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SUMMARY: 21 

Based on in vitro lentiviral engineering of neuronal precursors, their co-transplantation into wild-22 

type brains and paired morphometric evaluation of “test” and “control” derivatives, this method 23 

allows accurate modeling of in vivo gene control of neocortical neuron morphology in a simple 24 

and affordable way. 25 

 26 

ABSTRACT: 27 

Gene control of neuronal cytoarchitecture is currently the subject of intensive investigation. 28 

Described here is a simple method developed to study in vivo gene control of neocortical 29 

projection neuron morphology. This method is based on (1) in vitro lentiviral engineering of 30 

neuronal precursors as “test” and “control” cells, (2) their co-transplantation into wild-type 31 

brains, and (3) paired morphometric evaluation of their neuronal derivatives. Specifically, E12.5 32 

pallial precursors from panneuronal, genetically labeled donors, are employed for this purpose. 33 

They are engineered to take advantage of selected promoters and tetON/OFF technology, and 34 

they are free-hand transplanted into neonatal lateral ventricles. Later, upon 35 

immunofluorescence profiling of recipient brains, silhouettes of transplanted neurons are fed 36 

into NeurphologyJ open source software, their morphometric parameters are extracted, and 37 

average length and branching index are calculated. Compared to other methods, this one offers 38 

three main advantages: it permits achieving of fine control of transgene expression at affordable 39 

costs, it only requires basic surgical skills, and it provides statistically reliable results upon analysis 40 

of a limited number of animals. Because of its design, however, it is not adequate to address non 41 

cell-autonomous control of neuroarchitecture. Moreover, it should be preferably used to 42 

investigate neurite morphology control after completion of neuronal migration. In its present 43 

formulation, this method is exquisitely tuned to investigate gene control of glutamatergic 44 
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neocortical neuron architecture. Taking advantage of transgenic lines expressing EGFP in other 45 

specific neural cell types, it can be re-purposed to address gene control of their architecture. 46 

 47 

INTRODUCTION: 48 

Here we describe a simple method we developed to dissect in vivo gene control of neuronal 49 

cytoarchitecture. Based on in vitro engineering of neuronal precursors, their transplantation into 50 

neonatal brain and paired morphometric evaluation of “test” and “control” cells, it allows to 51 

unveil functional implications of test genes in fine control of neuronal morphology in a fast and 52 

affordable way. To investigate in vivo gene control of neuronal architecture, three key technical 53 

issues must be addressed: (1) achieving an adequately patterned gene-of-interest (GOI) 54 

expression and an accurate quantitative control of it; (2) obtaining a properly segmented 55 

visualization of distinct neuronal silhouettes; (3) eliciting statistical significance of results while 56 

employing a limited number of animals.  57 

 58 

When available, mouse mutant lines harboring tetracycline (tet)-controlled transgenes may be 59 

the best tool to address the first issue1. Alternatively, somatic transgenesis may be employed. In 60 

such cases, the transgene is delivered via electroporation2 or viral transduction3. Next, it is 61 

retained as an episome (e.g., upon standard electroporation4), or it is integrated into the genome 62 

(randomly, via retroviral integrase5; or in a defined location, via CRISPR-promoted homologous 63 

recombination (SLENDR)6). 64 

 65 

Second, neuronal silhouette visualization may be achieved via (a) sparse uniform labeling or (b) 66 

dense differential labeling. As for sparse labeling, advanced Golgi-like methodologies may be 67 

employed7, selected neuronal minisets can be filled by biocytin8, and salt-and-pepper labeling 68 

can be obtained thanks to a sparsely expressed transgene. Such a transgene may display 69 

variegated transcription (Thy-EGFP)9 or may be activated by stochastic recombination (MORF)10. 70 

As for (b), state of art strategies include Cre-mediated stochastic recombination within a multi-71 

floxed fluoroprotein transgene array (Brainbow)11, as well as piggyBac-transposase-driven 72 

genomic integration of fluoroprotein genes, previously delivered via somatic transgenesis 73 

(CLoNE)12. 74 

 75 

As for the third issue, the morphometric outcome is often affected by a large random variability, 76 

originating from inter-animal differences and cell-injection contingencies. Because of this, a large 77 

number of animals is usually employed to achieve the statistical power necessary to assess GOI 78 

morphometric activity. 79 

 80 

The approaches previously described often rely on advanced technical skills and require 81 

conspicuous financial resources, which may limit their diffusion within the scientific community. 82 

To circumvent these issues, we conceived an easy and straightforward pipeline to dissect gene 83 

control of neuroarchitecture in vivo in a fast and affordable way. This is inspired by a similar co-84 

transplantation design previously developed for fast in vivo evaluation of antiblastic transgene 85 

activity13. 86 

 87 

Specifically, it is thought that the co-transplantation of in vitro engineered "green" neural 88 



   

 

precursors (“test” and “control” cells) into a "black" recipient neonatal brain can simultaneously 89 

fix the three key issues listed above. In fact, in vitro lentiviral engineering of precursors, in well-90 

controlled conditions, allows maintenance of variability of neuronal transgene expression at a 91 

minimum, far below that usually associated with in vivo somatic manipulations (performed 92 

previously14,15 and in our unpublished results). The resulting accurate control of gene expression 93 

is comparable with that achieved by tet-controlled transgenic models. However, costs of this 94 

procedure are far below those originating from maintenance of a transgenic mouse line. Next, 95 

free-hand cell injection is easy and requires minimal training. Moreover, the amount of labeled 96 

precursors injected into each brain can be easily tuned to achieve a sufficient cumulative number 97 

of sparsely distributed precursors, while also keeping the total number of transplanted animals 98 

at a minimum. Last but not least, co-injection of differently fluoro-labeled, “test” and “control” 99 

precursors and subsequent pairwise statistical analysis of the results counteract the effects of 100 

inter-animal experimental variability, allowing the reaching of statistical significance of results, 101 

even upon the analysis of a limited number of individuals13. 102 

 103 

It should be emphasized that, albeit fast and cheap, this method has two main limitations. First, 104 

it is designed to investigate cell-autonomous gene control of neuronal architecture, and it is not 105 

appropriate to address environmental control. Second, as transplanted neuronal precursors 106 

reach their final location by a heterochronic schedule, this method is preferable to model 107 

neuroarchitectonics control occurring past migration completion. 108 

 109 

PROTOCOL: 110 

 111 

All methods and procedures described here have been approved by the SISSA Organismo 112 

preposto al Benessere Animale (SISSA IACUC). 113 

 114 

1. Generation of engineered "green" progenitor pools 115 

 116 

1.1. Preparation of the “green” pool  117 

 118 

1.1.1. Mate a wild-type CD1 female with a MtaptEGFP/+ founder16. Euthanize the pregnant dam by 119 

cervical dislocation at 12.5 days post-coitum (day 0 is determined by vaginal plug inspection) and 120 

harvest the embryos (i.e., embryonic day 12.5 embryos [E12.5]). Set them in individual wells of a 121 

