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SUMMARY:  23 
This is an imaging-based method to identify S-phase and analyze cell cycle dynamics in the C. 24 
elegans hermaphrodite germline using the thymidine analog EdU. This method requires no 25 
transgenes and is compatible with immunofluorescent staining. 26 
 27 
ABSTRACT:  28 
Cell cycle analysis in eukaryotes frequently utilizes chromosome morphology, expression and/or 29 
localization of gene products required for various phases of the cell cycle, or the incorporation 30 
of nucleoside analogs. During S-phase, DNA polymerases incorporate thymidine analogs such as 31 
EdU or BrdU into chromosomal DNA, marking the cells for analysis. For C. elegans, the 32 
nucleoside analog EdU is fed to the worms during regular culture and is compatible with 33 
immunofluorescent techniques. The germline of C. elegans is a powerful model system for the 34 
studies of signaling pathways, stem cells, meiosis, and cell cycle because it is transparent, 35 
genetically facile, and meiotic prophase and cellular differentiation/gametogenesis occur in a 36 
linear assembly-like fashion. These features make EdU a great tool to study dynamic aspects of 37 
mitotically cycling cells and germline development. This protocol describes how to successfully 38 
prepare EdU bacteria, feed them to wild-type C. elegans hermaphrodites, dissect, stain for EdU 39 
incorporation into DNA, stain with antibodies to detect various cell cycle and developmental 40 
markers, image the gonad and analyze the results. The protocol describes the variations in the 41 
method and analysis for the measurement of S-phase, M-phase, G2 length, cell cycle length, 42 
rate of meiotic entry, and meiotic prophase progression. This method can be adapted to study 43 
the cell cycle or cell history in other tissues, stages, genetic backgrounds, and physiological 44 
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conditions.  45 
 46 
INTRODUCTION:  47 
In animal development, hundreds, thousands, millions, billions, or even trillions of cell divisions 48 
are required to form the adult organism. The cell cycle, the set of cellular events composed of 49 
G1 (gap), S (synthesis), G2 (gap), and M (mitosis) define the series of events that are executed 50 
each cell division. The cell cycle is dynamic and best appreciated in real time, which can be 51 
technically difficult. The techniques presented in this protocol allow one to make the 52 
measurements of the phases and timing of the cell cycle from still images. 53 
 54 
Labeling with nucleoside analogs such as 5-ethynyl-2'-deoxyuridine (EdU) or 5-bromo-2'-55 
deoxyuridine (BrdU) is the gold standard to identify S-phase in the studies of cell cycle dynamics 56 
in the Caenorhabditis elegans (C. elegans) adult hermaphrodite germline1–5. Both EdU and BrdU 57 
can be used in nearly any genetic background, as they do not rely on any genetic construct. 58 
Visualizing BrdU requires harsh chemical treatment to expose the antigen for anti-BrdU 59 
antibody staining, which is often incompatible with the assessment of other cellular markers 60 
using co-staining with additional antibodies. By contrast, visualizing EdU occurs by click 61 
chemistry under mild conditions and thus is compatible with antibody co-staining6,7. 62 
 63 
The specificity of the label is clear, since nuclei only incorporate the thymidine (5-ethynyl-2’- 64 
deoxyuridine) analogs into DNA during S-phase. Visualization takes place in fixed tissue. The 65 
EdU label is invisible by itself until an azide-containing dye or fluorophore reacts covalently with 66 
the alkyne in EdU by copper-catalyzed click chemistry8. EdU labeling can provide immediate 67 
information on which nuclei are in S-phase, using a short pulse of labeling. EdU can also provide 68 
dynamic information, using pulse-chase or continuous labeling; for example, in a pulse-chase 69 
experiment, the label is diluted at each cell division or propagated as nondividing cells progress 70 
through development.  71 
 72 
The C. elegans hermaphrodite germline is a powerful model system for the studies of signaling 73 
pathways, stem cells, meiosis, and cell cycle. The adult germline is a polarized assembly-line 74 
with stem cells found at the distal end followed by entry and progression through meiotic 75 
prophase, coordinated with the stages of gametogenesis more proximally (Figure 1). At the 76 
proximal end, oocytes mature, are ovulated and fertilized and begin embryogenesis in the 77 
uterus9–11. The ~20 cell-diameter long region near the distal tip cell, which includes the 78 
mitotically cycling germline stem, progenitor cells and meiotic S-phase cells but not the cells in 79 
meiotic prophase, is called the progenitor zone2,4,9,12. The cell membranes provide incomplete 80 
separation between the nuclei in the distal germline, but the progenitor zone cells undergo 81 
mitotic cell cycling largely independently. The median mitotic cell cycle length of germline 82 
progenitor zone cells in young adult hermaphrodites is ~6.5 h; G1 phase is short or absent, and 83 
quiescence is not observed1,2,13. Germline stem cell differentiation occurs through essentially 84 
direct differentiation and thus lacks transit-amplifying divisions4. During differentiation in the 85 
pachytene stage, approximately 4 out of 5 nuclei will not form oocytes but instead undergo 86 
apoptosis, acting as nurse cells by donating their cytoplasmic contents to the developing 87 
oocyte14,15. 88 



   

 89 
In addition to labeling S-phase with nucleoside analogs, one can identify the cells in mitosis and 90 
meiosis using antibody staining. Nuclei in mitosis are immunoreactive to anti-phospho-histone 91 
H3 (Ser10) antibody (called pH3)7,16. Nuclei in meiosis are immunoreactive to anti-HIM-3 92 
antibody (a meiotic chromosome axis protein)17. Nuclei in the progenitor zone can be identified 93 
by the absence of HIM-3, the presence of nucleoplasmic REC-818, or the presence of WAPL-1. 94 
WAPL-1 intensity is highest in the somatic gonad, high in the progenitor zone, and low during 95 
meiosis19. Several cell cycle measurements are possible with a few variations in the protocol: I) 96 
identify nuclei in S-phase (and M-phase); II) measure the S-phase index (and M-phase index); III) 97 
determine whether nuclei were in mitotic or meiotic S-phase; IV) measure the length of G2; V) 98 
measure the length of G2+M+G1 phases; VI) measure the rate of meiotic entry; VII) estimate 99 
the rate of meiotic progression. 100 
 101 
One can make multiple cell cycle measurements from only a few types of wet-lab experiments. 102 
The protocol below describes a 30 min pulse labeling by feeding C. elegans adult 103 
hermaphrodites with EdU labeled bacteria and co-labeling M-phase cells by staining with anti-104 
pH3 antibody and progenitor zone cells by staining with anti-WAPL-1 antibody. Only changes in 105 
the length of EdU feed (Step 2.5), antibodies (Step 5), and analyses (Step 8.3) are required for 106 
the additional measurements. 107 
  108 
PROTOCOL: 109 
 110 
1. Preparation of EdU-labeled Bacteria 111 
 112 
1.1. Grow a starter culture of MG1693. Escherichia coli (E. coli) MG1693 carries a mutation in 113 
thyA. 114 
 115 
1.1.1. Streak out E. coli MG1693 from a frozen glycerol stock onto a 120 mm lysogeny broth 116 
(LB) agar Petri dish. Grow at 37 °C overnight. 117 
 118 
1.1.2. Inoculate from two individual E. coli MG1693 colonies into two duplicate 4 mL tubes of 119 
LB. Grow at 37 °C for ~16 h. 120 
 121 
Note: MG1693 grows fine in LB without supplementing with thymine or thymidine. 122 
 123 
1.2. Grow E. coli MG1693 in minimal media supplemented with EdU. 124 
 125 
1.2.1. Autoclave a 500 mL conical flask. 126 
 127 
1.2.2. Use sterile technique to add 5 mL of 20% glucose, 50 μL of 10 mg/mL of thiamine, 120 128 
μL of 5 mM thymidine, 100 μL of 1 M MgSO4, 200 μL of 10 mM EdU, 100 mL of M9 buffer, and 4 129 
mL of freshly-grown overnight MG1693 culture. 130 
 131 
Note: The final concentration of EdU is 20 μM in this culture1,7. This concentration leads to DNA 132 



