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Dear JoVE Editor, 

 

I am pleased to submit our manuscript for review for publication in the Journal of Visualized Experiments 

(JoVE).  The article is titled, “Microinjection of DNA into Xenopus eyebuds, and imaging of GFP expressing optic axonal 

arbors in intact, living Xenopus tadpoles’.  It describes a specialized technique to express exogenous DNA encoding GFP- 

and/or specific mutant constructs - in small numbers of optic neurons in Xenopus laevis embryos.  With this method, we 

can perturb molecular signaling activities in single GFP expressing optic neurons in the developing embryo.  This allows 

us to determine cell autonomous gene function during various stages of optic neuron development.  In our laboratory, we 

apply this technique to determine how distinct molecular signaling interactions regulate arborization of individual optic 

axons in intact, living tadpoles.  Other laboratories use this method to assess molecular mechanisms regulating optic 

neuron fate selection, differentiation and pathfinding.  

 

This article is ideal for publication in JoVE.  The success of the microinjection and in vivo imaging that we 

describe depends on fine motor skills and intense hand-eye coordination, as well as an understanding of specific stages 

and corresponding morphologies of the Xenopus embryo and tadpole.  These methods are difficult to explain in writing 

and are best demonstrated visually.  The ongoing popularity of the Xenopus embryo and tadpole as a model for 

developmental biology (due to its external development, amenability to micromanipulation, and genetic similarity to 

humans) underscore the need to describe and publish the details of this technique.  Publication of a video article 

describing our method for expressing exogenous DNA in single optic neurons, and imaging GFP optic axonal arbors in 

living tadpoles in JoVE would be extremely helpful for both students and experienced researchers in the field of 

developmental biology.   

 

Thank you for considering our article for publication in JoVE.  Please do not hesitate to contact me if you have 

any additional questions.  

 

Sincerely, 

 

 

             Tamira Elul, Ph.D. 

             Associate Professor 

Touro University California 

tamira.elul@tu.edu 
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SUMMARY:  20 
This protocol aims to demonstrate how to microinject a DNA/DOTAP mixture into eyebuds of one 21 
day old Xenopus laevis embryos, and how to image and reconstruct individual green fluorescent 22 
protein (GFP) expressing optic axonal arbors in tectal midbrains of intact, living Xenopus tadpoles.  23 
 24 
ABSTRACT:  25 
The primary visual projection of tadpoles of the aquatic frog Xenopus laevis serves as an excellent 26 
model system for studying mechanisms that regulate the development of neuronal connectivity. 27 
During establishment of the retino-tectal projection, optic axons extend from the eye and 28 
navigate through distinct regions of the brain to reach their target tissue, the optic tectum. Once 29 
optic axons enter the tectum, they elaborate terminal arbors that function to increase the 30 
number of synaptic connections they can make with target interneurons in the tectum. Here, we 31 
describe a method to express DNA encoding green fluorescent protein (GFP), and gain- and loss-32 
of-function gene constructs, in optic neurons (retinal ganglion cells) in Xenopus embryos. We 33 
explain how to microinject a combined DNA/lipofection reagent into eyebuds of one day old 34 
embryos such that exogenous genes are expressed in single or small numbers of optic neurons. 35 
By tagging genes with GFP or co-injecting with a GFP plasmid, terminal axonal arbors of individual 36 
optic neurons with altered molecular signaling can be imaged directly in brains of intact, living 37 
Xenopus tadpoles several days later, and their morphology can be quantified. This protocol allows 38 
for determination of cell-autonomous molecular mechanisms that underlie the development of 39 
optic axon arborization in vivo.  40 
 41 
INTRODUCTION:  42 
During development of the nervous system, axons of presynaptic neurons navigate through 43 
diverse regions of the brain to reach their target areas. When axons invade their target tissues, 44 
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they establish synaptic connections with postsynaptic target neurons. In many types of neurons, 45 
axons increase the number and spatial extent of synaptic connections they can make by 46 
elaborating networks of terminal branches or arbors1. The retino-tectal projection of tadpoles of 47 
the aquatic frog Xenopus laevis is a powerful vertebrate model for examining mechanisms 48 
underlying terminal axon arborization and synaptic connectivity2-4. Individual GFP expressing 49 
optic axonal arbors with normal and altered molecular signaling can be observed directly in 50 
intact, living Xenopus tadpoles5-8. To express GFP alone or together with full-length or truncated 51 
versions of genes in small number of optic neurons, we use a technique involving 52 
microinjection/lipofection of DNA into eyebuds of one day old Xenopus embryos9,10. This 53 
technique was originally developed to study mechanisms of optic axon pathfinding in young 54 
Xenopus tadpoles, and has since been applied by us and others to determine cell-autonomous 55 
molecular mechanisms underlying optic axon arborization in Xenopus tadpoles5-10.  56 
 57 
Alternate techniques to express exogenous genes in a small number of optic neurons have been 58 
developed in other model species, as well as in X. laevis. However, each of these approaches 59 
presents challenges and limitations when compared to microinjection of DNA/lipofection reagent 60 
in eyebuds of Xenopus embryos. In mice, transgenesis can be used to express genes in a small 61 
number of optic neurons, but the generation of transgenic mice is costly and time consuming and 62 
transgenic mice often present with undesirable side effects11. Transgenic zebrafish that express 63 
exogenous genes in optic neurons can also be created by injecting plasmids into early cleavage 64 
stage embryos12. However, this process requires cloning of a specific promoter to express genes 65 
in a mosaic pattern in optic neurons in zebrafish larvae12. The frequency of expression of 66 
exogenous DNA in optic neurons in transgenic zebrafish is also somewhat lower (<30%) 67 
compared to Xenopus tadpoles that were microinjected with DNA/liposomal reagent (30−60%)12. 68 
In ovo electroporation has also been used to express genes in small numbers of optic neurons in 69 
chicks13. However, this procedure has failed to fully characterize mechanisms that establish optic 70 
projections because optic axon arborization cannot be imaged in intact, living chick embryos. 71 
Finally, several laboratories have used electroporation to transfect genes into small number of 72 
optic neurons in Xenopus tadpoles14,15. Yet, electroporation requires optimization of equipment 73 
and protocols (stimulator, electrodes, spatial and temporal patterns of wave pulses) beyond that 74 
used for microinjection of DNA/lipofection reagent into eyebuds of Xenopus embryos.  75 
  76 
We and others previously used the technique of microinjection/lipofection of DNA into eyebuds 77 
of Xenopus embryos to determine cell autonomous signaling mechanisms that establish optic 78 
axon arborization5-8. We initially used this approach to dissect the functions of the Cadherin and 79 
Wnt adaptor protein β-catenin in optic axonal arborization in Xenopus tadpoles5,6. In one study, 80 
we showed that β-catenin binding to α-catenin and to PDZ is required, respectively, for initiating 81 
and shaping optic axonal arbors in vivo5. In a second report, we demonstrated that the β-catenin 82 
binding domains for α-catenin and GSK-3β oppositely modulate projection patterns of ventral 83 
optic axonal arbors6. More recently, we identified roles for the Wnt factor, adenomatous 84 
poliposis coli (APC), in regulating morphological features of optic axonal arbors in Xenopus 85 
tadpoles7. By co-expressing the N-terminal and central domains of APC that modulate β-catenin 86 
stability and microtubule organization together with GFP in individual optic neurons, we 87 
determined shared and distinct roles for these APC interaction domains on branch number, 88 



