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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
SZX16 (SDF PLAPO 0.8X Japan) with DP72 CCD camera
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)   No   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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
3.1 - 3.4, 5.1-5.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
3.2, 3.3

E.  Will the filming need to take place in multiple locations? (Y/N) No If yes, how far apart are the locations?
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this protocol is to demonstrate how to dissect the Drosophila eye/antennal imaginal discs and brains carrying genetically defined fluorescently marked clones, and how to process them to visualize and quantify gene expression changes and cell invasiveness. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Juliane Mundorf: The described procedures can help to provide novel insights into the role of genes in epithelial development, homeostasis and disease and to dissect mechanisms underlying cell competition, compensatory proliferation, and interclonal cooperation.
1.2. Juliane Mundorf: The main advantage of the study is that we provide an entire suite of protocols tailored for in-depth quantitative and qualitative analysis of Drosophila genetic mosaics. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Mirka Uhlirova: Generally, individuals new to working with the Drosophila model might struggle because they find difficult to recognize the eye/antennal imaginal discs from other imaginal discs within the larval body.

1.4. Mirka Uhlirova: To ease the recognition of mosaic EAD bearing fluorescently marked clones within the larval body it is recommended to perform the initial dissections under the fluorescent stereomicroscope. 
Protocol (read by voice talent at JoVE):

2. Genetic Crosses and Collection of Third Instar Larvae
(Note to video editor: You can click through the animated ppt file for 2.1-2.3. Please see Nicola or Alycia if you need any help.)
2.1. Mosaic analysis with a repressible cell marker, or MARCM (Pronounce “marcam” with “cam” like a camera), enables the generation of genetically defined clonal patches in an otherwise phenotypically wild-type context. A FLP driven by an eyeless promoter catalyzes recombination between two FRT elements flanking a STOP cassette marked with a yellow gene [1-LM]. Recorded this as a word and as an acronym
2.1.1. LAB MEDIA: Use 54585_Uhlirova_Generation of genetic mosaics (1).pptx slide 2. Use the animation in the powerpoint slide, have the first animation happen at “FLP” and at “recombination” have the second animation with the dissolve in the right hand image occur. At “yellow” highlight the y+ box in the left hand image.
2.2. After DNA replication, FLP catalyzes the exchange of the non-sister chromatids between the homologous chromosomes, generating sister chromatids – one carrying the wild-type allele and GAL80 (Pronounce “GAL eighty”) repressor, and the other the mutant [1-LM]. 
2.2.1. LAB MEDIA: use 54585_Uhlirova_Generation of genetic mosaics (1).pptx slide 3 At “FLP catalyzes” begin the animation included in the ppt.
2.3. In mitosis, these segregate to produce two daughter cells; one being a homozygous mutant, and the other wild-type. Loss of the GAL80 repressor allows GFP expression in the mutant, whereas the wild-type cell stays GFP-negative [1-LM].
2.3.1. LAB MEDIA: Use 54585_Uhlirova_Generation of genetic mosaics (1).pptx slide 4. At “GFP expression in the mutant” highlight the top right green cell, at “wild-type” highlight the lower right blue cell.
2.4. To begin the experiment, harvest mosaic larvae by squirting PBS into the fly bottle to cover the surface of the food [1-MED]. Then, soften the top layer with a spatula [2-CU], and pour the food slurry, containing larvae, into a petri dish [3-MED]. 
2.4.1. Film as written 
2.4.2. Film as written 
2.4.3. Film as written