   

damage and cell cycle arrest if applied to mammalian cells in culture directly20. However, only a 133 
fraction of this EdU is incorporated into the E. coli and thus available to C. elegans. There is no 134 
evidence of cell cycle arrest and no change in the size of the progenitor zone or M-phase index 135 
after EdU treatment of young adult hermaphrodites. 136 
 137 
1.2.3. Grow overnight, but no longer than 24 h at 37 °C with shaking at 200 rpm. 138 
 139 
1.3. Concentrate EdU-labeled E. coli and apply to M9 agar Petri dishes. 140 
 141 
1.3.1. Pre-cool a tabletop centrifuge to 4 °C 142 
 143 
1.3.2. Use sterile technique to transfer the culture into 2-4 sterile 50 mL conical tubes. 144 
 145 
1.3.3. Centrifuge the cultures at 3,000 x g at 4 °C for 30 min to pellet the EdU-labeled E. coli. 146 
 147 
Note: Dispose of EdU-containing supernatant according to local and institutional guidelines. 148 
 149 
1.3.4. Resuspend the pellets with 4 mL of fresh M9. Use a sterile 1 mL pipet tip or a sterile 5 150 
mL serological pipet. Resuspending the pellets may take several minutes. 151 
 152 
1.3.5. Use the same pipet to apply ~8 drops of resuspended EdU-labeled E. coli MG1693 to the 153 
center of room-temperature 60 mm M9 agar Petri dishes. One batch yields ~16 dishes. 154 
 155 
1.3.6. Allow the dishes to dry for several hours or overnight at room temperature, then seal 156 
each dish with a strip of laboratory film. Dishes can be stored at 15 °C for ~2 weeks and at 4 °C 157 
for ~2 months. Use same batch of EdU dishes for each set of experiments. 158 
 159 
2. Feeding EdU to C. elegans. 160 
 161 
2.1. Synchronize population by timed egg lay, alkaline hypochlorite treatment followed by 162 
hatching into S-medium with cholesterol, or by picking the appropriate stage21. Grow the 163 
animals to desired stage (here, 24 h post-L4) on Nematode Growth Medium seeded with E. coli 164 
OP50 at 20 °C. 165 
 166 
Note: Prepare 50-100 animals per experiment, as some may not dissect well, and others will be 167 
lost in the process of washing and transferring. 168 
 169 
2.2. Allow the EdU dishes to warm to 20 °C (or the temperature required for the 170 
experiment). 171 
 172 
2.3. Wash the animals from NGM dishes using M9 into a 1.5 mL tube. Allow the animals to 173 
settle briefly by gravity or a short spin in a microcentrifuge.  174 
 175 
2.4. Remove the supernatant and wash the animals 1-2 times with ~1 mL of M9. Remove the 176 



   

supernatant. 177 
 178 
2.5. Use a glass Pasteur pipette to transfer the animals in a tiny drop of M9 onto the center 179 
of the EdU lawn. Wait a few minutes for the liquid to be absorbed, then incubate at 20 °C for 30 180 
min (for direct S-phase measurement) or longer (to measure history of S-phase), as needed. 181 
 182 
Note: EdU signal is detectable in germline nuclei after as little as 15 min of EdU feeding1. 183 
 184 
2.6. Wash the worms off the EdU plate with ~2 mL of phosphate-buffered saline (PBS) into a 185 
glass dissecting dish. 186 
 187 
3. Dissection and Fixation of C. elegans Germline 188 
 189 
Note: This protocol for the dissection, fixation, and antibody staining of the C. elegans 190 
hermaphrodite germline is nearly identical to that published by the Arur lab22, except that the 1 191 
mL glass tubes can be centrifuged to speed up washing steps and a drawn-out glass Pasteur 192 
pipette can be used to remove the liquid from 1 mL glass tubes more accurately. 193 
 194 
3.1. Wash and dissect C. elegans germlines. 195 
 196 
3.1.1. Allow the animals to settle to the bottom of the dissecting dish, swirl to collect the 197 
animals in the center, and use a long Pasteur pipette to remove PBS. Wash 1-2 times with ~2 198 
mL of PBS.  199 
 200 
3.1.2. Add 2 mL of PBS and 4 μL of 100 mM levamisole to immobilize the animals. Swirl the 201 
dish again to collect the animals in the center of the dish. 202 
 203 
Note: Immobilization can take between a few seconds and a few minutes. Complete 204 
immobilization is not necessary for successful dissection. Some people have better success 205 
when dissecting incompletely immobilized animals. 206 
 207 
3.1.3. Dissect the animals with a pair of 25G 5/8” needles by cutting at the head 208 
(approximately between the two pharyngeal bulbs) or the tail. Take care not to cut the loop of 209 
the germline. Intestine and germline should “pop out” of the body cavity due to internal 210 
pressure, but remain attached. This protocol is similar to previously published method22. 211 
 212 
Note: Keep the dissection time to ~5 min, certainly no more than 15 min. Longer dissection 213 
times may result in the loss of antibody staining signal (Sudhir Nayak, personal communication) 214 
and starvation in PBS may affect the animals’ physiology. Learning to dissect quickly and 215 
accurately may take some practice. 216 
 217 
3.1.4. If needed, swirl to collect the dissected animals in the center, and use a long Pasteur 218 
pipette to remove as much PBS as possible. 219 
 220 



   