   

   
 

length, and angle in optic axonal arbors in vivo7. Another laboratory used the 89 
microinjection/lipofection technique to determine cell autonomous roles for signaling by the 90 
BDNF receptor, TrkB, in optic axonal arbors in Xenopus tadpoles8. This group showed that 91 
expression of a dominant-negative TrkB perturbed branching and synaptic maturation in 92 
individual optic axon arbors in vivo8. Overall, the lipofection technique in Xenopus has already 93 
illuminated the specific roles of different genes in optic axon branching in the native 94 
environment. 95 
 96 
PROTOCOL:  97 
 98 
All methods described here have been approved by the Institutional Animal Care and Use 99 
Committee (IACUC) of Touro University California (Protocol # TUCA003TE01X). 100 
 101 
1. Obtaining X. laevis embryos 102 
 103 
1.1. Obtain X. laevis embryos by natural mating of pairs of male and female adult frogs primed 104 
with human chorionic gonadotropin (HCG), by in vitro fertilization of eggs shed from female adult 105 
frogs primed with HCG, or by ordering directly (Table of Materials). 106 
 107 
1.2. Dejelly embryos obtained with a 2% cysteine solution at room temperature (Table of 108 
Materials)16. 109 
 110 
1.2.1. Collect 50−100 embryos in a large Petri dish. Remove the solution the embryos are in by 111 
decanting or using a plastic transfer pipette. Add 25 mL of 2% cysteine solution (0.5 g cysteine in 112 
25 mL ddH2O, pH to 8.0) to the dish containing the embryos.  113 
 114 
1.2.2. Gently swirl the Petri dish containing the embryos in the cysteine solution until the jelly 115 
coats of the embryos fall off and the embryos collect in a clump in the center of the dish (5−10 116 
min). At this point, slowly and gently pour off the cysteine solution into a waste beaker. Take care 117 
not to pour too many of the embryos in the waste beaker along with the cysteine solution.  118 
 119 
1.2.3. Rinse the embryos in the Petri dish 6x with 10% modified Mark’s Ringer solution (MMR) or 120 
other suitable solution (e.g., modified Barth’s Solution, MBS), swirling the dish each time the 121 
solution is replaced. 122 
 123 
1.3. Culture the embryos in 10% MMR until they reach developmental stages 22−2417. Xenopus 124 
embryos can be incubated at temperatures between 15−25 °C. The rate of development of the 125 
embryos depends on the temperature they are incubated at17. 126 
 127 
NOTE: Xenopus embryos ordered from a catalogue usually arrive in the laboratory at 128 
developmental stages 20−24, so they can be dejellied and microinjected right away.  129 
 130 
2. Preparing DNA plasmids and making a DNA/DOTAP mixture 131 
 132 



   

   
 

