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Title: Use of High Resolution Whole Mount In Situ Hybridization within Zebrafish Embryos to Study Gene Expression and Function
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ___NO_______

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? _______NO__

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps______3.1, 3.2, 3.7, 3.8, 4,3, 4.5
D.  What is the single most difficult aspect of this procedure?  

Performing the technique in a sterile, RNase free environment up until the hybridization step is very important to achieve the best results. The duration of Proteinase K digestion based on embryonic stage is very critical to get the proper signal. Decision about when to stop staining the embryos for target genes can be difficult as well.

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to assess the spatio-temporal expression of specific genes of interest within staged zebrafish embryos (Intro).
This is accomplished by first _generating cDNA probes by incorporating digoxigenin-linked nucleotides using in vitro transcription  (P1, Editor, use P1 here).

Next, the embryos are harvested at defined developmental stages, the chorions are removed, and the embryos are stored in methanol at -20º C_(P2, Editor, scroll through the images in P2 from left to right.  Use the image of the microscope for imaging and for removing the chorions.  Then scroll to the middle and right hand images for storing in methanol).

Then following digestion and post fixation, the embryos are hybridized with the appropriate probes (P3, Editor, scroll through the three images in P3).

Finally, the embryos are stained with anti digoxigenin antibodies and the signal developed with substrates for alkaline phosphatase. (P4, Editor, scroll through the images in P4 here).

Ultimately results can be obtained that show the tissue distribution of gene expression at a given developmental stage_through _whole mount In situ hybridization and imaging (P5, Editor, use P5 here).
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name Babykumari Chitramuthu: Though this method can provide insight into the normal expression of the target gene, it can also be applied to other conditions such as target gene expression_in disease models and when other genes are over or under expressed using microinjection technology.

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Synthesis of Digoxygenin-labeled RNA Probes
2.1. Using cDNA for a gene of interest, set up an RNA labeling reaction to synthesize Digoxygenin-labeled RNA probes in an RNase free reaction vial by adding 1-5 ug of purified template DNA to sterile, RNAse-free, DEPC-treated, double distilled water up to a volume of 13 ul.  

2.1.1. WIDE Talent at bench begins setting up probe systhesis

2.1.2. CU Talent pipettes template DNA sample from microtube then picks up tube of DEPC treated water and pipettes the DNA inside

2.2. Chill the reaction on ice and add the following reagents (TEXT: bulleted list of Table 3, videographer frame this for a text list).   After gently mixing, centrifuge at 2000 rpm for 30 seconds at room temperature before incubating the reaction for 2 hours at 37°C. 
2.2.1. CU Talent places the tube on ice then begins to add the reagents 
2.2.2. MED Talent places tubes into centrifuge and closes door; B need another version for 2.5.1 below

2.2.3. MED Talent removes tubes from centrifuge and places in water bath or heating block

2.3. After the incubation, remove the template DNA by adding 2 μl of RNase-free DNase I. Incubate for 30 min at 37°C and stop the reaction by adding 2 μl of 0.2 M EDTA (TEXT: pH 8.0).
2.3.1. MED Talent removes tube from water bath

2.3.2. CU Talent adds RNase free DNase 1

2.3.3. MED Talent places sample in water bath or heating block

2.3.4. CU Talent adds EDTA from labeled tube
2.4. Precipitate the reaction products by adding 2.5(l of 4M LiCl and 75(l of 100% ethanol. Mix the solution and incubate at -20oC for 45 min or overnight.
2.4.1. CU Talent adds LICl and ethanol and mixes

2.4.2. WIDE Talent places tube in freezer
2.5. Centrifuge the suspension for 30 min at 13000 rpm and 4°C, then wash the pellet with ice cold 70% ethanol.  After spinning for 10 minutes, dry the pellet for 2 minutes before resuspending it in 50 ul of nuclease free double distilled water, then incubate it for 30 minutes at 37°C.
2.5.1. MED Use 2.2.2B here
2.6. Run 1-2 (l of the probe on a 1% agarose gel for about 30 min to verify its quality and integrity.  Then use a spectrophotometer to quantify the probe.  
2.6.1. MED Talent pours hot gel solution into gel box
2.6.2. LAB MEDIA Probe.tif (Editor, show with VO, ‘to verify its quality and integrity)

2.6.3. MED Talent pipettes sample onto spectrophotometer or places cuvette into machine
3. Whole Mount in situ Hybridization
3.1. To rehydrate previously fixed and frozen embryos, begin by making baskets by cutting the conical ends off of 1.5 ml microtubes then remove the top rims from half of them.

