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SUMMARY: 17 
In the early Drosophila embryo, many organelles are motile. In principle, they can be imaged 18 
live via specific fluorescent probes, but the eggshell prevents direct application to the embryo. 19 
This protocol describes how to introduce such probes via microinjection, and then analyze bulk 20 
organelle motion via particle image velocimetry. 21 
 22 
ABSTRACT: 23 
Early Drosophila embryos are large cells containing a vast array of conventional and embryo-24 
specific organelles. During the first three hours of embryogenesis, these organelles undergo 25 
dramatic movements powered by actin-based cytoplasmic streaming and motor-driven 26 
trafficking along microtubules. The development of a multitude of small, organelle-specific 27 
fluorescent probes (FPs) makes it possible to visualize a wide range of different lipid-containing 28 
structures in any genotype, allowing live imaging without requiring a genetically encoded 29 
fluorophore. This protocol shows how to inject vital dyes and molecular probes into Drosophila 30 
embryos to monitor the trafficking of specific organelles by live imaging. This approach is 31 
demonstrated by labeling lipid droplets (LDs) and following their bulk movement by particle 32 
image velocimetry (PIV). This protocol provides a strategy amenable to the study of other 33 
organelles, including lysosomes, mitochondria, yolk vesicles, and the ER, and for tracking the 34 
motion of individual LDs along microtubules. Using commercially available dyes brings the 35 
benefits of separation into the violet/blue and far-red regions of the spectrum. By multiplex co-36 
labeling of organelles and/or cytoskeletal elements via microinjection, all the genetic resources 37 
in Drosophila are available for trafficking studies without the need to introduce fluorescently 38 
tagged proteins. Unlike genetically encoded fluorophores, which have low quantum yields and 39 
bleach easily, many of the available dyes allow for rapid and simultaneous capture of several 40 
channels with high photon yields. 41 
 42 
INTRODUCTION: 43 
Vital dyes and molecular probes are powerful tools to image specific cellular structures and 44 
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organelles live. In the Drosophila embryo, many different organelles display cytoskeleton-driven 45 
localization1–4, but the application of these small molecules is challenging because the eggshell 46 
is impermeable to many of them. This protocol describes a method to use fluorescent probes 47 
(FPs) in live embryos via microinjection in order to detect large-scale trafficking of organelles. 48 
The procedure covers preparation of the injection solution, egg collection and preparation of 49 
embryos, microinjection, imaging, and image analysis. 50 
 51 
Dramatic spatial rearrangements of organelles are common in many animal oocytes, eggs, and 52 
embryos, in part because of the large size of these cells. In the Drosophila embryo, for example, 53 
lipid droplets (LDs) and yolk vesicles move toward the embryo center just before 54 
cellularization5. This motion depends on microtubules and leaves a ~40 µm region all around 55 
the periphery of the embryo depleted of the two organelles. During earlier cleavage stages, 56 
many organelles are transported by cytoplasmic flows that are driven by actin-myosin-based 57 
contractions at the embryo surface6. Although the embryos of many species exhibit similar 58 
rearrangements, the Drosophila embryo is particularly suited for following these processes by 59 
imaging because it develops externally at standard laboratory ‘room temperature’, is relatively 60 
transparent, small enough to fit on most microscope setups, and can be manipulated using 61 
powerful genetic tools. 62 
 63 
For some organelles, fluorescently tagged proteins are available that specifically label these 64 
structures. For example, LSD-2 (also known as dPLIN2) is a protein that in embryos specifically 65 
targets LDs7. Fly lines are available that carry either inducible transgenes encoding a fusion 66 
between Green Fluorescent Protein (GFP) and LSD-28,9 or a gene trap in which yellow 67 
fluorescent protein (YFP) is inserted into the coding region of the endogenous LSD-2 gene10. 68 
However, this approach has limitations, including that these fusion proteins have low quantum 69 
yields and tend to bleach easily. In addition, labeling multiple different structures 70 
simultaneously can be challenging: for many organelles, only one type of fluorescent tag (often 71 
GFP or mCherry) is currently available, so imaging two organelles at the same time may require 72 
new transgenes or insertions; also, even if compatible tags are available, introducing them into 73 
a single strain can require time-consuming crosses. It also makes using the many powerful 74 
genetic resources less convenient, e.g., two organelle markers, a Gal4 driver, and an inducible 75 
RNAi construct all have to be present in the same mother. 76 
 77 
In principle, these limitations can be overcome with the use of FPs, including vital dyes (e.g., 78 
LysoTracker to mark lysosomes), molecular probes (e.g., SiR-tubulin to label microtubules), and 79 
fluorescently labeled biological molecules (e.g., C12 BODIPY to probe fatty acid metabolism11). 80 
From use in cultured cells, they are typically well-validated as powerful tools for probing cellular 81 
biology. FPs are versatile, have superior photo properties, and are compatible with fluorescent 82 
proteins. Multiple dyes can be mixed and applied simultaneously, often with the benefits of 83 
separation into the violet/blue and far-red areas of the spectrum and small Stokes shifts, 84 
preventing channel bleed through. Small Stokes shifts allow for simultaneous capture of 85 
multiple imaging channels, enabling the tracking of several organelles at once. Finally, they can 86 
equally be applied to labeling organelles in the embryos of other Drosophila species or even 87 
other insects where no fluorescently tagged proteins may be available. 88 



 

 

 89 
However, most of these FPs cannot traverse the elaborate eggshell of the Drosophila embryo. It 90 
consists of five layers: three outer chorionic layers (chorion) that prevent mechanical damage 91 
plus a waxy layer surrounding the vitelline membrane that creates a chemical barrier12. For 92 
simplicity, the combination of the waxy layer and the vitelline membrane will be referred to as 93 
the “vitelline membrane” below. To bypass the eggshell, this protocol adapts an established 94 
embryo microinjection approach to introduce FPs into the Drosophila embryo. The protocol 95 
describes how to monitor the cytoplasmic flow of LDs in cleavage stage embryos. It includes the 96 
preparation of injection needles and egg collection cages, the process of egg collection, and 97 
mechanical removal of the chorion. It goes over how to microinject and image the embryos and 98 
how to analyze the bulk flow of LDs using particle image velocimetry (PIV, adapted from6). It 99 
provides advice on troubleshooting to ensure embryo survival and create the best system for 100 
the image. Also discussed is how the protocol can be modified to simultaneously image LDs and 101 
microtubules or to apply it to the study of other organelles, including lysosomes, mitochondria, 102 
yolk vesicles, and the endoplasmic reticulum (ER). 103 
 104 
PROTOCOL: 105 
 106 
1. Prepare necessary materials  107 
 108 
NOTE: These preparations are best done days or weeks ahead of time. 109 
 110 
1.1. Prepare injection needles. 111 
 112 
NOTE: Needles can be stored indefinitely in a covered container. Needles must be fine enough 113 
to deliver ~700 fL while being strong enough to pierce the vitelline membrane. 114 
 115 
1.1.1. Place capillary into the capillary holder on the needle puller. Secure the capillary with the 116 
wingnuts. Align the center of the capillary with the heating element so that two symmetric 117 
needles are generated. 118 
 119 
1.1.2. Choose appropriate settings on the needle puller according to the manufacturer’s 120 
instructions. 121 
 122 
1.1.3. Perform quality control using a dissecting scope. 123 
 124 
NOTE: Needle tips should be as fine as possible. Cracked, jagged, or large-bore needle tips are 125 
discarded. Initial quality control can be done using a dissecting scope. 126 
 127 
1.1.4. Prepare batches of 10 needles (5 capillaries worth) at a time. 128 
 129 
1.1.5. Place a deformable putty, which has been rolled up into a cylinder, at the center of the 130 
bottom of a container with a lid. Carefully press the needles into the putty such that it holds 131 



