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SUMMARY: 26 
The goal of this protocol is to inject Rhodamine-conjugated globular actin into Drosophila 27 
embryos and image intranuclear actin rod assembly following heat stress. 28 
 29 
ABSTRACT: 30 
The purpose of this protocol is to visualize intranuclear actin rods that assemble in live Drosophila 31 
melanogaster embryos following heat stress. Actin rods are a hallmark of a conserved, inducible 32 
Actin Stress Response (ASR) that accompanies human pathologies, including neurodegenerative 33 
disease. Previously, we showed that the ASR contributes to morphogenesis failures and reduced 34 
viability of developing embryos. This protocol allows the continued study of mechanisms 35 
underlying actin rod assembly and the ASR in a model system that is highly amenable to imaging, 36 
genetics and biochemistry. Embryos are collected and mounted on a coverslip to prepare them 37 
for injection. Rhodamine-conjugated globular actin (G-actinRed) is diluted and loaded into a 38 
microneedle. A single injection is made into the center of each embryo. After injection, embryos 39 
are incubated at elevated temperature and intranuclear actin rods are then visualized by confocal 40 
microscopy. Fluorescence recovery after photobleaching (FRAP) experiments may be performed 41 
on the actin rods; and other actin-rich structures in the cytoplasm can also be imaged. We find 42 
that G-actinRed polymerizes like endogenous G-actin and does not, on its own, interfere with 43 
normal embryo development. One limitation of this protocol is that care must be taken during 44 
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injection to avoid serious injury to the embryo. However, with practice, injecting G-actinRed into 45 
Drosophila embryos is a fast and reliable way to visualize actin rods and can easily be used with 46 
flies of any genotype or with the introduction of other cellular stresses, including hypoxia and 47 
oxidative stress. 48 
 49 
INTRODUCTION: 50 
This protocol describes how to inject G-actinRed to visualize the assembly of intranuclear actin 51 
rods in heat-stressed embryos that are undergoing an inducible Actin Stress Response (ASR)1. We 52 
developed this protocol to aid studies of the ASR, which in embryos leads to disrupted 53 
morphogenesis and reduced viability, and in adult human cell types is associated with pathologies 54 
including renal failure2, muscle myopathies3, and Alzheimer’s and Huntington’s Disease4–8. This 55 
ASR is induced by numerous cellular stresses, including heat shock9–11, oxidative stress4,6, reduced 56 
ATP synthesis12, and abnormal Huntingtin or β-amyloid oligomerization4–7,9,13–16. A hallmark of 57 
the ASR is the assembly of aberrant actin rods in either the cytoplasm or nucleus of affected cells, 58 
which is driven by stress-induced hyperactivation of an actin interacting protein, Cofilin1,5,6,10. 59 
Unfortunately, key knowledge gaps remain regarding the ASR. For example, the function of the 60 
actin rods is not known. We do not understand why rods form in the cytoplasm of some cell 61 
types, but the nucleus of others nor is it clear whether the ASR is protective or maladaptive for 62 
cells or embryos undergoing stress. Finally, we still do not know the detailed mechanisms 63 
underlying Cofilin hyperactivation or actin rod assembly. Thus, this protocol provides a rapid and 64 
versatile assay to probe the ASR by visualizing actin rod formation and dynamics in the highly 65 
tractable experimental system of the living fruit fly embryo.  66 
 67 
The protocol to microinject G-actinRed into living Drosophila embryos was initially developed to 68 
study the dynamics of normal cytoplasmic actin structures17 during tissue building events. In 69 
those studies, we found that G-actinRed injection did not adversely affect early developmental 70 
processes in the embryo, including cytokinesis or gastrulation17,18. We then modified the 71 
protocol, adapting the embryo handling and G-actinRed injection to allow imaging of actin rods in 72 
heat stressed embryos undergoing the ASR1. Other methods besides G-actinRed injection can be 73 
used to visualize actin in embryos. These methods rely on expressing fluorescent proteins (FPs) 74 
tagged to actin or to domains of actin binding proteins, such as Utrophin-mCherry, Lifeact, F-75 
tractin-GFP, and Moesin-GFP (reviewed in19). However, using these FP probes requires caution 76 
because they can stabilize or disrupt some actin structures, do not equally label all actin 77 
structures20, and in the case of actin-GFP, are highly overexpressed – problematic for the analysis 78 
of rod assembly which is not only stress dependent but also actin concentration dependent1. 79 
Thus, G-actinRed is the preferred probe for rod studies in fly embryos, and the large size of the 80 
embryo allows its easy injection.  81 
 82 
The workflow of this protocol is similar to other well-established microinjection techniques that 83 
have been used for injecting proteins, nucleic acids, drugs, and fluorescent indicators into 84 
Drosophila embryos21–27. However, following the microinjection of G-actinRed here, embryos are 85 
exposed to mild heat stress to induce the ASR and intranuclear actin rod assembly. For labs with 86 
access to flies and an injection rig, this method should be readily implementable and adaptable 87 
for specific lines of study in regard to the ASR, including its induction by different stresses or 88 
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modulation in distinct genetic backgrounds.  89 
 90 
PROTOCOL: 91 
 92 
1. Prepare embryo collection cups and apple juice agar plates 93 
 94 
1.1. Five days prior to the injection experiment, construct28 or procure at least two small, embryo 95 
collection cups. Make fresh 60 mm apple juice agar plates to be used with small collection cups28. 96 
Store plates in plastic boxes covered with damp paper towels at 4 °C.  97 
 98 
NOTE: Small embryo collection cups, populated with fly numbers as described in step 1.3, will 99 
provide sufficient embryo numbers per experiment, while also ensuring that embryo handling 100 
and injection can be done in a short enough time to allow imaging of early developmental stages. 101 
 102 
1.2. Warm apple juice plates to 18 °C and add a dab of yeast paste to the center of the plate. 103 
Yeast paste is a simple paste of active yeast and distilled water.  104 
 105 
1.3. To promote the most generous egg laying, set up collection cups with flies 2 days prior to the 106 
experiment. Add at least 100 females and 50 male flies to the collection cups, and top with a 107 
prepared apple juice plate (Figure 1, step 1). On the days leading up to the injection experiment 108 
