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A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) __Y_ 


ii) Can you can record video of the microscope’s field of view using your own camera? (Y/N) Y___


iii) Is the microscope’s field of view shown on a computer? (Y/N) _Y__  
Zeiss Discovery.V8 with camera

Zeiss Zoom.V16 with camera

Olympus SZ61 without camera (but with microinjector)

B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) _Y__ 

Camtasia-Studio for PC or QuickTime for Mac are fine.  We aren’t picky.
C.
Which steps of your protocol will viewers benefit most from having filmed?  In italics.
D.
What is the single most difficult aspect of this procedure and what do you do to ensure success?

Underlined.
E.
i) Will the filming need to take place in multiple locations? (Y/N) Yes.  From one building to another (Lab to zebrafish facility) 50 -100 m. 
1. Introduction 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to enable time-lapse analysis of diverse developmental processes using a fluorescent dissecting microscope with simple strategies for realignment after drifting in any direction. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Birgit: This method can help answer key questions in the developmental biology field, because it allows direct observation of tissue and organ development in living embryos over several hours.

1.2. Birgit: The main advantage of this method is that it is an affordable and easy to use alternative to more complex techniques normally used for time-lapse recording of developing tissues and organs, such as laser scanning- or light sheet microscopy.
1.3. Danny: Though this method can provide insight into spatial and temporal alterations that occur during development of tissues and organs in zebrafish embryos and larvae, it can also be applied to investigate early developmental processes in other model organisms. Furthermore, it is suitable to observe dynamic processes in adult animals, such as wound healing and regeneration. 
C. Ethics Title Card:
1.4. All animal experiments were performed according to the "Principles of laboratory animal care" as well as to the current version of the German Law on the Protection of Animals.
Protocol (read by voice talent at JoVE):

2. Collecting Fertilized Eggs
2.1. In preparation, identify highly reproductive adult fish from the transgenic GFP-expressing line. [WID] 
2.1.1. Establish talent working in room with fishtanks, setting up pairs in breeding containers remark: fish tank labeled with wt1b:GFP… Producer was filmed
2.2. On the afternoon before the planned microinjection, set up five male-female pairs [2.2.1-MED] of reproductive fish in five breeding containers. [2.2.2-MED]  In the containers, keep the male and female separated by a removable sieve, overnight. [2.2.3-CU]
2.2.1. Loading first fish into a breeding container
2.2.2. Placing second fish into opposite side of container
2.2.3. Two fish moving about container with clear view of the mesh wall dividing them
2.3. On the following morning, just after the lights come on, [2.3.1-WID] put a male and female together above the sieve, which will prevent them from eating up their eggs. 
2.3.1. Talent arrives to fish room and goes to tank to move pair to sieve remark: Switching light off and on for shooting was not possible because that would irritate the fish.
2.3.2. Moving pair to above sieve 
2.4. Now, observe the fish while they spawn.  [ECU]
2.4.1. Fish spawning, this is shown in and combined with 2.7.2.
2.5. Once the pair produces about fifty eggs separate them.  [CU]
2.5.1. Removing fish from above sieve, eggs produced
2.6. Then, transfer the eggs using a Pasteur pipette to a Petri dish [2.6.1-MED] filled with embryo water for a first round of injection. [2.6.2-ECU]
2.6.1. Sucking up eggs below sieve 
2.6.2. ejecting eggs into dish 
2.7. Repeat this process for each mated pair.  If additional eggs are needed, [2.7.1-MED] the same mating pairs can be brought together and separated several times. [2.7.2-CU]
2.7.1. Setting up the next pair of fish above a sieve showing the five pairs 
2.7.2. removing fish from mating tank ,fish still above the sieve, eggs below sieve and spawning is still going on
3. Microinjecting Developing Embryos
3.1. For the microinjection, advance preparation of dishes and injection needles is done [3.1.1-WID] in a fairly standard manner.  Details can be found in the text protocol. [3.1.2-WID]
3.1.1. Pulling injection needle using and removing it from the pulling apparatus
3.1.2. Arriving to bench with container of prepared injection needles
3.2. Begin with loading a prepared injection needle. Using a microloader tip, [3.2.1-MED] backfill the needle with 2 µL of MO working solution [3.2.2-ECU] and than attach the needle in a micromanipulator.  Then, the needle tip can be opened. [3.2.3-MED]
3.2.1. Preparing the microloader tip, filling with MO solution and carefully feeding into needle

3.2.2. microloader in needle ejecting solution

3.2.3. attaching needle to manipulator
3.3. While viewing it with the dissection microscope, use tweezers to pinch the end open or push the tip against a rigid surface. [SCOPE]
3.3.1. Film as written
3.4. Then, calibrate the injection volume by injecting the MO solution into a drop of mineral oil on a graticule.  [3.5.2] Adjust the injection to make 75 micron drops, [3.5.1-CU] which will correspond to about 200 picoLiters of solution. [3.5.2-SCOPE]
3.4.1. Tweaking injection volume control