24 multiwell plate in cold PBS solution.  122 

 123 

1.1.2. Quickly genotype the embryos by visual inspection under a blue light lamp, checking for 124 

green fluorescence emission in the brains.  125 

 126 

1.1.3. Place the “green” embryos into a 10 cm diameter Petri dish filled with cold 1x PBS with 127 

0.6% glucose and transfer it to under a stereomicroscope.  128 

 129 

1.1.4. Cut the embryo heads using standard scissors and extract the telencephalon from them by 130 

means of #3 and #5 forceps. 131 

 132 



   

 

1.1.5. Separate the two telencephalic vesicles and dissect out the neocortices using forceps; 133 

make sure to remove the hippocampus and the basal ganglia17.  134 

 135 

1.1.6. Collect neocortices by transferring them with a P1000 pipette into a 1.5 mL tube kept on 136 

ice.  137 

 138 

1.1.7. Let the dissected neocortices settle to the bottom of the tube. 139 

 140 

1.1.8. Aspirate the supernatant as much as possible. 141 

 142 

1.1.9. Resuspend the neocortices in 400 µL of fresh proliferative medium [DMEM-F12, 1x 143 

Glutamax, 1X N2, 1 mg/mL bovine serum albumin (BSA), 0.6% glucose, 2 μg/mL heparin, 20 144 

ng/mL basic fibroblast growth factor (bFGF), 20 ng/mL epidermal growth factor (EGF), 1X pen-145 

strep, and 10 pg/mL amphotericin B].  146 

 147 

1.1.10. Gently pipette the neocortices up and down, sequentially with P1000, P200, and P20 tips, 148 

4x per tip, to obtain a cloudy cell suspension. 149 

 150 

NOTE: E12.5 neocortical tissue is very soft; dissociating it to single cells does not require 151 

enzymatic digestion at all; repeated pipetting is sufficient. 152 

 153 

1.1.11. Let the meninges and residual neocortical clumps settle down for 2 min. 154 

 155 

1.1.12. Transfer 150 µL from the top of the cell suspension (mainly containing single cells) into a 156 

new 1.5 mL sterile tube.  157 

 158 

1.1.13. Add 150 µL of fresh proliferative medium and repeat steps 1.1.10–1.1.12 until no more 159 

tissue clumps are evident. While doing this, omit the P1000 pipetting step (in step 1.1.10). 160 

 161 

NOTE: Three iteration of steps 1.1.10–1.1.12 are usually sufficient to achieve full tissue 162 

dissociation. 163 

 164 

1.1.14. Count cells (“green” pool) with the trypan blue exclusion method in a Bürker chamber17 165 

and add fresh proliferative medium to adjust the concentration to 103 cells/µL. 166 

 167 

NOTE: Steps 1.1.7–1.1.14 must be performed under a sterile laminar flow hood disinfected by 168 

70% ethanol and kept ventilated for at least 20 min. 169 

 170 

1.2. Engineering the “green” sub-pools 171 

 172 

1.2.1. Subdivide the “green” pool into two sub-pools in two distinct 1.5 mL tubes for lentiviral 173 

infection. 174 

 175 

1.2.2. Infect the sub-pools independently with the two dedicated lentiviral mixes. Each mix 176 



   

 

contains "red label" virus (Pgk1_mCherry) or "black" virus (pCAG_lacZ) as a control, as well as 177 

viruses for tetOFF driven transgene (Pgk1p_tTA and TRE_transgene) or control (Pgk1p_tTA and 178 

TRE_PLAP) expression. 179 

 180 

CAUTION: Manipulate lentiviruses in a BLS-2 environment with all the protective measurements 181 

prescribed by applicable rules and laws. 182 

 183 

NOTE: Each lentivirus must be administered at a multiplicity of infection (MOI) of 8, which (as 184 

previously shown14) is sufficient to transduce the vast majority of neural cells in such 185 

experimental conditions (Figure 1). The lentivirus harboring tet transactivators can be built by 186 

employing different neuronal promoters driving tTA/rtTA expression (e.g., pTα1, pSyn, pCaMKII, 187 

pGAD1, etc.) (Figure 2). The MOI is the ratio of (a) the number of infectious viral particles 188 

delivered to (b) the number of their target cells. Here, the former (a) is calculated according to 189 

the conventional procedure described elsewhere14, the latter (b) is simply evaluated using a 190 

Bürker chamber. 191 

 192 

1.2.3. Plate 600,000 cells of each infected sub-pool per well of a 12 multiwell plate, in 600 µL of 193 

proliferative medium with 2 µg/mL of doxycycline. 194 

 195 

NOTE: Here, wells are not pretreated with poly-lysine, which prevents neural cell attachment to 196 

their bottoms. 197 

 198 

1.2.4. Transfer cells to the incubator in 5% CO2 at 37 °C. 199 

 200 

1.2.5. After 2 days, to assess the efficiency of infection and the differential marking of the 201 

engineered pools, inspect the cells under a conventional fluorescent microscope. The two sub-202 

pools must appear as suspensions of small neurospheres, homogenously expressing the red 203 

fluorescent protein ("control" sample) or not ("test" sample). Within these neurospheres, the 204 