2.5. Gently pick the larvae and transfer them into an embryo dish filled with PBS [1-MED]. Collect at least 20 larvae for immunostaining and 80 larvae for quantification of tumor invasiveness [2-CU-TXT]. 
2.5.1.  Film as written
2.5.2. Shot of collected larvae in dish. TEXT: See text protocol for collection of larvae for RNA isolation
2.6. Wash the larvae with PBS to remove all residual food [1-MED]. Using a fluorescent stereomicroscope at 8 to 16X magnification, identify and discard all “leopard larvae”, which are those displaying random GFP positive spots throughout the body [2-MED-over-the-shoulder] [3-LM]. Place the dish containing the remaining larvae in PBS on ice until dissection [4-MED].
2.6.1. Film as written (Use shot 2.6.1.2)
2.6.2. Talent places larvae onto fluorescent stereomicroscope stage and views. Frame shot to accommodate an inset in the corner. (Author Note: The number of “leopard larvae” is limited. Only few (e.g. 2-3 out of 20 larvae) should be picked.)
2.6.3. Figures 2A, 2B, label 2A “Control larva” and 2B “Leopard larva”, use as inset with 2.6.2
2.6.4. Talent places dish of larvae on ice. 

3. Dissection of Larvae
3.1. To dissect the eye/antennal imaginal disc under the stereomicroscope, use one pair of forceps and gently grab the larva at approximately two-thirds of the body length, posterior to the head. With a second pair of forceps, grab the larval mouth hooks and pull them away from the body [1-LM-TXT].
3.1.1. LAB MEDIA: 54585_Uhlirova_Mouth hooks pulling.avi (Author Note: Use 54585_Uhlirova_Dissection of Larvae.pptx (slide 2) as inset if there is room)
3.2. Using forceps, disentangle the mouth hooks from the overlaying cuticle and extraneous tissue, such as the salivary glands and fat body [1A-LM/SCREEN]. Alternatively, to prepare the eye/antennal disc/brain complex keeping the ventral nerve cord intact, use forceps to cut a larva in the middle of the body. Discard the posterior half [1-LM].
3.2.1A. [Added Shot/SCREEN] LAB MEDIA: 54585_Uhlirova_EAD cleaning.avi
3.2.1. LAB MEDIA: 54585_Uhlirova_Half cutting.avi

3.3. Hold the anterior half of the larval body with the tips of one pair of forceps, then flip the larva inside-out by pushing the mouth hooks inward with the tip of the second pair and rolling the cuticle over it with the first forceps pair [1-LM].