3.4.2. All of step, as written, from scope view
3.5. Next, prepare the embryos to be injected.  [MED]
3.5.1. Drawing up some embryos into a pipette to load onto microinjection dish
3.6. Arrange the approximately twenty 1-cell stage embryos along the groove of the microinjection dish with the vegetal pole oriented toward the microinjection needle’s approach, which is at a 45° angle from the groove.  [SCOPE]
3.6.1. Film as written
3.7. Now, inject the embryos. With the needle, perforate the chorion and the yolk, then, inject the loaded morpholino solution into the yolk.  This works for embryos at the one or two cell stage.  [SCOPE]
3.7.1. Film as written
3.8. After injecting all the embryos, use a wide-bore Pasteur to collect them. [SCOPE]
3.8.1. Film as written
3.9. Transfer the injected embryos into Petri dishes filled with embryo water [3.10.1-CU] and incubate them at 28.5 °C.  [3.10.2-MED]
3.9.1. Ejecting embryos into water-filled dish
3.9.2. Loading dish into incubator set to 28.5 ºC
3.10. Later in the afternoon, siphon out dead embryos and replace the embryo water. [MED]
3.10.1. Talent with dish/water/embryos - removing dead embryos and water, adding back water in addition we provide a SCREEN CAPTURE showing this procedure as a scope view (see 3.10 SCREEN_CAPTURE_siphon_out_dead_embryos) 
4. Mounting Developing Embryos for Live Imaging
4.1. The next morning, [4.1.1-WID] after the embryos have gone through gastrulation, [4.1.2-SCOPE] inhibit their melanization by replacing their water with embryo water containing a trace amount of PTU. [4.1.3-MED/TEXT]  Be careful; PTU will disrupt proper development prior to gastrulation. [4.1.4-LM]
4.1.1. Establishing shot of talent at microscope inspecting developing embryos

4.1.2. Scanning over developing embryos
4.1.3. Replacing water in dish with PTU-water, TEXT: 0.003% N-phenylthiourea (PTU)
4.1.4. To be provided by authors, a still image comparing pre-gastrulation and post-gastrulation stage embryos is provided as one tif-image, see: 4.1.4_pre_post_gastrulation, in addition we provide the individual tif-images, see: 4.1.4_pre_gastrulation and 4.1.4_post-gastrulation (“next morning”)
4.6 and 4.7 must precede 4.2
4.2. Later, at the desired developmental stage, dechorionate the embryos with sharp tweezers. [MED]
4.2.1. Setting up at the microscope to dechorionate the embryos
4.3. Using the microscope, grab the chorion with one pair of tweezers and try to grab the other side of the chorion with a second pair of tweezers. Then, carefully pull the tweezers apart without disrupting the embryo. [SCOPE]
4.3.1. Film as written
4.4. Then, anesthetize the embryos with Tricaine and proceed with embedding the embryos [4.4.1-MED/TEXT] in agarose on a 50 micron relocation grid placed in a coverglass-bottomed microdish. [4.4.2-ECU/CU]
4.4.1. Adding Tricaine to dish, TEXT: 0.02% Ethyl 3-aminobenzoate methanesulfonate (Tricaine) 
4.4.2. Preparing the microdish - placing the cover glass on the dish and then the 50 micron relocation grid on the cover glass the microdish has not to be prepared! It is bought as a complete and ready to use dish with an already implemented grid
4.5. Prepare 0.7 percent low melting point agarose in embryo water. [MED]
4.5.1. Loading beaker with dry agarose and adding embryo water
4.6. Then, load 1 mL aliquots of melted agarose into 1.5 ml reaction tubes. [MED]
4.6.1. Transferring aliquots of liquefied agarose into small tubes is combined with 4.7.1.
4.7. Put the tubes in a heat block set to 36 °C and wait for them to cool down.  [MED]
4.7.1. Film as written
4.8. Then, using a wide-bore pipette, transfer an embryo to the microdish. [CU]
4.8.1. Ejecting embryos onto the microdish
4.9. Siphon off the excess embryo water [4.9.1-CU] and overlay the embryo with agarose. [4.9.2-MED]
4.9.1. Removing water
4.9.2. Adding agarose from tube to dish
4.10. While the agarose is still liquid, use two small pipette tips to orient the embryos.  [MED]
4.10.1. Setting up at microscope to orient the embryos 
4.11. Position the structure of interest, in this case the pronephros, as close as possible to the glass bottom and in close vicinity to the grid.  The grid should not overlay the structure of interest. [SCOPE]
4.11.1. Film as written
4.12. It is advantageous to embed up to four embryos in different micro-dishes and plan to image the best one. [MED]
4.12.1. Loading another dish with embryos, removing water and adding agarose
4.13. Birgit:  Proper embedding needs some practice. While the agarose is still liquid the embryo has to be oriented in the desired position with the pronephros close to the glass bottom and in and in a suitable distance to the relocation grid. [4.13.1-MED] [4.13.2-SCOPE]
4.13.1. Interview shot with Brigit

4.13.2. Like 4.11.1, orienting embryos on a 2nd dish

4.14. Check the agarose routinely. Once it is hard enough to hold the embryos [4.14.1-ECU/SCOPE] let it settle for another two or three minutes.  [4.14.2-MED]