MtaptEGFP transgene is active limited to a minority of cells (post-mitotic neurons) and silent in the 205 

majority of them (proliferating precursors) (Figure 3).  206 

 207 

2. Setting up of the surgical instruments and the operating area 208 

 209 

2.1. Preparing borosilicate needles 210 

 211 

2.1.1. Use the borosilicate glass capillaries with external and internal diameter equaling 1.5 mm 212 

and 1.12 mm, respectively. 213 

 214 

2.1.2. Pull the capillary with a P 1000 puller.  215 

 216 

2.1.3. Set up the pulling program. Typical program parameters are: heat = 614; vel = 60; time = 217 

1; pressure = 600. They must be adjusted according to the puller model and the heating resistor 218 

employed. 219 

 220 



   

 

2.1.4. Place the capillary into the puller holders and tighten them.  221 

 222 

2.1.5. Start the program and take the two pulled microcapillaries.  223 

 224 

2.1.6. Cut the capillary tip by hand, with a scalpel, under the stereomicroscope to obtain a tip 225 

with an external diameter of ~200–250 µm.  226 

 227 

2.1.7. Place the capillaries on a modelling clay (e.g., plasticine) support in a closed Petri dish and 228 

transfer it to under the hood. 229 

 230 

2.2. Setting up the hood and preparing the cell tracer solution 231 

 232 

2.2.1. Clean up the horizontal flow hood carefully and disinfect it using 70% ethanol.  233 

 234 

2.2.2. Disinfect optical fibers using 70% ethanol and place them under the hood.  235 

 236 

2.2.3. Mix 10 µL of 125 mM EGTA solution and 10 µL of Fast Green to prepare the “cell tracer 237 

solution” and place it under the hood. 238 

 239 

2.2.4. Cut small pieces (4 cm x 2 cm of size) of laboratory sealing film for cell suspension spotting. 240 

 241 

2.2.5. Prepare a solution of 1 mg/mL sterile doxycycline and aspirate it into a 0.3 mL syringe.  242 

 243 

2.2.6. Switch on the hood and keep the laminar flow on for 20 min before the operation. 244 

 245 

2.3. Assembling the injection tube 246 

 247 

2.3.1. Take a hard-plastic mouthpiece, two latex tubes (each about 30 cm long) and a capillary 248 

holder from an aspirator tube assembly kit for calibrated microcapillary pipettes. 249 

 250 

2.3.2 Fix the hard-plastic mouthpiece to one end of a latex tube. 251 

 252 

2.3.3. Fix the capillary holder to one end of another latex tube. 253 

 254 

2.3.4. Connect the free ends of the two latex tubes with a 0.45 µm sterile filter, as a barrier against 255 

operator germs. 256 

 257 

2.3.5. Place the resulting aspirator tube assembly on a modelling clay holder to be kept under the 258 

hood. 259 

 260 

3. Cell mix and intraventricular transplantation 261 

 262 

3.1. Mixing “test” and “control” green cell sub-pools  263 

 264 



   

 

3.1.1. Collect “test” and “control” neurospheres (see step 1.2.5) in separate 1.5 mL tubes. 265 

 266 

3.1.2. Centrifuge neurospheres suspension at 200 g for 5 min. 267 

 268 

3.1.3. Collect and discard the supernatant, avoiding disturbance of the cell pellet. 269 

 270 

3.1.4. Gently resuspend neurospheres in 500 µL of 1x PBS. 271 

 272 

3.1.5. Centrifuge them at 200 g for 1 min. 273 

 274 

3.1.6. Remove the supernatant. 275 

 276 

3.1.7. Repeat steps 3.1.4–3.1.6 two more times. 277 

 278 

3.1.8. Gently resuspend spheres in 200 µL of 2x Trypsin solution (2x Trypsin, 1x PBS) and pipette 279 

cell pellet up and down 4x–5x.  280 

 281 

NOTE: Pay attention not to make air bubbles. 282 

 283 

3.1.9. Leave cells in the incubator for 5 min at 37 °C to achieve a single-cell suspension.  284 

 285 

3.1.10. Block Trypsin with 200 µL of Trypsin inhibitor solution (DMEM-F12, 10 µg/mL DNAse I, 286 

0.28 mg/mL Trypsin inhibitor) by pipetting up and down 4x–5x. 287 

 288 

3.1.11. Centrifuge cells at 200 x g for 5 min and resuspend them in 1 mL of fresh proliferative 289 

medium (DMEM-F12, 1x Glutamax, 1x N2, 1 mg/mL BSA, 0.6% glucose, 2 μg/mL heparin, 20 290 

ng/mL bFGF, 20 ng/mL EGF, 1x pen-strep, 10 pg/mL amphotericin B). 291 

 292 

3.1.12. Count cells of the two pools with trypan blue exclusion method in a Bürker chamber. 293 

 294 

3.1.13. Adjust their concentration to 100,000 cells/µL in proliferative medium. 295 

 296 

3.1.14. Mix 1:1 “test” cells with “control” ones. 297 

 298 

3.1.15. Check the resulting mix under a fluorescence microscope (objective magnification: 10x) 299 

to ensure that the mix is a single-cell suspension of the two pools (Figure 3C).  300 

 301 

3.1.16. Place the mix on ice under the hood. 302 

 303 

3.2. Intraventricular transplantation 304 

 305 

3.2.1. Prepare the cage with the mother and the P0 pups on a table far away from the surgical 306 

operatory area.  307 

 308 



   

 

