During the shots there was a power failure in the institute, so that all electricity was down. Therefore, some shots had to be taken under the auxiliary light source brought by the videographer. For example in 4.17.1 the electric pipette pump did not work, so we switched to a mechanic one. Likewise 4.17.2 the plate was placed on the rocking table, which was turned on, but did not start rotating.
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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique?  No.  Extreme close ups will suffice.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No.

C.  Which steps of your protocol will viewers benefit most from having filmed? 
Thanks for listing those steps.  Can you now highlight them in this document, for the benefit of the videographer?
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please use the optional protocol interview to stress the importance of any step.
E.  Will the filming need to take place in multiple locations? No. 
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):

The overall goal of chromogenic multi-target WISH is to facilitate the mapping of mRNA distribution patterns within intact Drosophila embryos.  With this method the mRNA localizations of three different genes can be directly compared within the same embryo. (Intro)
Authors, we aren’t making schematics as we used to.  So I truncated your description to just fit the 40 world limit.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Robert Krautz: Multicolor WISH can be used to generate gene expression maps in the developing organism in a fast and reliable way. This can provide important clues on gene regulatory interactions active in embryonic development or organogenesis. 

1.2. Giselbert Hauptmann: The main advantage of this technique is that mRNA expression patterns of different genes are visualized in distinctive and contrasting colors. This way unique and overlapping expression sites can be highlighted with high accuracy.   

Protocol (read by voice talent at JoVE):
2. Preparing the Embryos for Hybridization
2.1. Using standard procedures, collect, dechorionate, fix and devitellinize the required embryos. [WID]

2.1.1. Talent Robert dechorionating and collecting embryos (two shots to choose from filmed)
2.1.2. [split shot] then starting devitellinization dechorionation bath

2.2. Store them in methanol in the freezer until they’re needed. [CU]

2.2.1. Collected embryos being transferred to methanol and carried to freezer
2.3. Now, beginning with the embryos at room temperature. [WID]

2.3.1. Arriving from freezer to bench with embryos

2.4. Fit an insert into the first well of a 12-well plate and add 2 ml of methanol. [MED]

2.4.1. Film as written

2.5. Transfer the desired amount of embryos into the insert, which is used to carry the embryos throughout the procedure. [CU]

2.5.1. Loading insert with embryos

2.6. Now, rehydrate the embryos using three-minute incubations in a decreasing methanol series. [MED]

2.6.1. Preparing the methanol baths, five in all

2.7. Start with 75% methanol in PBS; follow with 50% methanol in PBS-T. [MED]

2.7.1 Moving embryos from 75% to 50% methanol wells, labeled wells, timer 3min
2.8. Then, use 25% methanol in PBS-T, and, finish with two incubations in pure PBS-T. [MED/TEXT]

2.8.1. Moving embryos from 25% to 0% methanol wells, TEXT: 1X PBS + 0.1% Tween-20 (PBS-T)

2.9. Next, pre-fix the embryos in 4% paraformaldehyde in PBS for 20 minutes at room temperature.  [MED]

2.9.1. Adding 4% PFA to well and transferring embryos into well, timer 20min, all stock solution labels should be legible and facing camera throughout 
2.10. Remove the fixative using four washes in PBS-T. [MED/TEXT]

2.10.1. transferring embryos into PBS-T bath, TEXT: Wash 4X, PBS-T, 3 min / wash

2.11. During the wash steps, thaw and prepare the working solutions for proteinase K and glycine. [WID/TEXT]

2.11.1. Unloading stock from freezer, TEXT: 10 – 50 µg PK / mL PBS-T; 2 mg glycine / mL PBS-T

2.12. After the washes, permeabilize the embryos in freshly prepared proteinase K [2.12.1-MED] for three minutes at room temperature.  [2.12.2-MED]

2.12.1. Mixing PK in well and adding PK to transferring embryos in insert to PK, 

2.12.2. Capping tube, timer: setting up 3 min incubation (2.12.1 and 2 = one shot)
2.13. Stop the reaction using two one-minute washes in the freshly prepared glycine. [MED/TEXT]