 

 

them horizontally with the needle tips safely suspended in the air to prevent damage. Cover 132 
with the lid, and store until use. 133 
 134 
1.2. Prepare egg collection plates. Store at 4 °C. 135 
 136 
NOTE: Egg collection plates are small agar plates supplemented with fruit juice to encourage 137 
egg-laying. How to prepare them is described in many protocols, including13. 138 
 139 
1.3. Prepare heptane glue. 140 
 141 
NOTE: This glue is extracted from double-sided tape and is used to securely attach the embryos 142 
to a coverslip. It stops the embryo from floating out of focus during injection and imaging. The 143 
glue can be prepared days or weeks ahead of time. 144 
 145 
1.3.1. Ball up double-sided tape to a size bigger than a golf ball and place it at the bottom of a 146 
~50 mL glass container with a tightly sealing lid. Pack tape tightly so enough adhesive will be 147 
present. 148 
 149 
1.3.2. In a fume hood, fill the glass container with heptane to cover all the tape. Keep the 150 
container tightly closed when not in use. 151 
 152 
CAUTION: Heptane is flammable as a liquid and vapor. It can cause eye, skin, and respiratory 153 
tract irritation. Breathing vapors may cause drowsiness, dizziness, and lung damage. Keep 154 
heptane away from sources of ignition and store it in a well-ventilated area meant for 155 
flammables and away from incompatible substances. 156 
 157 
1.3.3. Let the heptane glue sit overnight or longer. For best results, place the container on a 158 
shaker or another agitator overnight to help with dissolving the adhesive. 159 
 160 
NOTE: The tape itself will remain, but the adhesive will be dissolved in the heptane. In step 161 
5.1.2, the glue is applied to a coverslip; heptane evaporates, leaving the glue behind. 162 
 163 
1.3.4. Test the heptane glue preparation by placing a drop of it on a glass slide and making sure 164 
a sticky residue remains once the heptane has evaporated. If adhesive residue is not visible 165 
afterward, add more tape to the glass container and repeat the previous step. 166 
 167 
NOTE: Once prepared, the glue can be used for months or even years. 168 
 169 
1.4. Prepare a 1 mg/mL (3.8 mM) BODIPY493/503 stock solution by diluting commercially 170 
obtained preparation in pure anhydrous DMSO. Keep it covered to protect it from light and 171 
water. Store indefinitely at -20 °C or short term at 4 °C. 172 
 173 
2. Prepare egg collection cages 174 
 175 



 

 

NOTE: Do this at least a day (preferably 2 or 3 days) before the planned injection(s). 176 
 177 
2.1. Prepare yeast paste. 178 
 179 
NOTE: Yeast paste supplements protein and other vital nutrients not provided in the apple juice 180 
plates. It promotes egg production and egg-laying. 181 
 182 
2.1.1. Add 2–10 g of dry baker’s yeast, and then 1 mL of tap water to a small beaker. Mix using 183 
a spatula. 184 
 185 
2.1.2. Keep adding tap water in 1 mL increments until the desired, tooth-paste-like consistency 186 
is reached. 187 
 188 
2.1.3. Cover the mixture and store it at 4 °C. 189 
 190 
2.2. Set up fly cages for egg collection. 191 
 192 
NOTE: Male and female flies of the desired genotype are required: 10–50 females less than 2 193 
weeks old and a similar number of males. A number of different options for fly cages are 194 
available, including homemade options14,13. It is important that the size of the apple juice plates 195 
is matched to the size of the fly cages. 196 
 197 
2.2.1. Place a small smear of yeast paste on an apple juice plate. Keep it covered and let it come 198 
to room temperature because flies will not lay eggs on the plate if it is too cold. 199 
 200 
2.2.2. Transfer flies to an embryo collection cage, seal with the yeasted apple juice plate, and 201 
secure the plate to the embryo collection cage. 202 
 203 
2.2.3. Allow newly transferred flies to acclimate to the cage for 1–2 days, replacing the plate 204 
with a fresh one daily. If all the yeast has been eaten by the next day, increase the amount of 205 
yeast paste for future collections. 206 
 207 
NOTE: This is an important step to increase egg yield as well-fed females lay more eggs. 208 
 209 
3. On the day of injection, prepare the injection solution and load it into the needle. 210 
 211 
3.1. Use the stock solution of BODIPY 493/503 (3.8 mM in DMSO) as the injection solution. 212 
 213 
3.2. Load a single needle with 1 µL of the injection solution using needle loading tips. 214 
 215 
NOTE: Strive to get the liquid all the way to the tip without trapping air bubbles. Be ready to 216 
quickly replace the loaded needle in case of accidental breakage. 217 
 218 



 

 

3.2.1. Attach a loading tip to a micropipette and draw 1 µL of the injection solution into the tip. 219 
Using gloves, hold the needle in one hand with its tip pointed away to minimize the risk of 220 
breakage. 221 
 222 
3.2.2. Carefully insert the loading tip into the needle and push it close to the needle tip. 223 
Dispense the liquid near the needle tip. After removing the pipette, hold the needle vertically 224 
with its tip down until the liquid flows to the tip. 225 
 226 
3.3. Store the loaded needles in a separate container with putty as above (see step 1.1.5). 227 
 228 
NOTE: Needles should be prepared in advance (up to several hours) of injection but should not 229 
be used after more than a day. 230 
 231 
3.4. Keep needles out of ambient light to prevent bleaching of the dyes. Cover the storage 232 
container with aluminum foil without damaging the needle tips. Make sure all light is obscured. 233 
 234 
4. Collecting embryos for injection 235 
 236 
NOTE: The timing of collection depends on what stage of embryos the injection needs to be 237 
performed at. With the timing scheme below, the embryos at the time of injection will be 0–90 238 
min old, which corresponds to cleavage stages15. 239 
 240 
4.1. On the day of injection, prepare apple juice plates with yeast, as in step 2.2.1. If N rounds 241 
of injections are planned, prepare N + 2 plates. Keep these plates at room temperature. 242 
 243 
NOTE: In addition to the N plates to collect embryos for injection, one plate is needed as a pre-244 
collection plate and another one to feed the flies in the cage once collections are completed. 245 
 246 
4.2. Replace the plate on the cage with a fresh yeasted plate (pre-collection plate) and leave it 247 
on the cage for 1–2 h. 248 
 249 
4.3. Replace the plate on the cage with a fresh plate (collection plate). Discard the pre-250 
collection plate, as it will contain embryos older than desired. Then, allow the flies to lay eggs 251 
for 1.5 h. 252 
 253 
Note: As well-fed flies typically lay their eggs shortly after the eggs have been fertilized, a 1.5 h 254 
collection time assures that at the end of the collection, most of the embryos on the plate are 255 
0-90 min old, i.e., are in cleavage stages. Female flies that have not been fed fresh yeast since 256 
the previous day will tend to retain fertilized egg for some indeterminate amount of time 257 
before laying. Hence, the pre-collection plate may have embryos that were fertilized before the 258 
start of collection and thus are older than 60 min, sometimes much older. 259 
 260 
4.4. Replace the plate on the cage with a fresh yeasted plate. Cover the collection plate so that 261 
stray flies do not lay eggs on them. 262 