2.1. Subclone DNA expression constructs into Xenopus expression vectors pCS2+ or pCS2+MT or 133 
derivatives thereof (originally constructed by D. Turner and R. Rupp)5-7. pCS2+ vectors contain a 134 
modified cytomegalovirus (CMV) promoter that facilitates gene expression in frogs. 135 
 136 
2.2. Amplify pCS2 plasmids containing GFP and/or genes of interest with miniprep kits (Table of 137 
Materials) following the standard procedure. In the final elution step of the miniprep protocol, 138 
perform a sequential elution of the DNA into ddH2O to yield a final concentration of >1 µg/µL.  139 
 140 
2.3. Store all pCS2 plasmids at -80 °C until ready to perform a microinjection/lipofection 141 
experiment, i.e., when embryos are at developmental stages 22−24. 142 
 143 
2.4. Thaw DNA plasmids to be lipofected at room temperature. Immediately prior to lipofection, 144 
briefly centrifuge DNA plasmids. This will prevent precipitate from forming in the DNA/DOTAP 145 
mixture that could clog the tip of the microcapillary pipette. 146 
 147 
2.5. Combine DNA plasmids with the DOTAP liposomal transfection reagent (Table of Materials) 148 
at a 1:3 (w/v) ratio9,10. For example, transfer 2 µg of DNA to a 1.5 mL microcentrifuge tube and 149 
add 6 µL of DOTAP, or transfer 3 µg of DNA in a microcentrifuge tube and add 9 µL of DOTAP.  150 
 151 
2.6. Once the DNA and DOTAP are combined, gently flick the microcentrifuge tube to mix the 152 
solution. The DNA/DOTAP solution should become slightly opaque after mixing. 153 
 154 
2.7. If two plasmids are to be lipofected together (e.g., pCS2-GFP with a second pCS2 plasmid 155 
containing a truncated or full-length version of a gene) in optic neurons, first combine the two 156 
plasmids (after briefly centrifuging both of them) at a 1:1 ratio, and then add DOTAP at a 1:3 157 
(w/v) ratio. For example, combine 1 µg of pCS2-GFP with 1 µg of a second pCS2 plasmid and then 158 
add 6 µL of DOTAP.  159 
 160 
NOTE: Studies have shown that lipofection of two plasmids into eyebuds of Xenopus embryos at 161 
these developmental stages will result in their co-expression in individual optic neurons9,10.  162 
 163 
3. Loading a microinjection needle with DNA/DOTAP 164 
 165 
3.1. Gently clip the tip of a pulled glass microcapillary pipette with fine forceps (Table of 166 
Materials). 167 
 168 
3.2. Backfill the glass microcapillary pipette with mineral oil using a microfil such that a tiny drop 169 
of mineral oil appears at the clipped tip of the micropipette. Fill the microcapillary pipette 170 
halfway with mineral oil. 171 
 172 
3.3. Load the pulled glass microcapillary pipette that is now filled with mineral oil into a suitable 173 
injection holder connected to an injector. If using an injector (Table of Materials), eject the 174 
plunger halfway before loading the microcapillary pipette onto it. Once the microcapillary pipette 175 
is securely attached to the injector, extend the plunger to the full extent to confirm that the 176 



   

   
 

microcapillary pipette is strongly attached to the injector and does not move with the extension 177 
of the plunger.  178 
 179 
3.4. Transfer a 3 μL drop of the DNA/DOTAP mixture onto a cut square (1 inch square) sheet of 180 
paraffin paper.  181 
 182 
3.5. Under a stereo dissecting microscope, move the tip of the glass microcapillary pipette into 183 
the DNA/DOTAP drop. 184 
 185 
3.6. Slowly suck the DNA/DOTAP drop into the glass microcapillary pipette using the fill option 186 
on the injection apparatus. As the liquid is loaded into the microcapillary pipette, the drop will 187 
get smaller. Due to the slight opacity of the DNA/DOTAP solution, the boundary between the 188 
mineral oil and the DNA/DOTAP solution should be visible in the glass microcapillary pipette 189 
(Figure 1). If needed, stop filling the microcapillary pipette periodically to allow the pressure in 190 
the glass microcapillary pipette to recalibrate.  191 
 192 
[Place Figure 1 here] 193 
 194 
4. Microinjecting DNA/DOTAP into eyebuds of one day old Xenopus embryos 195 
 196 
4.1. Manually devitellinize ten stage 20−24 Xenopus embryos with fine forceps in a 10 mm Petri 197 
dish filled with 0.1x MMR. Grasp the vitelline envelope at the waist to avoid injuring the embryos. 198 
With forceps in both the experimenter’s left and right hands, pop the bubble of the vitelline 199 
envelope and release the embryo from the vitelline envelope. Take care not to injure the 200 
embryos when removing the vitelline envelope.  201 
 202 
NOTE: Beginning at stage 20, Xenopus embryos develop an indentation or ‘waist’ between the 203 
anterior and posterior halves of the embryo. This waist allows a gap to form between the vitelline 204 
envelope and the embryo at this position. 205 
 206 
4.2. Use a plastic transfer pipette with a cut tip to transfer 5−10 devitellinized stage 22−24 207 
embryos to a 10 mm Petri dish filled with 1x MMR. 208 
 209 
NOTE: The higher salt solution in 1x MMR facilitates healing of puncture wounds that will result 210 
from the microinjection.  211 
 212 
4.3. Under the stereomicroscope, grasp one of the devitellinized embryos in the Petri dish with 213 
forceps in each hand, and arrange the embryo so that its anterior pole is pointed up in the field 214 
of view. Orient the embryo so that it is lying laterally and one of its eyebuds (left or right) is facing 215 
upwards.  216 
 217 
4.4. Under the stereomicroscope, hold the embryo with the forceps in the experimenter’s non-218 
dominant hand, and with the experimenter’s dominant hand introduce the tip of the glass 219 
micropipette into the eyebud (from the ventral or the dorsal side), just beneath the epidermis 220 