3.3.1. LAB MEDIA: 54585_Uhlirova_Inside-out.avi

3.4. Carefully remove all extraneous tissue including the gut, the fat body, and the salivary glands. Liberate the ventral nerve cord by severing the axonal projections extending to the muscles and epidermis. Finally, release the eye/antennal disc/brain complex connected to the mouth hooks by pulling the mouth hooks away from the cuticle [1-LM]. 
3.4.1. LAB MEDIA: 54585_Uhlirova_EAD brain cleaning.avi (Author Note: Play movie only till second 34.)
3.5. To transfer the tissue, first coat a P20 (Pronounce “P twenty”) micropipette tip by pipetting the remaining body carcasses up and down several times [1-CU], and then use the same tip to transfer the dissected tissue [2-MED/LM]. To transfer larger eye/antennal disc/brain complexes, pre-cut the P20 tip to enlarge the opening [3-CU].
3.5.1. Film as written
3.5.2. Film as written; Combine with additional LAB MEDIA: 54585_Uhlirova_Pipetting.avi
3.5.3. Shot of talent cutting a tip (Use shot 3.5.3.3)
4. Fixing and Staining of Tissues 
4.1. Fix the samples in 400 µl of 4% PFA fixative for 25 min at room temperature, while nutating [1-MED]. Then, remove the fixative and wash the samples with PBST [2-CU-TXT] three times, for 10 min, with nutation [3-MED-over-the-shoulder-TXT]. 
4.1.1. Talent adds PFA to samples, places on nutator
4.1.2.  Talent removes fixative, adds PBST TEXT: PBST – PBS with 0.1% Triton X-100; 10 min, 3x
4.1.3. Talent places tissues to nutate. TEXT: For preparation of tissues for immunostaining or RNA extraction, see text protocol
4.2. Next, replace the PBST with 500 µl of DAPI-staining solution [1-CU-TXT], and nutate for 15 min in the dark [2-MED]. Wash the tissue once for 10 min with PBST [3-MED-TXT].
4.2.1. Film as written. TEXT: F-actin staining with labeled phalloidin can be done alongside or independently of DAPI; see text protocol
4.2.2. Talent places tissue to nutate (Use shot 4.2.2.2 (correct timer setting))
4.2.3. Talent performs wash. TEXT: Nutate, 15 min, dark. Wash, 10 min, PBST
4.3. To complete the dissection, use a 1 mL pipette to transfer the tissue back into a PBS-filled glass dish [1-CU]. Using two pairs of forceps [2-LM ECU], separate the brains to be used for quantification of invasiveness from the eye/antennal discs by cutting the optic stalks [3-LM ECU]. Free the eye/antennal discs by clipping them off the mouth hooks [3-ECU].
4.3.1. Film as written (Use shot 4.3.1.2)
4.3.2. Film as written Replace step 4.3.2 - 4.3.3/ECU with LAB MEDIA: 54585_Uhlirova_Final dissection.avi
4.3.3. Film as written (See 4.3.2 above)
5. Tissue Mounting and Quantification of Tumor invasiveness
5.1. Place a drop of mounting medium onto an objective slide, and using forceps, distribute the liquid into a thin layer [1-CU-TXT]. To quantify invasiveness, place at least 80 fixed intact brains for each genotype onto a single slide [2-CU]. Straighten and position the tissue as desired [3-ECU/LM]
5.1.1. Film as written. TEXT: Use 40 µL mounting media per 24 mm x 50 mm coverslip
5.1.2. Talent places several brains onto slide (Use shot 5.1.2.2)
5.1.3. Talent manipulates tissues into favorable alignment. TEXT: See text protocol for mounting of immunostained samples (Author Note: Combine shot 3-ECU-5.1.3 with LAB MEDIA: 54585_Uhlirova_Mounting.avi)
5.2. Gently touch one edge of a coverslip to the medium and lower it slowly with the help of forceps to avoid creating bubbles [1-CU]. Use a laboratory wipe to absorb excess mounting medium at the edges. The tissue can now be examined using confocal imaging [2-CU-TXT]. 
5.2.1. Film as written
5.2.2. Talent cleans all edges of slide carefully (Use shot 5.2.2.2); TEXT: See text protocol
5.3. Ask a neutral party to anonymize the slides so that scoring is unbiased, and have slides evaluated independently by at least two researchers [1-MED] [1B]. Disclose genotypes only after scoring is complete [12-CU/LM].