 

 

 263 
5. Prepare embryos for microinjection 264 
 265 
5.1. Assemble the materials needed. 266 
 267 
5.1.1. Attach a piece of double-sided tape to a glass slide. Avoid touching the tape with fingers 268 
as that reduces its stickiness. 269 
 270 
NOTE: This slide will be used for removing the chorion and not for imaging. 271 
 272 
5.1.2. Using a transfer pipette or a micropipettor (p200 or p1000), place a small drop (200 µL or 273 
less) of heptane glue roughly in the center of a rectangular coverslip (60 x 25 mm). Allow the 274 
heptane to evaporate (this takes less than a min). 275 
 276 
NOTE: This coverslip will be used to mount the embryos for injection and imaging. The 277 
dimensions are chosen to fit into an adjustable metal holder on the confocal microscope. 278 
 279 
5.1.3. Assemble a desiccation chamber, a sealed chamber (e.g., a Tupperware sandwich box) 280 
containing desiccation beads. Only use desiccation beads that have not hydrated. 281 
 282 
NOTE: To ensure the embryos take up the injection solution, the embryo must be slightly 283 
desiccated to reduce internal pressure. This is done by placing the coverslip with the 284 
dechorionated, air-exposed embryos into the desiccation chamber. 285 
 286 
5.2. Mechanically remove the chorion. 287 
 288 
5.2.1. Cover the appropriately aged embryo plate with a thin layer of Halocarbon Oil 27 to turn 289 
the eggshell transparent. 290 
 291 
NOTE: Embryos become translucent within tens of seconds15. If this step does not occur 292 
efficiently, the apple juice plates may be too wet and need to be dried off before use. 293 
 294 
5.2.2. View the plate under a dissection scope with transillumination (i.e., the light going 295 
through the plate into the eyepieces) to confirm the stage of the embryos. 296 
 297 
5.2.3. Select embryos in cleavage stages. 298 
 299 
NOTE: Cleavage stage embryos are entirely opaque; the subsequent blastoderm stages can be 300 
recognized by a band of transparent cytoplasm all around the opaque center15. A good 301 
introduction on how to recognize various embryonic stages is available on the website (given in 302 
reference16) maintained by the Society of Developmental Biology. 303 
 304 



 

 

5.2.4. Using fine tweezers, grab an embryo of the desired stage by its dorsal appendages and 305 
transfer it onto the prepared glass slide covered with a piece of double-sided tape. Place the 306 
embryo on the tape. Minimize the transfer of oil. 307 
 308 
5.2.5. As gently as possible, roll the embryo across the surface of the tape by gently nudging the 309 
embryo with the side of the tip of the tweezers. Do not poke the embryo directly with the sharp 310 
tweezer tips. 311 
 312 
NOTE: If the force applied is too low, the embryo will not roll. If it is too high, it will burst. 313 
Finding the appropriate intermediate force requires experience and, thus, this step should be 314 
practiced beforehand. 315 
 316 
5.2.6. Continue rolling the embryo until the chorion transiently adheres to the tape and cracks. 317 
 318 
5.2.7. Once the chorion cracks, keep rolling to separate the embryo (still inside the vitelline 319 
membrane) from the chorion as the chorion remains stuck to the tape. 320 
 321 
5.2.8. Confirm that the chorion is completely removed by observing the loss of the dorsal 322 
appendages from the embryo. 323 
 324 
5.2.9. Roll the embryo back onto the chorion, which is less adhesive than the tape. Gently rub 325 
the embryo with the tweezers until it attaches to the tweezers for transfer. 326 
 327 
5.2.10. Transfer the embryo to the coverslip with the heptane glue and bring it in contact with 328 
the glue, which typically detaches it from the tweezers. 329 
 330 
5.2.11. Adjust the orientation of the embryo on the coverslip. 331 
 332 
5.2.11.1. Embed the lateral surface of the embryo into the glue. 333 
 334 
NOTE: The surface of the embryo embedded into the glue is the one that will be imaged. 335 
Embedding the lateral surface is the simplest, but this can be adjusted depending on personal 336 
preference or the biological question to be answered. 337 
 338 
5.2.11.2. Orient the long axis of the embryo perpendicular to the long axis of the coverslip. 339 
 340 
5.2.11.3. If the embryo does not lay in the preferred orientation, clean the tweezers to remove 341 
any oil that would detach the embryo from the glue. Then, gently attempt to roll the embryo 342 
into position. 343 
 344 
5.2.12. Prepare the desired number of embryos for injection in the manner described above. 345 
 346 



 

 

NOTE: As time passes after removal of the chorion, the ambient air will begin to desiccate the 347 
embryos and thus the effect of step 5.3 will be uneven for the embryos on the coverslip, which 348 
were dechorionated at different times. Typically, 1–3 embryos are the most manageable. 349 
 350 
5.3. Desiccate embryos. 351 
 352 
5.3.1. Place the coverslip with embryos into the prepared desiccation chamber and seal it. 353 
 354 
5.3.2. Allow the embryos to desiccate for 5–12 min. 355 
 356 
NOTE: The timing of this step is dependent on the ambient temperature and humidity and thus 357 
needs to be determined empirically. 358 
 359 
5.3.3. Remove the coverslip from the chamber and place a drop of Halocarbon Oil 700 onto it, 360 
fully covering the embryos, to prevent further desiccation. 361 
 362 
5.3.4. Inspect the embryos on a dissecting scope to judge proper desiccation. 363 
 364 
5.3.5. If the embryos are just slightly shriveled, but not deflated, proceed to microinjection 365 
(step 6). 366 
 367 
5.3.6. If the embryos are not sufficiently or overly desiccated, return to step 5.2 and prepare a 368 
new batch of embryos as the Halocarbon Oil 700 cannot be removed. If the embryos were 369 
overly desiccated, shorten desiccation time for the next batch of embryos by 3 min; if they were 370 
under-desiccated, increase desiccation time by 3 min. 371 
 372 
6. Microinject embryos 373 
 374 
NOTE: Ensure the microinjection setup includes an inverted microscope, a micromanipulator to 375 
hold and position the injection needle, and a commercial microinjector to deliver controlled 376 
volumes. 377 
 378 
6.1. Power on the microinjector and input the preferred settings. 379 
 380 
NOTE: For this protocol, it is recommended to use linear motion output and the fast setting, but 381 
many others will work. The operator should determine personal preference. 382 
 383 
6.2. Load the needle into the micromanipulator. To prevent the needle from being damaged 384 
while loading the coverslip containing the embryos; move it out of the way into a safe position. 385 
 386 
6.3. Place the coverslip onto the stage, with embryos on top, toward the needle. Then, carefully 387 
move the needle back into position for injection, with its tip still well above the stage. 388 
 389 



 

 

