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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____ Zeiss SV11 for dissection, Leica M205A for whole mount imaging___________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. __2.2, 2.3, 4.3, 4.4, 5.1, 5.4, 6.1_______________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.__difficult: 6.1; ensure success: 2.3, 2.4 (fresh tissue, short fixation); _________________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to effectively assess sensory axon growth phenotypes in developing fetal mice. (Intro)

[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK1][bookmark: OLE_LINK2]This is achieved by first properly breeding and genotyping TrkA taulacZ (pronounced “Track-A-Tau (like the Greek letter)-Lac-Zee”) reporter mice such that downstream staining assays can be performed. (P1)
Editors, please use the image on page 1 of JoVE_Graphic Overview_07_24_NF as this point is narrated.  To animate, sequentially bring in each of the top two mice.  Then indicate breeding by adding in the X sign.  Next transition to the embryos by having each individual embryo appear and then the word “Genotype.”

As a second step, the mouse embryos are fixed and stained to allow for visualization of sensory axon projections in the whole animal. (P2)  
Editors, please use the image on page 2 of JoVE_Graphic Overview_07_24_NF as this point is narrated.  Transition to this image by bringing in the genotype labels as shown in the top row of embryos.  Then bring in the word “Fix.”  Transition to the bottom row of images where some of the mice change to a blue color and bring in the word “Stain.”  

Next, the embryos are dehydrated and cleared in order to completely visualize the deep lying axon projections that would otherwise not be visible. (P3)
Editors, please use the image on page 3 of JoVE_Graphic Overview_07_24_NF as this point is narrated.  Transition to this image by bringing in the genotype labels as shown in the top row of embryos and the word “Dehydrate.”  If possible try to animate the fading of the blue dye to result in the bottom row of embryos.  Simultaneously bring in the word “Clear.”  

The results demonstrate that these methods are an effective means of rapidly assessing embryonic nociceptive axon growth phenotypes using the TrkA taulacZ reporter. (P4)
Editors, please use the image on page 4 of JoVE_Graphic Overview_07_24_NF as this point is narrated.  Transition to this image by bringing the second and fourth embryo out of the bottom row of page 3 and fading the other embryos away to result in the image on page 4.  Then bring in the dotted lines to the microscope and the microscope itself.  Finally transition to the actual data in figure 4; perhaps zoom into the mouse on the microscope and then transition to figure 4.   

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Kevin O’Donovan: This method can help answer key questions in the field of sensory axon growth by allowing researchers to cross their gene of interest onto the TrkA taulacZ background and screen for any changes to sensory axon growth phenotypes.
1.1.1. MED:  Kevin speaks toward camera, interview style.
1.2. Catherine O’Keeffe:  The implications of this technique extend toward therapy in the sense that scientists can use our technique to test whether known congenital mutations may cause sensory axon growth phenotypes. 
1.2.1. MED:  Catherine speaks toward camera interview style.