3.1.1. CU Talent places a tube onto bench then cuts off the conical end, then repeats
3.2. Cut small pieces of nylon mesh to cover the cut ends and then in a fume hood, heat the tube ends on an electrical hot plate and press them into the mesh.  After they’ve cooled, remove the excess nylon mesh and store the baskets in 100 methanol at room temperature.

3.2.1. CU Talent cuts nylon mesh into small pieces

3.2.2. CU Under fume hood, talent heats tube on hot plate and presses into mesh then places next to other baskets

3.2.3. CU Talent removes excess nylon mesh 

3.2.4. CU Talent places baskets into 100 methanol (have container labeled)
3.3. After preparing successive dilutions of methanol in PBS according to the text protocol, and adding 4 ml of each into the wells of a 6-well dish, place embryos in individual baskets for each probe and incubate them in the methanol/PBS series for 5 minutes per well, ending with three washes in PBST.

3.3.1. MED/CU Dilutions of methanol lined up on bench with 6 well plate in front of them with methanol/PBS in the wells
3.3.2. CU Talent places baskets into the first methanol incubation 
3.3.3. ECU Talent places embryos into baskets 
3.3.4. CU Talent transfers baskets from second to third PBST wash 

3.4. Permeabilize the embryos with proteinase K at room temperature using the following incubation times per developmental stage (Table 4).  

3.4.1. MED Talent at bench places baskets into proteinase K, Videographer, frame this for a text table inset

3.4.2. LAB MEDIA Table 4, Editor, inset table 4

3.5. Then fix the embryos in 4% paraformaldehyde in PBS for 20 minutes and wash them in PBST three times for 5 minutes each.

3.5.1. CU Talent transfers baskets to wells of 4% paraformaldehyde - have the solution labeled and in the background

3.5.2. CU Talent transfers to PBST wash

3.6. Next, prepare the acetylation mixture according to the text protocol and incubate the embryos twice for 10 minutes each.  Then wash the embryos in PBST twice for 10 minutes each.

3.6.1. MED/CU Talent at bench preparing acetylation mixture with reagents on bench

3.6.2. CU Talent places embryos into first well with mixture

3.7. Transfer the embryos to sterile microtubes and incubate with 200 ul of hybridization mixture, or HM in a 70°C water bath for 2-4 hours.  Add 100-200 ng of probe to the solution and incubate overnight at 70oC in a water bath.
3.7.1. CU Talent holds up a microtube of embryos and adds hybridization mixture from labeled container

3.7.2. MED Talent places tubes of embryos in hot water bath

3.7.3. MED/CU Talent adds probe to a tube and replaces it into bath

3.8. Replace the probe solution with pre-warmed HM and incubate the samples at 70oC for 15 minutes.  After putting the samples through an HM/SSC series and blocking the embryos according to the text protocol, incubate the embryos in a 1:5000 dilution of anti-DIG-AP antibody in blocking buffer overnight at 4 °C with gentle agitation.
3.8.1. CU Talent aspirates probe solution from a tube and adds HM 
3.8.2. MED Talent places tubes in to water bath
3.8.3. MED/CU Tubes of labeled solutions for blocking lined up on bench
3.8.4. CU Taletn adds anti-DIG-AP into  one of the six well place and places embryos in individual baskets. 
3.8.5. MED Talent places 6 well plate containing baskets with embryos in rotating incubator set at 4 degrees C
3.9. The following day, wash the embryos 6X for 15 minutes each. After prestaining the embryos, incubate them in BCIP and NBT at room temperature in the dark for 30 minutes.   Use a stereo microscope to monitor the staining reaction every 30 minutes.

3.9.1. CU Talent transfers embryos in baskets to PBST

3.9.2. CU Talent transfers baskets to BCIP and NBT and places in dark

3.9.3. MED Talent at microscope checking color

3.10. To stop the reaction, transfer the baskets of embryos to wells containing stop solution 2 times for 10 minutes each with gentle agitation.