change the apple juice plates at least twice each day, once in the morning and once in the 109 
evening.  110 
 111 
NOTE: The best injection and imaging results are obtained when embryo collection cups are kept 112 
at 18 °C with a 12 h light on/light off cycle.  113 
 114 
2. Prepare a working stock solution of G-actinRed for microinjection 115 
 116 
NOTE: This preparation only makes 2 μL of a 5 mg/mL working stock of G-actinRed, so if users are 117 
unaccustomed to the microinjection technique, it is advantageous to skip to step 3 and practice 118 
the microinjections with a neutral pH buffer to conserve precious working stock. The 10 μg stock 119 
of G-actinRed from the vendor can be stored in its original packaging in a 16 oz screw top jar with 120 
~500 g of desiccant at 4 °C for up to 6 months. 121 
 122 
2.1. Prepare a G-buffer stock solution in advance: 5 mM Tris-HCl, 0.2 mM CaCl2, pH 8.0. Filter and 123 
store at room temperature. 124 
 125 
2.2. On the day of injections, prepare 1 mL of a G-buffer working solution in a fresh snap cap 126 
microcentrifuge tube on ice using the G-buffer stock from step 2.1, supplemented with the 127 
following at the indicated final concentrations: 1 mM dithiothreitol (DTT) and 0.2 mM ATP, pH 128 
8.0.  129 
 130 
NOTE: The 1 mL volume of G-buffer working solution is more than what is needed for an 131 
experiment but simplifies the preparation. Excess can be discarded after the experiment or users 132 
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can scale down according to their preference. 133 
 134 
2.3.1. Keeping the 10 μg G-actinRed stock on ice, first add 1 μL of filtered, distilled water to the 135 
top of the pink droplet of G-actinRed inside the tube. 136 
 137 
2.3.2. Next, add 1 μL of the cold, freshly prepared G-buffer working solution from step 2.2. Pipet 138 
up and down ~20 times to mix well with the pipette volume set to 1 μL. The G-actinRed stock will 139 
now be at the final dilution of 5 mg/mL. 140 
 141 
2.4. Incubate the prepared G-actinRed for 30 min on ice undisturbed. 142 
 143 
2.5. Centrifuge the prepared G-actinRed at 16,000 x g for 20 min at 4 °C in a microcentrifuge to 144 
remove any precipitate. 145 
 146 
2.6. Carefully pipet 1.5 μL of the supernatant into a fresh snap cap microcentrifuge tube on ice, 147 
avoiding the dark pink pellet. 148 
 149 
2.7. Store the prepared G-actinRed supernatant on ice for up to 6 h until ready to load into a 150 
microneedle. 151 
 152 
NOTE: Microneedles can be pulled from capillary tubes in advance on a micropipette puller, then 153 
stored at room temperature on a strip of modeling clay in a 100 x 20 mm Petri dish. Suggested 154 
parameters for microneedle pulling can be found in the Pipette Cookbook29. 155 
 156 
3. Collect embryos and mount for injection 157 
 158 
3.1. Allow flies to lay embryos for 30 min on apple juice plates with yeast paste at 18 °C. 159 
 160 
3.2. While flies are laying, pre-warm an apple juice agar plate without yeast paste to room 161 
temperature, cut out a 4 cm x 1 cm rectangular wedge of apple juice agar with a razor blade, and 162 
place on a 25 mm x 75 mm glass slide. 163 
 164 
3.3.1. Harvest plate from the 30 minute collection and dechorionate embryos by pouring fresh 165 
bleach, diluted 1:1 with distilled water, onto the plate and swirling the plate for 1 min, as 166 
described in28 (Figure 1, step 2). 167 
 168 
NOTE: Different brands of bleach are sold at different concentrations. The bleach used here is 6% 169 
sodium hypochlorite from the bottle and is diluted to a final concentration of 3% sodium 170 
hypochlorite. Other bleach brands at slightly lower concentrations will work equally well. 171 
 172 
3.3.2. Pour the bleach and dechorionated embryos into a collection basket (a 70 μm cell strainer) 173 
and rinse the plate twice with distilled water from a squirt bottle, adding these washes to the 174 
collection basket. 175 
 176 
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3.3.3. Vigorously rinse the dechorionated embryos in the collection basket with distilled water 177 
until no yeast clumps are visible and the basket leaves no pink marks from excess bleach when 178 
blotted on a paper towel. 179 
 180 
3.4. Using a paintbrush with bristles dampened with distilled water, transfer dechorionated and 181 
washed embryos from the collection basket onto the prepared apple juice agar wedge on the 182 
glass slide.  183 
 184 
3.5. Use a pair of fine tip tweezers or a dissecting needle to arrange ten embryos in a straight line 185 
along the long axis of the rectangular agar wedge (Figure 1, step 3). Arrange the embryos head-186 
to-tail, such that their anterior pole is facing to the right and dorsal side is facing the researcher 187 
(Figure 1, step 3, magnified). 188 
 189 
3.6. Cut off 0.5 cm of the end of a P200 pipette tip with a razor blade and dip into the “embryo 190 
glue” (described in28). Generously coat a region 5 mm in width (Figure 1, step 4) along the long 191 
edge of a 24 mm x 50 mm rectangular coverslip, and let dry, glue side up. Drying will take ~30 s 192 
and is complete once the entire glue-coated region appears matte rather than wet or shiny. 193 
 194 
NOTE: Prepare “embryo glue” at least 48 h in advance. Add n-Heptane to strips of double-sided 195 
tape in a scintillation vial as described in28. 196 
 197 
3.7. Once the “embryo glue” has dried, gently place the coverslip glue side down on top of the 198 
row of aligned embryos on the agar, leaving 2-3 mm of space between the edge of the coverslip 199 
and the row of embryos.  200 
 201 
NOTE: Sticking the embryos too close to the edge of the coverslip may lead to the embryos drying 202 
out too much during the course of the experiment. 203 
 204 
3.8. Flip the coverslip over so that the embryos are now facing up. They should be stuck in a line 205 
along one long edge of the coverslip, and their ventral region facing the closest edge of the 206 
coverslip (Figure 1, step 4, magnified). 207 
 208 
3.9. Desiccate the embryos by placing the coverslip with embryos gently on top of 150 g of fresh 209 
blue desiccant stored in a 16 oz screw top jar. Tightly screw on the lid and incubate for 8-10 min 210 
(Figure 1, step 5). 211 
 212 
3.10. After desiccation, remove the coverslip from the desiccant jar and tape each short side of 213 
the coverslip to a microscope slide, embryo side up, with two 4 cm2 pieces of double-sided tape 214 
so that the embryo coverslip will fit onto the injection stage (Figure 1, step 6).  215 
 216 
3.11. Add 2-3 drops of Halocarbon 27 oil with a Pasteur pipette to cover the aligned embryos and 217 
protect them from further dehydration (Figure 1, step 6). 218 
 219 
4. Inject and heat stress embryos to promote actin rod formation 220 
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 221 