6.4. Put the 4x objective into the light path. Using the focus knob on the microscope, bring the 390 
embryos into focus. 391 
 392 
NOTE: This will be the focal plane used for injection and will be adjusted only minimally going 393 
forward. 394 
 395 
6.5. Using the stage controls, move the embryos horizontally into the center of the field of 396 
view. 397 
 398 
6.5.1. Pan away from the embryos, keeping them at the edge of the field of view, in preparation 399 
for lowering the needle. Stay in the same focal plane to ensure the needle is lowered to the 400 
correct position. 401 
 402 
6.6. Lower the needle tip into the correct focal plane and ensure that it is visible in the field of 403 
view together with the embryos. 404 
 405 
6.6.1. Using the micromanipulator controls and looking from above (not yet through the 406 
eyepieces), slowly drop the needle tip into the oil, aiming for the area where the objective 407 
points to. As the oil is quite viscous, go slowly to avoid damaging the needle. 408 
 409 
6.6.2. Once the needle is visible through the eyepieces, continue using the micromanipulator 410 
controls until the needle tip is in focus and at the center of the field of view. 411 
 412 
6.6.3. By moving the stage, bring the embryos back to the center of the field of view. Use the 413 
stage control, micromanipulator controls, and focus knob to fine-tune the position of the 414 
embryo and needle tip relative to each other while both are in focus. Aim to perform injections 415 
as close to the coverslip as possible. 416 
 417 
6.7. Perform needle quality control. 418 
 419 
6.7.1. To ensure that the needle is functional, dispense some of the injection solution into the 420 
Halocarbon Oil 700 surrounding the embryo, visible as a bubble in the oil. 421 
 422 
6.7.2. If nothing is flowing out of the needle, gradually increase pressure at the injector. If this 423 
does not work, get a new needle. 424 
 425 
6.8. Inject the embryo. 426 
 427 
NOTE: Acceptable injection volumes range from ~0.06–1 pL. The lower limit is set by what can 428 
be visualized entering the embryo. The upper limit is set by the trauma the injection exerts on 429 
the embryo. 430 
 431 
6.8.1. Inject along the lateral edges of the embryo as this is the least invasive. 432 
 433 



 

 

6.8.2. Using the stage controls, move the embryo toward the needle tip until the latter gently 434 
punctures the embryo and enters it. 435 
 436 
6.8.3. At the same time, start the flow of injection solution and watch for the appearance of a 437 
transient clear spot at the site of the needle tip, which indicates a successful transfer of liquid 438 
into the embryo. 439 
 440 
6.8.4. Monitor the embryo. If the embryo resists the needle and ruptures (cytoplasm squirts 441 
out) upon entry, return to step 5 and increase the desiccation time. If the embryo is flat against 442 
the coverslip and appears floppy during the injection, return to step 5, and shorten the 443 
desiccation time. 444 
 445 
6.8.5. If no dye entered the embryo, confirm that dye can still freely flow from the needle as in 446 
step 6.7. If the dye does not flow, replace the needle. If the dye does flow, inject a new embryo, 447 
and begin releasing the dye just before the needle punctures the embryo. 448 
 449 
NOTE: Repeated injections of the same embryo are not recommended as it ruptures the 450 
previous wound/injection site. 451 
 452 
6.9. Repeat until all the embryos are injected. 453 
 454 
7. Image embryos 455 
 456 
NOTE: This protocol utilizes a laser scanning confocal microscope. 457 
 458 
7.1. Place coverslip into the metal holder on the confocal microscope so that the embryos are 459 
imaged directly from below through the coverslip; above the coverslip, there is only oil and no 460 
other barrier. 461 
 462 
7.2. As a quality control step, image first using the epifluorescence function on the confocal 463 
microscope, with a 40x objective. Make sure the fluorophore is visible in the embryo before 464 
proceeding. 465 
 466 
7.3. If the desired plane of imaging is different from the site of injection, allow enough time for 467 
the dye to diffuse to the target area. 468 
 469 
NOTE: For BOPIPY 493/503, this time typically ranges from 30–60 min. As diffusion time 470 
depends greatly on the dye, other dyes may require optimizing the site of injection and waiting 471 
time. 472 
 473 
7.4. Use different objectives for imaging at different scales. Use a 40x objective to image all of 474 
the embryo and a 63x objective to image subsections for smaller scales. 475 
 476 



 

 

7.5. For live imaging during the syncytial stages before cellularization, use the following 477 
conditions to start with: image size of 512 x 512 pixels, line average of 3, frame rate of 0.1 478 
frames per second (i.e., 1 frame acquired every 10 s). Adjust conditions according to the 479 
capabilities of the microscope employed. 480 
 481 
NOTE: These conditions allow acquiring ~500+ images from BOPIPY 493/503 and capturing 482 
most of the motion. 483 
 484 
8. Analyze LD flow by first using FIJI to prepare a time series of images, and then python for 485 
PIV analysis 486 
 487 
8.1. Optimize image acquisition. 488 
 489 
8.1.1. Perform injections of the desired dye at the appropriate stage. Repeat this step until day-490 
to-day variation is negligible. 491 
 492 
8.1.2. Optimize image acquisition settings including magnification, zoom, resolution, and frame 493 
rate. 494 
 495 
NOTE: There is a tradeoff between high-quality images (resolution + line averaging) and 496 
acquisition speed (frame rate). 497 
 498 
8.2. Prepare data in FIJI. 499 
 500 
8.2.1. Acquire a high-quality time series to be analyzed. 501 
 502 
8.2.2. Open one frame of the time series to generate a mask with FIJI. Duplicate the image. 503 
Convert the Type of the image to an 8 bit. 504 
 505 
8.2.3. Define the boundary of the embryo using the Polygon or Freehand Selection Tool. Use 506 
Clear Outside to set pixel values outside the selection to 0. Clear and then Invert within the 507 
selection to set the value of the pixels within the selection to the maximum value (255). 508 
 509 
8.2.4. Unselect, then use the Histogram command to ensure that only pixel values of 0 and 255 510 
are present. 511 
 512 
8.2.5. Save this new image mask for the specific time series. 513 
 514 
8.2.6. Open the time series of interest. Choose which ten frames best capture the time of 515 
interest, for example, nuclear cycle 9 at the onset of the cortical contraction. Duplicate the ten 516 
frames of interest, forming a substack. 517 
 518 
8.2.7. Use the Stack to Images function to generate 10 images to analyze with PIV. 519 
 520 



 

 

8.2.8. Save the individual files in a manner that preserves their order (SeriesX_1, SeriesX_2, 521 
SeriesX_3 …). 522 
 523 
8.3. Use the prepared mask and individual frames for PIV analysis, employing the provided 524 
sample python script (Supplemental data) or a custom script generated by the user. 525 
 526 
NOTE: The provided script is based on the python application of OpenPIV17. It outputs distance 527 
in pixels which can be converted using the pixel width and frame rate to generate speeds or 528 
velocities. 529 
 530 
8.4. Generate replicates by completing the previous steps for additional embryos and compiling 531 
the output values. 532 
 533 
REPRESENTATIVE RESULTS: 534 
Following injection, the dye will be localized only at the site where the needle tip was inserted. 535 
The dye will then diffuse away from the injection site depending on its diffusive characteristics. 536 
Figure 1 shows injection of BODIPY 493/503, soon after injection (panel A) and 24 min later 537 
(panel B). After 24 min, the dye has made it to roughly the midpoint of the embryo’s long axis. 538 
 539 
Analyzing organelle motility can be achieved through dye injections and time-lapse imaging. In 540 
Figure 2, an embryo was co-injected with BODIPY 493/503 (Figure 2A) and LysoTracker Red 541 
(Figure 2B) and imaged using laser excitation at 488 and 596 nm, respectively. This embryo was 542 
then time-lapse imaged (one frame every 30 s for 30 min, 5 min analyzed). The time series was 543 
then run through PIV analysis, the output of which is shown via streamlines in Figure 2A,B. 544 
Note that the streamlines do not represent the trajectory of individual particles, but the 545 
cytoplasmic flow is inferred from analyzing all the particles in that region of the cytoplasm. 546 
Through labeling of two independent cellular structures (LDs and acidic organelles), the PIV 547 
analysis finds similar flows, with both labels converging on the central region of the embryo 548 
where the cytoplasm is flowing into the embryo’s interior6. 549 
 550 
Currently available FPs allow the labeling of many other organelles and cellular structures. 551 
Figure 3 shows the labeling of the ER via ER tracker Green. ER tracker provides a nice resolution 552 
of the nuclear envelope, allowing visualization of major cell cycle stages. ER tracker Green is 553 
imaged using 488 nm excitation. 554 
 555 
Labeling of the mitochondria is tricky, as most dyes tested seem to be trapped in the first 556 
mitochondrion they enter. On the other hand, no sign of dye toxicity was detected, making it 557 
possible to follow labeled mitochondria through cellularization and the ectodermal nuclear 558 
cycle 15. Figure 4 shows an ectodermal cell several hours post-injection with Mitoview 633 559 
(excitation wavelength 633 nm). 560 
 561 
BODIPY, Lysotracker, and LipidSpot are robust and can be used to acquire ~500+ images at 512 562 
x 512, line average 3, frame rates from 1/s to 0.1/s. ER tracker Green, SIR-tubulin, and the 563 
mitochondrial dyes mentioned are less robust and yield ~50–200 images under the same 564 