5.3.1. Researcher (different than scorer, if possible) randomizing slides (Shot 5.3.1 should be followed by shot 5.3.1B) (Erin Note: It’s possible 5.3.1 was split into two shots…)
5.3.2. Please show a written list of example slide names/genotypes, or how you keep track of these Instead of using shot 5.3.2.2, use picture LAB MEDIA: 54585_Uhlirova_Scoring example.tif
5.4. Evaluate the degree of malignancy under a fluorescent stereomicroscope equipped with a GFP filter set [1-MED]. Using a marker, label brains that have already been viewed to avoid double counting [2-CU].
5.4.1. Talent places slide onto microscope, begins to view
5.4.2. Talent labels brains with marker
6. Results: Visualization, Tumor Quantification, and Gene Expression
6.1. [1-LM] Fluorescent confocal images show brains dissected from larvae bearing malignant rasV12scrib1 (Pronounce “ras V twelve scribble mutant”) GFP-labeled clonal tumors stained with DAPI. The panels represent the four different grades of tumor invasiveness [2-LM]. Unbiased quantification [3-LM] revealed that inhibition of JNK [4-LM] signaling in rasV12scrib1 clones suppressed tumor invasiveness [5-LM].
6.1.1. 54585_Uhlirova_Figure3A.tif: Have a note onscreen throughout 6.1 stating “Scale bar = 100 µm”, and images should appear as a four panel with two on top and two below
6.1.2. Have captions appear under each image: under score 0 “Non-invasive”; score 1 “One lobe invaded”; score 2 “Both lobes invaded”; score 3 “both lobes and VNC ventral nerve cord invaded”.
6.1.3.  54585_Uhlirova_Figure 3C.tif Have the images slide over and the graph Figure 3C appear 
6.1.4. TEXT: JNK = Jun-N-terminal kinase
6.1.5. At the names of the categories rasV12scrib1 and JNK signaling, have the column legends highlight along with the VO
6.2. [1-LM] In control eye/antennal discs, the JNK-sensitive TRE-DsRed (Pronounce “T-R-E D-S red”) reporter labels only a narrow stripe of cells running from the antennal to eye part [2-LM]. In contrast, TRE-DsRed activity [[B]-3-LM] was markedly enhanced in the GFP-positive malignant clonal tumors. By day 8 [E] the tumor cells overgrew the eye/antennal discs and spread to the ventral nerve cord [4-LM]. The invading tumor cells [F] also showed increased JNK activation compared to the surrounding tissue [5-LM].
6.2.1. 54585_Uhlirova_Figure 4A.tif Begin with Figure 4A and A’ onscreen. Have legend onscreen throughout: Green regions = GFP; Purple regions = DAPI
6.2.2. Highlight the two white triangles in A’ with VO
6.2.3. 54585_Uhlirova_Figure 5B.tif; 54585_Uhlirova_Figure 4E.tif Bring on each panel along with the lettering in brackets at this point in the VO
6.2.4. Highlight the arrows at “VNC” in VO
6.2.5. 54585_Uhlirova_Figure 4F.tif Show panel F, F’
6.3. [1-LM] While blocking JNK clearly reduced the TRE-DsRed activity in the tumor clones [C*], it became enhanced in epithelial cells neighboring the clones [D]. 
6.3.1. 54585_Uhlirova_Figure 4C.tif ; 54585_Uhlirova_Figure 4D.tif Bring on each additional panel along with the lettering in brackets at this point in the VO
6.4. [1-LM] Additionally, a hml-DsRed (Pronounce “hemolectin delta D-S red”) reporter showed that in contrast to a few hemocyte clusters found in the indentations of the control eye/antennal epithelium [2-LM], hemocytes accumulated in the eye/antennal and brain tissue comprised of malignant tumors [3-LM]. Upon inhibition of JNK, the number of associated immune cells dramatically decreased [4-LM].
6.4.1. 54585_Uhlirova_Figure 5A.tif ; 54585_Uhlirova_Figure 5B.tif Begin with Figure 5A and A’ and 5B and B’ onscreen, and a note “Scale bar = 100 µm
6.4.2. Have arrows point to the white patches in the black and white A’ image