   

   
 

(Figure 2). Inject between 70−210 nL of the DNA/DOTAP solution. This can be done in several 221 
pulses, depending on the size of the pulse the injector is set to (usually 70 nL). 222 
 223 
NOTE: The deepness of injection is very important for lipofection into optic neurons. If the 224 
position of the tip of the microcapillary is correctly inserted very superficially into the eyebud, 225 
then following microinjection, the grey epidermis overlying the eyebud will swell. If the position 226 
is too deep, the grey eyebud will not show any changes, and the frequency of expression of DNA 227 
in optic neurons will be lower. 228 
 229 
4.5. Turn the embryo around and perform the same microinjection into the eyebud on the 230 
contralateral side of the embryo. 231 
 232 
4.6. Inject both eyebuds of 6−10 (or more) embryos in each experiment.  233 
 234 
4.7. After microinjection, store embryos in a Petri dish with 1x MMR for approximately 30 min to 235 
facilitate wound healing.  236 
 237 
4.8. After 30 min, transfer injected embryos into a 0.1x MMR solution with 0.001% bleaching 238 
agent (phenylthiocarbamide) to reduce pigmentation. Culture the embryos covered for 239 
approximately five days, until the embryos have developed into tadpoles at stages 46−4716. 240 
 241 
[Place Figure 2 here] 242 
 243 
5. Imaging of GFP expressing optic axonal arbors in intact, living tadpoles 244 
 245 
NOTE: When tadpoles that were lipofected with DNA reach developmental stages 46−47, they 246 
are ready for imaging. 247 
 248 
5.1. Prior to imaging, tadpoles must be anesthetized. To anesthetize tadpoles, transfer the 249 
lipofected tadpoles into a 0.02% tricaine solution in ddH2O in a 10 mm Petri dish. Wait 5−10 min 250 
until tadpoles become immobile. Verify that tadpoles are still alive by observing their beating 251 
hearts under a stereo dissecting microscope. 252 
 253 
5.2. Place one anesthetized tadpole into a custom-made silicone chamber on a glass slide and 254 
seal with a coverslip. The tadpole should tilt slightly so that one side (left or right) of its head is 255 
angled upwards and just barely touches the cover slip. 256 
 257 
5.3. Screen the half of the dorsal tectal midbrain of the tadpole that is tilted upwards at low 258 
magnification for GFP expressing optic axonal arbors. 259 
 260 
NOTE: A widefield upright microscope equipped with an epilfuorescence illumination and an 261 
apochromatic objective lens (Table of Materials) can be used to screen for fluorescent arbors.  262 
 263 
5.4. If the tectal hemisphere contains between one to three GFP expressing optic axonal arbors, 264 



   

   
 

capture a z-series of images of these arbors using a high contrast 40x air long working distance 265 
objective (Table of Materials). For each axonal arbor, capture 10−20 z-series slices at 1.5 µm 266 
intervals. 267 
 268 
5.5. In order to view axon arbors on the other side of the tectal midbrain, reload the tadpole in 269 
the silicon chamber so that it tilts to the other side and seal with a cover slip. Then repeat steps 270 
5.3 and 5.4.  271 
 272 
6. Reconstruction and quantification of optic axonal arbor morphology  273 
 274 
6.1. Select an image stack that contains between one to three GFP expressing optic axonal arbors.  275 
 276 
6.2. Use the freehand drawing tool in graphic editing software (Table of Materials) to trace the 277 
portion of each optic axonal arbor visible in each z-slice. Tracing through the pieces of each arbor 278 
evident in each z-slice will create an accurate 2D projection of the arbor. Different colors can be 279 
used to trace distinct GFP expressing optic axonal arbors. 280 
 281 
6.3. Make all morphometric measurements on 2D reconstructions of the axonal arbors, with 282 
reference to the original z-series of images when needed7. Using Image J software (Table of 283 
Materials), measure morphological parameters such as number of branches (i.e., number of 284 
branch tips or branch points), total arbor branch length, length per branch, length and width of 285 
arbor, overall shape of arbor (L/W ratio, circularity), and angle of branches7.  286 
 287 
REPRESENTATIVE RESULTS:   288 
The protocol described in this article yields a success rate of 30−60% of injected Xenopus embryos 289 
expressing GFP (alone or together with an additional DNA constructs) in one to ten optic axonal 290 
arbors. In Figure 3, we show representative confocal images of GFP expressing control and 291 
mutant optic axonal arbors in intact Xenopus tadpoles from our recently published study7. For 292 
this study, we cloned two domain mutants of APC (APCNTERM and APCβ-cat) into pCS2 plasmids, 293 
and co-injected these plasmids together with a pCS2-GFP labelling plasmid into eyebuds of one 294 
day old Xenopus embryos. Figure 4 shows results of several quantitative measurements we made 295 
on reconstructions of the control and APC mutant axonal arbors, including number of branches, 296 
total arbor branch length, and mean length of branches.  297 
 298 
[Place Figure 3 here] 299 
 300 
[Place Figure 4 here] 301 
 302 
FIGURE LEGENDS:  303 
 304 
Figure 1: Images of microcapillary pipette. Images show a microcapillary pipette on the injection 305 
apparatus, before (A), and after (B) filling with DNA/DOTAP. Open arrows, tip of plunger in the 306 
microcapillary pipette (A,B). Closed arrow, line between mineral oil and DNA/DOTAP in the filled 307 
microcapillary pipette (B). Scale bar = 1 mm. 308 



