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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 yes, please list make and model of your microscope: Nikon SMZ645, Nikon SMZ1000
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? 3.6, 5.4, 5.5, 5.6 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? egg extraction from the female fish (Steps 5.4, 5.5), which must be performed gently to protect the female fish
1. Introduction (Schematic Overview and Interview)

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

Conceptual Narrative:
The overall goal of this procedure is to produce haploid zebrafish embryos by in vitro fertilization. (Intro)
This is accomplished by first isolating mature sperm from adult male zebrafish and then performing ultraviolet irradiation to deactivate the paternal genomes present in the sperm samples. (P1)
The second step is to isolate unfertilized eggs from an adult female zebrafish. (P2)
Next, the eggs are fertilized with the UV-inactivated sperm sample. (P3)
The final step is to rear the haploid clutch until developmental analysis, such as a morphology assay or gene expression analysis, using whole mount in situ hybridization. (P4)

P1: LAB MEDIA: 51708 conceptual map.tif, P1, start with the fish on the left, proceed to the arrow/text and “fill” the tube with sperm, proceed to the next arrow/text and animate the red arrows “irradiating” the sperm in the dish
P2: LAB MEDIA: 51708 conceptual map.tif, P2, start with the fish on the left, proceed to the arrow/text and place the extracted eggs in the dish

P3: LAB MEDIA: 51708 conceptual map.tif, P3, starting with the dish from P2, proceed to the arrow/text below and then add blue sperm to the yellow eggs in the dish

P4: LAB MEDIA: 51708 conceptual map.tif, P4, from the dish in P3, add the arrow/text below and then switch to the dish in P4
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Rob McKee: The main advantage of producing haploid zebrafish embryos is that this technique enables efficient forward genetic screens that use fewer generations and thus save time and animal space.   

1.2. Jevin Poureetezadi: This method can help answer fundamental questions in the development field, such as identifying genes that are essential for kidney formation.  

1.3. Jonathan Jou: Generally, individuals new to this method will struggle because the collection of zebrafish gametes has technical challenges.

1.4. Rachel Miceli: Visual demonstration of this method is critical because it will help researchers to learn how to handle adult zebrafish to collect mature gametes. 

Protocol (read by voice talent at JoVE):
2. Preparation 

2.1. To begin, prepare the Hank’s Stock Solutions and Hank’s Premix Solution.
2.1.1. MED/WIDE: Shot of all labeled, prepared solutions. Text overlay (See text protocol for details).

2.2. Next, select the desired number of adult zebrafish females for haploid clutch collection. 
2.2.1. MED: Talent selects zebrafish
2.3. Once selected, prepare mating cages by placing each adult zebrafish female with an adult zebrafish male in a chamber of system water so that they are separated by a divider overnight. 
2.3.1. MED: Talent sets up mating cage

2.3.2. MED/CU: Shot of the female in its divider 
3. Sample Dissection
3.1. First, make fresh Hank’s Stock Solution #6 by adding 0.35 g of Sodium Bicarbonate to 10 ml of distilled water. Mix well to dissolve.
3.1.1. MED: Talent prepares solution

3.1.2. MED: Talent mixes solution
3.2. Next, make the buffered Hank’s Final working solution in a tube over ice.

3.2.1. MED: Talent makes working solution. Text overlay (9.9 mls of Hanks Premix I with 100 µl of stock solution #6).

3.3. After mixing, prepare 500 µl aliquots in microcentrifuge tubes and place them on ice. 
3.3.1. MED/CU: Shot of prepared aliquots on ice
3.4. To collect enough sperm for fertilization, select 4-5 male zebrafish for each sperm harvest. 
3.4.1. MED: Talent selects zebrafish
3.5. Once euthanized, carefully blot the male dry of excess liquid to prevent triggering the activation of sperm.
3.5.1. MED: Talent blots male fish dry. Text overlay (0.2% Tricaine)

3.6. After decapitating and clearing the abdominal cavity, locate the testes along the dorsal body wall, lateral to the swim bladder.  They have a white opaque appearance when viewed under the stereomicroscope. Once located, use fine forceps to remove the testes, taking care to keep them intact.

3.6.1. MED: Talent views fish under the microscope
3.6.2. SCOPE: Talent locates tested

3.6.3. SCOPE: Talent removes testes
3.7. Place the testes into the sperm solution and store on ice. Repeat these steps until all the males have been dissected.
3.7.1. MED: Talent places sample on ice

3.7.2. MED: Talent proceeds to next fish
4. UV Sperm Inactivation

4.1. Once all of the samples are collected, homogenize the testes by gently grinding the tissue with a sterile microtube pestle.
4.1.1. MED: Talent selects tube from samples

4.1.2. CU: Talent begins grinding tissue
4.2. Transfer the supernatant to a small Petri dish on ice. Avoid transferring tissue debris along with the supernatant solution, since this will create shadows, and compromise the UV inactivation of sperm. 
4.2.1. CU: Talent transfers supernatant to small Petri dish [Take 2 best]
4.2.2. CU: Shot of the Petri dish, free of debris
4.3. Rinse the tube with between 300-400 µl of additional Hank’s Final working solution, and add this supernatant wash to the small Petri dish.
4.3.1. MED: Talent rinses sperm tube and adds the wash to the Petri dish
4.4. Next, expose the dish to UV from a bench lamp for a total of 2 minutes, at a distance of 15 inches from the source. 
4.4.1. MED: Talent exposes dish to UV. Text overlay (254 nm)

4.5. Return the dish to the ice bucket and then transfer the UV-inactivated sperm to a fresh microcentrifuge tube stored on ice. 
4.5.1. MED: Talent returns dish to ice bucket [Take 2 best]
4.5.2. MED: Talent transfers sperm to tube
5. In vitro Fertilization