Protocol (read by voice talent at JoVE):
2. Tissue Preparation
2.1. To begin, euthanize timed-pregnancy females by cervical dislocation as referenced in the text protocol.  Proceed to dissect embryonic E-16 to E-18 embryos from timed-pregnancy females.  Then, place the embryos individually into the wells of a 6 well dish filled with cold phosphate buffered saline, or PBS.
2.1.1. SCOPE:  Euthanized pregnant females as talent dissects the embryos out.
2.1.2. CU:  6-well dish as talent transfers the embryos to individual wells of a 6-well dish with cold PBS.
2.2. After rinsing the embryos in cold PBS, remove a small portion of the amniotic membrane of the embryo and place it in a prepared proteinase K solution from the DNA purification kit for subsequent genotyping.
2.2.1. SCOPE:  Single embryo as talent removes a small portion of the amniotic membrane of the embryo.  
2.2.2. MED-over the shoulder:  Amniotic membrane as talent places it into the prepared proteinase K solution.    
2.3. Alternatively, if the amniotic membrane is lost, remove a small portion of the tip of the embryo tail and place it in proteinase K solution. 
2.3.1. SCOPE:  In an embryo where the amniotic membrane is lost, talent removes a small portion of the tip of the embryo tail.
2.3.2. CU:  Proteinase K solution as talent places the tip of the tail there.
2.4. Next, poke into the skin all around the embryo using insect pins making about 100 holes per side.  Remove the PBS and slowly add fresh 2% paraformaldehyde, or PFA, pH 7.4, to the well.
2.4.1. SCOPE:  Talent pokes into the skin all around the embryo using insect pins making ~100 holes per side.  
2.4.2. MED:  Talent removes the PBS and slowly adds 2% PFA, pH 7.4, to the well from a labeled container.
2.5. After gently shaking for 2 hours at 4 C, rinse embryos twice in PBS and store in PBS at 4 C until staining.
2.5.1. MED-over the shoulder:  Talent rinses the embryos in PBS from a labeled container.
3. Genotyping
3.1. For genotyping, immerse the amniotic membranes or embryo tails in the proteinase K mixture according to the manufacturer’s instructions.  Incubate at 56 C for 10 minutes.
3.1.1. CU:  Amniotic membranes/embryo tails as talent immerses in the proteinase K mixture.
3.1.2. MED-over the shoulder:  Talent leaves the specimens to incubate at 56 C.
3.2. After extracting the DNA using a commercially available DNA purification kit, use 0.5 microliters of the total 200 microliters of purified genomic DNA solution to prepare a PCR reaction as described in the text protocol.  Then proceed to run the PCR program as detailed there.  
3.2.1. MED:  Talent pipettes the components in to the PCR reaction.
3.2.2. MED-over the shoulder:  Talent places the samples into the PCR machine, shuts lid and starts run.
3.3. Following PCR, run the PCR samples on a 2% agarose gel at 100 volts in 1x Tris-Acetate-EDTA buffer for 20 minutes.  Include a lane holding a DNA ladder to assess fragment lengths and stain the gel using routine protocols.
3.3.1. CU:  2% agarose as talent loads the PCR samples.
3.4. Analyze embryos for the presence of wild type TrkA, TrkA-tauLacZ and Bax null alleles. 
3.4.1. MED-over the shoulder:  Gel on screen as talent analyzes the gel image.
4. Embryo staining
4.1. To stain the embryos, use a commercial kit for lacZ staining with the modifications described here.  To begin, immerse embryos in Buffer A for at least 1 hour, shaking gently at room temperature.
4.1.1. MED:  Talent pulls out the components of the lacZ staining kit.
4.1.2. CU:  Labeled container of buffer A as talent immerses the embryos and brings shaking.
4.2. Then, directly immerse embryos in Buffer B for at least 15 minutes, shaking gently at room temperature.
4.2.1. MED-over the shoulder:  Talent transfers the embryos to a labeled container of Buffer B and begins the shaking.
4.3. Next, dilute a 1 milligram per milliliter X-gal solution into pre-warmed Tissue Base solution at a concentration of 40 micrograms per milliliter and add 5 milliliters of the resulting mixture to a glass scintillation vial.
4.3.1. MED:  Talent dilutes X-gal solution into pre-warmed Tissue Base solution 
4.3.2. CU:  Glass scintillation vial as talent adds 5 ml of X-gal/Tissue Base mixture there.
4.4. Transfer the embryos to the glass scintillation vial containing the X-gal/Tissue Base mixture.  Seal the lid with Parafilm and incubate at 37 C overnight, checking for the presence of blue stain.
4.4.1. MED-over the shoulder:  Talent transfers the embryos to the glass scintillation vial containing the X-gal/Tissue Base mixture.
4.4.2. CU:  Sealed vial as talent places it into the 37 C incubator.
4.5. Then, postfix the embryos with fresh 4% PFA, pH 7.4.  Gently shake for 4 hours at 4 C before rinsing the embryos twice in cold PBS.
4.5.1. MED-over the shoulder:  Talent postfixes the embryos with fresh 4% PFA, pH 7.4.
4.5.2. CU:  Embryos as they are rinsed in cold PBS.
5. Tissue Dehydration and Clearing