   

   
 

 309 
Figure 2: Demarcation of eyebud region for microinjection. Schematic (A) and photomicrograph 310 
(B) of X. laevis embryo at developmental stages 22/23 show eyebud region that should be 311 
targeted for microinjection (red highlights). Scale bar = 1 mm. Panel A has been modified from 312 
Zahn et al.18.  313 
 314 
Figure 3: Representative images of GFP expressing control and mutant optic axonal arbors. (A) 315 
Schematic of mutants of APC N-terminal and central domain mutants that were cloned into pCS2 316 
plasmids. (B) Representative confocal images of single GFP and GFP-APC mutant optic axonal 317 
arbors in tecta of intact, living Xenopus tadpoles. (C) Reconstructions of z-series images of GFP 318 
control and APC mutant optic axonal arbors. Scale bars: (B) 30 µm, (C) 40 µm. This figure has 319 
been modified from Jin et al.7. 320 
 321 
Figure 4: Quantification of morphologies of reconstructions of control and mutant axonal 322 
arbors. Plots of number of branches (A), total arbor branch length (B), and mean branch length 323 
(C) confirm observed differences between control and APC mutant expressing axonal arbors. 324 
Data in panels A−C is shown as percent of control mean with SEM. *above data bar or line 325 
indicates p < 0.05. Additional scatter plots of number of branches versus mean branch length 326 
with regression lines show inverse correlation between these parameters in optic axonal arbors 327 

expressing APC domains (D, E). Sample numbers: (A) GFP-12, APCNTERM–18 APC-cat-25; (B) 328 

GFP-12, APCNTERM-16, APC-cat-25; (C) GFP-11, APCNTERM-16, APC-cat-25. This figure has 329 
been modified from Jin et al.7. 330 
 331 
DISCUSSION:  332 
In this article, we demonstrate how to express exogenous DNA constructs in single or small 333 
numbers of optic neurons and how to image individual GFP expressing optic axonal arbors with 334 
normal and altered molecular signaling in intact, living tadpoles of the frog X. laevis. We also 335 
explain how to reconstruct and quantify the morphology of GFP expressing optic axonal arbors 336 
from images captured in vivo. To express exogenous DNA plasmids in small number of optic 337 
neurons, we microinject a DNA/lipofection reagent mixture into eyebud primordia of one day old 338 
Xenopus embryos, using a technique first developed in the laboratory of Christine Holt to study 339 
optic axon pathfinding in young tadpoles9,10,19-21. We and others have also applied this DNA 340 
microinjection/lipofection technique to study molecular mechanisms that regulate optic axon 341 
arborization in older intact, living X. laevis tadpoles5-8. This inexpensive, simple procedure for 342 
transient, cell specific transgenesis allows determination of cell-autonomous gene function in 343 
developing optic axonal arbors in a living vertebrate model system.  344 
 345 
There are several important factors to consider for best practices when microinjecting 346 
DNA/DOTAP into eyebuds of Xenopus embryos. First, as noted in other reports, the DNA 347 
concentration should be greater than 1 µg/µL9,10. DNA concentrations between 1−3 µg/µL are 348 
best, but DNA concentrations as low as 0.7 µg/µL can also be used. Second, microinjecting DNA 349 
into stage 22−24 Xenopus embryos is optimal for experiments in which the goal is to examine 350 
mechanisms regulating optic axonal arborization. In embryos at these developmental stages, 351 
eyebuds are morphologically differentiated and can be more easily targeted for injection14. Most 352 



   

   
 