3.2.2. Place a recovery cage on a cart close to the hood. 309 

 310 

3.2.3. Put a mixture of sawdust taken from the mother’s cage on the bottom of the recovery cage 311 

and place it under a lamp.  312 

 313 

3.2.4. Aside, set an ice box covered by an aluminum foil for the anesthesia of P0 pups.  314 

 315 

3.2.5. Just prior to transplantation, add 1/10 volume of cell tracer solution (from step 2.2.3) to 1 316 

volume of cell suspension (from step 3.1.16) and spot 3 µL of the resulting “injection mix” on a 317 

piece of laboratory sealing film. 318 

 319 

3.2.6. Place the pup on the cool aluminum foil for 1 min and check that it is fully anesthetized. 320 

 321 

NOTE: To confirm anesthesia, gently squeeze a paw and monitor the pup for lack of movements, 322 

while still breathing. 323 

 324 

3.2.7. Meanwhile, aspirate the 3 µL of injection mix (from step 3.2.5) into the glass capillary. 325 

 326 

3.2.8. Gently wipe the head of the anesthetized pup with 70% ethanol. 327 

 328 

3.2.9. Place the pup’s chin on the tip of the optical fiber to clearly identify the cortical 329 

hemispheres. 330 

 331 

NOTE: At P0–P1, the head skin is very thin, allowing for straightforward visual identification of 332 

the hemispheres just above the eyeballs and behind the olfactory bulbs. 333 

 334 

3.2.10. Keep the capillary (loaded as described in step 3.2.7) in either one of the two mid-335 

parasagittal planes (left or right), above the olfactory bulb, and puncture the forehead skin at its 336 

intersection with the frontal plane containing the eyeballs centers. Pay attention not to damage 337 

blood vessels. Enter the capillary into the frontal cortex and access the ventricular cavity (Figure 338 

4A). 339 

 340 

3.2.11. To prevent accidental damage of the ganglionic eminence, rotate the needle laterally by 341 

30 degrees, pointing its tip caudal-medial-ward (Figure 4B). 342 

 343 

3.2.12. Gently inject the cells into the ventricular cavity and monitor their diffusion by means of 344 

Fast Green (Figure 4C). 345 

 346 

3.2.13. Wait 5–10 s.  347 

 348 

3.2.14. Remove the glass needle taking care not to aspirate the cell suspension and discard it in 349 

a suitable disposal bin.  350 

 351 

3.2.15. Before pup recovery from anesthesia inject 150 µL of doxycycline solution 352 



   

 

intraperitoneally to keep transgene expression still off after the transplantation.  353 

 354 

3.2.16. After the injection, place the pup immediately under the lamp for recovery. 355 

 356 

3.2.17. Leave the pups under the lamp for 5–10 min and, once fully awake, place them in the 357 

cage with the mother.  358 

 359 

3.2.18. Observe the operated pups for 2–3 h, to ensure that the mother accepts them. 360 

 361 

3.2.19. Supply the cage with drinking water containing 0.5 mg/mL doxycycline and 50 g/L sucrose 362 

to maintain transgene expression off.  363 

 364 

3.2.20. Replace the doxycycline-containing water by doxy-free water 4 days after 365 

transplantation, thus activating the transgene in post-mitotic neurons. Keep mice in a doxy-free 366 

regime for 6 days and euthanize them at P10 by carbon dioxide inhalation followed by 367 

decapitation. 368 

 369 

4. Analysis of transplanted brains 370 

 371 

4.1. Histology and immunofluorescence 372 

 373 

4.1.1. Euthanize the transplanted pups 10 days after cell transplantation by carbon dioxide 374 

inhalation followed by decapitation. Fix brains of euthanized pups in 4% paraformaldehyde (PFA) 375 

at 4 °C overnight. 376 

 377 

CAUTION: PFA is highly toxic; handle it with care, strictly complying with manufacturer’s 378 

prescriptions, under a chemical fume hood; discard PFA solution residual in a labeled waste 379 

container. 380 

 381 

4.1.2. Remove the PFA solution and replace it with 30% sucrose solution. 382 

 383 

4.1.3. Leave the brains at 4 °C or until they sink to the vial bottom. 384 

 385 

4.1.4. Transfer the brains into a disposable embedding mold approximately half-filled with cryo-386 

inclusion medium. 387 

 388 

4.1.5. Freeze the included brains at -80 °C. 389 

 390 

4.1.6. Cut 60 µm thick coronal sections using a cryostat. 391 

 392 

NOTE: Avoid employing thinner sections, as this may result in unacceptable loss of information 393 

regarding the whole architecture of single neurons. 394 

 395 

4.1.7. Process sections for immunofluorescence1819, using anti-GFP [1:400] and anti-RFP 396 



   

 

(mCherry) [1:500] antibodies. Counterstain nuclei with 1 mg/mL DAPI solution [1:200]. 397 

 398 

4.2. Morphometry 399 

 400 

4.2.1. Set working parameters of the confocal microscope as follows: z-stack height = 40 µm; step 401 

= 2 µm. 402 

 403 

4.2.2. Collect pictures of immunoassayed slices selecting GFP positive neuron-rich photographic 404 

fields, blind of RFP signal distribution. 405 

 406 

4.2.3. Export the images as .nd2 files. 407 

 408 

4.2.4. Generate maximum Z-projections of them as .tiff files (Figure 5A). 409 

 410 

4.2.5. To allow for sub-sequential neuronal skeletonization blind to cells genotype, hide the red 411 

signal. To do so, open each .tiff file by a suitable software and add an adjustment layer. Select 412 

"levels", "red", then set "output" to zero. Save the file as such.  413 

 414 

NOTE: Skeletonization is subsequently performed by a new operator who had no previous access 415 

to original plain red files.  416 

 417 

4.2.6. For each hidden red file, add a drawing layer to the primary image and select the pencil 418 

tool (white color). Trace the soma on the basis of GFP signal, then trace the neurites.  419 

 420 

NOTE: the pencil tool may be set at 40 pixels for the soma and at three pixels for neurites.  421 

 422 

4.2.7. Save the multilayer file including neuronal silhouettes (Figure 5B). 423 

 424 

NOTE: Subsequent analysis of neuronal skeleton can be performed by either operator.  425 

 426 

4.2.8. Create a new 1024 x 1024 16-bit grayscale file with black background, one per neuron.  427 

 428 

4.2.9. Copy and paste single neuronal silhouettes from the primary image to the new grayscale 429 

file. Get back to multilayer file and switch off the adjustment layer to unveil neuronal genotypes. 430 

Save the 16-bit grayscale file annotating the corresponding neuronal genotype. 431 

 432 

4.2.10. Import grayscale images in ImageJ one by one and analyze skeletons by NeurphologyJ 433 

plugin of ImageJ software20 (Figure 5C). 434 

 435 

4.2.11. Copy NeurphologyJ primary data (neurite_length, attachment_points and endpoints; for 436 

each, take "Total Area" values), paste them into a spreadsheet and employ them to compute 437 

secondary morphometric parameters (average neurite length, branching index) (Figure 5D). 438 