5.1. To dehydrate the tissue, place embryos in 50% methanol/ 50% PBS mixture for 30 minutes at room temperature, shaking in the glass vials.
5.1.1. MED-over the shoulder:  Talent pipettes mixture of 50% methanol/ 50% PBS to the vials containing the embryos.
5.2. Continue to dehydrate at room temperature, shaking in glass vials in 75% methanol for 30 minutes… followed by 90% methanol for 30 minutes.  Finally, dehydrate twice in 100% methanol for 30 minutes.
5.2.1. CU:  Glass vials shaking at room temperature.  TEXT overlay (have each line appear sequentially as narrated):  75% MeOH for 30 min, 90% MeOH for 30 min, 100% MeOH 2X 30 min
5.3. Then, immerse the embryos in 50% methanol: 50% benzoyl alcohol and benzoyl benzoate, or B-A-B-B, for 15 minutes.  Make sure to use glass because the B-A-B-B will dissolve plastic.
5.3.1. MED-over the shoulder:  Talent immerses the embryos in a labeled, glass container of 50% methanol: 50% BABB. 1:1 (v:v) mixture of 100% methanol and 100% BABB.
5.4. As a final step, immerse embryos in 100% B-A-B-B to completely clear the tissue and to visualize X-gal staining in the cleared embryo. 
5.4.1. CU:  Labeled, glass container of 100% BABB as talent transfers the embryos there.
6. Whole mount imaging
6.1. [bookmark: _GoBack]For whole mount imaging, stabilize the embryo, immersed in 100% B-A-B-B, at the appropriate angles for photography using metal forceps, if necessary.  Illuminate using a combination of up-light and under-light light sources. 
6.1.1. ECU or SCOPE:  Embryo in 100% BABB as talent stabilizes the embryo using metal forceps, if necessary.
6.1.2. SCOPE:  Talent illuminates the specimen on the microscope.
6.2. Acquire images with a dissecting microscope outfitted with a digital camera.  Take multiple bright field exposures at five successive focal planes 0.5 millimeters apart along the Z axis. Exposure times and f-stops may vary according to illumination and camera specifications and need to be optimized for each setup.
6.2.1. MED-over the shoulder/MED/CU:  Multiple takes as talent acquires images with a dissecting microscope with a digital camera.
6.3. Use standard image processing software to process overlay images and generate photomontages.
6.3.1. MED:  Talent works at the computer to analyze the data and produce photomontages.
7. Results: Analysis of mouse embryo sensory axon projections using whole mount imaging
7.1. The genotypes of TrkAtaulacZ/taulacZ : Bax -/- … and TrkAWT/taulacZ : Bax -/- (pronounced as “Track-A-Tau-Lac-Zee homozygotes/ Bax null… and “Track-A-Tau-Lac-Zee heterozygotes/ Bax null”) embryos can be unambiguously determined by standard PCR genotyping. 
7.1.1. LAB MEDIA:  Figure 1.  Editors, please highlight all lanes labeled “2” as “TrkAtaulacZ/taulacZ : Bax -/-“ is narrated and highlight all lanes labeled 3 as “TrkAWT/taulacZ : Bax -/-“ is narrated
7.2. X-gal staining displays detailed subcutaneous peripheral axonal arbors in the embryos.  Axon projections from trigeminal ganglia in torso and head are shown in the uncleared embryo.
7.2.1. LAB MEDIA:  Figure 2
7.3. Here, X-gal staining displays detailed peripheral axonal arbors in projections from dorsal root ganglia in mid-torso before… and after clearing with B-A-B-B.  
7.3.1. LAB MEDIA:  Figure 3A
7.3.2. LAB MEDIA:  Figure 3B
7.4. In embryos that completely lack TrkA signaling but carry the constitutively kinase-activated B-RAF (pronounced as “B-raf”) mutation under control of the neuron-specific nestin promoter, the morphology of nociceptor peripheral projections developed near normally.  This demonstrates a crucial function for B-RAF signaling in peripheral axon growth, and shows that the survival and axon-growth promoting functions of TrkA signaling can be separated, with the Bax null genetic background substituting for the loss of TrkA-dependent survival signaling.
7.4.1. LAB MEDIA:  Figure 4

8. Conclusion (said by authors on camera)
8.1. Catherine O’Keeffe: It is important not to over-fix the embryos which could compromise the enzymatic activity of the beta-galactosidase. Also don't forget that working with BABB can be extremely hazardous and precautions such as proper ventilation and wearing proper personal protective equipment should always be taken while performing this procedure. 
8.1.1. MED:  Catherine speaks toward camera, interview style.  
8.2. Kevin O’Donovan:  After watching this video, you should have a good understanding of how to effectively process, stain and visualize lacZ-stained axons in the intact animal.
8.2.1. MED:  Kevin speaks toward camera, interview style.  



Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

JoVE_Graphic Overview_07_24_NF
Figure 1 
Figure 2
Figure 3A – authors, please upload figure 3A as a separate image and remove the “A” label
Figure 3B – authors, please upload figure 3B as a separate image and remove the “B” label
Figure 4


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
 2013, Journal of Visualized Experiments