3.2. Fix and dehydrate tissues 221 
 222 
3.2.1. Add 2 mL of 3% paraformaldehyde (PFA) in PBS solution. Cover the dish loosely with 223 
laboratory film and store on a bench or in a drawer for 10 min. 224 
 225 
Note: Thaw PFA solution in a 37 °C water bath and then cool to room temperature prior to 226 
dissecting germlines. 227 
 228 
CAUTION: PFA solution is moderately toxic and a probable carcinogen and teratogen. Vapors 229 
emitting from paraformaldehyde solutions are flammable. Wear nitrile gloves. Dilute PFA from 230 
16% to 3% in chemical fume hood. When working outside of fume hood, keep all containers 231 
covered.  232 
 233 
3.2.2. Transfer the gonads carefully to a clean 5 mL glass centrifuge tube. 234 
 235 
3.2.3. Add ~3 mL of PBSTw (PBS with 0.1% Tween-20) to the dish that contained the gonads to 236 
help retrieve remaining gonads and to dilute the PFA solution. 237 
 238 
3.2.4. Spin down in a clinical centrifuge at 870 x g for ~1 min. Younger or smaller animals 239 
require longer spins than older or larger animals. 240 
 241 
3.2.5. Using a long glass pipette, transfer the supernatant to unwanted material beaker for 242 
eventual discard in unwanted material bottle in the chemical hood. 243 
 244 
3.2.6. Add 2 mL of high-grade methanol pre-chilled to -20 °C. Cover the centrifuge tube tightly 245 
with laboratory film. 246 
 247 
Note: Use of fresh high-grade “gold label” methanol is essential for proper morphology with 248 
certain antibodies. 249 
 250 
CAUTION: Methanol is a highly flammable liquid and vapor, toxic if swallowed, in contact with 251 
skin, or inhaled. Wear gloves and appropriate personal protective equipment. Use freezer 252 
appropriate for small volumes of flammables. 253 
 254 
3.2.7. Store in -20 °C freezer for 1 h, even overnight or even several months. 255 
 256 
Note: The protocol can be paused here. 257 
 258 
4. Rehydrate Germlines 259 
 260 
4.1. Fill the glass centrifuge tube to top with PBSTw to dilute the methanol and rehydrate 261 
the gonads. Spin down in a clinical centrifuge at 870 x g for ~1 min. 262 
 263 
4.2. Using a long glass Pasteur pipette, transfer the supernatant to unwanted material 264 



   

beaker for eventual discard in unwanted material bottle in the chemical hood. 265 
 266 
4.3. Wash the gonads 3 times using ~5 mL of PBSTw, spinning down in a clinical centrifuge at 267 
870 x g for ~1 min each time. Remove the supernatant. 268 
 269 
4.4. Rinse a small 1 mL borosilicate glass tube and a long glass Pasteur pipette with PBSTw.  270 
 271 
4.5. Add ~700 μL of PBSTw and use the long glass Pasteur pipette to transfer the gonads to 272 
the small tube. Use a few additional drops of PBSTw to ensure that all gonads are transferred. 273 
 274 
4.6. Spin down in a clinical centrifuge at 870 x g for ~1 min. Using a drawn-out long glass 275 
Pasteur pipette, remove as much liquid as possible without disturbing the gonads. Leave no 276 
more than 50 μL.  277 
 278 
Note: If antibody detection is not necessary, skip to Step 6. 279 
 280 
5. Detect Antigens with Antibodies 281 
 282 
5.1. Dilute the primary antibodies in 30% goat serum in PBS. In the present example, anti-283 
WAPL-1 antibody is diluted 1:2000 and anti-pH3 antibody is diluted 1:500. Centrifuge freshly 284 
thawed serum for 10 min in a microfuge at 20,000 x g at 4 °C to remove the particulates. Use 285 
the supernatant, which can be stored at 4 °C for several days. Use the appropriate serum to 286 
match the host organism of secondary antibodies (goat serum is used here). An optional 287 
blocking step may be added prior to the addition of primary antibodies. 288 
 289 
5.2. Apply 100 μL of diluted primary antibody to each small glass tube. Incubate at room 290 
temperature for 4 h. 291 
 292 
Note: Incubation times vary by antibody. For some antibodies, 2 h at room temperature is 293 
sufficient. Longer incubations (e.g., overnight) are possible, but may increase background. 294 
 295 
5.3. Fill the tubes to top with PBSTw and spin down in a clinical centrifuge at 870 x g for ~1 296 
min. 297 
 298 
5.4. Wash the gonads 3 times using ~1 mL of PBSTw. Incubate for ~5 min per wash to allow 299 
excess primary antibody to diffuse into wash. Using a drawn-out long glass Pasteur pipette, 300 
remove as much liquid as possible without disturbing the gonads. Leave no more than 50 μL.  301 
 302 
5.5. Dilute the secondary antibodies in 30% goat serum in PBS. In the present example, goat-303 
anti-rabbit-594 and goat-anti-mouse-647 are each diluted at 1:400. 304 
 305 
Note: Select secondary antibodies carefully to make sure dyes are distinct from the dye on the 306 
EdU kit. In the present example, the EdU kit contained a 488 nm excitation dye. 307 
 308 



   

5.6. Apply 100 μL of diluted secondary antibody to each small glass tube. Incubate in the 309 
dark at room temperature 2 h. 310 
 311 
Note: Incubation times vary by antibody. For some secondary antibodies, 1 h at room 312 
temperature is sufficient. Longer incubations (e.g., overnight) are possible, but may increase 313 
background. 314 
 315 
5.7. Wash the gonads 3 times using ~1 mL of PBSTw. Incubate for ~5 min per wash to allow 316 
excess secondary antibody to diffuse into wash. Using a drawn-out long glass Pasteur pipette, 317 
remove as much liquid as possible without disturbing the gonads. Leave no more than 50 μL.  318 
 319 
Note: Gonads can be stored in 100 μL of PBS after this step, if necessary, although this may 320 
reduce signal. Remove PBS prior to proceeding. 321 
 322 
6. Perform the EdU Click Reaction to Detect EdU 323 
 324 
Note: Performing the EdU click reaction before the antibody staining steps (perform Step 6 325 
before Step 5) is possible, depending on the antibodies used7. However, the click reagents may 326 
interfere with certain antigens (e.g., REC-8 antibody is sensitive to fixation and 327 
permeabilization). The order presented here yields bright antibody staining with the REC-8, 328 
WAPL-1, HIM-3, pH3, FLAG, and CYE-1 antibodies used, among others. 329 
 330 
6.1. Prepare the click EdU cocktail8 fresh by adding the following to a clean 1.5 mL tube. The 331 
order of additions is important. Protect from light and work on ice. This recipe yields enough for 332 
one sample (100 μL); multiply the recipe as needed. 333 
 334 
6.1.1. Add 2 mL of ultrapure water to the buffer additive. This makes 10x buffer additive, 335 
which must be diluted to 1x immediately prior to use. 336 
 337 
6.1.2. Add 8.5 μL of 10x buffer to 76.5 μL of ultrapure water. Mix well. 338 
 339 
6.1.3. Add 4 μL of 100 mM CuSO4 (may be labeled as Component E). Mix well. 340 
 341 
6.1.4. Add 0.25 μL of the 488 nm dye Azide. It must be thawed at room temperature, as its 342 
solvent, dimethyl sulfoxide, is solid at 4 °C. Mix well and protect from light. 343 
 344 
6.1.5. Mix 9 μL of ultrapure water with 1 μL of the buffer additive in the cap of the tube. Pipet 345 
from the cap to add to the remaining cocktail and mix well by pipetting up and down. 346 
 347 
6.2. Perform the EdU click reaction 348 
 349 
6.2.1. Add ~100 μL of click EdU cocktail to the gonads in the small tube. Cover with laboratory 350 
film and incubate for 30-60 min at room temperature. 351 
 352 