 439 

REPRESENTATIVE RESULTS: 440 



   

 

There are five primary datasets providing useful information about key aspects of the procedure, 441 

the first being (1) efficiency of neural precursors transduction and co-transduction by lentiviral 442 

vectors. (2) An example of key features of the promoters employed to drive the “test gene”. (3) 443 

An example of engineered cells ready for transplantation. (4) A cartoon including key procedural 444 

details of cell microinjection into the neonatal brain. (5) A synopsis of the whole morphometric 445 

pipeline. 446 

 447 

As for (1), the capability of the prototypical lentiviral vectors delivered at different MOIs (2,4,8) 448 

to effectively transduce neocortical precursors was evaluated. In the first assay, neural 449 

precursors originating from early wild-type neocortices were infected by a lentiviral reporter, 450 

harboring the mCherry coding sequence (cds) under the control of the neuronogenic-lineage-451 

specific pTα1 promoter, at MOI = 2, 4, 8, then allowed to differentiate. Co-immunoprofiling of 452 

their progenies for mCherry and the pan-neuronal marker Tubb3 showed that neurons were 453 

effectively transduced at frequencies of 64%, 69%, and 78%, respectively (Figure 1A). In a second 454 

assay, neocortical precursors were acutely coinfected by two lentiviral reporters, expressing 455 

EGFP and mCherry, under the control of the constitutive pPgk1 promoter, at MOIs = (2,2), (4,4), 456 

and (8,8). A few days later, co-immunoprofiling of their derivatives showed that the ratio 457 

between EGFP+mCherry+ and EGFP+mCherry± cells was 80%, 88%, and 93%, respectively (Figure 458 

1B). These data suggest that, upon delivery of the engineering protocol envisaged for the present 459 

study, (a) the vast majority of neurons are transduced, and (b) almost all transduced neurons 460 

received the full lentiviral set needed for their characterization. 461 

 462 

[Place Figure 1 here] 463 

 464 

As for (2), pTα1 and pSyn activity patterns can be inferred on the basis of expression profiles of 465 

fluoroprotein genes under their control. In this example, such control is direct in case of mCherry 466 

(Figure 2A), and indirect [i.e. mediated by a tetON second generation interface (Figure 2E)], in 467 

the case of EGFP (Figure 2B,C,D). Both promoters are specifically active within Tubb3+ postmitotic 468 

neurons (Figure 2B,C,D), but pTα1 also fires in a subset of Ki67+ intermitotic (neuronogenic) 469 

precursors (Figure 2A). Here, to provide an idea of limited variability of promoter activity when 470 

cells are engineered according to these standard conditions (Figure 2E), pTα1- and pSyn-driven 471 

EGFP expression levels within Tubb3+ neurons were quantified by Photoshop CS6 Histogram 472 

plugin. Then, raw data were normalized against medians and plotted against promoters (Figure 473 

2F). Remarkably, single-cell fluorescence levels were densely clustered around medians: first and 474 

third quartiles equaled 0.86 and 1.16, as well as 0.89 and 1.12 in cases of pTα1 and pSyn, 475 

respectively. 476 

 477 

[Place Figure 2 here] 478 

 479 

As for (3), 3 days after lentiviral transduction, MtaptEGFP/+ “green” neurospheres express the 480 

Pgk1p promoter-driven, mCherry red fluorescent protein (“control” spheres) or not (“test” 481 

spheres) (Figure 3A,B). All spheres are dissociated to single cells, ensuring there are no clumps 482 

lefts, and the corresponding suspensions are mixed 1:1. The resulting mix (Figure 3C) is placed 483 

on ice and used within 20 min for transplantation.  484 



   

 

 485 

[Place Figure 3 here] 486 

 487 

As for (4), the procedure for cell injection into the neonatal brain includes three key steps. The 488 

capillary, placed on the mid-parasagittal plane, is entered into the lateral ventricular cavity via 489 

the frontal cortical wall (Figure 4A). Next, to prevent damage of the ganglionic eminence, the 490 

capillary is rotated 30° within the horizontal plane, so that the tip points medially/caudally (Figure 491 

4B). Last, the cell suspension is delicately ejected into the lateral ventricular cavity, where it forms 492 

an easily distinguishable, light-blue "cloud" (Figure 4C). 493 

 494 

[Place Figure 4 here] 495 

 496 

As for (5), the analytical procedure includes four main steps. First, optical confocal sections of 497 

transplanted neuron-rich fields are flattened, according to MAX Z-projection modality so 498 

generating RGB .tiff files. Here, as an example, only “green test” neurons and “yellow control” 499 

neurons, originating from co-transplanted precursors, can be easily distinguished (it should be 500 

noted that mCherry may alternatively be used to label “test” neurons) (Figure 5A). Then, an 501 

idealized, skeletonized camera lucida version of the picture is generated by a suitable graphic 502 

software (see step 4.2.6) (Figure 5B) by an operator blind of red channel. Blindness of red channel 503 

is of paramount importance in order to prevent any unintentional bias in data evaluation. Next, 504 

single-neuronal silhouettes are fed into NeurphologyJ software as black-and-white pictures and 505 

values of the three primary parameters “total number of exitpoints” (attachment_points), “total 506 

number of endpoints” (endpoints) and “total neurite length” (neurite_length) are collected 507 

(Figure 5C). Finally, secondary parameters of each neuron are calculated, averaged and 508 

statistically evaluated by Excel software (Figure 5D). 509 

 510 

[Place Figure 5 here] 511 

 512 

FIGURE AND TABLE LEGENDS: 513 

 514 

Figure 1: Efficiency of neural precursor cells transduction by lentiviral vectors. Panels report an 515 

evaluation of the efficiency by which E12.5 neocortical precursor cells are transduced (or co-516 

transduced) upon delivery of dedicated lentiviral reporters at different multiplicities of infection 517 