2.13.1. Show one glycine rinse, timer 1min, TEXT: Rinse 2X

2.14. Then, post-fix the embryos in 4% paraformaldehyde, made in PBS, [2.14.1-MED], for 20 minutes at room temperature.  [2.14.2-MED]

2.14.1. Preparing PFA bath

2.14.2. Transferring sample from glycine bath to PFA bath (filmed in one shot)
2.15. Wash out the paraformaldehyde with four washes in PBS-T, three minutes apiece.  [MED/TEXT]

2.15.1. Setting up Loading one wash four wells with PBS-T, transfer embryos into first PBS-T well, timer 3 min, TEXT: Wash 4X, PBS-T, 3 min / wash

2.16. Then, transfer the embryos to pre-hybridization buffer. [MED]

2.16.1. Film as written: filling well with pre-hyb in new plate, transfer embryos to new plate
2.17. They may be stored in the freezer until needed.  [WID]

2.17.1. Storing embryos in freezer

3. Hybridizing Probes to Prepared Embryos
3.1. Begin with distributing the embryos in pre-hyb buffer [3.1.1-MED] into 2-mL tubes.  Aliquot about 15 microliters of settled embryos into each tube. [3.15.2-ECU]

3.1.1. Establish talent preparing Labeling tubes aliquots into one tube with numbers
3.1.2. Aliquoting embryos into 2nd first tube, show volume tip/tube with embryos
3.2. Now, incubate the embryos in a 65 ºC water bath for at least half an hour. [MED]

3.2.1. Capping tubes and placing them tubes in water bath

3.3. During the incubation, prepare the probe mixes. For each probe mix, combine up to three differently-labeled antisense RNA probes [3.3.1-MED] in 100 microliters of hybridization buffer by adding [3.3.2-CU] one to six microliters of each probe.  [3.3.3-ECU]

3.3.1. Setting up hyb buffer tube, adding hyb buffer, then adding first RNA probe

3.3.2. Adding 2nd RNA probe

3.3.3. Aliquot of 3rd probe added to tube, capping tube
3.4. Then, denature the probe mixes by heating in an 80 ºC block for five minutes, [3.4.1-MED] followed by placing them in the 65 ºC water bath. [3.4.2-MED]

3.4.1. Capping and placing four tubes in heat block, timer 5 min
3.4.2. Moving tubes from heat block to water bath

3.5. After the pre-hybridization of the embryo samples, [3.5.1-CU] replace the buffer with the denatured probe mixture and let the probes hybridize overnight at 65 ºC. [3.5.2-MED]

3.5.1. Removing tube from water bath

3.5.2. Uncapping tube, aspirating and removing solution, then adding probe mix to tube and putting tube back in water bath (filmed in one shot)
3.6. The following morning, warm the series of low to high stringency wash solutions to 65 ºC. [MED]

3.6.1. Film as written: placing 50 ml tubes in water bath
3.7. Then load 2 mL of hybridization wash solution into the inserts of a 12-well plate. [CU]

3.7.1. Film as written: loading four wells with solution 

3.8. Next, transfer the embryos in solution from the tubes to the inserts. [CU]

3.8.1. Loading embryos into the plate wells
3.9. Place the plate in a 65 ºC incubator for 20 minutes. [MED]

3.9.1. Film as written

3.10. After 20 minutes, transfer the embryos to fresh hybridization wash buffer [MED] and repeat the incubation. [3.9.1] Repeat this step [3.10.1] one more time. [3.9.1]

3.10.1. Film as written, show if a new plate or a solution change on same plate Filming full procedure for one wash step: fetching warmed hyb wash buffer from water bath, filling new plate with warmed hyb wash buffer, fetching plate with embryos from incubator, transferring inserts with embryos to new plate containing the hyb wash buffer, placing embryo plate back in incubator. Parts of this shot may be also used for the subsequent washing steps (e.g. placing the plate in the 65°C incubator).
3.11. Then, transfer the embryos to wells loaded with 2X SSC-T [MED] and incubate the plate for 20 minutes at 65 ºC, again. [3.9.1]