   

6.2.2. Wash once with 100 μL of reaction rinse buffer. 353 
 354 
6.2.3. Wash the gonads 4 times using ~1 mL of PBSTw. Incubate for ~15 min per wash to allow 355 
excess EdU cocktail components to diffuse into wash. Using a drawn-out long glass Pasteur 356 
pipette, remove as much liquid as possible without disturbing the gonads. Leave no more than 357 
50 μL.  358 
 359 
7. Stain DNA and Prepare Slides 360 
 361 
7.1. Add 1 drop (~25 μL) of antifade mounting medium with 4’,6-diamidino-2-phenylindole 362 
(DAPI, used to visualize DNA) to the gonads. Wait a few minutes so it can settle and mix with 363 
the gonads. 364 
 365 
Note: Alternately, a 1:1000 dilution of DAPI (from a 0.1 mg/mL stock) in PBS may be applied for 366 
5 min, followed by 20 μL of 1,4-diazabicyclo[2.2.2]octane (DABCO) in 90% glycerol, or another 367 
antifade mounting medium. 368 
 369 
7.2. Prepare a large 2.5% agarose pad on a standard glass microscope slide. 370 
 371 
7.3. Use a new clean dust-free long glass Pasteur pipette to transfer the gonads to the 372 
agarose pad. Keep all liquid and gonads in the narrow bottom of the pipette to minimize the 373 
loss of gonads. 374 
 375 
Note: Gonads stuck to small glass tube or in long glass Pasteur pipette can be “rescued” by 376 
rinsing with PBSTw, collecting the liquid in a dissecting dish, and picking individual animals onto 377 
the slide with an eyelash. 378 
 379 
7.4. Use an eyelash (or a loop of thin hair) glued to a toothpick to distribute the gonads over 380 
the agarose pad and remove the dust particles. 381 
 382 
7.5. Apply a rectangular glass coverslip. Lower slowly from one side to avoid air bubbles. Use 383 
a tissue to remove excess solution and prevent the coverslip from moving freely. 384 
 385 
Note: Use the coverslips to match them to the microscope which will be used. #1 and #1.5 386 
coverslips work well. 387 
 388 
7.6. Allow the slides to settle and dry slightly overnight at room temperature or 4 °C. This 389 
helps to slightly flatten the gonads. Slides should be stored at 4 °C. 390 
 391 
7.7. Optional: Seal the edges of the slide with nail polish, or another slide sealer. Sealing the 392 
corners first, then the sides, prevents the coverslip from shifting. 393 
 394 
8. Confocal Imaging and Analysis 395 
 396 



   

8.1. Image the distal gonad with a spinning disc confocal fluorescent microscope equipped 397 
with a high energy light source, plan-apochromatic objectives, and a high efficiency microscope 398 
camera. Capture the images with 1 μm or tighter spacing between z-stacks. Take note of laser 399 
power, sensitivity, and exposure time for all channels.  400 
 401 
8.1.1. Use the following: 405 nm laser line excitation with a 485 nm (W60) emission filter for 402 
DAPI, 488 nm laser line excitation with a 527 nm (W55) emission filter for EdU, 561 nm laser 403 
line excitation with a 615 nm (W70) emission filter for WAPL-1, and a 640 nm laser line 404 
excitation with a 705 nm (W90) emission filter for pH3.  405 
 406 
Note: Signal intensity and background intensity will vary. Likewise, the required exposure times 407 
will vary, possibly up to 10-fold. 408 
 409 
8.2. Use the Cell Counter plug-in23 in Fiji24,25 to manually count each nucleus. Label each 410 
individual nucleus according to the presence and absence of pH3, EdU, and WAPL-1. Use the 411 
classes of nuclei described in Table 1 and Figure 2, as these will facilitate all of the calculations 412 
outlined below. 413 
 414 
Note: Skilled counters can accurately count all nuclei in a 3D image without double-counting or 415 
missing any nuclei. Alternately, one may count every nucleus in every z-plane, and the Marks-416 
to-Cells R script3 may be used to remove multiply-counted nuclei. 417 
 418 
8.3. Calculate cell numbers and frequencies from the above counts depending on the type of 419 
cell cycle measurement needed. The types of nuclei are defined in Table 1 and Figure 2. The 420 
calculations are summarized in Table 2. 421 
 422 
8.3.1. (variation I) To identify the nuclei in S-phase, feed the animals EdU for 30 min. Any 423 
nuclei showing EdU label are S-phase nuclei. To calculate, take the sum A and C nuclei, see 424 
Table 1 and Figure 2.  425 
 426 
Note: In a 30 min EdU pulse in wild-type adult hermaphrodites, all EdU labeled nuclei are co-427 
labeled with progenitor zone markers1. 428 
 429 
8.3.2. To identify the nuclei in M-phase, stain with pH3 antibody. Any pH3 immunoreactive 430 
nuclei are M-phase nuclei. This works regardless of the length of the EdU feed. To calculate, 431 
take the sum of A and B nuclei, see Table 1 and Figure 2. 432 
 433 
8.3.3.  (variation II) To measure the progenitor zone, stain with a progenitor zone marker such 434 
as REC-8 or WAPL-1 antibody. The progenitor zone is defined here as all nucleoplasmic REC-818 435 
or WAPL-1 immunoreactive germline nuclei. To calculate, sum all WAPL-1 immunoreactive 436 
nuclei (A+B+C+D, see Table 1 and Figure 2). 437 
 438 
Note: WAPL-1 also labels the DTC and somatic gonad nuclei which should not be counted. 439 
Somatic nuclei are easy to identify by extremely intense WAPL-1 signal, position slightly outside 440 



