 the Figure Legend, i.e. “This figure has been modified from [citation].” 

We have added a .docx file with the link to the policy for figure 9, and we have added 
the citation in the caption. 

 
16. 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 have corrected the formatting. 
 
 
 
 

Reviewers' comments: 

 
Reviewer #1: 
Manuscript Summary: 
Woller et al. describes methods to making a fly holder, fixing and dissecting the fly for 
the whole brain imaging technique. Even thought their description of the protocol is 
detail, actual video demonstrating each and every step of the procedure is strongly 
desired. Many of the written protocol cannot replace actual demo. 
Major Concerns: 
Although fly preparation is critical for the whole brain imaging, I wonder if authors are 
considering inclusion of steps to modify the microscope that enables light-field 
microscopy. Fly head fixation and dissection alone has been described multiple times in 
other studies in detail, although the described methods and procedures are not identical 
to others and that may appeal to some readers. 

 
We thank the reviewer for their interest in our Jove protocol. The protocol we present is 
the first (to our knowledge) to show how to prepare the fly for whole brain imaging 
during behavior, and each step has been specifically developed and optimized for this 
purpose. We have made this clearer in the abstract and in the text. 

“a method specifically developed to image the whole brain while the fly performs semi-
naturalistic behavior (i.e. walking and grooming) and responds to sensory stimuli.” 
 

Although light field microscopy is particularly indicated for fast large-scale 3D brain 
imaging, other slower technique with higher spatial resolution might also be used in 
combination to the preparation technique we describe. We thus believe that our unique 
preparation that allows for whole brain imaging during behavior is valuable in itself, 
independent of the imaging technique used. 



 
We have added a small paragraph making this point clearer: 
“The preparation described above allows to observe the whole brain under a 
microscope for large scale 3D imaging such as classical 2 photons or confocal 
microscopy, but also faster techniques such as light sheet31  and other structured 
illumination microscopy techniques (reviewed in 32), or light field microscopy 28.  “ 
 

Minor Concerns: 

Inclusion of the brain activity video is impressive, but there is no description of how this 

was done. 

We have added descriptions of the representative results in the text and captions. 

 

Reviewer #2: 

Manuscript Summary: 

The authors report a beautiful protocol on a method for optically imaging large parts of 

the Drosophila brain while the animals can be stimulated with a variety of sensory cues 

and while the animals are free to move their legs. The article is nicely introduced and 

advantages and disadvantages are mentioned. The protocol is sufficiently detailed and 

very clearly written. It will be of interest to the broad community of researchers working 

with Drosophila. I have no major points of concern and recommend that the protocol will 

be published. 

 

Major Concerns: 

None. 

 

Minor Concerns: 



The authors write in the introductory section that "... functional imaging is becoming 

more and more common place and several protocols have already been published". 

That is correct, and I totally agree with it. Actually, functional brain imaging in Drosophila 

is common place since more than 15 years. But I would find it appropriate to cite those 

studies that have made this advance possible. As it reads now it seems as if the studies 

cited (mostly from recent years) have accomplished to make optical imaging in 

Drosophila feasible. Of course, it is a common phenomenon that every ~ 10-15 years a 

new generation of scientists re-invents a particular technique with significant 

improvements when compared with previous approaches. This is also the case here: 

novel sensors, better microscopes and more elaborated brain peparations are of 

advantage so that a larger brain volume can be monitored and the flies can move their 

legs. Still, the foundations have been set with the invention of in vivo optical imaging in 

Drosophila: The authors might want to cite these papers to show on which shoulders 

the entire, nowadays commonly used technique actually rests, and what the actual very 

valuable advance in the protocol presented actually is: 

 

- Fiala et al. (2002), Current Biology, Volume 12, Issue 21, Pages 1877-1884. The first 

in vivo optical imaging study in Drosophila at all. 

- Fiala and Spall (2003), Science's STKE Vol. 2003, Issue 174, pp. pl6. The first in vivo 

optical imaging protocol in Drosophila. 

- Strutz et al. (2012). Calcium imaging of neural activity in the olfactory system of 

Drosophila. In J.-R. Martin (Ed.), Neuromethods / Genetically Encoded Functional 

Indicators (pp. 43-70). doi:10.1007/978-1-62703-014-4_3. The tilting of the fly head and 



the holder described in the present manuscript strongly resembles the preparation 

technique described by Antonia Strutz from Silke Sachse's lab. 

 

Also, those techniques that are designed not to image the whole brain, but only small 

numbers of neurons with precision, would be good to mention, e.g. Hancock et al. 

(2019), J. Vis. Exp. 152, e60288, or Bilz et al. (2020), Neuron Volume 106, Issue 6, 

963-976. This would highlight the difference of the presented protocol and demonstrate 

that is offers the advantage of visualizing large parts of the brain while the animal is free 

to move the legs. 

 

My comments are not intended to overduly criticize the manuscript but to help improving 

it . 

 

We thank the reviewer for these positive comments and for pointing out the lack of 

acknowledgment of early studies. We have modified the text: “in vivo functional imaging 

has become more and more common place since the first study in 2002“ and added all 

the references pointed by the reviewer. 

 

Reviewer #3: 

Manuscript Summary: 

This manuscript describes a protocol for dissection of adult Drosophila melanogaster for 

live whole brain imaging during behavior. There are a few different protocols around to 

achieve this same goal, but a detailed, well documented protocol including all critical 



steps (and technical drawing allowing one to reproduce the stage) is a welcome 

addition. 

 

Major Concerns: 

None 

 

Minor Concerns: 

Drosophila should be italicized 

We have corrected the non-italicized instance. 

A few spelling and grammar mistakes need to be fixed (ex: KimwiPe vs KimwiPPe, use 

A piece of tape, a few more) 

We have corrected these mistakes. 

The raw imaging data is an important validation of this protocol. If possible, a few 

original example should be shown (ideally different preparations responding to the same 

stimulus, to get an idea of variability?) --rather than re-produce data from previous 

publications by this group 

We have added several original datasets, as well as a dataset showing region activity 

during responses to stimuli and behavior for several flies to give an idea of the variability 

and of how to analyse the data. 
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