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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
Authors: please upload all microscope captured movies to your project page. Ok
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1.2., 3.1.1., 3.3.2., 3.4.2., 4.4.1., 4.4.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success?
 3.5.2. (We will provide microscope video)
5. Will the filming need to take place in multiple locations? Y, same floor different rooms


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Erik R. Duboué: Cave animals provide a compelling system for investigating diverse morphological, developmental, and behavioral traits. However, researchers have been limited by the availability of genetic tools for manipulating gene function [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Erik R. Duboué: Here we demonstrate three different approaches to manipulating gene function in Astyanax mexicanus. These tools will enable the investigation of the genes underlying variations between surface- and cave-dwelling forms [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

1.3. Erik R. Duboué: Demonstrating the procedure will be Bethany Stahl, a post doc from my laboratory [1][2].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Florida Atlantic University.


Section - Protocol
2. Tool Preparation and Single-Cell Stage Egg Collection
2.1. Before beginning the procedure, fill a 100-milliliter Petri dish with warm 3% agarose dissolved in fish system water [1] and carefully place an egg injection mold into the agarose at a 45-degree angle [2] before slowly lowering the mold into the agarose to avoid trapping air under the mold [3].
2.1.1. WIDE: Talent adding agarose to dish
2.1.2. CU: Mold being placed into agarose at 45 ° angle Videographer: Can combine 2.1.2. and 2.1.3. as appropriate
2.1.3. CU: Mold being lowered Videographer: Can combine 2.1.2. and 2.1.3. as appropriate
2.2. When the agarose has solidified, carefully remove the mold [1] and store the plate at 4 degrees Celsius for up to 1 week [2].
2.2.1. CU: Shot of solidified agar, then mold being removed
2.2.2. MED: Talent sealing plate
2.3. Then pull needles from borosilicate glass capillaries in an electrode-needle puller according to the manufacturer’s guidelines [1]. 
2.3.1. MED: Talent pulling needle

3. Pico-Injection 
3.1. One the day of the injection, use a glass pipette to transfer single-cell eggs into the injection plate [1], filling up to five rows of the injection plate with 30-40 eggs per row [2].
3.1.1. WIDE: Talent aspirating eggs
3.1.2. CU: Shot of egg being added to plate full of eggs

3.2. Keep the eggs hydrated with a small amount of fish system water [1].

3.2.1. CU: Water being added to plate

3.3. For morpholino injection, thaw 400 picograms of morpholino per egg on ice [1-TXT] before backfilling pulled glass injection needles with the morpholino solution [2], adding a 2-4-microliter bolus to the end [3].

3.3.1. MED: Talent placing morpholino solution on ice TEXT: See text for morpholino preparation details
3.3.2. MED: Talent backfilling injection needle
3.3.3. ECU: Shot of bolus

3.4. When all of the needles have been loaded [1], use forceps to trim the excess length from the injection needle tips [2] and mount the first needle onto a micromanipulator connected to a picoliter microinjector [3-TXT].

3.4.1. CU: Shot of loaded needles
3.4.2. CU: Needle being trimmed
3.4.3. MED: Talent mounting needle onto micromanipulator TEXT: Set injection time to 0.03 s/pressure to 0.0 psi

3.5. Then place the injection dish under a dissecting microscope [1] and use the micromanipulator to penetrate each egg with the needle [2] before injecting 1 nanoliter of morpholino injection solution directly into the yolk [3]. 

3.5.1. MED: Talent placing dish under microscope
3.5.2. [bookmark: _GoBack]LAB MEDIA: To be provided by Authors: Egg/yolk being penetrated
3.5.3. LAB MEDIA: To be provided by Authors: Morpholino injection solution being delivered

3.6. For CRIPSR injection, mix 25 picograms of guide RNA with 300 picograms of CRISPR-associated protein 9 messenger RNA [1] and inject 2 nanoliters of the resulting RNA solution into each embryo as demonstrated [2].

3.6.1. MED: Talent mixing solution, with gRNA and mRNA containers visible in frame
3.6.2. LAB MEDIA: To be provided by Authors: RNA injection solution being delivered

3.7. For Tol2 (toll-two) transposase and Tol2-flanked plasmid injection [1], combine 25 nanograms/microliter of CRIPSR-associated protein 9 messenger RNA with 25 nanograms/microliter of Tol2 construct and phenol red in RNase-free water [2-TXT].