   

the germline, and a “fried-egg” morphology of the nuclei. 441 
 442 
8.3.4. To measure the S-phase index, perform a 30 min EdU experiment and co-label with REC-443 
8 or WAPL-1 antibody. The S-phase index is defined as the proportion of the progenitor zone 444 
that is in S-phase. To calculate, count all S-phase nuclei, and then divide by the total number of 445 
progenitor zone nuclei (A+C / A+B+C+D, see Table 1 and Figure 2). 446 
 447 
8.3.5. To measure the M-phase index, co-label with pH3 and REC-8 or WAPL-1 antibodies. The 448 
M-phase index is defined as the proportion of the progenitor zone that is in M-phase. To 449 
calculate, count all M-phase nuclei, and then divide by the total number of progenitor zone 450 
nuclei (A+B / A+B+C+D, see Table 1 and Figure 2). 451 
 452 
8.3.6.  (variation III) Nuclei in mitotic and meiotic S-phase both label with EdU. In order to tell 453 
the two populations apart, ask whether the S-phase was followed by mitosis or by meiosis. To 454 
determine whether nuclei are in mitotic or meiotic S-phase, feed EdU for 4 h and co-label for 455 
pH3 (an M-phase marker) and HIM-3 (a meiotic chromosome axis protein) by antibody staining. 456 
Record the nuclei which show both EdU and pH3 (type A, see Table 1 and Figure 2) as mitotic S-457 
phase while nuclei which show both EdU and HIM-3 (type E, see Table 1 and Figure 2) as 458 
meiotic S-phase. 459 
 460 
8.3.7.  (variation IV) Calculate the length of G2 phase. 461 

 462 
Note: G2-phase separates S-phase from M-phase. Although no marker currently labels G2 in the 463 
C. elegans germline, one can calculate the length of G2 phase by combining data from several 464 
experiments that label M-phase (at the time of dissection) and S-phase (starting at several h 465 
before dissection). A cell which shows both M-phase and S-phase markers completed G2-phase 466 
during the course of the experiment. A cell which shows only the M-phase marker and not the 467 
S-phase marker was not in S-phase during the experiment. 468 
 469 
8.3.7.1. To calculate the length of G2-phase, feed EdU for 2 h and co-label with pH3 antibody. 470 
Examine only nuclei which label with pH3 (these are in M-phase at the time of dissection) for 471 
the presence of EdU (these were in S-phase during the 2 h EdU label prior to dissection). 472 
Calculate the fraction of M-phase nuclei which completed G2-phase (A / A+B, see Table 1 and 473 
Figure 2). 474 
 475 
8.3.7.2. Repeat this experiment with a 3 h EdU label, and again with a 4 h EdU label (and 476 
optionally a 5 h EdU label). Plot the percent of pH3 positive nuclei that are EdU positive on the 477 
y-axis and the length of EdU label on the x-axis, as shown in Figure 3A. 478 
 479 
8.3.7.3. Calculate the median length of G2-phase by connecting the points on the graph and 480 
finding where the line crosses 50%, as shown in Figure 3A. 481 
 482 
8.3.7.4. Calculate the maximum length of G2-phase by connecting the points on the graph and 483 
finding where the line crosses 99%, as shown in Figure 3A. 484 



   

 485 
8.3.8.  (variation V) Calculate the length of G2+M+G1. 486 
 487 
Note: In the C. elegans germline, G1 phase is unusually short. Although no marker currently 488 
labels G1 in the C. elegans germline, one can estimate the sum length of G2, M, and G1 phase, 489 
and then compare this estimate with the G2-phase estimate described above. 490 
 491 
8.3.8.1. To calculate the length of G2+M+G1, feed EdU for 2 h and co-label with REC-8 or WAPL-492 
1 antibody. Determine the fraction of the progenitor zone that underwent S-phase during this 493 
time (A+C / A+B+C+D, see Table 1 and Figure 2). That fraction corresponds to the fraction of 494 
nuclei that completed G2+M+G1 phases in that time. 495 
 496 
8.3.8.2. Repeat this experiment with a 3 h EdU label, and again with a 4 h EdU label (and 497 
optionally a 5 h EdU label). Plot the percent of REC-8 or WAPL-1 positive nuclei that are EdU 498 
positive on the y-axis and the length of EdU label on the x-axis, as shown in Figure 3B. 499 
 500 
8.3.8.3. Calculate the maximum length of G2+M+G1 by connecting the points on the graph and 501 
finding where the line crosses 99%, as shown in Figure 3B. 502 
 503 
Note: It is possible to perform the experiments for the length of G2 and G2+M+G1 as a single 504 
set of 2, 3, 4, and 5-h EdU experiments when one co-labels with both rabbit-anti-WAPL-1 and 505 
mouse-anti-pH3 antibodies. 506 
 507 
8.3.9.  (variation VI) To identify the nuclei which replicated in the progenitor zone but have 508 
since entered meiosis, feed the animals EdU for 10 h and co-label with REC-8 or WAPL-1 509 
antibodies. Any nuclei showing EdU label were in S-phase during those 10 h. Any nuclei which 510 
do not show nucleoplasmic REC-8 or WAPL-1 staining were in meiosis. Simply count the nuclei 511 
with EdU labeling which do not show labeling with the progenitor zone marker (E, see Table 1). 512 
 513 
Note: Conversely, if gonads are stained for the meiotic prophase marker HIM-3 with anti-HIM-3 514 
antibodies, count the number of nuclei with EdU labeling that are also positive for HIM-3. 515 
 516 
8.3.10. To calculate the rate of meiotic entry, perform the above experiment with a 5 h, 10 h, 517 
and 15 h label of EdU. Plot the number of nuclei which entered meiosis on the y-axis and the 518 
length of the EdU label on the x-axis, as shown in Figure 3C. Then use a simple linear regression 519 
to calculate the slope (nuclei entered meiosis per h) from y=mx+b.  520 
 521 
Note: It is critical to use a linear regression to calculate the rate of meiotic entry. It would be 522 
incorrect to simply divide the number of nuclei which entered meiosis by the length of the EdU 523 
label, because the y-intercept is not zero. 524 
 525 
8.3.11.  (variation VII) Measure the rate of meiotic progression.  526 
 527 



   