(MOIs). In the former case (A), cells were acutely infected with the lentivirus (LV) pTα1-mCherry 518 

at MOI = 2, 4, 8, cultured in proliferative medium for 2 days, transferred to differentiative 519 

medium, and allowed to differentiate for 1 week. Upon fixation at day in vitro (DIV) 9, cultures 520 

were co-immunoprofiled for mCherry and the pan-neuronal marker Tubb3. mCherry and EGFP 521 

signals were detected by anti-RFP and anti-EGFP primary antibodies and revealed by Alexa-594- 522 

and Alexa-488-conjugated secondary antibodies, respectively. Finally, mCherry+Tubb3+/ 523 

mCherryTubb3+ ratios were calculated, averaged and plotted against the corresponding MOIs. 524 

In the latter case (B), cells were acutely infected with a 1:1 mix of two lentiviruses, encoding for 525 

the constitutively active pPgk-mCherry and pPgk-EGFP transgenes, at different MOIs (2, 4, 8 for 526 

each virus). Cells were cultured in proliferative medium for 4 days, trypsinized and, upon fixation, 527 

profiled for mCherry and EGFP immunofluorescence as above. Finally, mCherry+EGFP+/ 528 



   

 

mCherryEGFP+ ratios were calculated, averaged and plotted against the corresponding MOIs. 529 

Error bars represent S.E.M. 530 

 531 

Figure 2: Profiling of neural precursor type-specific promoters suitable to drive GOI 532 

overexpression. Panels refer to characterization of Tubulin alpha 1 (pTα1) and Synapsin (pSyn) 533 

promoters, specifically active within the whole neuronal lineage and postmitotic neurons, 534 

respectively. Test were run in neocortical precursors harvested at different embryonic (En) ages, 535 

acutely infected with dedicated lentiviral mixes [pTα1-mCherry in (A); pTα1-rtTA, TREt-EGFP in 536 

(B); pSyn-rtTA, TREt-EGFP in (C,D); 2µg/ml doxy ab initio], and cultured in proliferative medium 537 

(A), proliferative (2 days) followed by differentiative medium (B,C), or differentiative (D) medium. 538 

Upon fixation at day in vitro (DIV) n, postmitotic neurons were identified by αTubb3 and 539 

intermitotic precursors by αKi67 immunofluorescence; mCherry and EGFP were detected as 540 

shown in Figure 1. Signals were revealed as shown in Figure 1. Scale bars: 100 µm in (A,B) and 50 541 

µm in (C,D). Shown are (E) dedicated lentiviral mixes used in this study with references to the 542 

figure panels. Shown is a (F) a scatter plot of pTα1- and pSyn-driven EGFP signal in Tubb3+ cells 543 

referred to in (B) and (D), respectively. Boxed are cells falling between 25th and 75th percentiles; 544 

whiskers refer to 10th and 90th percentiles. 545 

 546 

Figure 3: Example of test ("only green") and control ("green-red") DIV2 neurospheres and cell 547 

suspension ready for transplantation. (A,B) These spheres were obtained from MtaptEGFP/+ E12.5 548 

neocortical precursors, acutely infected by lentiviral mixes "pCAG_lacZ, Pgk1p_tTA, TREt_GOI" 549 

(A) and "Pgk1p_mCherry, Pgk1p_tTA, TREt_PLAP" (B), respectively, each LV at MOI = 8, and kept 550 

in proliferative medium. (C) Cell suspension was obtained by dissociating “test” and “control” 551 

neurospheres (A,B) to single cells and mixing them 1:1. Scale bars: 200 µm in (A,B) and 100 µm 552 

in (C). 553 

 554 

Figure 4: Schematics of the three steps procedure employed for cell injection into the neonatal 555 

brain. (A) The capillary is entered into the lateral ventricle through the frontal neocortical wall. 556 

Then, (B) it is rotated medialward, to prevent damage of ganglionic eminence. Finally (C), the cell 557 

suspension is gently injected into the lateral ventricle, where it forms a light blue cloud. 558 

 559 

Figure 5: Representative flowchart of morphometric analysis of transplanted brains. Upper row 560 

panels show: (A) a MAX z-projection .tiff image of medial neocortex, fixed 10 days after 561 

engineered cell transplantation (green = Mtapt-driven, neuron-restricted EGFP; red = mCherry, 562 

constitutively labeling “control” cells; blue = DAPI), the green channel signal, and (B) its 563 

skeletonized e-camera lucida rendering. Scale bars: 50 µm. The bottom row includes: (C) primary 564 

morphometric parameters extracted from neuronal skeletons by NeurphologyJ software analysis 565 

(neurite_length as li, attachment_points as Nexit and endpoints as Nend) and (D) secondary 566 

parameters calculated on their basis. This figure has been modified from Chiola et al.21. 567 

 568 

DISCUSSION: 569 

 570 

Specific aspects/steps of this procedure are critical and require special attention. First, (a) 571 

operators must be adequately pretrained to safely manipulate lentiviruses in a BSL-2 compliant 572 



   

 

lab environment. Second, (b) prior to mix “test” and “control” neural preparations, it is 573 

mandatory to carefully wash the two corresponding neurosphere suspensions as described, in 574 

order to prevent any delayed cross-infection of the two preparations due to unwanted lentiviral 575 

carry over. Third, (c) while transplanting cells, care must be placed while targeting the ventricular 576 

cavity; in this respect, the Fast Green tracer included into the cell suspension is of substantial 577 

help. Additionally, (d) to prevent cannibalism, transplanted pups must be re-transferred to the 578 

mother only after their full recovery from anesthesia (usually 10 min is sufficient). (e) Cryo-579 

sectioning of the transplanted tissue should be performed at 60 µm; in fact, this thickness 580 

simultaneously allows an easy antibody penetration into the tissue and limits loss of information 581 

originating from artifactual neuron fragmentation. Finally, (f) to prevent any unintentional bias 582 

in data evaluation, we emphasize that neuron skeletonization must be performed by an operator 583 

blind of red channel. 584 

 585 

The protocol described here refers to GOF gene manipulations. Alternatively, “test” neurons may 586 

be engineered to downregulate GOI function by means of lentiviruses encoding for RNAi 587 

effectors. Next, we usually employ mCherry to label “control” neural cells; however, the 588 

mCherry/”control” and LacZ/”test” scheme may be obviously inverted. Last, the protocol 589 

described here refers to intraventricular cell injections; “test” and “control” neurons may be 590 

alternatively co-injected into the neural parenchima21. 591 

 592 

Despite its advantages, this method has two main limits. While allowing to investigate cell-593 

autonomous gene control of neuroarchitecture, it does not apply to environmental control of it. 594 