5.1. Begin by confirming the depth of anesthesia in females selected for egg collection. 
5.1.1. MED: Talent confirms anesthesia. Text overlay (0.02% Tricaine)

5.2. Once anesthetized, carefully remove excess solution to avoid triggering egg activation before the addition of sperm.
5.2.1. MED: Talent removes excess liquid
5.3. Place the female on her side in a clean Petri dish and visualize her belly under the stereomicroscope.
5.3.1. MED: Talent arranges female under microscope

5.3.2. SCOPE: Shot of female under scope
5.4. While supporting the female’s back by placing one or two fingers from one hand behind the dorsal body wall, stroke the belly gently for approximately 10-20 seconds using one or two fingers from the other hand to squeeze eggs from the abdomen.
5.4.1. SCOPE: Talent positions female in hand

5.4.2. SCOPE: Talent strokes belly [Take 2 no good, Take 3 best]
5.4.3. [combined with 5.4.2] SCOPE: The first egg is released from the abdomen 
5.5. Talent: “The eggs should come out very easily upon stroking the female’s abdomen. If eggs do not emerge with ease it is not advisable to ‘push harder’ and force eggs from the female as this may cause the female harm”
5.5.1. Interview style: Talent addresses the camera and says the above 
5.6. Once extracted, use a fine probe or small spatula to scoop the eggs away from the female.
5.6.1. SCOPE: Talent scoops up eggs
5.7. Gently lift the female and return her to an appropriately labeled isolation tank containing fish system water.
5.7.1. MED: Talent returns female to tank

5.8. Next, add 50 µl of UV inactivated sperm solution to the clutch of eggs, and incubate at room temperature for 30 seconds. During this time, affix a corresponding label to the dish to track it with the number assigned to the female parent.
5.8.1. CU: Talent adds sperm to eggs [Take 2 best]
5.8.2. CU: Talent affixes label to dish 
5.9. Next, add 1 ml of E3 solution to the eggs, and incubate at room temperature for 1 minute.
5.9.1. MED: Talent adds E3 solution
5.10. Lastly, add sufficient E3 solution to fill the dish midway, and place the embryos at 28(C for subsequent incubation. 
5.10.1. MED: Talent adds more E3 solution
5.10.2. MED: Talent approaches incubator, places dish in incubator, leaves incubator. Multiple takes/repeated
6. Observation and Handling of Haploid Embryos

6.1. After 4-8 hours, retrieve the dish and remove any unfertilized embryos. Unfertilized embryos can display a white, opaque appearance or a transparent appearance with a misshapen single cell. 
6.1.1. MED: Talent approaches microscope [Take 2 clean background]
6.1.2. SCOPE: Talent removes unfertilized embryos
6.2. Next, wash the remaining embryos by replacing the E3 embryo media with fresh E3 solution.
6.2.1. MED: Talent washes embryos 
6.3. The embryos are then incubated until the desired time point of interest, and can be used in a variety of research applications.
6.3.1. Reuse shot 5.10.2 
7. Results: Haploid and Diploid Embryos
7.1. This image shows diploid wild type embryos produced by natural spawning and then incubated until approximately 30 hpf (7.1.1). Here, haploid embryos were produced by in vitro fertilization and exhibit a range of abnormalities in development (7.1.2). Relatively normal haploids had a shortened, more stock body analogous to the grading scheme of an A haploid (7.1.3), while haploids with gross abnormalities exhibited a severely truncated body axis (7.1.4) corresponding to a grade of B, and finally grade C represents poor quality haploids (7.1.5).
7.1.1. LAB MEDIA: 51708_Wingert_Fig3A.tif 

7.1.2. LAB MEDIA: 51708_Wingert_Fig3BC.tif, highlight the black arrowheads, and text overlay (d = diploid)
7.1.3. LAB MEDIA: 51708_Wingert_Fig3BC.tif,highlight the red arrowheads, labeled A
7.1.4. LAB MEDIA: 51708_Wingert_Fig3BC, highlight the purple arrowheads, labeled B
7.1.5. LAB MEDIA: 51708_Wingert_Fig3BC, highlight the blue arrowheads, labeled C

7.2. Haploid wild types displayed a normal pattern in embryonic kidney structure compared to diploid mutants.  The segmented pattern of discrete cell types are visualized by targeting gene transcripts that are unique to the differentiated nephron cell types.
7.2.1. LAB MEDIA: 51708_Wingert_Fig4.tif, start with the top two wild-type panels and then bring in the bottom two. Label the bottom two “mutants”. Finally, bring in the labels at the top
8. Conclusion (said by authors on camera)

8.1. Jevin Poureetezadi: After watching this video, you should have a good understanding of how to produce haploid zebrafish embryos by in vitro fertilization.

8.2. Rachel Miceli: While attempting this procedure, it’s important to remember to handle the adult zebrafish gently, particularly when collecting eggs from females.

8.3. Rob McKee Following this procedure, other methods like whole mount in situ hybridization can be performed in order to assess the development of cell types, such as the segments in the pronephros.

8.4. Jonathan Jou: Don't forget that working with ultraviolet radiation sources can be extremely hazardous and precautions such as eye shielding should always be taken while performing this procedure.   

Provided Media

Authors, please list all additional* 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, 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.  

*Figure files already uploaded do not need to be provided again unless modifications have been made.

Insert your media filenames here.
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51708_Wingert_Fig3A.tif
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51708_Wingert_Fig4.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, as well as an introduction to your videographer, closer to your filming date.

( 2011, Journal of Visualized Experiments