 

 

conditions. 565 
 566 
Starting at blastoderm stages, LDs move bidirectionally along microtubules, powered by the 567 
opposite-polarity motors kinesin-1 and cytoplasmic dynein5. This motion can be visualized by 568 
co-labeling LDs and microtubules via injecting both BODIPY 493/503 and SiR-Tubulin (Figure 5). 569 
As LDs frequently reverse their direction of movement (as they switch between kinesin-1 and 570 
cytoplasmic dynein), higher frame rates during acquisition better capture critical details of LD 571 
motility. 572 
 573 
Live imaging of autofluorescent yolk vesicles is possible without any form of dye injection 574 
(Figure 6). However, the autofluorescence is dim, and the excitation laser is phototoxic. Thus, 575 
live imaging of autofluorescent yolk has a poor signal-to-noise ratio relative to dye injection. 576 
 577 
FIGURE AND TABLE LEGENDS: 578 
Figure 1: Diffusion of BODIPY 493/503 through the embryo. The dye was injected along the 579 
lateral edge toward the anterior end (top right) and diffuses from this injection site into the 580 
embryo, labeling LDs. (A) The dye has diffused through portions of the embryo adjacent to the 581 
injection site. (B) Roughly 24 min/2 nuclear cycles later, the dye has diffused past the midpoint 582 
of the embryo. Scale bar: 100 µm. A 1024 x 1024 frame (line average 4) was acquired every 30 583 
s. 584 
 585 
Figure 2: Particle image velocimetry (PIV) for LDs and acidic organelles. An embryo was 586 
injected with both BODIPY 493/503 and LysoTracker Red. (A) BODIPY channel. (B) LysoTracker 587 
Red channel. (A’,B’) Streamline diagrams generated by PIV analysis of the two channels 588 
generated from 10 sequential frames, including those shown in A and B. A’ corresponds to the 589 
flow of LDs, and B’ corresponds to the flow of acidic organelles. Note that both A’ and B’ show a 590 
left-of-center confluence where embryonic contents are flowing out of the plane of view, into 591 
the center of the embryo. Also, note that BODIPY has diffused more than LysoTracker as 592 
different dyes have different diffusive properties. Scale bar: 100 µm. A 1024 x 1024 frame (line 593 
average 4) was acquired every 30 s. 594 
 595 
Figure 3: ER tracker labels syncytial nuclear divisions. A syncytial blastoderm embryo was 596 
microinjected with ER tracker and a portion of its surface was imaged over time. (A) Spindle 597 
assembly during a nuclear division. (B) Abscission of the nuclear envelope during the same 598 
division. (C) Subsequent interphase. (D) The onset of the next division is indicated by 599 
centrosome appearance (occurrence of circular ER-free regions, marked by arrowheads). Note 600 
the gradual dye bleaching. Excitation wavelength: 488 nm. Scale bar: 5 µm. A: initial frame, B: 3 601 
min elapsed, C: 10 min elapsed, D: 13 min elapsed. A 1024 x 1024 frame (line average 4) was 602 
acquired every 30 s. 603 
 604 
Figure 4: Mitoview 633 labeling of mitochondria. An embryo was injected with Mitoview 633 605 
during the syncytial blastoderm stage and imaged 4 h later, after cellularization. The image 606 
shows a neuroectodermal cell of an embryo in germ-band extension. Scale bar: 5 µm. A 1024 x 607 
1024 frame (line average 4) was acquired every 30 s. 608 



 

 

 609 
Figure 5: Co-labeling of LDs and microtubules. A cellularizing embryo was injected with a 610 
mixture of BODIPY 493/503 (yellow A,B,C) and SiR Tubulin (magenta A’,B’,C’). A’’, B’’, C’’ show 611 
the merged channels. Panels A, A’, and A’’ show the initial frame, panels B, B’ and B’’ show the 612 
frame after 5 s, and panels C, C’ and C’’ show the frame after 10 s. Scale bar: 5 µm. A 512 x 512 613 
frame (line average 3) was acquired every 2.5 s. 614 
 615 
Figure 6: Imaging yolk vesicle autofluorescence during syncytial cleavage stages. (A) At the start 616 
of the acquisition. (B) After 8 min. (C) After 16 min. Excitation wavelength: 405 nm. Low 617 
excitation intensity was used to keep the embryo alive. Scale bar: 100 µm. A 1024 x 1024 frame 618 
(line average 4) was acquired every 30 s. 619 
 620 
DISCUSSION: 621 
The Drosophila embryo is a powerful and convenient model to study fundamental questions in 622 
cellular and organismal biology. Its relative simplicity, powerful genetics, and small size make it 623 
an excellent system for imaging both cellular processes and development. Here, a standard 624 
microinjection protocol is adapted to enable FP usage in embryos. This approach allows for 625 
fluorescent imaging of specific cellular structures without the need for genetically encoded 626 
fluorophores, opening many genetic backgrounds to imaging. Combining multiple dyes plus 627 
strategically chosen fluorescently tagged proteins can open multichannel live imaging spanning 628 
the whole spectrum of visible light. 629 
 630 
Critical steps in the protocol: 631 
This protocol uses BODIPY 493/503 to label LDs. This approach can easily be adapted to mark 632 
other cellular structures. For subsequent image analysis, one of the most important factors is 633 
the signal-to-noise ratio, i.e., the brightness of the dye compared to the background signal. 634 
Lysosomes have been successfully imaged (LysoTracker Red, 1 mM), as well as mitochondria 635 
(Mitoview 633, 200 µM), the ER (ER tracker Green, 10 µM), and microtubules (SiR tubulin, 200 636 
nM in DMSO), as shown in Figures 2–5. In addition, yolk vesicles are autofluorescent and give 637 
off blue light upon UV excitation (image using 405 nm as the excitation wavelength (Figure 6)). 638 
For other dyes, aim for the dye concentration to be 100–1,000x of what would be needed for 639 
staining cultured cells live; this is similar to the concentration of a stock solution that would be 640 
diluted into cell culture media. As this protocol calls for an injection of 100 fL and the 641 
Drosophila embryo is roughly 9 nL in volume18, these dye concentrations will average out to an 642 
internal embryonic concentration of under 1/100th of what is present in the cell culture media. 643 
Temporarily, the local concentration will be higher at the site of injection, which is most 644 
relevant for FPs that do not diffuse well (i.e., mitochondrial dyes and SIR-tubulin). For these FPs, 645 
start at the recommended high concentrations; if unexpected death is observed, successively 646 
dilute two-fold until an acceptable compromise between survival and signal strength is 647 
reached. 648 
 649 
When co-injecting multiple dyes, both dyes should either be in the same solvent, or both the 650 
solvents and dyes should be compatible with the mixture (alcohol concentrations exceeding 651 
~10% are not recommended). 652 