NOTE: All injections are done in a temperature-controlled room at 18 °C.  222 
 223 
4.1. Prepare humid incubation chambers from a glass Petri dish at least 100 mm x 20 mm in size 224 
and line the chamber with twists of lab tissue wipers dampened with distilled water (Figure 1, 225 
step 8). Pre-warm the incubation chambers at 32 °C or the desired incubation temperature prior 226 
to injecting embryos. 227 
 228 
4.2. Open the airflow valve for the microinjector and turn on the microinjector (compressed air 229 
or house air with a pressure of at least 90 psi is suitable). 230 
 231 
4.3. While embryos are desiccating, backload the previously prepared G-actinRed supernatant into 232 
the microneedle using a micro loader tip. Set the pipette to draw up 1-1.5 μL. 233 
 234 
NOTE: Because of the viscosity of the actin, loading volumes may not be accurate and there may 235 
be enough actin left to load at least one to two more microneedles. Up to 60 embryos can be 236 
injected per loaded microneedle if the microneedle is calibrated properly and does not become 237 
clogged during the course of the experiment. 238 
 239 
4.4. Attach the microneedle to the needle holder and tighten the screw. Connect the air tube to 240 
the microinjector and ensure that the backflow pressure on the microneedle equilibrates to 30 241 
hPa.  242 
 243 
4.5. Calibrate the microinjector settings to expel a 100 μm diameter bubble of G-actinRed (~500 244 
pL) on a slide micrometer. Rotate the pressure knob (500-1500 hPa) and injection pulse time 245 
knob (0.1-0.5 s) on the microinjector to get the right bubble size. Adjust these settings each time 246 
a new microneedle is loaded to account for variability in actin viscosity and microneedle tip size. 247 
 248 
NOTE: The prepared G-actinRed is viscous and there may be air in the tip of the microneedle that 249 
should be expelled before injecting embryos. If the G-actinRed does not readily expel from the tip 250 
of the microneedle, gently break the microneedle tip against the edge of the slide micrometer.  251 
 252 
4.6. Place the slide with mounted embryos onto the microscope stage.  253 
 254 
NOTE: Every injection set up will be different, so researchers will have to adjust their injection 255 
method accordingly. Here the embryos are moved with respect to a stationary microneedle, 256 
injecting each embryo by running the embryo into the microneedle.  257 
 258 
4.7. Adjust the micromanipulator stage and focus of the 10x objective on the light microscope so 259 
that the embryos are visible. The embryos are in the correct focal plane when the outlines of the 260 
vitelline membrane are sharpest and the embryo appears largest. Choose embryos to inject that 261 
are in the correct developmental stage, so that by the time the post-injection incubation is 262 
complete, most of the clutch reaches the desired developmental stage (e.g., inject embryos at 263 
Bownes’ stage 2-330 in order to observe rods at cellularization after heat stress at 32 °C). 264 
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 265 
4.8. Use the microneedle controls to bring the needle into the same focal plane as the embryos.  266 
 267 
NOTE: If the microneedle catches on the coverslip while moving the stage or microneedle, then 268 
the microneedle is too close to the slide and is not in the correct focal plane. The microneedle 269 
should be parallel to the coverslip, and not at a significant angle (Figure 1, step 7). 270 
 271 
4.9. Insert the microneedle into the embryo so that it hits the embryo in the middle of its ventral 272 
region, at the embryo “equator”. Trigger injection with the foot pedal or “inject” button when 273 
the microneedle tip is visible inside the middle of the embryo (Figure 1, step 7). 274 
 275 
4.10. Inject the G-actinRed once and slowly remove the microneedle. Move the stage and repeat 276 
for each embryo of the appropriate developmental stage.  277 
 278 
NOTE: Expansion of the embryo is normal as the G-actinRed is injected and a bit of cytoplasm may 279 
leak out of the embryo. 280 
 281 
4.11. After all the embryos have been injected, place the slide with the embryos in the prepared 282 
humid incubation chamber and close the lid (Figure 1, step 8). If trying to obtain embryos that 283 
reach cellularization, heat stress the embryos at 32 °C for 60-75 min in the humid incubation 284 
chamber.  285 
 286 
NOTE: Incubation times are noted that allow visualization of rods in cellularizing heat stressed 287 
embryos. The incubation time will be longer for non heat stress control embryos because 288 
development will be slower at a lower temperature31. These control embryos can be incubated 289 
in humid chambers at temperatures such as 18 °C or 25 °C, depending on design of the specific 290 
experiment and the question to be asked. The minimum incubation time necessary for the G-291 
actinRed to diffuse throughout the embryo is 30 min. 292 
 293 
5. Image actin rods in heat stressed embryos by confocal microscopy 294 
 295 
5.1. While the embryos are being heat stressed, turn on the confocal microscope and select the 296 
561 nm laser channel. 297 
 298 
5.2. Move the objective lens (25x, 40x or 63x recommended) to the working position. 299 
 300 
5.3. If imaging heat stressed embryos, then set the heated stage incubator to achieve an internal 301 
temperature of 32 °C. A point-and-shoot or infrared thermometer can be used to check the 302 
temperature at or near the objective.  303 
 304 
5.4. Remove the slide with injected embryos from the humid incubation chamber after 305 
incubation is complete (Figure 1, step 9). 306 
 307 
5.5. Working quickly, gently pry off the double-sided tape pieces that were used to adhere the 308 
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coverslip with mounted embryos to the slide (Figure 1, step 9).  309 
 310 
5.6. Stick two 2.5 cm long pieces of double-sided tape together and cut the tape in half lengthwise 311 
to make two strips, 2.5 x 0.5 cm long (Figure 1, step 10). 312 
 313 
CAUTION: Be gentle during these steps as coverslips can easily shatter if too much force is 314 
applied. 315 
 316 
5.7. Stick two-thirds of the length of each tape strip onto the first coverslip, flanking each side of 317 
the embryos in Halocarbon 27 oil (Figure 1, step 10, orange), leaving one-third of the tape strips 318 
hanging off the edge of the first coverslip where the embryos are stuck. Use gloved hands and be 319 
careful not to touch the embryos during this step. 320 
 321 
5.8. Gently place a second rectangular coverslip on top of the tape strips to sandwich the embryos 322 
between the coverslips (Figure 1, step 10, blue). Align the 25 mm edges but keep the 50 mm 323 
edges offset from one another by 1 cm in width. 324 
 325 