Note: Since EdU is covalently incorporated into DNA, it can be used to track a population of 528 
cells through differentiation. The cells which underwent S-phase in the progenitor zone retain 529 
the EdU label as they enter into meiosis, progress through meiosis, and undergo oogenesis. A 530 
pulse-chase experiment with EdU can be used to measure the rate of meiotic progression. 531 
 532 
8.3.11.1. Feed EdU-labeled bacteria to the animals for 4 h (the “pulse”). Transfer the animals to 533 
unlabeled OP50 bacteria for 48 h (the “chase”), then dissect and co-label with a progenitor 534 
zone marker such as REC-8 or WAPL-1 (or a meiotic prophase marker such as HIM-3) if desired. 535 
 536 
8.3.11.2. When imaging, look for the position of the most proximal EdU-labeled nucleus. The 537 
rate of meiotic progression is the distance (in cell diameters from the end of the progenitor 538 
zone) traveled by the most proximal EdU labeled nucleus during the 48 h chase. 539 
 540 
REPRESENTATIVE RESULTS:  541 
Since DNA synthesis is required to incorporate EdU, one can safely assume that EdU-labeled 542 
nuclei underwent S-phase during the EdU-labeling time window. One may interpret the nuclei 543 
that label in a 30 min feeding with EdU labeled bacteria as nuclei in S-phase at the time of 544 
dissection. Nuclei which label in a longer continuous EdU feeding experiment may have labeled 545 
early in the time window and since left S-phase, or may have labeled in the late part of the EdU 546 
time window. EdU signal co-localizes with DAPI signal. In some nuclei, EdU signal covers all 547 
chromosomes, while in other nuclei EdU signal localizes to 1-2 bright puncta (Figure 4). These 548 
puncta are likely the X-chromosome, which replicates late in S-phase13. 549 
 550 
Here, the animals were fed with EdU continuously for 30 min and dissected, as described above 551 
and in Figure 5. One example of successful EdU staining in a young adult animal and one 552 
example of unsuccessful EdU staining in an older adult animal (see below) are shown in Figure 553 
4. EdU signal from a 30 min labeling localizes to approximately half of the nuclei in the 554 
progenitor zone (defined by WAPL-1 antibody labeling but approximated by DAPI 555 
morphology26–28). S-phase index, the proportion of the progenitor zone which is EdU positive, 556 
was previously reported at 57 +/- 5% and as high as 70% in young adults1–3. M-phase index is 557 
approximately 2% - 3%1,29. In continuous feeding for 4 h or longer, all nuclei in the progenitor 558 
zone label with EdU, and some nuclei which labeled in the progenitor zone have since entered 559 
meiotic prophase1.  560 
 561 
While the technique works consistently in wild-type young adult animals, a significant fraction 562 
of mated 5 day old hermaphrodites (even those containing sperm) failed to label in a 30 min 563 
EdU pulse (Figure 4E). However, with a 4 h EdU feeding, nearly all these animals label. Other 564 
labs have observed sporadic failure to label in genetic female animals with short pulses of 565 
EdU30. There may be other situations which result in sporadic failure to label. 566 
 567 
One can calculate the length of the cell cycle by performing several EdU-labeling experiments 568 
with pH3 labeling in each. The length of G2 was estimated by analyzing the percent of nuclei in 569 
M-phase (pH3 immunoreactive) that were EdU positive during the time course (Figure 6). This 570 
approach gives median and maximum length of G2 (Figure 3A). The median time was 571 



   

interpolated, showing an approximate G2 length of 2.5 h in young adult hermaphrodites. The 572 
length of G2+M+G1 was estimated from the percentage of all progenitor zone nuclei (WAPL-1 573 
immunoreactive) that were EdU positive (Figure 6). The G2+M+G1 method provides a 574 
maximum length measure for the combined phases (Figure 3B). The 99th percentile time was 575 
interpolated, showing an approximate G2+M+G1 length of 3.4 h in young adult 576 
hermaphrodites. Data from the same experiments were used to calculate the rate of meiotic 577 
entry (nuclei per h). The rate is the slope of the linear regression of the number of nuclei which 578 
entered meiosis (EdU positive, WAPL-1 negative or HIM-3 positive) over the length of the EdU 579 
label (Figure 3C). The values for wild-type 1 day old adult hermaphrodites are shown in Table 2. 580 
 581 
FIGURE AND TABLE LEGENDS:  582 
Figure 1: Diagram of C. elegans germline and cell cycle. (A) The cell cycle of germ cells in the 583 
young adult hermaphrodite germline. (B) C. elegans hermaphrodites have two U-shaped 584 
germlines. (C) Diagram of an unfolded C. elegans germline. The distal progenitor zone 585 
(highlighted in red based on WAPL-1 antibody staining) contains mitotically cycling stem, 586 
progenitor cells and cells in meiotic S-phase. Cells in mitotic and meiotic S-phase label with a 30 587 
min EdU pulse and are indicated in green. The distal tip cell (DTC) provides the GLP-1/Notch 588 
ligand to maintain the stem cell fate of these cells. As the cells migrate away from the DTC, they 589 
exit the progenitor zone and enter meiotic prophase.  590 
 591 
Figure 2: Venn diagram of the classes of nuclei. Nuclei are grouped by the presence and 592 
absence of three cell fate and cell cycle markers: WAPL-1 indicates progenitor zone cells (red), 593 
EdU indicates S-phase cells (green), and pH3 indicates M-phase cells (blue). Cell types are 594 
identified as A-G. Note that cells of type G are not found in wild-type young adult 595 
hermaphrodites and cells do not co-label with EdU and pH3 outside of the (WAPL-1 positive) 596 
progenitor zone. See Table 1 for more detail. 597 
 598 
Figure 3: Graphical presentation of cell cycle length and rate of meiotic entry experimental 599 
data. The length of G2 phase is interpolated from pH3 and EdU co-labeling following varied-600 
length EdU pulses (A). The length of G2+M+G1 phase is interpolated from EdU and REC-8 co-601 
labeling following varied-length EdU pulses (B). The rate of meiotic entry (in nuclei per h – see 602 
Table 2) is calculated from the slope of the regression line (C). Figures reprinted with 603 
permission from Fox et al. 20111. 604 
 605 
Figure 4: Example of successful and unsuccessful 30 min EdU staining. Confocal microscope 606 
images of a 1 day old (A-D) and a 5 day old (E-H) hermaphrodite gonad (not sperm depleted) 607 
after a 30 min EdU labeling experiment. The dashed white line marks the end of the progenitor 608 
zone. The asterisk marks the position of the distal tip. Green marks EdU staining visualized by 609 
click chemistry (A). Unsuccessful EdU labeling results in low-level background staining but no 610 
bright EdU+ nuclei (E). Red marks WAPL-1 immunofluorescence (B,F). Yellow indicates overlap 611 
(C, G). Blue marks DAPI staining for DNA (D, H). Single arrowheads indicate a nucleus with EdU 612 
staining throughout the chromatin. Double arrowheads indicate a nucleus with EdU puncta on 613 
only one pair of chromosomes. Images were obtained with a 63X objective. A 10 μm scale bar is 614 
shown (D, H). 615 



   