6.4.3. Circle the general area or highlight somehow to show the increased white regions in the B’ image

6.4.4. 54585_Uhlirova_Figure 5C.tif Bring in panels 5C and C’
6.5.
[1-LM] The enhanced tumor invasiveness, JNK activity, and hemocyte infiltration were accompanied with significant upregulation of mmp1 (Pronounce “M-M-P one”) [2-LM] mRNA, as determined by a qRT-PCR using total RNA isolated from dissected mosaic eye/antennal discs [3-LM].

6.5.1.
54585_Uhlirova_Figure 6A.tif Show panel 6A; have caption “Data = mean values; Error bars = SEM; *** = p<0.001"
6.5.2. TEXT: mmp1 = matrix metalloproteinase 1
6.5.3 Highlight the tall middle column of the graph

7. Conclusion (said by authors on camera)
(Erin Note: In the revised shotlist I received, the numbering was incorrect. Steps 7.1-7.6 were labeled as 2.1 through 2.6. Hopefully, the videographer indicated these with the correct “7” numbering…)
7.1. Juliane Mundorf: Once mastered, over 60 EAD pairs and brains can be dissected within 30 minutes.

7.2. Juliane Mundorf: While attempting this procedure, it’s important to remember to generate a sufficient number of larvae of the desired genotypes. Be quick but precise while dissecting and to keep samples intended for RNA isolation RNase-free.
7.3. Juliane Mundorf: Following the dissection procedure, western can be used as an alternative to immunostaining to assess the changes in protein expression between different genotypes.
7.4. Juliane Mundorf: Creating genetic mosaics and analyzing them using the described procedures enables research on otherwise lethal mutations and the mechanisms of oncogene cooperation in the Drosophila model. 
7.5. Juliane Mundorf: After watching this video, you should have a good understanding of how to dissect the mosaic tissues of the eye/antennal discs and brains from third instar larvae and how to process them for immunostaining, visualization of transgenic reporter activity, RNA extraction and quantification of invasiveness. 
                 (Author Note: You may be able to use shots 3.4.1 and 5.1.2 to cover interview 27.5)
7.6. Juliane Mundorf: Be reminded that PFA, as well as phenol/chloroform and DEPC are highly toxic, and precautions such as wearing the protective gloves and clothing should always be taken while working with these reagents.   

*Note to the Authors: Interview statements were edited to conform to the length restrictions. I am happy to help if you have any questions.
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.  

2 - LAB MEDIA: 54585_Uhlirova_Generation of Genetic Mosaics.pptx (OPTIONAL MUST BE DECIDED)

3.1, 3.4 - LAB MEDIA: 54585_Uhlirova_Dissection of Larvae.pptx
3.1, 3.4 - LAB MEDIA: 54585_Uhlirova_Dissection of Larval EAD.avi (will be provided by Authors)

3.2 – 3.4 - LAB MEDIA: 54585_Uhlirova_Dissection of Larval EAD/brain complexes.avi (will be provided by Authors)
3.1 - LAB MEDIA: 54585_Uhlirova_Mouth hooks pulling.avi
Additional step after 3.1 - LAB MEDIA: 54585_Uhlirova_EAD cleaning.avi
3.2 - LAB MEDIA: 54585_Uhlirova_Half cutting.avi
3.3 - LAB MEDIA: 54585_Uhlirova_Inside-out.a vi
3.4 - LAB MEDIA: 54585_Uhlirova_EAD brain cleaning.avi
3.5 - LAB MEDIA: 54585_Uhlirova_Pipetting.avi
4.3 - LAB MEDIA: 54585_Uhlirova_Final dissection.avi
5.1 - LAB MEDIA: 54585_Uhlirova_Mounting.avi
5.3 - LAB MEDIA: 54585_Uhlirova_Scoring example.tif
6.1 - LAB MEDIA: 54585_Uhlirova_Figure3A.tif - 
6.1 - LAB MEDIA: 54585_Uhlirova_Figure3C.tif
6.2 - LAB MEDIA: 54585_Uhlirova_Figure4A.tif
6.2 - LAB MEDIA: 54585_Uhlirova_Figure4B.tif
6.2 - LAB MEDIA: 54585_Uhlirova_Figure4E.tif
6.2 - LAB MEDIA: 54585_Uhlirova_Figure4F.tif
6.3 - LAB MEDIA: 54585_Uhlirova_Figure4C-D.tif
6.4 - LAB MEDIA: 54585_Uhlirova_Figure5A.tif
6.4 - LAB MEDIA: 54585_Uhlirova_Figure5B.tif
6.4 - LAB MEDIA: 54585_Uhlirova_Figure5C.tif
6.5 - LAB MEDIA: 54585_Uhlirova_Figure6A.tif
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 are included in the email accompanying the finalized script.
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