NOTE: This second coverslip’s full surface will become the new imaging surface that will face the 326 
objective lens, so take care not to get fingerprints or Halocarbon 27 oil on this second coverslip 327 
surface. The offset is necessary so that extra Halocarbon 27 oil can be added to evenly immerse 328 
the embryos. If needed, add Halocarbon 27 oil at the seam where the two coverslips meet at the 329 
top of the sandwich and it will coat the embryos by capillary action (see dashed lines in Figure 1, 330 
step 10). 331 
 332 
5.9. Gently tap down on the areas of the coverslip that are directly on top of the tape strips with 333 
the blunt side of a razorblade to get the coverslip to adhere to the tape.  334 
 335 
5.10. Flip the coverslip sandwich over and place on a lab tissue wiper to keep the imaging surface 336 
clean and carry to the confocal microscope (Figure 1, step 11). Ensure that the tape is completely 337 
stuck to both coverslips before imaging. 338 
 339 
5.11. Confirm that the heated stage is at temperature and if using an inverted microscope, add 340 
immersion liquid onto the selected objective lens. 341 
 342 
5.12. Place the coverslip sandwich onto the stage carefully to ensure that the new imaging 343 
surface (2nd coverslip) is the one touching the immersion liquid (Figure 1, step 11). 344 
 345 
NOTE: If needed, adhere the coverslip sandwich to the stage with two small pieces of double-346 
sided tape to prevent unnecessary movement during imaging if the coverslips do not fit well in 347 
the heated stage.  348 
 349 
5.13. Focus on an embryo that is in cellularization (Bownes stage 4a30) or desired developmental 350 
stage using either transmitted light or fluorescence. 351 
 352 
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5.14. Once an embryo has been brought into focus, switch to the laser acquisition mode on the 353 
confocal microscope and adjust laser power and gain, frame size, tiling, and projection settings 354 
as desired. 355 
 356 
5.15. Take surface-view images through the focal planes of the embryo’s nuclei to find 357 
intranuclear actin rods. Rods should appear in multiple orientations as bright streaks or dots 358 
inside the comparatively dark nuclei (Figure 2A, 2C).  359 
 360 
6. Alternative imaging experiments  361 
 362 
6.1. Perform FRAP to investigate actin turnover along the length of intranuclear actin rods or in 363 
cytoplasmic actin structures, such as the tips of the plasma membrane furrows during 364 
cellularization. 365 
 366 
6.2. In the imaging software, choose a rectangular region around furrow tips or actin rods in 367 
which to acquire the experiment.  368 
 369 
6.3. Choose a small square region of the center of an actin rod within the rectangular acquisition 370 
region to bleach. Ensure that the tips of the actin rod are visible and do not get bleached during 371 
the course of the experiment to allow for accurate tracking of the rod inside the nucleus. 372 
 373 
6.4. Set the bleach laser to iterate 50x and set the bleach laser power to maximum. 374 
 375 
6.5. Choose a time course to acquire images every second for a total up to 120 s at maximum 376 
pixel dwell speed and set the laser to bleach after the first two seconds of image acquisition. 377 
 378 
6.6. Quantify the data to determine the half-time of fluorescence recovery1. 379 
 380 
REPRESENTATIVE RESULTS: 381 
A schematic workflow of embryo handling is depicted in Figure 1, and a timetable for a typical 382 
experiment is presented in Table 1. An estimate for a good experimental outcome is that for 383 
every 10 embryos injected, at least half of the embryos viewed will be at the correct 384 
developmental stage, undamaged, and exhibit a robust ASR with heat stress at 32 °C. This ASR 385 
will be evidenced by the assembly of intranuclear actin rods as shown in the representative 386 
surface view image of an embryo in Figure 2A (right panel). Actin rods will appear in several 387 
orientations (parallel or perpendicular to the imaging plane) inside the nuclei and can be imaged 388 
through several focal planes. In comparison, control embryos incubated at 18 °C will not display 389 
actin rods (Figure 2A, left panel). The percent nuclei containing rods can be quantified, as 390 
demonstrated in Figure 2B. In addition, FRAP experiments may be performed on rods (Figure 2C). 391 
A suggested quantification method for FRAP data is referenced in1 and an example of a 392 
fluorescence recovery plot for a bleached versus unbleached region of an actin rod is shown in 393 
Figure 2D. 394 
 395 
If an embryo is severely damaged by injection or becomes too dry during the experiment, mitotic 396 
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asynchrony might be observed and cellularization will be disrupted. Sometimes, rods may not be 397 
visible because of a failure to get enough actin injected into the embryo. If this happens, ensure 398 
that the amount of G-actinRed injected is 500 pL (measured with a micrometer in step 4.5) and 399 
confirm that this amount remains consistent between embryos by doing a test injection into the 400 
surrounding oil to check the size of the G-actinRed bubble in between each embryo microinjection. 401 
Additionally, to ensure rod visualization, work quickly to add the coverslip and move the embryos 402 
to the heated microscope stage once they are taken from the humid chamber in step 5.4, as rod 403 
assembly is reversible1 and rods can disassemble if the embryos are kept at a temperature less 404 
than 32°C for more than 30 min.  405 
 406 
FIGURE AND TABLE LEGENDS: 407 
Figure 1: Schematic overview of embryo handling during the experiment.  408 
(1) Adult flies in embryo collection cups lay embryos on apple juice agar plates. (2) Embryos are 409 
dechorionated with 1:1 bleach:distilled water, poured into a collection basket, and thoroughly 410 
washed with distilled water to remove bleach and debris. (3) Embryos are transferred with a 411 
paintbrush to a rectangular apple juice agar wedge on a slide and arranged on their sides, head-412 
to-tail, with dorsal region facing the edge of the agar. (4) A 5 x 50 mm region of a glass coverslip 413 
(orange) is coated with “embryo glue” and pressed down gently onto the row of embryos 414 
arranged on the agar to adhere them to the coverslip. (5) The coverslip with embryos is inverted 415 
so that embryos face up. The embryos are desiccated in a screw top jar. (6) Immediately after 416 
desiccation, the coverslip is taped to a slide, embryos facing up, and embryos are covered with 417 
Halocarbon 27 oil. (7) A microneedle previously loaded with prepared G-actinRed is used to make 418 
a single injection into the center of the ventral region of each embryo, with needle positioned 419 