 

 

 653 
The quality of the needles is essential for the success of this procedure, as the tip needs to be 654 
as fine as possible. Otherwise, damage from the injection wound can compromise the 655 
subsequent development of the embryo. As commercial needle pullers differ, it is important to 656 
follow the suggestions of the manufacturer and try out multiple pulling parameters until the 657 
desired shape is achieved. It is critical to perform the quality control step 1.1.3 as working with 658 
a cracked, jagged, or large bore needle tip will make the successful injection more difficult or 659 
even impossible. 660 
 661 
The embryo needs to be partially desiccated so that additional volumes of liquid can be added 662 
during the injection. If the embryo is under-desiccated, the needle will not enter easily, and 663 
cytoplasm will squirt out as the needle penetrates or as the solution is injected. If the embryo is 664 
over-desiccated, it will look deflated and will not develop properly. The exact drying time 665 
depends on local conditions, e.g., air humidity, and can change from day to day. It has to be 666 
determined empirically for each session. 667 
 668 
The ability of the embryo to survive after microinjection depends critically on the quality of the 669 
needle, proper desiccation, and limiting injection volume to less than 1 pL (ideally 100 fL). As 670 
long as these parameters are optimized, no significant toxicity is apparent when the described 671 
dyes are injected at the recommended concentrations. If embryos survive the desiccation and 672 
injection steps, they typically develop successfully well into germ-band extension, an exception 673 
being the microtubule and ER probes which caused cellularization defects at high levels (100 fL 674 
injection of the stock concentration of each). Testing found no obvious developmental defects 675 
when DMSO, water, and mixtures of the two were injected at the recommended volumes, with 676 
an embryo survival rate through the germ-band extension of ~75% or more. Injection volumes 677 
more than over 1 pL caused defects and embryos injected with ~4 pL volumes developed for 678 
less than 1 h. Therefore, injection volumes need to be kept low, which means that dye 679 
concentrations have to be high. 680 
 681 
Generally, injections along the lateral edge of the embryo are recommended as those result in 682 
the least damage. However, the injection site may need to be adjusted depending on the 683 
diffusive properties of the FPs employed. BODIPY 493/503 and LysoTracker diffuse faster across 684 
the entire embryo than Lipid Spot 610 (another dye to mark LDs), while Sir-Tubulin and Mito 685 
View 633 never diffuse fully across the embryo (imaging as late as 7 h post-injection). Thus, 686 
injection in or near the site of interest may be necessary. When injecting in the anterior or 687 
posterior regions, a particularly fine needle is recommended. 688 
 689 
Image acquisition relies on confocal microscopy to optically section and resolve small organelles 690 
and all cytoskeletal components. Techniques requiring analysis of many images (e.g., STORM or 691 
PALM) will not work because the embryonic contents are in motion and the fluorophores are 692 
not optimized for photoswitching. Epifluorescence microscopy lacks the lateral and axial 693 
resolution to make out most organelles and smaller cellular structures. For these reasons, it is 694 
strongly recommended to use a confocal microscope or employ light sheet technology. 695 
 696 



 

 

The reproducibility of the image analysis relies greatly on consistent imaging data. For the 697 
greatest chance of success, optimization of the injection technique and image acquisition is 698 
required. Establishing and practicing a technique where the dye(s) of interest, site of injection, 699 
age of the embryo, injection volume, and acquisition setup are all consistent will generate the 700 
most robust data for image analysis. 701 
 702 
Modifications and troubleshooting of the method: 703 
This protocol demonstrates a method for analyzing the bulk flow of LDs in cleavage stage 704 
embryos using particle image velocimetry. The same approach can be used for other organelles, 705 
other developmental stages, and other analysis methods. For example, Figure 2 shows analysis 706 
of LDs and acidic organelles flowing in the syncytial stages of embryogenesis, visualized by co-707 
injecting BODIPY 493/503 and LysoTracker Red. Further successful imaging of LD motion in 708 
embryos up to 7 h post-fertilization has been achieved; these embryos do retain the injection 709 
wound but are able to develop for several hours. 710 
 711 
Data gathered using this protocol has been used for particle image velocimetry, but many other 712 
analysis techniques are available. For example, particle tracking programs like those found in 713 
ImageJ, Imaris, or manual tracking can be used to obtain velocities and directionalities of 714 
moving structures. Note that most such tracking software are built to work with data from 715 
planar cell culture systems and do not always adapt well to 3D structures like the Drosophila 716 
embryo. Further, for the generation of the best quality particle tracking data, multiple Z planes 717 
would need to be imaged; this should be feasible if image stack acquisition times are under ~2 718 
s. This benchmark should be reachable on spinning disc confocal, lattice light sheet, and recent 719 
laser scanning confocal systems. However, the feasibility of particle tracking for abundant 720 
organelles such as LDs, mitochondria, and lysosomes is low as the amount of positive signal in a 721 
field of view is too high for the current tracking methods. Tracking of less abundant structures 722 
like nuclei or yolk vesicles may be possible. PIV for flow analysis works well for LDs and acidic 723 
organelles in cleavage stages because both organelles move freely. Organelles like nuclei, ER, 724 
and mitochondria are tethered to other cellular structures and thus do not move freely and are 725 
not suited to software analysis that assumes free motion. The investigator should pick the 726 
techniques best suited to the organelle of interest. 727 
 728 
During the syncytial and cellular blastoderm stages, LDs (as well as some other organelles) 729 
move along radially oriented microtubules5. It is therefore possible to find cross-sectional views 730 
(like in Figure 5) where single microtubules are in focus for long distances, allowing particle 731 
tracking in 2D. Since these optical planes are deep within the embryo, overall signal strength is 732 
diminished, and the signal-to-noise ratio is reduced. 733 
 734 
For tracking analysis, imaging as fast as possible can reveal crucial details of the motion and 735 
thus of the motile machinery. For example, lipid-droplet motion is a mixture of two motile 736 
states, slow-short motion (~200 nm/s; average travel distance ~100 nm) and fast-long motion 737 
(~450 nm/s; average travel distance ~1,000 nm)19; thus, if images are taken every second or 738 
even less frequently, the slow-short state becomes undetectable. However, frequent imaging 739 



 