optic neurons in the eyebud primordia of stage 22−24 embryos are also post-mitotic, which 353 
results in a smaller number of optic neurons expressing GFP, which in turn allows for better 354 
resolution when imaging individual GFP optic axonal arbors in tadpoles. Finally, previous studies 355 
have shown that exogenous genes are expressed ~8 h after lipofection9. Therefore, expressing 356 
gene constructs in eyebuds of stage 22−24 embryos means that the genes will perturb neither 357 
cell fate selection of optic neurons nor the initial outgrowth of their axons. A third factor that will 358 
ensure success when microinjecting DNA into Xenopus embryo eyebuds is that the DNA should 359 
be injected into a relatively superficial region of the eyebud9,10. Injecting into more deep tissues 360 
in or around the eyebud will result in a lower percentage of embryos that contain optic neurons 361 
expressing the exogenous DNA10.  362 
 363 
There are also several issues to be aware of when imaging and reconstructing GFP expressing 364 
optic axonal arbors in intact, living Xenopus tadpoles. First, researchers should only capture 365 
images of tectal hemispheres that contain between one to three GFP expressing optic axonal 366 
arbors. If a single image contains more than three GFP expressing optic axonal arbors, the arbors 367 
are likely to have overlapping branches, which will make it difficult to define the individual arbors 368 
during the reconstruction process. Another issue to be aware of is that the reconstruction and 369 
quantification of optic axonal arbor morphology are the most time-consuming steps in this 370 
protocol. We estimate that reconstructing and quantifying optic axonal arbor morphology 371 
require approximately 80−90% of the total time of the experiment. Although techniques have 372 
been developed to automate the reconstruction of tectal neuron dendritic arbors, these 373 
computational methods have not yet been applied to optic axonal arbors as well22. Although 374 
laborious, the process of reconstructing optic arbor morphology dramatically increases 375 
researchers’ comprehension of the details of optic axonal arbor morphology. This added detail, 376 
in turn, significantly improves the quality of images of GFP expressing arbors these researchers 377 
are able to capture in future experiments.  378 
 379 
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connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.
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TAMIRA ELUL, PH.D. 
ASSOCIATE PROFESSOR 
DEPARTMENT OF BASIC SCIENCES 

 
 

May 17, 2019 
Dear JoVE editor, 
 
      Thank you for considering our manuscript titled “Microinjection of DNA into Eyebuds in Xenopus laevis 
Embryos, and Imaging of GFP Expressing Optic Axonal Arbors in Intact, Living Xenopus Tadpoles” for 
publication in JoVE.  We are grateful to the editors and reviewers for their thorough review and critique of the 
initial version our manuscript.  In response to the comments made by the editor and reviewers, we made 
multiple changes to the manuscript (to text, figures, and table of materials) and uploaded additional files 
verifying copyright permission.  In the attached pages, we explain our responses to all the specific comments of 
the editor and the reviewers.   
 

Please let us know if you have any additional questions regarding our revised manuscript. 
 
 Sincerely, 
 

 
 
Tamira Elul, Ph.D. 
 
Associate Professor 
Touro University California 
Tamira.elul@tu.edu 
 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Rebuttal
Document.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1049310&guid=60842e46-2b38-4565-ab57-c2fa89ca6456&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1049310&guid=60842e46-2b38-4565-ab57-c2fa89ca6456&scheme=1


Responses to Editorial comments: 
 
1. Proofreading of the manuscript.  The editor requested that we proofread our manuscript to 
ensure there are no spelling or grammar issues. 
Response:  As requested, we thoroughly checked our manuscript to eliminate all spelling or 
grammar issues.     
 
2. Copyright Permission.  The editor requested that we obtain copyright permission to reuse 
figures from previous publications, and that we cite the figures appropriately in the figure 
legends.    
Response:  We obtained and uploaded appropriate copyright permission to use figures from 
previous publications (Fig. 2A, Fig. 3, Fig. 4 in the revised manuscript).  In addition, we have 
cited these figures appropriately in the figure legends stating, for example, “This Figure is 
modified from Jin et al…”.      
 
3. Revision of original lines 148-149.  The editor requested that we revise lines 148-149 (now 
lines 160-161) to avoid textual overlap with previously published work. 
Response:  As requested, we revised these lines (now lines 160-161) to avoid overlap with 
other’s previously published work.  These lines originally read: “Previous studies have shown 
that co-lipofection of two plasmids into eyebuds of developing Xenopus embryos will result in 
their co-expression in single optic neurons at >90% frequency 9,10.   In the revised manuscript, 
these lines now state: “ Studies have shown that lipofection of two plasmids into eyebuds of 
Xenopus embryos at these developmental stages will result in their co-expression in individual 
optic neurons 9,10.” 
 
4. Commercial language.  The editor requested that we remove all commercial language form 
our manuscript and use generic terms instead.   
Response:  We removed all commercial language from our manuscript.  The manuscript now 
contains generic terms followed by reference to the Table of Materials. 
 
5.  Explanation of dejellying.  The editor requested that we explain how to dejelly Xenopus 
embryos, including which culture conditions are used, %CO2, and temperature. 
Response:  In the revised manuscript, we include explicit and detailed instructions for how to 
dejelly Xenopus embryos, including culture conditions and temperature (Section 1.2).  We also 
included a reference to a previous publication describing dejellying of Xenopus embryos.  
 
6. Table of Materials   The editor requested that we remove the embedded Table of Materials 
from the manuscript. 
Response:  As requested, we removed the table of materials from the manuscript.  The table of 
materials is now submitted as an excel spreadsheet, separate from the manuscript. 
 
7. Table of Materials:  The editor requested that we sort the items in the table in alphabetical 
order according to the name of material/ equipment.    
Response:  We sorted the items in the table of materials in alphabetical order using the names of 
the material/equipment.  



Responses to Reviewers' comments: 
 
Reviewer #1: 
Major Concerns: 
 
1. A picture of the eye bud being injected  
Reviewer # 1 requested that we include an additional picture of the eyebud to give a sense of 
scale. 
Response:  In the revised manuscript we added a figure (Fig. 2) that contains a schematic (A) and 
a photomicrograph (B) of a Xenopus embryo with the eyebud regions highlighted in red.  As 
requested, this figure specifies where the DNA will be injected on the whole embryo, and also 
provides a sense of scale. 
 