parallel to the coverslip. (8) After injection, embryos are incubated inside a Petri dish humidified 420 
with damp lab tissue wipers at the control temperature (18 °C) or with heat stress (32 °C). (9) 421 
After incubation, the coverslip with the embryos on it is removed from the slide. (10) Two pieces 422 
of double-sided tape are layered on top of each other, sliced in half lengthwise, and placed on 423 
either side of the oil surrounding the embryos on the first coverslip. A second coverslip (blue) is 424 
placed on top of the first to create a new imaging surface, offset so that it leaves a gap for more 425 
oil to be added to cover the embryos as necessary. (11) If imaging on an inverted confocal 426 
microscope, the coverslip sandwich is inverted so that the second coverslip faces the objective. 427 
Imaging is done in an incubated chamber, and actin rods are visualized over several focal planes 428 
of each embryos’ nuclei. 429 
 430 
Figure 2: Representative results of actin rods in heat-stressed embryos.  431 
(A) Actin rods are not seen in an embryo that was incubated at the control temperature of 18 °C 432 
(left panel), but are seen in the nuclei of an embryo that was heat-stressed at 32 °C (right panel). 433 
(B) Quantification of the percentage of nuclei with actin rods from a representative experiment. 434 
Each dot represents one embryo where rods and nuclei were counted in the entire imaged region 435 
(n = 22 embryos at 18 °C; n = 23 embryos at 32 °C; error bars show standard deviation). A 436 
Student’s t-test, with unequal variance assumed, was used to calculate the p-value. (C) A 437 
representative time series shows FRAP on an actin rod. The portion of the rod that was bleached 438 
is indicated by a white arrowhead. Pre-bleach is 2 s prior to the bleach step. Time = 0 s is the 439 
bleach step, and fluorescence recovery was tracked until 60 s post bleach. (D) A plot shows 440 
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recovery dynamics for actin fluorescence in a bleached region of a rod, compared to an 441 
unbleached region in the same rod. Rods are remarkably stable and actin within them does not 442 
turnover. Thus, no recovery is seen.  443 
 444 
Table 1: Experimental workflow with suggested timetable. 445 
This timetable summarizes the expected time it will take to complete each step of the protocol. 446 
 447 
Table 2: Troubleshooting suggestions. 448 
This table provides suggestions for troubleshooting to aid the successful completion of the 449 
protocol. 450 
 451 
DISCUSSION: 452 
The significance of this method is that it utilizes the well-established protocol of microinjection 453 
in Drosophila embryos21–27 to enable new research regarding the ASR and accompanying actin 454 
rod assembly. A major advantage of injecting G-actinRed into live embryos is that the ASR can be 455 
studied under a variety of contexts. For future studies, these contexts may include injecting 456 
embryos of other genotypes as part of a mutant screen or exposing injected embryos to different 457 
stress conditions, such as oxidative stress4,32. Although not described in detail here, this injection 458 
technique can also be modified to inject nucleic acids, other proteins, drugs and indicator dyes 459 
(for examples, see21–24,32) to study the ASR. Thus, this method presents a number of approaches 460 
for identifying the range of stresses that induce ASR, further characterizing cellular responses 461 
during ASR (e.g. changes in mitochondrial activity), and uncovering new molecules and 462 
mechanisms underlying intranuclear actin rod assembly.  463 
 464 
Some critical steps of the protocol include the following: In step 3.9, embryos must be properly 465 
desiccated to ensure successful injection and best embryo health. Desiccation time will depend 466 
on the ambient temperature and humidity of the laboratory, so it is recommended to practice 467 
the mounting, desiccation, and injections with a neutral pH buffer first to establish this parameter 468 
for handling the embryos. In step 4.5, the microneedle and injection settings must be fine-tuned 469 
to allow injection of enough G-actinRed into embryos. If too little G-actinRed is injected into the 470 
embryo, actin rods may not be easily visualized, since the formation of actin rods is dependent 471 
on the concentration of free actin1. Additionally, it will be difficult to get consistent results from 472 
FRAP experiments if there is not enough G-actinRed injected, since the fluorescence intensity will 473 
not be high enough to overcome background fluorescence. Therefore, it is important to calibrate 474 
the bubble size each time a new needle is loaded and used. G-actinRed is viscous and tends to clog 475 
inside the microneedle. Sometimes, this can lead to injecting variable amounts of G-actin into 476 
the embryos. If the microneedle is clogged and clearing the microneedle with high pressure fails, 477 
it may be necessary to attempt breaking the tip of the microneedle further or even loading a new 478 
microneedle and injecting a fresh set of embryos. Finally, in step 4.11, embryos must be 479 
incubated at elevated temperature and for sufficient time for the ASR to be induced and rods to 480 
form1. The temperatures of all incubators should be constantly monitored, time to transfer 481 
embryos from incubator to incubator must be limited, and a timer should be used for all 482 
incubations. Other possible problems are listed in Table 2 with accompanying troubleshooting 483 
tips. 484 
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 485 
One major limitation of this protocol is that exceptional care must be taken to preserve the health 486 
of the embryos during injections, incubations and imaging. The protocol has been designed to 487 
maximize embryo health, and with significant practice, a researcher can complete all steps of the 488 
protocol with embryo development progressing at the rates expected per temperature31. A 489 
second limitation of the protocol is the necessity for a microinjection rig, which can be fairly 490 
expensive and is not common equipment for every fly lab. However, if an adjacent lab is equipped 491 
to inject other embryos (e.g., Xenopus, Zebrafish, and Caenorhabditis elegans) or adherent cells, 492 
the injection rig used is likely suitable for Drosophila injections. In that case, only the shape of 493 
the needle need be adapted for Drosophila embryos according to the guidelines of the Pipette 494 
Cookbook29. Alternatively, there are some less expensive micoinjector options on the market 495 
(e.g., analog microinjectors), which can significantly reduce the cost of assembling an injection 496 
rig. 497 
 498 
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Table 1. Experimental workflow and suggested timetable