 

also induces fluorophore bleaching and phototoxicity. Imaging conditions, therefore, have to be 740 
adjusted depending on the exact question to be addressed. 741 
 742 
Limitations of the method: 743 
Depending on the dye desired, the method can be limited by the compatibility between the dye 744 
solubility and the toxicity of the injection solution. Alcohols like isopropanol and ethanol are 745 
difficult to handle within a needle due to their lower viscosity and appear to damage cellular 746 
components and kill the embryo. 747 
 748 
The method is also not well suited for visualizing the earliest steps in embryogenesis because it 749 
takes 30+ min to prepare the embryos for injection. At room temperature, the initial cell cycles 750 
of the embryo are just ~10 min long each; so, even if one were to pick a newly fertilized egg in 751 
step 5.2.3, the first few cell cycles would already be completed by the time the embryo is ready 752 
for imaging. 753 
 754 
Illumination with light in the UV/blue range is considerably more phototoxic than for longer 755 
wavelengths. Under such conditions (e.g., to follow autofluorescent yolk vesicles; Figure 6), one 756 
has to limit imaging time (leading to shorter time series) or use lower laser power (resulting in a 757 
reduced signal-to-noise ratio). 758 
 759 
After cellularization, dyes injected in a specific location tend to diffuse poorly, as they must 760 
traverse many cell membranes. This limits the region of observation in later developmental 761 
stages. 762 
 763 
The significance of the method with respect to existing/alternative methods: 764 
The motion of LDs and other lipid-containing organelles in early embryos can be visualized with 765 
genetically encoded fluorophores, label-free techniques, and by the introduction of FPs. The 766 
latter can be achieved by permeabilization of the vitelline membrane12 or the microinjection 767 
approach discussed here. 768 
 769 
Genetically encoded fluorophores are versatile markers whose levels are typically highly 770 
reproducible from embryo to embryo. However, they have lower quantum yields and bleach 771 
more easily than FPs. Typically, they are only available in one or two tagged version(s) (e.g., GFP 772 
or mCherry), limiting the choice of which structures can be imaged simultaneously. FPs, on the 773 
other hand, often exist in a large variety; for example, various lipid-droplet specific dyes are 774 
available with emission spectra from Autodot in the UV/blue spectrum to Lipidtox and LipidSpot 775 
610 in the far-red spectrum. FPs can also be directly applied to any strain of interest, and thus 776 
do not require strain construction to, for example, introduce the desired organelle marker into 777 
a mutant strain of interest. This advantage is particularly pronounced when multiple structures 778 
are to be labeled simultaneously; instead of time-consuming crosses spanning multiple 779 
generations, this can be achieved in a single day by mixing the relevant dyes and introducing 780 
them at the same time. Finally, if cellular processes are to be probed with pharmacological 781 
inhibition, drugs and dyes can be introduced together. 782 
 783 



 

 

Label-free methods are very powerful approaches for detecting specific cellular structures. For 784 
example, LDs can be specifically detected in early embryos by third-harmonic generation 785 
microscopy20 or by femtosecond Stimulated Raman Loss microscopy21. Like FPs, these 786 
approaches can be applied in any genetic background, and because they do not cause 787 
bleaching, they potentially allow for faster image acquisition. However, they are typically 788 
limited to specific organelles and thus do not by themselves support multiplex imaging; they 789 
also require specialized microscopes. 790 
 791 
There are two general strategies for introducing small molecules into embryos. One is the 792 
microinjection approach employed here; the other is chemical (terpene) treatment to 793 
permeabilize the vitelline membrane. The latter approach12 is less involved than microinjection, 794 
but also more variable from embryo to embryo. In addition, after permeabilization, the 795 
protection provided by the vitelline membrane is compromised and the embryo proper is 796 
accessible to the external medium, making it more challenging to keep it alive. Microinjection is 797 
much less likely to derail embryonic development than permeabilization. However, 798 
permeabilization is recommended if many embryos need to be monitored simultaneously, e.g., 799 
for drug screening purposes. To follow the movement of cellular structures and obtain 800 
reproducible image series suitable for image analysis, microinjection is the method of choice. 801 
 802 
Importance and potential applications of the method in specific research areas: 803 
The Drosophila embryo is an important model system for studying many cell-biological and 804 
developmental processes1,5,6. Tagging organelles with fluorescent proteins has made major 805 
contributions to the understanding of how the early embryo develops, how various organelles 806 
traffic, and how such trafficking is modulated developmentally and genetically. However, their 807 
propensity to bleach and the challenges of generating strains in which multiple organelles are 808 
labeled with different colors limit the application of this approach. The use of FPs introduced by 809 
microinjection solves many of these challenges and can even be combined with fluorescently 810 
tagged proteins. This technique allows for the imaging of multiple organelles, cell structures, 811 
and cytoskeletal components in any genetic background. As a result, several genotypes can be 812 
compared via live imaging, making it possible to determine the effect of mutations on the 813 
trafficking of multiple organelles. 814 
 815 
This protocol demonstrates the FP injection approach for embryos of Drosophila melanogaster, 816 
but in principle, this approach applies to any insect eggs for which microinjection techniques 817 
have been established, including other species of Drosophila, crickets22, and aphids23. 818 
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Re: JoVE manuscript JoVE63291 

 
 

Dear Dr. Saha, 
 
Thank you for these reviews and the constructive feedback. We are pleased that the 
reviewers thought that “this article gives a good overview of the whole process” and that 
it is an “excellent short study providing numerous markers of trafficking events in the 
Drosophila embryo.“ We thank you and the reviewers for the suggested changes which 
improve the final product in both the information provided and accessibility. The 
feedback on the injection solutions used prompted us to confirm how much liquid was 
being delivered in an average injection. The formatting and commentary feedback will 
no doubt improve the readability and hopefully usage of this protocol. 
 
We have incorporated all the feedback into this new version of the manuscript. We 
provide a detailed point-by-point response to all the comments below. Some highlights 
are summarized here: 
 
Editorial comments 

1. We made the suggested formatting changes, including numbering, switching to 

the imperative tense, removing unnecessary detail, and changing the reference 

format. 

2. We added the requested additional details to the indicated steps. 

3. We added the requested additions to the materials list. 

4. To improve the clarity of the “Analysis” section, we rewrote it to include more 

detail on the software usage. 

Reviewers’ comments 
1. To address photo-properties and usability of each fluorophore, we provided the 

number of high-quality images one can expect to acquire with an individual 

fluorophore at our preferred acquisition settings. 

2. We comment on the feasibility for LD particle tracking and acquiring multiple Z-

planes during time lapse acquisition for other organelles. 
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3. To address embryo survival, we added details on which steps of the protocol are 

most sensitive and give an upper limit for the injection volume above which 

embryonic development is compromised. 

4. To address the comments on the streamlines, we cover how they are generated 

in greater detail in the text. 

5. On the high concentration of dyes used in the injection solution, we add more 

detail on the volume we are injecting versus the total volume of the embryo. 

Additionally, we address potential dye toxicity. 

6. We add the frame rate of the acquisitions for the figures in their legends. 

7. We made the changes suggested in the ‘minor concerns’ section, including 

touching on the toxicity of dyes over time. 

 
We believe these revisions address all the concerns raised. Please let us know if you 
have any questions. 
 
 
Sincerely, 
 

 
 
Professor and Chair 
Department of Biology 
University of Rochester 
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Editorial comments: 
 
Change requested: 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that 
there are no spelling or grammar issues. 
 
Response: 
We have proofread the manuscript multiple times to catch typos and grammar mistakes. 
 
 
Change requested: 
2. Please revise the Summary to make it within the word limit of 10-50 words: “The 
present protocol describes. …”. Here the word limit is exceeding. 
 
Response: 
Done. The summary is now 49 words. 
 
 
Change requested: 
3. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", 
"our" etc.). 
 
Response: 
We have eliminated all personal pronouns in the revision, apart from the 
acknowledgement section. 
 
 
Change requested: 
4. Please ensure that abbreviations are defined at first usage. 
 
Response: 
All abbreviations are now defined at first usage. We have implemented this rule 
separately for the abstract and the rest of the text. 
 