3.7.1. MED: Talent adding Cas9 to tube, with Cas9 container visible in frame
3.7.2. CU: Tol2 construct being added to tube, with Tol2 construct and phenol red containers visible in frame TEXT: Keep Tol2 injection solution on ice until injection

3.8. Then inject 1 nanoliter of solution into each embryo as just demonstrated [1].

3.8.1. LAB MEDIA: To be provided by Authors: Tol2 injection solution being delivered

4. Morpholino-Injected Individual and CRIPSR Indel Screening

4.1. To screen the morpholino-injected animals, at 4 days post-injection, visualize the pico-injected Mexican cavefish under a stereomicroscope [1] to observe the phenotype of the injected animals [2].

4.1.1. WIDE: Talent at microscope, observing fish
4.1.2. SCOPE: Shot of morpholino-injected fish

4.2. To screen for CRISPR indels, transfer CRISPR-injected embryos into PCR tubes [1-TXT] and extract the DNA according to standard DNA extraction protocols for polymerase chain reaction, or PCR (P-C-R), analysis [2].

4.2.1. MED: Talent adding embryo to tube TEXT: Alternative: Extract DNA from Mexican cave fish fins
4.2.2. MED: Talent adding representative DNA extraction reagent to tube, with reagent container visible in frame

4.3. To assess for mutagenesis, run 5 microliters of the of PCR product on a 3% agarose gel at 70 volts for 3 hours [1].

4.3.1. MED: Talent turning on voltage for gel

4.4. Wild-type, non-mutagenized DNA will result in a distinct band [1], while mutant DNA will result in a smeary band [2].

4.4.1. ECU: Shot of distinct band
4.4.2. ECU: Shot of smeary band



Section – Results
5. Results: Representative Post-Pico-Injection Functional and Phenotypical Analyses 

5.1. Cave A. mexicanus injected with a control morpholino exhibit significantly more locomotor activity [1] and reduced sleep over a 24-hour period [2] compared to surface fish injected with a scrambled morpholino [3].

5.1.1. LAB MEDIA: Figures 1E and 1F: JoVE Video Editor: please emphasize solid purple square data clusters in Total distance graph
5.1.2. LAB MEDIA: Figures 1E and 1F: JoVE Video Editor: please emphasize solid purple square data clusters in Steep duration graph
5.1.3. LAB MEDIA: Figures 1E and 1F: JoVE Video Editor: please emphasize open grey circle data clusters in both graphs

5.2. The injection of the hypocretin-orexin-morpholino [1] has little effect on sleep in surface fish compared to control-injected fish [2].

5.2.1. LAB MEDIA: Figure 1F: JoVE Video Editor: please emphasize open grey circle data cluster
5.2.2. LAB MEDIA: Figure 1F: JoVE Video Editor: please emphasize closed grey circle data cluster

5.3. In contrast, hypocretin-orexin knockdown via morpholino injection has a significant effect on sleep in cave-dwelling fish [1], providing a direct link between hypocretin-orexin expression and sleep loss [2].

5.3.1. LAB MEDIA: Figure 1F: JoVE Video Editor: please emphasize open purple data cluster
5.3.2. LAB MEDIA: Figure 1F

5.4. Incrossing of CRISPR-associated protein 9-injected surface fish heterozygous for a potential mutant albinism allele [1] results in progeny that are either pigmented or albino [2], providing a direct link between the mutant gene and albinism in A. mexicanus cavefish [3].

5.4.1. LAB MEDIA: Figure 2E: JoVE Video Editor: please emphasize Pigmented Het band
5.4.2. LAB MEDIA: Figures 2F-2I
5.4.3. LAB MEDIA: Figures 2F-2I: JoVE Video Editor: please emphasizes Figures 2G and 2I

5.5. Tol2 microinjection into F-zero parental surface and cavefish as demonstrated enables live calcium imaging for uncovering differences in neuronal activity mediating behavioral changes in the resulting F-one progenty in the cave environment [1], laying the groundwork for the expression of many additional transgenes to characterize and manipulate gene function in A. mexicanus [2].

5.5.1. LAB MEDIA: Figures 3B and 3C: please sequentially emphasize green signal in left and right images
5.5.2. LAB MEDIA: Figures 3B and 3C 



Section - Conclusion	Comment by Bridget Colvin: Authors: Each Author may give a maximum of two Conclusion statements.
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Bethany A. Stahl: (Step: 3.1.1., 3.4.2., 3.5.2.) The most important things to remember are to load the eggs tightly onto the plate, to trim the needle, and to optimize the microinjection [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Bethany A. Stahl: After a successful genetic knockdown, transgene integration, and CRISPR-mediated gene editing, these fish can be used for developmental, behavioral, and brain activity analyses [1]. 
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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