3.11.1. Film as written, labeled wells, TEXT: 2X SSC + 0.1% Tween-20 (2X SSC-T)

3.12. To remove unbound probe, wash the embryos with 0.2X SSC-T three times. [3.12.1-MED] For each wash, incubate the embryos at 65 ºC for 20 minutes [3.9.1-MED/TEXT]

3.12.1. Loading 0.2X SSC-T to tube wells, moving transferring embryos in inserts into 0.2X SSC-T, TEXT: Wash 3X, 0.2X SSC-T, 65 ºC, 20 min / wash 

3.12.2. Transferring embryos in tube to bath, TEXT: Wash 3X, SSC-T, 65 ºC, 20 min / wash

3.13. Now, with the samples free of excess probes, transfer them to PBS-T at room temperature. [MED]

3.13.1. Pouring Pipetting PBS-T into tube/bath/insert new plate and transferring samples to PBS-T

3.14. The final preparation is to incubate the samples in blocking buffer for at least 30 minutes. [MED]

3.14.1. Pouring Pipetting blocking buffer bath and transferring samples to bath

4. Detecting the Probes and Staining

4.1. After determining the antibody-labeling order, [4.1.1-WID] prepare the first appropriate antibody at a dilution of one to four thousand in blocking buffer.  [4.1.2-MED]
4.1.1. Establishing shot, talent arrives to bench with stock solutions Figure 1: Show “Choose antibody” section (grey area), and highlight “anti-DIG-AP”, as this antibody was chosen. Shot: three labeled antibody tubes, from which two are taken away (as these were not chosen for this round of detection.)
4.1.2. film as written: preparing antibody dilution
4.2. Then, incubate the samples in the chosen antibody solution for three hours [4.2.1-MED] at room temperature with shaking.  The antibody may be saved for reuse. [4.2.2-MED]
4.2.1. Setting up samples in Ab bath Loading new plate with antibody solution, transferring embryos to new plate, placing plate on shaker and start shaking
4.2.2. Setting bath up on shaker and starting a timer (combined)
4.3. To wash out the unbound antibodies, wash the embryos with PBS-T [MED-4.3.1/TEXT] four times, for 15 minutes per wash. [4.3.2-CU]
4.3.1. Pouring PBS-T bath and transferring samples to it, TEXT: Wash 4X with PBS-T
4.3.2. Starting a timer to countdown 15 minutes
4.4. To change the buffer system, incubate the embryos twice in TNT for 15 minutes per wash. [MED/TEXT]
4.4.1. Setting up the incubation in TNT, TEXT: Wash 2X in TNT; 0.1 M Tris-HCl pH 8.0, 0.1 M NaCl, 0.1% Tween-20 (TNT)
4.5. Now, choose a color substrate reaction to visualize the bound antibodies in the embryos.  For example, Fast Red staining produces a bright red signal.  [LM]
4.5.1. Table 1 Figure 1: Show “Choose substrate” section (red, purple, yellow, blue), then highlight “Fast Red”. If you need another version of Figure 1 to implement the different parts of this figure in the video, please let us know.
4.6. First wash the embryos twice in TT8.2.  Each wash should be 15 minutes. [MED/TEXT]
4.6.1. Pouring TT8.2 bath and transferring the samples into it, TEXT: Wash 2X in TT8.2, 15 min / wash; 0.1 M Tris-HCl pH 8.2 + 0.1% Tween-20 (TT8.2)
4.7. Meanwhile, prepare the Fast Red staining solution from the substrate tablets. [MED]
4.7.1. Making the two one solutions with two tabs and mix vortexing them together
4.8. Then, pass the stain solution through a 0.2 micron filter. [MED]
4.8.1. Drawing solution into syringe, attaching filter to syringe, adding solution into syringe and ejecting through filter into tube
4.9. After the 8.2 washes, transfer the embryos to a 24-well plate, aspirate excess solution and add the prepared Fast Red substrate. [MED]
4.9.1. Film as written, covering up plate and obscuring from light to end shot
4.10. Let the staining develop in the dark until the red signal is clearly visible. [ECU] Monitor staining in a stereo microscope.
4.10.1. Uncovering plate, placing plate under microscope and show signaling developing in embryos and monitoring staining
4.11. To end the reaction, transfer the embryos back into the 12-well plate … [MED]
4.11.1. Film as written