Order Step Required time for each step

1 1.1 5 days in advance

2 1.2-1.3 2 days in advance

3 2.7 Note 1 day in advance

4 2.1-2.7 1 h 

5 3.1 30 min 

6 3.2-3.11 15-30 min

7 4.1 30 min in advance

8 4.2-4.4 1 min

9 4.5-4.10 10-20 min

10 4.11 30 min-1+ h

11 5.1-5.3 1 h in advance

12 5.4-5.10 5 min

13 5.11-6.6 15 min-1+ h
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Description

Make embryo collection cages. Pour apple juice agar plates.

Set up collection cages with adult male and female flies.

Pull capillary tubes to make microneedles.

Prepare G-actin.

Allow flies to lay eggs.

Collect, mount, desiccate embryos. Cover embryos with oil.

Prepare humid incubation chambers.

Load microneedle.

Calibrate G-actin bubble size and inject embryos.

Incubate/heat stress embryos.

Turn on microscope and incubation stage.

Sandwich embryos between coverslips for imaging.

Image intranuclear actin rods in embryos.



Table 2. Troubleshooting suggestions.

Potential problem

Flies do not lay enough embryos.

No G-actin is expelled from the microneedle.

Difficult to calibrate a small enough bubble size.

Embryos release from the glue on the coverslip during injecting.

Embryos dry out during temperature incubation.

Oil does not completely cover the embryos in between the first and second coverslips.

Intranuclear actin rods are not visible in heat-stressed embryos.

Large bubbles of G-actin are visible around the injection site of embryos.
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Suggestions

Set up the cup at least 5 days in advance (refer to steps 1.1-1.3). Change plates 3x per day leading up to the experiment to encourage egg laying. Let flies lay embryos for 1 h instead of 30 min. Set up cups with young adult flies.

Increase pressure and time settings on microinjector. Break the microneedle tip further (refer to step 4.5 Note). Since major clogs may not clear, load a new needle.

Adjust the pressure and time settings (refer to step 4.5). Since the microneedle tip opening might be too large, load a new needle.

Adjust “embryo glue” consistency for future coverslips by adding more double-sided tape to the heptane solution (refer to step 3.6 Note).

Make sure that the slide is level in the incubation chamber (refer to step 4.11) and that the oil is not touching anything that might wick it away. Add extra drops of oil to the embryos. Decrease the pre-injection desiccation time (refer to step 3.9).

Add extra oil via capillary action to the small gap between the coverslips (refer to step 5.8 Note).

Inject a larger volume of G-actin (refer to step 4.5). Confirm that the temperature of both the post-injection incubation (refer to step 4.11) and imaging chamber are 32 °C (refer to step 5.3).

Inject a smaller volume of G-actin (refer to step 4.5). Increase the embryo desiccation time to promote better retention of the injected actin inside the embryo (refer to step 3.9). 



Name of Material/ Equipment Company Catalog Number Comments/Description

Adenosine triphosphate (ATP) Millipore-Sigma A23835G Component of G buffer

Apple juice, Mott's, 64 fl oz Mott's 014800000344 Component of apple juice plates

Bacto Agar BD 214010 Component of apple juice plates

Bleach, PureBright Germicidal, 

6.0% sodium hypochlorite

KIK International 059647210020 For dechorionating embryos

Calcium chloride Millipore-Sigma C1016500G Component of G buffer

Cell strainer, 70 μm Falcon 352350 For collecting dechorionated embryos

Confocal microscope, LSM 880 

34-channel with Airyscan

Zeiss 0000001994956 For imaging intranuclear actin rods

Desiccant Drierite 24001 For desiccating embryos

Dissecting microscope, Stemi 

508 Stereoscope with 8:1 zoom

Zeiss 4350649000000 For arranging embryos on agar wedge

Dissecting needle, 5 in Fisher Scientific 08965A For arranging embryos on agar wedge
Dithiothreitol (DTT) Fisher Scientific BP1725 Component of G buffer

Double-sided Tape, Scotch 

Permanent, 0.5 in x 250 in

3M 021200010323 For making embryo glue

Embryo collection cage Genessee Scientific 59100 For housing adult flies and collecting embryos

Fine tip tweezers, Dumont 

Tweezer, Style 5

Electron Microscopy 

Sciences

72701D For arranging embryos on agar wedge

Glass capillaries, Borosillicate 

glass, thin 1 mm x 0.75 mm

World Precision 

Instruments, Inc.

TW1004 For microneedles

Halocarbon oil 27 Millipore-Sigma H8773100ML For hydration of embryos

Heated stage incubator Zeiss 4118579020000, 

4118609020000, 

4118609010000

For confocal imaging

Lab Tissue Wipers, KimWipes Kimberly-Clark 34155 Lab tissue wipers
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Light microscope, Invertoskop 

40C Inverted Phase contrast 

microscope, refurbished

Zeiss Discontinued Injection microscope

Methyl-4-hydroxybenzoate Millipore-Sigma H36471KG Component of apple juice plates

Microinjector, FemtoJet4x Eppendorf 5253000025 Microinjector

Micro loader tips, epT.I.P.S. 20 

μL

Eppendorf 5242956003 For loading microneedles

Micromanipulator and injection 

stage with x,y,z dials for needle 

adjustment

Bernard Instruments, Inc 

(Houston, TX)

Custom For performing microinjections

Micropipette puller, Model P-97, 

Flaming/Brown

Sutter Instruments P97 For pulling capillary tubes to make microneedles

Microscope cover glass 24x50-

1.5

Fisher Scientific 12544E For mounting embryos

Microscope slides, Lilac 

Colorfrost, Precleaned, 25 x 75 x 

1mm

Fisher Scientific 22037081 For mounting embryos for injection

n-Heptane Fisher Scientific H3601 Component of embryo glue

Objective, 10x Zeiss Discontinued 10x objective for injection microscope

Objective, C-Apochromat 

40x/1,2 W Korr. FCS

Zeiss 4217679971711 40x water objective for confocal 

Objective, LD LCI Plan-

Apochromat 25x/0.8 Imm Cor 

DIC M27 for oil, water, silicone 

Zeiss 4208529871000 25x mixed immersion objective for confocal 

Objective, Plan-Apocrhomat 

63x/1.40 Oil DIC f/ELYRA

Zeiss 4207829900799 63x oil objective for confocal 

Paintbrush, Robert Simmons 

Expression E85 Pointed Round 

size 2

Daler-Rowney 038372016954 For transferring embryos

Paper towels, Kleenex C-fold 

paper towels, white

Kimberly-Clark 884266344845 For blotting cell strainer

Pasteur pipette, 5 3/4 in Fisher Scientific 1367820A For covering embryos with oil