2. A picture of the well in which the embryo is placed for injection 
Reviewer # 1 requested that we include a picture of the well in which the embryo is placed for 
injection. 
Response:  Embryos are not placed in a well for injection.  Rather, embryos are placed in a 10 
mm petri dish and held with forceps in the non-dominant hand for injection. We revised sections 
4.2-4.3 (lines 214 -222) of the manuscript to more clearly state how the embryos are held during 
injection. 
 
3. A picture of the micropipette before and after filling 
Reviewer # 1 requested that we include a picture of the micropipette before and after filling. 
Response:  As requested, in the revised manuscript we included a picture of the micropipette 
before and after filling with DNA/DOTAP (Fig. 1).  In the picture of the filled micropipette, we 
specifically indicate the boundary line between the DNA/DOTAP and mineral oil (Fig. 1B). 
 
 
Minor Concerns: 
1.  Reviewer # 1 requested that we specify which version of Adobe Illustrator we used. 
Response:  We specified which version of Adobe Illustrator we used.  As requested by the editor, 
the information regarding Adobe Illustrator was moved from the manuscript into the table of 
materials. 
 
2.  Reviewer # 1 asked why we highlighted sections 3 and 4 in yellow. 
Response:   JoVE instructions state that we should highlight specific sections of the protocol that 
we wish to have videorecorded.  We chose to highlight the sections that describe preparation of 
micropipettes (Section 3) and microinjection of DNA/DOPTAP into eyebuds of Xenopus embryo 
(Section 4).  These procedures are the most difficult to understand by reading a protocol, and 
accordingly, would benefit the most from videorecording. 
 
 
Reviewer #2: 
 
Reviewer # 2 did not have any specific critiques of our manuscript. 
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7. Reservation of Rights: Publisher reserves all rights not specifically granted in the
combination of (i) the license details provided by you and accepted in the course of this
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8. License Contingent Upon Payment: While you may exercise the rights licensed
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9. Warranties: Publisher makes no representations or warranties with respect to the licensed
material.
10. Indemnity: You hereby indemnify and agree to hold harmless publisher and CCC, and
their respective officers, directors, employees and agents, from and against any and all
claims arising out of your use of the licensed material other than as specifically authorized
pursuant to this license.
11. No Transfer of License: This license is personal to you and may not be sublicensed,
assigned, or transferred by you to any other person without publisher's written permission.
12. No Amendment Except in Writing: This license may not be amended except in a writing
signed by both parties (or, in the case of publisher, by CCC on publisher's behalf).
13. Objection to Contrary Terms: Publisher hereby objects to any terms contained in any
purchase order, acknowledgment, check endorsement or other writing prepared by you,
which terms are inconsistent with these terms and conditions or CCC's Billing and Payment
terms and conditions.  These terms and conditions, together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire agreement
between you and publisher (and CCC) concerning this licensing transaction.  In the event of
any conflict between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions, these terms and conditions
shall control.
14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions described
in this License at their sole discretion, for any reason or no reason, with a full refund payable
to you.  Notice of such denial will be made using the contact information provided by you. 
Failure to receive such notice will not alter or invalidate the denial.  In no event will Elsevier
or Copyright Clearance Center be responsible or liable for any costs, expenses or damage
incurred by you as a result of a denial of your permission request, other than a refund of the
amount(s) paid by you to Elsevier and/or Copyright Clearance Center for denied
permissions.
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The following terms and conditions apply only to specific license types:
15. Translation: This permission is granted for non-exclusive world English rights only
unless your license was granted for translation rights. If you licensed translation rights you
may only translate this content into the languages you requested. A professional translator
must perform all translations and reproduce the content word for word preserving the
integrity of the article.
16. Posting licensed content on any Website: The following terms and conditions apply as
follows: Licensing material from an Elsevier journal: All content posted to the web site must
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maintain the copyright information line on the bottom of each image; A hyper-text must be
included to the Homepage of the journal from which you are licensing at
http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier homepage for books at
http://www.elsevier.com; Central Storage: This license does not include permission for a
scanned version of the material to be stored in a central repository such as that provided by
Heron/XanEdu.
Licensing material from an Elsevier book: A hyper-text link must be included to the Elsevier
homepage at http://www.elsevier.com . All content posted to the web site must maintain the
copyright information line on the bottom of each image.
 
Posting licensed content on Electronic reserve: In addition to the above the following
clauses are applicable: The web site must be password-protected and made available only to
bona fide students registered on a relevant course. This permission is granted for 1 year only.
You may obtain a new license for future website posting.
17. For journal authors: the following clauses are applicable in addition to the above:
Preprints:
A preprint is an author's own write-up of research results and analysis, it has not been peer-
reviewed, nor has it had any other value added to it by a publisher (such as formatting,
copyright, technical enhancement etc.).
Authors can share their preprints anywhere at any time. Preprints should not be added to or
enhanced in any way in order to appear more like, or to substitute for, the final versions of
articles however authors can update their preprints on arXiv or RePEc with their Accepted
Author Manuscript (see below).
If accepted for publication, we encourage authors to link from the preprint to their formal
publication via its DOI. Millions of researchers have access to the formal publications on
ScienceDirect, and so links will help users to find, access, cite and use the best available
version. Please note that Cell Press, The Lancet and some society-owned have different
preprint policies. Information on these policies is available on the journal homepage.
Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an
article that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and editor-author
communications.
Authors can share their accepted author manuscript:

immediately
via their non-commercial person homepage or blog

http://www.sciencedirect.com/science/journal/xxxxx
http://www.elsevier.com/
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by updating a preprint in arXiv or RePEc with the accepted manuscript
via their research institute or institutional repository for internal institutional
uses or as part of an invitation-only research collaboration work-group
directly by providing copies to their students or to research collaborators for
their personal use
for private scholarly sharing as part of an invitation-only work group on
commercial sites with which Elsevier has an agreement