3.10.1. CU Talent transfers embryos in baskets to well of stop solution

3.10.2. MED Talent places plate on gentle agitation

3.11. After post fixing the embryos with 4% paraformaldehyde in PBS for 20 minutes, mount the embryos by transferring them in as little PBS as possible to 6-well plates containing 100% glycerol.  Gently rock the embryos in the dark at room temperature overnight.

3.11.1.  CU Talent transfers embryos to glycerol in 6 well plates

3.11.2. MED Talent places plates on rocker in dark

3.12. Image in 100% glycerol under a stereomicroscope.

3.12.1. MED Talent at stereoscope imaging embryos
4. Representative in situ Hybridization Results-(second to last section) 
4.1. Representative examples of in situ hybridization staining are shown here. Purple staining observed after hybridization with riboprobe of interest represents both the abundance and the sites of expression of particular gene. For instance PC5.1 shows very discrete expression within the anterior and posterior part of otic vesicle and lateral line primordium at 24hpf and is strongly localized within the anterior and posterior lateral line neuromasts by 72hpf.
4.1.1. LAB MEDIA Figure 3, Editor, bring in the left hand panels only
4.2. In contrast PC5.2 shows ubiquitous expression within the CNS with distinct regionalization within the somites, otic vesicle and pronephric duct and is highly expressed within the liver and intestine at 96 hpf.  Absence of gene expression when using respective sense riboprobes serve as a negative control.
4.2.1. LAB MEDIA Figure 4, Editor, bring in the left hand top and bottom panels only next to the two panels in Figure 3 above.  For the absence of gene expression, switch to the two right hand panels that have no staining (Figure 3b and 4b)
4.3. As seen here, expression analyses of blood markers showed staining of SCL/tal-1 within the bilateral cranial cells and in the intermediate cell mass, or ICM. Although the staining for gata-1 is also seen within the ICM, the expression pattern is different. The expression of flk/ kdrl was observed within the hindbrain, main and intersegmental vessels and in the ICM. Staining for shh was observed in the notochord.
4.3.1. LAB MEDIA Figure 5
4.4. In these examples, expression of dlx2 at 34 hpf is localized in the telencephalon, diencephalon, hypothalamus and cranial ectomesenchymal arches and the fkd7/foxa1 expression at 24hpf is seen mainly in the floor plate and hypochord. Expression patterns of the pancreatic markers showed insulin staining in the endocrine pancreas and trypsin in the exocrine pancreas.
4.4.1. LAB MEDIA Figure 6
4.5. The results showing expression patterns with high resolution confirm the success of the outlined protocol for the detection of the expression of both high and low abundant genes.  Shown here are some examples from experiments carried out under sub-optimal conditions.  For example, a high background signal with poor shh expression resulted from inadequate permeabilization and hybridization between 55 and 60°C.  
4.5.1. LAB MEDIA Figure 7 
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597
5. Conclusion (said by authors on camera

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
5.1. Author name Babykumari Chitramuthu: After watching this video, you should have a good understanding of how to perform Whole-mount In Situ Hybridization of zebrafish embryos using Digoxygenin labeled RNA probes, post-hybridization staining and imaging.
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 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.

Final Schematic Text:
The overall goal of this procedure is to (intro) assess the spatio-temporal expression of specific genes of interest within the staged zebrafish embryos. (P1) This is accomplished by first generating probes by incorporating digoxigenin-linked nucleotides through in vitro transcription of gene templates that have been cloned and linearized. (P2)The second step of the procedure is a. to harvest the embryos at defined developmental stage and remove chorions, transfer them to eppendorf tubes and store them in methanol at -20º C. (P3)The third step of the procedure is to hybridize the embryos with appropriate probes at 70 º C  in eppendorf tubes after following digestion and post-fixation. (P4)The final step of the procedure is _to stain the embryos with a. substrate for alkaline phosphatase after incubating the embryos with anti-digoxigenin antibody conjugated with alkaline phosphatase, cover the plate with aluminium foil and incubate by rocking the plate. (P5) Ultimately results can be obtained that show the_tissue distribution of gene expression at a given developmental stage through _Whole Mount In situ Hybridization and imaging.
( 2010, Journal of Visualized Experiments