 
Change requested: 
5. 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. All action steps should be numbered. Please remove the word “step” from 
each protocol step. 
 
Response: 
Implemented. 
 
 
Change requested: 
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6. 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.). Any text 
that cannot be written in the imperative tense (e.g., provide extraneous details, optional 
steps, or recommendations) may be added as a “NOTE.” 
 
Response: 
We have implemented the imperative tense in all sections of the protocol. 
 
 
Change requested: 
7. The Protocol should be made up almost entirely of discrete steps without large 
paragraphs of text between sections. Please simplify the Protocol so that individual 
steps contain only 2-3 actions per step and a maximum of 4 sentences per step. 
 
Response: 
Implemented. 
 
 
Change requested: 
8. Please note that your protocol will be used to generate the script for the video and 
must contain everything that you would like shown in the video. Please ensure you 
answer the “how” question, i.e., how is the step performed? Alternatively, add 
references to published material specifying how to perform the protocol action. There 
should be enough detail in each step to supplement the actions seen in the video so 
that viewers can easily replicate the protocol. 
 
Response: 
Implemented. 
 
 
Change requested: 
9. Please add more details to your protocol steps: 
Step 1.1: Please include the commercially available needle details in the Table of 
Materials. 
 
Response: 
This information is now included in the table. 
 
 
Change requested: 
Step 4: Please include citations in support of the clevage stages. 
 
Response: 
A reference is now included in the note after step 4 as well as in the note after step 
5.2.3. 
 

mailto:michael.welte@rochester.edu


RC Box 270211, 317 Hutchison Hall, Rochester, NY 14627 

Tel (585) 276-3897 e-mail michael.welte@rochester.edu 

 

 
Change requested: 
Step 5.3.1: What is this desiccation chamber? A desiccator was used or some 
specialized equipment? Please clarify. 
 
Response: 
This is now explained in step 5.1.3. 
 
 
Change requested: 
Step 6: Please include the details of the commercial microinjector in the Table of 
Materials. 
 
Response: 
Implemented. 
 
 
Change requested: 
Step 8.3.1: Please include citations for the equation used. 
 
Response: 
Equation has been eliminated from the protocol as it is part of the sample python script. 
 
 
Change requested: 
10. In the software, please ensure that all button clicks, command lines and user inputs 
are provided throughout. Also, please ensure that the button clicks are bolded. 
 
Response: 
Implemented. 
 
 
Change requested: 
11. Please highlight up to 3 pages 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. Remember that non-
highlighted Protocol steps will remain in the manuscript, and therefore will still be 
available to the reader. 
 
Response: 
Implemented. The highlighted text is combined just under 3 pages (including headings 
and spacing), and we believe it tells a cohesive story. 
 
 
Change requested: 
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12. Please ensure that the highlighted steps form a cohesive narrative with a logical 
flow from one highlighted step to the next and also is in-line with the Title of the 
manuscript. Please highlight complete sentences (not parts of sentences). Please 
ensure that the highlighted part of the step includes at least one action that is written in 
imperative tense. However, the NOTEs cannot be filmed, so please do not highlight. 
 
Response: 
Implemented. 
 
 
Change requested: 
13. Please do not abbreviate the journal names in the References. 
 
Response: 
Change has been implemented. 
 
 
Reviewer #1 
 
Change requested: 
* It should be specified for each fluorophore experiment what the acquisition conditions 
were (time interval, duration). For example for the RE tracker, you specify that there is 
photobleaching but without the conditions of acquisition it is not very informative. 
 
Response: 
Thank you for this important suggestion. In the section “representative results” and the 
figure legends, we now provide the number of high-quality images one can expect to 
acquire with an individual fluorophore at our preferred acquisition setting (e.g., 200+ 
BODIPY 493/503, ~50 ER tracker). 
 
 
Change requested: 
* You present data that results from acquisition on a single plan. In discussion, it would 
be necessary to address the feasibility of performing acquisition on several z-plans, 
which seems crucial for particle tracking. 
 
Response: 
In the discussion (lines 910 to 932, we now comment on the feasibility for LD particle 
tracking and acquiring multiple Z-planes during time lapse acquisition for other 
organelles. 
 
 
Change requested: 
* For a better appropriation of the protocol, it would be important to give precisions of 
the type: survival rate at the time of the injection, the injectable volume (or at least a 
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range), and an idea possibly of the variations observed on the survival rate according to 
the volume. 
 
Response: 
Thank you for this very helpful suggestion. In the discussion (lines 864 to 875), we 
added details on which steps of the protocol are most sensitive and give an upper limit 
for the injection volume above which we expect death. 
 
 
Change requested: 
* PIV analysis indicate results on the streamline diagram but no staining is visualized ! 
Can you explain why ? 
 
Response: 
These streamlines are generated from a series of ten images, one of which is shown in 
A and B, respectively. To address the potential confusion identified, we have added 
more details on how the streamlines are generated in the text (lines 730-735) and the 
legend. 
 
 
Change requested: 
* The concentration of dyes used is 100 to 1000 times higher than the traditional use in 
cell culture. It would be wise for the authors to discuss the potential effect of these dyes 
on the observed phenotypes, viability and others 
 
Response: 
Thank you for pointing out this issue which may raise concerns in the reader. In lines 
837-839, we have now added more detail on the volume we are injecting versus the 
total volume of the embryo. And in lines 866 to 873, we explicitly discuss the toxicity 
issue. 
 
 
Change requested: 
Line 78 : Stoke's shifts must be replace by Stokes shift 
 
Response: 
Thank you for catching this. This has been implemented. 
 
 
Change requested: 
Line 119 : in the Step 1.1.2, specify the model of the needle puller used and the 
manufacturer 
 
Response: 
This information is now in the Table of Materials. We have added this information also in 
a note after step 1.1.2 as JoVE instructions say not to add this type of information to the 
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text itself. We trust that the editor will harmonize these potentially conflicting 
instructions. 
 
 
Change requested: 
Line 145: Heptane glue preparation without agitation ? 
 
Response: 
Agitation is not necessary, but helpful. We added a comment to that regard in step 
1.3.3. 
 
 
Change requested: 
Line 309 and 320: the use of "egg filament" is inappropriate. You should rather use 
dorsal appendages. 
 
Response: 
Thank you. We have replaced “egg filament” with the more proper term. 
 
 
Change requested: 
Line 359 : Typing mistake (not not) 
 
Response: 
Implemented. 
 
 
Change requested: 
Line 420: In Step 6.8, specify the volume that can be injected into the embryo (range). 
 
Response: 
We know discuss the volume issue in a note after Step 6.8 and in the discussion (lines 
837-838 and 873-875). 
 
 
Change requested: 
Line 629 : Details of the toxicity over time of the dyes at these concentrations should be 
provided. 
 
Response: 
Toxicity is now discussed in lines 866-873. 
 
 
Change requested: 
Legend figures 
Fig 3 : Is the scale the same on the 4 pictures 

mailto:michael.welte@rochester.edu


RC Box 270211, 317 Hutchison Hall, Rochester, NY 14627 

Tel (585) 276-3897 e-mail michael.welte@rochester.edu 

 

 
Response: 
Yes, it is. We followed the convention of adding the scale bar to only one image to imply 
that the scales are all the same. We would be happy to explicitly state that in the legend 
if reviewer or editor require that. 
 
 
Reviewer #2: 
This reviewer did not request any changes: “I recommend publication without the 
necessity of revision” 
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