 616 
Figure 5: Experimental Workflow. A summary of the experimental protocol to grow (A), EdU 617 
label (B), dissect (C), antibody stain (D), perform the click reaction to attach a dye to EdU (E), 618 
stain DNA (F), image germlines (G), and quantify EdU labeled and antibody stained nuclei (H). 619 
 620 
Figure 6: Example of successful 4 h EdU staining. Confocal microscope images of a 1 day old 621 
adult hermaphrodite gonad after a 4 h EdU labeling experiment. The dashed white line marks 622 
the end of the progenitor zone. The asterisk marks the position of the distal tip. Magenta marks 623 
pH3 immunofluorescence (A, C). Green marks EdU staining visualized by click chemistry (B,C). 624 
Red marks WAPL-1 immunofluorescence (D). Yellow indicates the overlap of EdU and WAPL-1 625 
(E). Blue marks DAPI staining for DNA (F). Single arrowheads indicate nuclei co-labeled with EdU 626 
and pH3. Double arrowhead marks a pH3+ EdU- nucleus – a rare occurrence in a 4 h EdU 627 
labeling. Arrows mark EdU+ WAPL-1 – nuclei which have entered meiosis. Images were 628 
obtained with a 63X objective. A 10 μm scale bar is shown (F). 629 
 630 
Table 1: Classes of nuclei. *See text (Introduction and Step 8) for the length of EdU labeling for 631 
relevant experiment. 632 
 633 
Table 2: Cell cycle calculations. *Letters represent the classes of nuclei defined in Table 1 and 634 
Figure 3. Calculations are modified from Fox et al. 20111. **Values for wild-type 635 
hermaphrodites raised at 20 °C aged to 24 h post mid-L4 stage. ***Note that since the y-636 
intercept intercept is not zero, a regression is necessary for an accurate calculation of the rate 637 
of meiotic entry. 638 
 639 
DISCUSSION: 640 
Preparation of EdU-labeled bacteria (part 1) is critical for this protocol, and the first point for 641 
troubleshooting. Wild-type young adult hermaphrodites label very reliably in a 4 h EdU-pulse, 642 
making this a useful control for every new batch of EdU-labeled bacteria. Additionally, intact 643 
EdU-labeled bacteria which enter the intestine (in older animals or certain pharynx/grinder 644 
defective mutants) will label with click chemistry and show up as bright oblong puncta in the 645 
gut. An alternate technique for labeling hermaphrodites uses a “soak” in a high concentration 646 
(1 mM) of EdU3. This technique starves the animals for the duration of labeling, but provides a 647 
useful way to bypass making EdU-labeled bacteria when troubleshooting fixation and click 648 
chemistry. If an EdU “soak” experiment is successful while an EdU feed is not, prepare fresh 649 
EdU-labeled bacteria. To reach a sufficient bacterial density while also achieving a high EdU 650 
content, the concentrations of EdU and thymidine may need to be adjusted. 651 
 652 
The main limitation of this technique for labeling of S-phase is in the need to feed EdU-labeled 653 
bacteria to animals. The animals which cannot feed (due to genotype or stage) may not be 654 
labeled with this technique. Nevertheless, nucleoside analogs are currently the only method to 655 
identify S-phase nuclei in the C. elegans germline, and their use does not require that any 656 
transgenes be crossed into animals. Additionally, once incorporated, EdU remains in nuclei 657 
even as they exit S-phase, progress through the cell cycle, divide, or differentiate. The signal 658 
weakens by half with every cell division. This makes EdU perfect for tracking a cell’s history 659 



   

even through a few cell divisions. 660 
 661 
The stability of EdU makes pulse-chase experiments straightforward; simply rinse excess EdU 662 
bacteria from the animals after the desired length pulse is finished and transfer the animals to 663 
unlabeled bacteria. EdU remains in DNA and remains visible even after multiple cell divisions. 664 
However, the experiments are limited to a single type of S-phase label (a single pulse of EdU). 665 
Co-labeling with EdU and BrdU is possible in mammalian cells31 but has not been reported in C. 666 
elegans. Co-labeling of IdU and CldU is used in mammals32 but also has not been reported in C. 667 
elegans. 668 
 669 
The main advantages of EdU labeling are that the method requires no transgenes, EdU can be 670 
fed to C. elegans during regular culture, the chemistry is compatible with immunofluorescent 671 
techniques, and EdU persists in DNA for a long time after feeding has stopped. These features 672 
make EdU a great tool to study many aspects of the cell cycle and germ cell dynamics. 673 
 674 
Cell cycle and germ cell dynamics analysis with EdU can be applied to a variety of research 675 
questions. Just a few examples of further applications of this method: How do the dynamics of 676 
the cell cycle change in animals with cell cycle gene mutations? How do physiological conditions 677 
affect the cell cycle in stem cells, the rate of germ cell entry into meiotic prophase, and the rate 678 
of germ cell progression through meiotic prophase? How does the cell cycle change during 679 
larval development? How do major signaling pathway disruptions affect the cell cycle, in 680 
addition to changes in cell fate (such as ectopic proliferation)? This system can be modified to 681 
study what the cells are doing under many different conditions.  682 
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Class Mitosis S-phase* Progenitor Zone Meiosis Interpretation

pH3 EdU* WAPL-1 or REC-8 HIM-3

A + + + - in M-phase, in progenitor zone, were in mitotic S-phase during EdU label (completed G2)

B + - + - in M-phase, in progenitor zone, were not in S-phase during EdU label

C - + + - in Interphase, in progenitor zone, were in S-phase during EdU label

D - - + - in Interphase, in progenitor zone, were not in S-phase during EdU label

E - + - + in meiosis, were in meiotic S-phase during EdU label (meiotic entry nuclei)

F + - - - return to mitosis (found in some mutants) or meiotic divisions (in spermatogenesis)

G - - - + in meiosis, were not in S-phase during EdU labelsu
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Operational Definition Calculation* Value**

Progenitor Zone Cells sum of all WAPL-1 (or REC-8) positive, HIM-3 negative nuclei A+B+C+D 231 ± 23

S-phase nuclei sum of all nuclei EdU positive after 30 minute EdU label A+C 133 ± 20

M-phase nuclei sum of all pH3 positive nuclei A+B 5.2 ± 2.3

M-phase index M-phase / Progenitor Zone A+B/ A+B+C+D 2%

S-phase index S-phase / Progenitor Zone A+C/ A+B+C+D 57%

Meiotic Entry cells EdU labeled nuclei in meiosis E varies by length of EdU label

Meiotic Entry rate Meiotic entry nuclei per hour of EdU label Slope from Figure 6C*** 20.3 nuclei/hour

G2 length (median) 50% intercept from Figure 5A 2.5 hours

G2 length (maximum) 99% intercept from Figure 5A 3.5 hours

G2+M+G1 length (maximum) 99% intercept from Figure 5B 3.5 hours

Cell cycle length (median) median G2 length / G2-index 6.5 hours

Cell cycle length (maximum) maximum G2 length / G2-index 8.1 hours

Table 2 Click here to download Table JOVE_table2_v07.xlsx 

http://www.editorialmanager.com/jove/download.aspx?id=859014&guid=c13b16a6-4a8b-4775-957f-1306b8a7deca&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=859014&guid=c13b16a6-4a8b-4775-957f-1306b8a7deca&scheme=1