Moreover, as transplanted neuronal precursors migrate from the ventricular aspect of the 595 

cortical wall to their final laminar location after birth (i.e. within a non-physiological timeframe), 596 

this method should be preferably employed to model neuroarchitectonics control after migration 597 

completion. 598 

 599 

Last but not least, special attention should be paid to critical interpretation of results. In 600 

particular, if the X gene subject of investigation reduces the morphological complexity of "test" 601 

neurons, this might not specifically reflect its genuine impact on neuron architecture. Rather, 602 

such phenomenon might be a non-specific index of neuronal damage elicited by X 603 

overexpression. To address this issue, it may be useful to compare local densities of transplanted, 604 

"test" and "control" neurons, then look for possible numerical shrinkage of the "test" population, 605 

as an index of neuronal suffering induced by X [this shrinkage should be even more pronounced 606 

upon further delayed analysis of transplanted brains]. In such cases, lowering the overepression 607 

level of the X gene or moving to a loss-of-function design might fix the issue. 608 

 609 

Our method adds to a wide array of technologies employed to investigate gene control of 610 

neuronal morphology in vivo1–4,7–12. As recalled in the introduction, these technologies rely on a 611 

variety of ad hoc genetic manipulations aimed to perturb GOI expression levels and ease the 612 

extraction of morphological information from the biological samples. These technologies usually 613 

allow accurate dissection of this control; however, they require not valuable experimental skills 614 

and financial resources. In this respect, the method offers three key advantages. It allows an 615 

accurate control of GOI expression levels comparable to those peculiar to transgenic models; 616 



   

 

however, in the absence of mutant colony maintenance costs. It does not require sophisticated 617 

experimental (surgical) skills. It often achieves statistical significance of results upon analysis of a 618 

relatively limited number of animals. 619 
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12 multiwell plate Falcon
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anti-RFP antibody, rat monoclonal, RRID:AB_10795839 Antibodies Online
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Fine scissors - Sharp Fine Science Tools

Fungizone (Amphotericin B) Gibco
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Trypsin inhibitor Sigma
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have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
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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ms 59242_vR2 
"Intraventricular Transplantation of Engineered Neuronal Precursors for In Vivo Neuroarchitecture 
Studies" , by Chiola et al. 
LIST OF CORRECTIONS TO vR1 
_____________________________________________________________________________ 
 
LINE 1 
Please thoroughly revise your article for language and grammar as numerous scattered errors are present 
throughout. Please employ a professional editing service or use a proficient/native English speaker familiar 
with this field of research. 
 
Done 
_____________________________________________________________________________ 
 
LINE 43 
Non? 
 
"not" 
replaced by: 
"non" 
_____________________________________________________________________________ 
 
LINE 58-59 
I cannot understand this; please revise for clarity. I believe the issue is that this was translated from another 
language into English. 
 
"in front of the limited size of the animal sample employed." 
replaced by: 
"while employing a limited number of animals." 
_____________________________________________________________________________ 
 
LINE 94 - now 95 
I cannot understand this; please revise for clarity. I believe the issue is that this was translated from another 
language into English. 
 
"however in the absence of logistic and financial issues linked to mutant colony maintenance." 
replaced by: 
"However costs of this procedure are far below those originating from maintenance of a transgenic mouse 
line." 
_____________________________________________________________________________ 
 
LINE 97 
Incomplete sentence please revise. 
 
" Moreover, the number of precursors injected into each brain can be easily tuned, so achieving a sparse 
distribution of them while keeping the number of transplanted animals at minimum." 
replaced by: 
"Moreover, the amount of labeled precursors injected into each brain can be easily tuned, to achieve a 
sufficient cumulative number of sparsely distributed precursors, while keeping the total number of 
transplanted animals at minimum." 
____________________________________________________________________________ 
 



LINE 101 
I cannot understand this; please revise for clarity. I believe the issue is that this was translated from another 
language into English. 
 
"limits variability related to injection contingencies. Thus, it allows reaching statistical significance of results, 
even upon the analysis of a limited number of animals13." 
replaced by: 
"counteract the effects of inter-animal experimental variability, allowing to reach statistical significance of 
results, even upon the analysis of a limited number of individuals13". 
_____________________________________________________________________________ 
 
LINE 105 - now 106 
Designed? 
 
"it is conceived" 
replaced  by: 
"it was designed" 
_____________________________________________________________________________ 
 
LINE 123 - now 124 
How can you genotype by visual inspection? Do you check for fluorescence emission throughout the body or 
in a specific part of the body? 
 
"1.1.2. Quickly genotype the embryos by visual inspection under a blue light lamp." 
replaced by: 
"1.1.2. Quickly genotype the embryos by visual inspection under a blue light lamp, checking for green 
fluorescence emission in their brains." 
_____________________________________________________________________________ 
 
LINES 124-127 - now suppressed 
Unclear how this is done, do you use a cell dissociation medium? 
What is the composition? Add to the table of materials. 
Unclear what is being said. Please revise for grammar and spellings. 
 
"Collect the neocortices from the selected green embryos and dissociate them to single cells. Resuspend cells 
in proliferative medium and subdivide them into two equally-sized sub-pools. 
NOTE: Form 1.1.3 to 1.1.14 a detailed protocoll of this procedure is provided." 
all deleted, as they simply anticipated the subject of subsequent steps, omitting key details of them 
_____________________________________________________________________________ 
 
LINE 147 - now 145 
define 
 
done 
_____________________________________________________________________________ 
 
LINE 150 - nnow 149 
[no Editor request, correction by Author] 
 
"pipette" 
replaced  by: 
"tip" 
_____________________________________________________________________________ 



 
LINE 188 - now 187-188 
please check word choice. "Ratio of"? 
 