4.12. … and rinse them two times with TNT. [CU/TEXT]
4.12.1. Adding TNT to wells and transferring inserts, TEXT: Wash 2X, TNT
4.13. Follow the TNT washes with two washes in PBS-T for 10 minutes. [MED]
4.13.1. Removing solution from wells and adding PBS-T to wells and transferring inserts, TEXT: Wash 2X, PBS-T
4.14. Next, remove the antibody.  Incubate the samples in 2 mL of low-pH stop solution [4.14.1-MED] for 10 minutes at room temperature. [4.14.2-CU]
4.14.1. Preparing Adding low-pH stop solution aliquot, adding to plate, transferring inserts 
4.14.2. Covering plate, starting a timer 10 min (filmed in one shot)
4.15. Then rinse the samples with PBS-T for one minute.  [MED]
4.15.1. Film as written, timer 1 min
4.16. Complete the clean-up with three washes with PBS-T for three minutes each. [MED/TEXT]
4.16.1. Adding PBS-T to plate and transferring inserts with embryos, TEXT: Wash 3X, PBS-T, 3 min / wash
4.17. To detect a second and a third probe, apply two more rounds of antibody binding and staining.  [WID]
4.17.1. Preparing the next antibody and 
4.17.2. [split shot] adding it antibody to the plate,  At this point show Figure 1: highlight “Choose antibody” , next highlight “anti-FLUO-AP”, as this antibody was chosen in this shot.
4.18. In each detection round a different color substrate is used. (show FIGURE 1 here)As second and third colors after Fast Red, for example, the purple BCIP/NBT (Pronounce: B-CIP N-B-T ) and the yellow MagentaPhos/INT (Pronounce: I-N-T) substrates can be used. [LM]
4.18.1. Table 1 Figure 1: Show second half of flowchart with the cycle arrow. Highlight “Proceed with 2nd & 3rd cycle”. Next, for the substrate choices, highlight first “Fast Red”, then the purple “BCIP/NBT” and last the yellow “INT”. 
5. Results: Stain Precipitate Color Combinations 
5.1. The described protocol was used in blastoderm stage embryos to detect three RNAs.  The red precipitate produced by Fast Red and the purple precipitate produced by BCIP/NBT are distinguishable, however, the BCIP/NBT stain may mask Fast Red precipitate at overlaps.
5.1.1.  Fig. 4A
5.2. So, instead of BCIP/NBT, Fast Blue can be utilized.  Fast Blue with NAMP (Pronounce: naphthol-A-S-M-X-phosphate) gives a light blue color that is easily discernible from the Fast Red product in adjacent or overlapping expression domains.
5.2.1. Fig. 4B
5.3. The Fast Blue NAGP (Pronounce: naphthol- A-S-G-R-phosphate) combination also provides a strong contrast to the Fast Red stain, so that the green domain is clearly distinctive from the red expression site.
5.3.1.  Fig. 4C
5.4. However, expression sites detected by Fast Blue NABP (Pronounce: naphthol-A-S-B-I-phosphate) and Fast Red, gives violet and red color precipitates that are less discernible.
5.4.1. Fig. 4D
5.5. Thus, MagentaPhos is used in combination with INT, to produces a yellow precipitate, which has good contrast with the blue-substrates, but is not as easy to discern from the Fast Red product.
5.5.1. Fig. 4E
5.6. For example, at the rostral end, the yellow stain on empty spiracles can be hardly distinguished from the red stain on sloppy paired one. 
5.6.1. Fig. 4F
5.7. Therefore, the substrates must be carefully chosen for each experiment.
5.7.1. Table 1
6. Conclusion (said by authors on camera)

6.1. Robert Krautz: Multicolor WISH has the advantage that morphological context is immediately evident and simply visualized by standard brightfield microscopy. 
6.2. Robert Krautz: As a next step multiplex FISH can be performed. This allows for single-cell resolution and is particularly useful for analyzing overlapping expression sites.

6.3. Giselbert Hauptmann: The described procedure is detailed for Drosophila but also works efficiently with zebrafish embryos. Moreover, multicolor WISH can easily be adapted to other model organisms.

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.
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