After the embargo period
via non-commercial hosting platforms such as their institutional repository
via commercial sites with which Elsevier has an agreement

In all cases accepted manuscripts should:

link to the formal publication via its DOI
bear a CC-BY-NC-ND license - this is easy to do
if aggregated with other manuscripts, for example in a repository or other site, be
shared in alignment with our hosting policy not be added to or enhanced in any way to
appear more like, or to substitute for, the published journal article.

Published journal article (JPA): A published journal article (PJA) is the definitive final
record of published research that appears or will appear in the journal and embodies all
value-adding publishing activities including peer review co-ordination, copy-editing,
formatting, (if relevant) pagination and online enrichment.
Policies for sharing publishing journal articles differ for subscription and gold open access
articles:
Subscription Articles: If you are an author, please share a link to your article rather than the
full-text. Millions of researchers have access to the formal publications on ScienceDirect,
and so links will help your users to find, access, cite, and use the best available version.
Theses and dissertations which contain embedded PJAs as part of the formal submission can
be posted publicly by the awarding institution with DOI links back to the formal
publications on ScienceDirect.
If you are affiliated with a library that subscribes to ScienceDirect you have additional
private sharing rights for others' research accessed under that agreement. This includes use
for classroom teaching and internal training at the institution (including use in course packs
and courseware programs), and inclusion of the article for grant funding purposes.
Gold Open Access Articles: May be shared according to the author-selected end-user
license and should contain a CrossMark logo, the end user license, and a DOI link to the
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formal publication on ScienceDirect.
Please refer to Elsevier's posting policy for further information.
18. For book authors the following clauses are applicable in addition to the above:  
Authors are permitted to place a brief summary of their work online only. You are not
allowed to download and post the published electronic version of your chapter, nor may you
scan the printed edition to create an electronic version. Posting to a repository: Authors are
permitted to post a summary of their chapter only in their institution's repository.
19. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis may be
submitted to your institution in either print or electronic form. Should your thesis be
published commercially, please reapply for permission. These requirements include
permission for the Library and Archives of Canada to supply single copies, on demand, of
the complete thesis and include permission for Proquest/UMI to supply single copies, on
demand, of the complete thesis. Should your thesis be published commercially, please
reapply for permission. Theses and dissertations which contain embedded PJAs as part of
the formal submission can be posted publicly by the awarding institution with DOI links
back to the formal publications on ScienceDirect.
 
Elsevier Open Access Terms and Conditions
You can publish open access with Elsevier in hundreds of open access journals or in nearly
2000 established subscription journals that support open access publishing. Permitted third
party re-use of these open access articles is defined by the author's choice of Creative
Commons user license. See our open access license policy for more information.
Terms & Conditions applicable to all Open Access articles published with Elsevier:
Any reuse of the article must not represent the author as endorsing the adaptation of the
article nor should the article be modified in such a way as to damage the author's honour or
reputation. If any changes have been made, such changes must be clearly indicated.
The author(s) must be appropriately credited and we ask that you include the end user
license and a DOI link to the formal publication on ScienceDirect.
If any part of the material to be used (for example, figures) has appeared in our publication
with credit or acknowledgement to another source it is the responsibility of the user to
ensure their reuse complies with the terms and conditions determined by the rights holder.
Additional Terms & Conditions applicable to each Creative Commons user license:
CC BY: The CC-BY license allows users to copy, to create extracts, abstracts and new
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DOI), provides a link to the license, indicates if changes were made and the licensor is not
represented as endorsing the use made of the work. The full details of the license are
available at http://creativecommons.org/licenses/by/4.0.
CC BY NC SA: The CC BY-NC-SA license allows users to copy, to create extracts,
abstracts and new works from the Article, to alter and revise the Article, provided this is not
done for commercial purposes, and that the user gives appropriate credit (with a link to the
formal publication through the relevant DOI), provides a link to the license, indicates if
changes were made and the licensor is not represented as endorsing the use made of the
work. Further, any new works must be made available on the same conditions. The full
details of the license are available at http://creativecommons.org/licenses/by-nc-sa/4.0.
CC BY NC ND: The CC BY-NC-ND license allows users to copy and distribute the Article,
provided this is not done for commercial purposes and further does not permit distribution of
the Article if it is changed or edited in any way, and provided the user gives appropriate
credit (with a link to the formal publication through the relevant DOI), provides a link to the
license, and that the licensor is not represented as endorsing the use made of the work. The
full details of the license are available at http://creativecommons.org/licenses/by-nc-nd/4.0.
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