Petri dish, glass, 100 x 20 mm Corning 3160102 For humid incubation chamber

Petri dish, plastic, 60 x 15 mm VWR 25384092 For apple juice plates



Pipette, Eppendorf Reference 

0.5-10 μL

Eppendorf 2231000604 For loading the microneedle

Pipette tip, xTIP4 250 μL Biotix 63300006 For adding embryo glue to coverslip

Razor blade VWR 55411050 For cutting agar wedge, tape, pipette tips

Rhodamine-conjugated globular 

actin, human platelet (non-

muscle; 4x10 μg)

Cytoskeleton, Inc. APHR-A G-actin^Red

Scintillation vial, 20 mL Glass 

borosillicate with polyethylene 

liner and urea caps

Fisher Scientific 033377 For making embryo glue

Screw top jar, 16 oz Nalgene 000194414195 For storing desiccating embryos

Stage micrometer Electron Microscopy 

Sciences

602104PG For calibrating volume of G-actin injection

Sucrose Millipore-Sigma 840971KG Component of apple juice plates

Trizma base Millipore-Sigma T15031KG Component of G buffer

Yeast, Lesaffre Yeast 

Corporation Yeast, Red Star 

Active Dry, 32 oz

Lesaffre Yeast Corporation 117929157002 Component of yeast paste
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1. Please take this opportunity to thoroughly proofread the manuscript to ensure that 
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manuscript and any errors in the submitted revision may be present in the published 
version. 
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2. Please format the manuscript as: paragraph Indentation: 0 for both left and right and 
special: none, Line spacings: single. Please include a single line space between each 
step, substep and note in the protocol section. Please use Calibri 12 points 
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4. Please ensure that the Abstract is between 150-300 words. 
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all commercial language from your manuscript and use generic terms instead. All 
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Reagents. For example: Genesee Scientific, (Cytoskeleton, Inc.), Nalgene, Drierite, 
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8. 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. 

 Done. 
 
9. Please ensure you answer the “how” question, i.e., how is the step performed? 
Please include all the button clicks, Knob turns etc. wherever applicable. 

 Done. 
 
10. 4.5: How is this done? 

 We have edited 4.5 to include this information (lines 248-250). The text now 
reads: 
  

“Rotate the pressure knob (500-1500 hPa) and injection pulse time knob 
(0.1-0.5 s) on the microinjector to get the right bubble size. Adjust these 
settings each time a new microneedle is loaded to account for variability 
in actin viscosity and microneedle tip size” 

 
11. 5.3: How do you identify this visually? 

 We have edited 5.3 to include this information (lines 305-306). The text now 
reads:  

 

“A point-and-shoot or infrared thermometer can be used to check the 
temperature at or near the objective.” 

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

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

 We believe that this is a repeat of Editorial Comment 12. 
 
14. As we are a methods journal, please revise the Discussion to explicitly cover the 
following in detail in 3-6 paragraphs with citations: 
a) Critical steps within the protocol 
b) Any modifications and troubleshooting of the technique 
c) Any limitations of the technique 
d) The significance with respect to existing methods 
e) Any future applications of the technique 



 We have edited the Discussion to explicitly include the requested information 
regarding critical steps (lines 468-487); modifications (lines 462-463); 
troubleshooting (lines 486-487); limitations (lines 489-493 and 493-494); 
significance (lines 456-458); and future applications (lines 459-461).  
 

15. Please revise the table of the essential supplies, reagents, and equipment. The 
table should include the name, company, and catalog number of all relevant materials in 
separate columns in an xls/xlsx file. Please sort the table in alphabetical order. 

 Done. 
 

 
Reviewers' comments: 
 
Reviewer 1: 
 
Major Concerns: 
1. It is difficult to follow the introduction as Drosophila embryo and neural background 
are intermixed, it goes from one to the other and back again to the first. 

 We have edited the Introduction so that it is more focused and the logic is more 
linear (lines 56-94).  

 
2. The description in 4.5 of how the embryos are arranged is confusing. The head to tail 
terminology in the figure legend makes more sense. 

 We have edited 3.5 where we described the arrangement of the embryos on the 
agar wedge (lines 188-191). The text now reads: 
 

“3.5. Use a pair of fine tip tweezers or a dissecting needle to arrange ten 
embryos in a straight line along the long axis of the rectangular agar wedge 
(Figure 1, step 3). Arrange the embryos head-to-tail, such that their 
anterior pole is facing to the right and dorsal side is facing the researcher 
(Figure 1, step 3, magnified).”  

 
3. In the note on 4.11 - it is unclear what the control embryos are, the conditions they 
will be kept in, and how they differ from the experimental. This is a critical area of 
importance. 

 We have edited the Note for 4.11 to clarify that the controls are embryos that are 
not heat-stressed (lines 290-295). The text now reads: 
 

“NOTE: Incubation times are noted that allow visualization of rods in 
cellularizing heat stressed embryos. The incubation time will be longer for 
non heat stress control embryos because development will be slower at a 
lower temperature31. These control embryos can be incubated in humid 
chambers at temperatures such as 18 °C or 25 °C, depending on design of 
the specific experiment and the question to be asked.” 



 
4. In relation to 5.10 and Fig. 1 step 11 - the images are confusing. It is hard to follow 
where the tape and the two coverslips are. Perhaps one coverslip can be colored to 
make it easier to follow? Also, the reason for the offset is not clear from the protocol. 

 We have edited Figure 1 by highlighting the 1st coverslip in orange and the 2nd 
coverslip in blue throughout the figure, and changed the opacity of the coverslips 
in Figure 1, steps 10 -11 to more clearly identify which coverslip is which. We 
have also added a Note to 5.8 to explain why the offset is needed (lines 325-
334). The text now reads: 

 

“5.8. Gently place a second rectangular coverslip on top of the tape strips 
to sandwich the embryos between the coverslips (Figure 1, step 10, blue). 
Align the 25 mm edges but keep the 50 mm edges offset from one another 
by 1 cm in width.  
 