Name of Material/ Equipment Company Catalog Number Comments/Description

E. coli MG1693 Coli Genetic Stock Center 6411

grows fine in standard unsupplemented 

LB

E. coli OP50 Caenorhabditis Genetics Center OP50

Click-iT EdU Alexa Fluor 488 Imaging Kit Thermo Fisher Scientific C10337

5-Ethynyl-2′-deoxyuridine Sigma 900584-50MG or use EdU provided in kit

Glucose Sigma D9434-500G D-(+)-Dextrose

Thiamine (Vitamin B1) Sigma T4625-5G Reagent Grade

Thymidine Sigma T1895-1G BioReagent

Magnesium sulfate heptahydrate Sigma M1880-1KG MgSO4, Reagent Grade

Sodium Phosphate, dibasic, anhydrous Fisher BP332-500G Na2HPO4

Potassium Phosphate, monobasic Sigma P5379-500G KH2PO4

Ammonium Chloride Sigma A4514-500G NH4Cl, Reagent Plus

Bacteriological Agar US Biological C13071058

Calcium Chloride dihydrate Sigma C3881-500G CaCl

LB Broth (Miller) Sigma L3522-1KG Used at 25g/L

Levamisole Sigma L9756-5G 0.241g/10ml

Phosphate buffered saline Calbiochem Omnipur 6506 hommemade PBS works just as well

Tween-20 Sigma P1379-500ML
16% Paraformaldehyde, EM-grade 

ampules Electron Microscopy Sciences 15710 10ml ampules

100% methanol Thermo Fisher Scientific A454-1L

Gold-label methanol is critical for 

proper morphology with certain 

antibodies

Goat Serum Gibco 16210-072 Lot 1671330

rabbit-anti-WAPL-1 Novus biologicals 49300002 Lot G3048-179A02, used at 1:2000

mouse-anti-pH3 clone 3H10 Millipore 05-806 Lot#2680533, used at 1:500
goat-anti-rabbit IgG-conjugated Alexa 

Fluor 594 Invitrogen A11012 Lot 1256147, used at 1:400
goat-anti-mouse IgG-conjugated Alexa 

Fluor 647 Invitrogen A21236 Lot 1511347, used at 1:400

Vectashield antifade mounting medium 

containing 4',6-Diamidino-2-

Phenylindole Dihydrochloride (DAPI) Vector Laboratories H-1200

mounting medium without DAPI can be 

used instead, following a separate DAPI 

incubation

nail polish Wet n Wild DTC450B any clear nail polish should work

S-medium various see wormbook.org for protocol
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M9 buffer various see wormbook.org for protocol

M9 agar various

same recipe as M9 buffer, but add 1.7% 

agar

Nematode Growth Medium various see wormbook.org for protocol

dissecting watchglass Carolina Biological 42300

Parafilm laboratory film Pechiney Plastic Packaging PM-996 4 inch wide laboratory film

petri dishes 60 mm diameter

Long glass Pasteur pipettes

1ml centrifuge tubes MidSci Avant 2926

Tips

Serological pipettes

500 mL Erlenmyer flask

Aluminium foil

25G 5/8” needles BD PrecisionGlide 305122

5ml glass centrifuge tube Pyrex 

Borosilicate glass tubes 1ml

glass slides

no 1 coverslips 22 x 40 mm no 1.5 may work, also

37 °C Shaker incubator

Tabletop Centrifuge

Clinical Centrifuge IEC 428 with 6 swinging bucket rotor

Mini Centrifuge

20 °C incubator

4 °C refrigerator

-20 °C freezer

Observer Z1 microscope Zeiss
Plan Apo 63X 1.4 oil-immersion 

objective lens Zeiss

Ultraview Vox spinning disc confocal 

system PerkinElmer 

Nikon spinning disc confocal system 

works very well, also, as described here: 

http://wucci.wustl.edu/Facilities/Light-

Microscopy 



Author License Agreement (ALA) Click here to download Author License Agreement (ALA)
doc01511120180423162753.pdf

http://www.editorialmanager.com/jove/download.aspx?id=859015&guid=3808de93-55f5-455e-b945-ec3938ca84d2&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=859015&guid=3808de93-55f5-455e-b945-ec3938ca84d2&scheme=1






Dr. Tim Schedl 

Department of Genetics 

Washington University School of Medicine 

4566 Scott Ave. Campus Box #8232 

St. Louis, MO 63110 

(314)362-6164 

ts@wustl.edu 

 

Bing Wu, Ph.D. 

Review Editor, JoVE 

 

June 28, 2018 

 

Dear Dr. Wu: 

 

Thank you for arranging an insightful and constructive review of our manuscript and 

allowing us the opportunity to submit a revised version. 

 

We modified the manuscript to address the specific points, and a list of point-by-point 

responses to the comments is provided below. 

 

Sincerely, 

 

Tim Schedl 

Professor of Genetics 

 

  

Rebuttal Letter Click here to download Rebuttal Letter
JOVE_ResponsetoReviewers-v08.docx

mailto:ts@wustl.edu
http://www.editorialmanager.com/jove/download.aspx?id=859019&guid=2c16e9f6-508b-499e-ae27-ad6b541d362a&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=859019&guid=2c16e9f6-508b-499e-ae27-ad6b541d362a&scheme=1


Response to Editor: 

 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that 

there are no spelling or grammar issues. 

 

Done. 

 

2. For in-text referencing, please put the reference number before a period or comma. 

 

Done. 

 

3. Please use h, min, s for time units. 

 

Done. 

 

 

4. Please define all abbreviations before use. 

 

Done. 

 

 

5. JoVE cannot publish manuscripts containing commercial language. This includes 

company names of an instrument or reagent. Please remove all commercial language 

from your manuscript and use generic terms instead. All commercial products should be 

sufficiently referenced in the Table of Materials and Reagents. Examples of commercial 

language in your manuscript include Click-iT EdU, Vectashield, etc. 

 

Done. 

 

 

6. Please do not highlight notes for filming. 

 

Done. 

 

 

7. Step 1.3.5: What is used to add the drops? 

 

 

We use a 5 mL pipet. We added this information to step 1.3.5 

 

 



8. 2.1: What condition is used to grow the animal? 

 

We grew the animals at 20 °C. We added this information to step 2.1. 

 

9. 2.5: What’s the temperature for incubation? 

 

The temperature is 20 °C. We added this information to step 2.5. 

 

10. Step 3: Please do not highlight a step without highlighting any of the sub-steps. 

 

Done. 

 

11. 6.1.3: What’s the concentration of CuSO4? 

 

The concentration is 100 mM. We added this information to step 6.1.3. 

 

12. 8.3.4, 8.3.5, 8.3.6, 8.3.9: Please ensure that all text is written in imperative tense. 

 

Done. 

 

13. Figure 2: Please add a short description to the Figure title in the Figure Legend. 

 

Done. 