4.14.1. Tapping agarose that has just solidified, might be done with or without scope

4.14.2. Setting a timer and waiting

4.15. Then, overlay the embedded embryo with embryo water containing trace amounts of PTU and Tricaine.  [4.15.1-MED]
4.15.1. Taking aliquot of PTU + Tricaine water, adding to embedded embryo dish, TEXT: 0.003% PTU + 0.02% Tricaine
4.16. Decant or siphon off the excess embryo water and lock on the lid to prevent evaporation.   [4.16.1-CU]  The result shouldn’t have any air bubbles.  The embryo can now be imaged [4.16.2-ECU/SCOPE] with the glass bottom facing the objective lens. [4.1.3-CU]
4.16.1. Decanting excess water and locking on lid
4.16.2. Detailed view of embryos in agarose through glass, not showing dish edges, an ECU would be ideal, but use a scope shot if needed
4.16.3. Like pervious, but blown out slightly to show the glass is oriented up to view the embryos
5. Compensating for Focal Drift
5.1. Using the preparation to make lapse images, for example, by taking z-stack images [5.1.1-WID/TEXT] periodically over several hours, it is necessary to correct for focal drift.   [5.1.1-MED]
5.1.1. Setting up the confocal microscope, TEXT: See the text protocol for a basic imaging procedure.
5.1.2. Working with computer control of confocal microscope
5.2. If possible, apply an autofocus strategy.  [CU]
5.2.1. View of talent working with software, operating mouse/keyboard
5.3. Toggle the autofucus option in the software control.  For the reference channel, choose the transmitted light brightfield channel to minimize phototoxicity. [LM]
5.3.1. To be provided by authors, SCREEN CAPTURE of the above actions, is provided, see: 5.3-SCREEN_CAPTURE
5.4. It is also essential to choose a sufficiently large, specimen dependent, search range for the autofocus to work properly.

5.4.1. To be provided by authors, SCREEN CAPTURE of the above actions, is provided, see: 5.4-SCREEN_CAPTURE
5.5. Focal drift must also be corrected for manually, which is why the grid is utilized. [MED]
5.5.1. Talent performing step below, from a view of talent and computer
5.6. Before collecting images, position a particular point of the imprinted grid close to the structure of interest in the crosshairs of the software.  Then, save this position using a screenshot. [LM]
5.6.1. To be provided by authors, SCREEN CAPTURE of the above actions, is provided, see: 5.6-SCREEN_CAPTURE, in addition we provide an PNG-image of the screen shot, see: 5.6-screen_shot
5.7. Then, just before each imaging time interval is over, [5.7.2] reference this screenshot [5.7.1-LM] and readjust the position of the stage and the focus if autofocus is not in use. [5.7.2- MED] [5.7.1] 
5.7.1. To be provided by authors, SCREEN CAPTURE of screen shot next to the live image, the live image is adjusted and made to look like the screen shot, in terms of canceling drift, is provided, see 5.7-SCREEN_CAPTURE 
5.7.2. Entire step – talent looking at screen shot and comparing it to a live image of the objective’s view, then readjusting the stage position until the images match
6. Results: Normal and Disturbed Kidney Development
6.1. The presented method was used to analyze kidney development in wt1a morphant embryos of a transgenic zebrafish line.  During early nephrogenesis this line shows green fluorescence in the intermediate mesoderm, were the kidney progenitors arise, [6.1.1-LM] and later on during development in the forming tubules and nephron primordia. [6.1.2-LM]
6.1.1. Fig 3A
6.1.2. Fig 3B
6.2. Time-lapse imaging revealed normal nephrogenesis in the control morpholino-injected embryos.  At 20 hours post-fertilization, the developing pronephric tubules were visible. At their anterior tips a spherical accumulations of cells, representing the forming nephron primordia, could be detected. During the next hours, tubules and nephron primordia grew and the primordia started to fuse at the midline.
6.2.1. Video 1 – editors, slow down the video (it might just be 10 images) and play it evenly over the narrative, then show it once more quickly at the end of the narrative.
6.3. In contrast, nephrogenesis was severely disrupted in the mutants. Although GFP-positive tubular structures were visible at 20 hours post-fertilization, they were diffuse and underdeveloped.
6.3.1. Fig 4 
6.4. Time-lapse imaging showed nephron primordia never formed and a striking number of fluorescent cells located outside the developing pro-nephrons migrated ventrally, leaving the pronephric field.
6.4.1. Video 2 – editors, slow down the video (it might just be 10 images) and play it evenly over the narrative, then show it once more quickly at the end of the narrative.
7. Conclusion (said by authors on camera)

7.1. Micha: While attempting this procedure, it’s important to remember that the absence of additional equipment such as temperature control and antivibration table requires  regular checks for drifts and readjustment. 
7.2. Danny: Following this procedure, imaged embryos can be processed to perform other methods like immunohistochemistry, in situ hybridization or real time PCR in order to identify specific components within cells and tissues or assess gene expression.  
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.

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.

( 2015, Journal of Visualized Experiments