NOTE: This second coverslip’s full surface will become the new imaging 
surface that will face the objective lens, so take care not to get fingerprints 
or oil on this second coverslip surface. The offset is necessary so that extra 
oil can be added to evenly immerse the embryos. If needed, add oil at the 
seam where the two coverslips meet at the top of the sandwich and it will 
coat the embryos by capillary action (see dashed lines in Figure 1, step 
10).” 

 
Minor Concerns: 
1. In 1.1, please indicate the size of collection cups needed and the rationale. 

 We have edited 1.1 to include the cup size and rationale for embryo collection 
(lines 99-105). The text now reads: 

 

“1.1. Five days prior to the injection experiment, construct28 or procure at 
least two small, embryo collection cups. Make fresh 60 mm apple juice 
agar plates to be used with small collection cups28. Store plates in plastic 
boxes covered with damp paper towels at 4 °C.  
 
NOTE: Small embryo collection cups, populated with fly numbers as 
described in 1.3, will provide sufficient embryo numbers per experiment, 
while also ensuring that embryo handling and injection can be done in a 
short enough time to allow imaging of early developmental stages.” 

 
2. In 1.2, please indicate why it is important to set up the embryo collections days before 
the experiment, and why the light/dark cycle and temperature matter. Also, not every 
reader will know what yeast paste is. 

 We have edited 1.2 to include a description of yeast paste, moved the rest of the 
text from 1.2 into an additional step 1.3, and included a rationale for the 
temperature and light/dark cycle (lines 107-117). The text now reads: 



 

“1.2. Warm apple juice plates to 18 °C and add a dab of yeast paste to the 
center of the plate. Yeast paste is a simple paste of active yeast and 
distilled water” 
 
1.3. To promote the most generous egg laying, set up collection cups with 
flies two days prior to the experiment. Add at least 100 females and 50 
male flies to the collection cups, and top with a prepared apple juice plate 
(Figure 1, step 1). On the days leading up to the injection experiment 
change the apple juice plates at least twice each day, once in the morning 
and once in the evening.  
 
NOTE: The best injection and imaging results are obtained when embryo 
collection cups are kept at 18 °C with a 12 hr light on/light off cycle.” 

 
3. It is unclear why so much G-actin buffer is made, and in 2.3.2 it is confusing to call in 
1ml of G-buffer, when you are using 1 ul. 

 We have edited 2.2 to clarify the excess buffer preparation and 2.3.2 to address 
the confusing language (lines 134-136 and 141, respectively). The text now 
reads: 

 

“2.2 NOTE: The 1 mL volume of G-buffer working solution is more than 
what is needed for an experiment but simplifies the preparation. Excess 
can be discarded after the experiment or users can scale down according 
to their preference.” 
 

“2.3.2. Next, add 1 μL of the cold, freshly prepared G-buffer working 
solution from 2.2.” 

 
4. 2.6 - why use a 1.5 ml microcentrifuge tube for the 1.5ul? 

 Since it does not matter what volume the tube is, we edited 2.6 to remove the 
1.5mL designation (line 150). The text now reads: 
 

“2.6. Carefully pipet 1.5 μL of the supernatant into a fresh snap cap 
microcentrifuge tube on ice, avoiding the dark pink pellet.”  

 
5. In 3.3.1, it would be useful to reference the bleach concentration. 

 We added a Note to 3.3.1 to clarify the bleach concentration (lines 172-174). The 
text now reads:  

 

“NOTE: Different brands of bleach are sold at different concentrations. The 
bleach used here is 6% sodium hypochlorite from the bottle and is diluted 
to a final concentration of 3% sodium hypochlorite. Other bleach brands 
at slightly lower concentrations will work equally well.”  



 
6. In 3.3.3 it is unclear what the embryos are being rinsed with. 

 We edited the text to clarify that the embryos are being rinsed with water (lines 
180-181). The text now reads: 

 

“3.3.3. Vigorously rinse the dechorionated embryos in the collection 
basket with distilled water until no yeast clumps are visible…” 

 
7. In 3.4 it is unclear what the paint brush has been damped with. 

 We edited the text to clarify that the brush is dampened with water (line 184). The 
text now reads: 

 

“3.4. Using a paintbrush with bristles dampened with distilled water…” 

 
8. In 3.7 - how long does the glue take to dry and how is dry assessed. 

 We edited 3.6 to include this information (lines 195-196). The text now reads: 
 

“3.6. …Drying will take ~30 sec and is complete once the entire glue-
coated region appears matte rather than wet or shiny.” 

 
9. In 5.15, it seems worth referencing the figure with the images. 

 We edited 5.15 to add a reference to Figure 2 (line 362). The text now reads:   
 

“5.15. …Rods should appear in multiple orientations as bright streaks or 
dots inside the comparatively dark nuclei (Figure 2A, 2C).” 

 
10. It is unclear why the imaging needs to be done on an inverted microscope. 

 Imaging need not be done on an inverted microscope. We edited the legend of 
Figure 1 to clarify (lines 429-432). The text now reads: 

 

“(11) If imaging on an inverted confocal microscope, the coverslip 
sandwich is inverted so that the second coverslip faces the objective.” 

 
Reviewer #2: 
 
Major Concern: 
[The] authors have already published this protocol in detail in the articles in Figard et al., 
2019 and Figard et al., 2011. I don't see any reasoning why to publish twice the same 
protocols. Could the authors justify why to publish it again? I do not see additional 
information on the proposed protocol that could help the readers to understand the 
methodology better.  
 

 We have submitted this method because we were invited to do so by JoVE 
editor, Dr. Stephanie Weldon, following the publication of our Cell Reports paper 



in 2019 (Figard et al., 2019). We have provided far more detail in this method 
than what was included in the Cell Reports paper; and this level of detail is 
expected to allow a novice to do these experiments rather than someone who 
already has injection experience. This JoVE method will also be accompanied by 
a video protocol, which the Cell Reports publication lacked. 

 
Our earlier JoVE publication (Figard & Sokac 2011) did not include methods for 
embryo injection. Where there was overlap (e.g. making embryo collection cups), 
we strived to refer to the 2011 paper and not repeat information here. 
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all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
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represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
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accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
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publication the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
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governed and construed by the internal laws of the 
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may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.
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