"ratio among " 
replaced by: 
" ratio to" 
 
one line below: 
"and"  
replaced by:  
"to"  
_____________________________________________________________________________ 
 
LINES 203-204 - now 203-205 
which of these are the "test" and "control" neurospheres? 
unclear. The entire well should not express any fluorescence, correct? 
 
"The two sub-pools must appear as suspensions of small neurospheres, homogenously expressing the red 
fluorescent protein or not. Within these neurospheres the MtaptEGFP transgene is active limited to post-
mitotic neurons and silent in proliferating precursors" 
replaced by: 
"The two sub-pools must appear as suspensions of small neurospheres, homogenously expressing the red 
fluorescent protein ("control" sample) or not ("test" sample). Within these neurospheres the MtaptEGFP 
transgene is active limited to a minority of cells (post-mitotic neurons) and silent in the majority of them 
(proliferating precursors)" 
_____________________________________________________________________________ 
 
LINE 241 
Incorrect word choice, please revise 
 
"and dispose it in a 0.3 mL syringe." 
replaced by: 
"and aspirate it into a 0.3 mL syringe." 
_____________________________________________________________________________ 
 
LINE 247 
Mention size and other specifications 
 
a new 2.3.1 step introduced: 
"2.3.1. Take a hard-plastic mouthpiece, two latex tubes (each about 30 cm long) and a capillary holder from 
an Aspirator tube assembly kit for calibrated microcapillary pipettes." 
numbering of subsequent 2.3.n steps updated. 
_____________________________________________________________________________ 
 
LINE 261 - now 264 
Mention step numbers where they were last used. 
 
"neurospheres" 
replaced by: 
"neurospheres (see step 1.2.5)" 
_____________________________________________________________________________ 
 



LINE 275 - now 278 
With? Unclear 
 
"2X Trypsin - 1X PBS" 
replaced by: 
"2X Trypsin, 1X PBS" 
_____________________________________________________________________________ 
 
LINE 295 - now 298 
Mention magnification. 
 
after: 
"microscope" 
added: 
"(objective magnification: 10X)" 
_____________________________________________________________________________ 
 
LINE 312 - now 315 
What is the composition? Add it to the table of materials. 
 
"“cell tracer solution"" 
replaced by: 
"“cell tracer solution" (from step 2.2.3)" 
_____________________________________________________________________________ 
 
LINE 312 - now 316 
From step 3.1.16? 
 
"cell suspension" 
replaced by: 
"cell suspension (from step 3.1.16)" 
_____________________________________________________________________________ 
 
LINE 320- now 324 
No Editor request.  
 
"Meanwhile, aspirate the 3 µL of “injection mix” into the glass capillary." 
replaced by: 
"Meanwhile, aspirate the 3 µL of “injection mix” (from step 3.2.5) into the glass capillary." 
_____________________________________________________________________________ 
 
LINE 324- now 328 
Unclear; I don’t understand what is happening in this step.  
 
"Locate the pup’s head on the optical fiber to clearly identify the cortical hemispheres." 
replaced by: 
" Place the pup’s chin on the tip of the optical fiber to clearly identify the cortical hemispheres." 
_____________________________________________________________________________ 
 
LINES 329-334 - now 334 
Too vague 
Needs revisions for clarity; please edit. Is the capillary passed in through the eyes? 
Front skin? Is this the forehead skin? This is currently too vague 



 
the old step 3.2.10 and the following NOTE replaced by a new step 3.2.10 (without NOTE): 
" Keep the capillary (loaded as described in step 3.2.7) in either one of the two mid-parasagittal planes (left 
or right), above the olfactory bulb, and puncture the forehead skin at its intersection with the frontal plane 
containing the eyeballs centers. Pay attention not to damage blood vessels. Enter the capillary into the frontal 
cortex and access the ventricular cavity. (Fig. 4A)." 
_____________________________________________________________________________ 
 
LINE 339 - now 343 
When and how were the cells loaded into the capillary? Some steps appear to be missing. 
 
cell loading into the capillary described in step 3.2.7, already in the R1 version of the manuscript 
_____________________________________________________________________________ 
 
LINE 340 - now 344 
When was fast green added? This this done under a microscope? What is the dye concentration? 
 
preparation of the "injection mix" described in step 3.2.5, already in the R1 version of the manuscript. 
 
_____________________________________________________________________________ 
 
LINE 347 - now 351 
Doxycycline? 
 
corrected 
_____________________________________________________________________________ 
 
LINE 373 - now 377 
Needs language revisions. 
 
"complaining" 
replaced by: 
"complying" 
_____________________________________________________________________________ 
 
LINE 381 - now 385 
What is the composition? Add it to the table of materials. 
 
this is commercial reagent, to use as such, already reported the R1 version of the table of materials 
_____________________________________________________________________________ 
 
LINE 391 - now 395 
Add antibodies with RRIDs to the table of materials. 
 
done 
_____________________________________________________________________________ 
 
LINE 433 - now 437 
Please mention examples 
 
after: 
"parameters" 
added: 



"(average neurite length, branching index) " 
_____________________________________________________________________________ 
 
LINE 446 - now 451 
define 
 
"cds" 
replaced by: 
"coding sequence (cds)" 
_____________________________________________________________________________ 
 
LINE 474 - now 479 
needs grammar revision. 
 
"result to be robustly stained for Pgk1p-promoter-driven mCherry (“control” spheres) or not (“test” spheres)" 
replaced by: 
"express the Pgk1p-promoter-driven, mCherry red-fluorescent protein (“control” spheres) or not (“test” 
spheres)" 
_____________________________________________________________________________ 
 
LINE 496 - now 500 
Needs a reference 
Please avoid commercial names. 
 
"Then, an idealized, skeletonized camera lucida version of the picture is generated by Photoshop CS6 " 
replaced by: 
"Then, an idealized, skeletonized camera lucida version of the picture is generated by a suitable graphic 
software (see step 4.2.6)" 
_____________________________________________________________________________ 
 
LINE 588 - now 594 
Needs revisions 
 
"reach their final location along a not physiological schedule" 
replaced by:  
"migrate from the ventricular aspect of the cortical wall to their final laminar location after birth, i.e. within 
a non physiological timeframe" 
_____________________________________________________________________________ 
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