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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)?  ___N______

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

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__4&5 phenotyping_
D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?  

Understanding how to phenotype and interpretation of results.
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.  
Conceptual Narrative:
The overall goal of the following experiment is to assay the pathogenicity of clinically significant nonsynonymous changes using in vivo complementation in zebrafish (Intro).
This is achieved by first generating mutant human mRNA to recapitulate human genetic lesions (P1 Editor, bring in the sequence of AUGUC…). 
Next, human wild-type and mutant mRNA, and morpholinos are injected into zebrafish embryos and translated into functional protein, or used to block translation, respectively (P2 Editor, bring in the syringe and needle, transfer the AUG sequence into the barrel of the syringe, then, bring in the cluster of eggs and inject in to them).   

Then, the embryos are phenotyped in order to evaluate the effects of the mutant protein on development  (P3 Editor, transition from the eggs to the fish, and then zoom out on the fish and place it on the microscope stage).
Results are obtained that show the deleterious effects of mutations on human protein sequences that can be confirmed based on the rescue capability of mutant human mRNA (P4, Editor, use the flow chart here).
Paste a copy of your graphic overview here.  The original file should be adobe illustrator (preferred) or powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website.   

[image: image1.png]............




Conceptual narrative schematic.pptx[image: image2.png]



Figure.1.final.ai
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 Adrienne_: The main advantage of this technique over existing methods, like mouse models, is that potentially damaging alleles can be more rapidly assayed for pathogenicity at a medium-high throughput level, and an allelic series can be evaluated within a single gene to determine the direction of effect at the cellular level (e.g. loss of function vs. gain of function).   

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. Bioinformatics and Expression Analysis in the Developing Zebrafish Embryo

2.1. To begin, determine if the human gene of interest has a zebrafish ortholog, and if so, how many copies. We recommend reciprocal BLAST (TEXT: http://blast.ncbi.nlm.nih.gov/) of the human protein against the zebrafish genome, and subsequent BLAST of the best zebrafish hit against the human genome. True orthologs will be the best hit in each instance.
2.1.1. WIDE Talent sits down at computer to do blast search - videographer, have computer screen visible as talent loads the BLAST program
2.1.2. SCREEN 50338_Katsanis_BLAST.tif (point out true orthologs on image)
2.2. Obtain or generate a construct containing the human open reading frame for the desired gene, less than 6 kb in length, as well as a 5’ (pronounce 5 prime) SP6 transcription site and a 3’ (pronounce 3 prime)  polyA signal.
2.2.1. LAB MEDIA 50338_Katsanis__pcs2_ORF.pptx - Editor, point out the green open reading frame, the red sp6 promoter and then similar to the sp6 promotor, add a box (blue or purple, for example) adjacent to the tip of the green arrow to represent the polyA tail and point it out with the VO
2.3. Next, design a MO to block splicing or translation of the targeted zebrafish gene (TEXT: refer to text protocol for further details). TWO TAKES RECORDED HERE __  MO and Morpholino
2.3.1. LAB MEDIA 50338_Katsanis_MO_suppression - Editor, use the top two panels that show the Splice blocking MO and the Translation blocking MO
2.4. Using ZFIN.org, determine if the zebrafish ortholog is expressed in a spatiotemporal context relevant to the phenotypic readout.  Alternatively, conduct RT-PCR using cDNA from whole zebrafish embryos or in situ hybridization. 
2.4.1. MED OVER SHOULDER Talent looking for expression data on ZFIN
2.4.2. SCREEN 50338_Katsanis_ZFIN expression.mp4
2.4.3. LAB MEDIA 50338_Katsanis_DNAJB6 RTPCR.pptx
3. Site-directed Mutagensis and in vitro mRNA Transcription
3.1. To carry out site-directed mutagenesis, begin by designing mutagenesis primers 25 to 45 bases in length, with the desired mutation in the center that will anneal to opposite strands of the plasmid. The primer melting temperature should be greater than or equal to 78°C. 
3.1.1. LAB MEDIA 50338_Katsanis_mutagenesis primers_DPN1.pptx - Editor, use the far left hand panel showing the double blue rings with the green portions and the red diamonds and arrows
3.2. Assemble the mutagenesis reaction with a high-fidelity polymerase and cycle using the program shown here (TEXT: 1: 95°C 30 sec, 2: 95°C 30 sec, 3: 55° C 1 min, 4: 68° C 6 min, 5: Go to 2 18 times, 6: 4° C (, 7:end).  
3.2.1. MED Talent preparing pcr reaction - Videographer, frame this for a bulleted list on the left hand side of the screen.  Editor, prepare a bulleted list and overlay on left side 
3.3. When the pcr reaction is complete, add 1 uL of DpnI restriction endonuclease per reaction to remove the dam methylated template; incubate at 37°C for 2 hours.
3.3.1. CU Talent adds Dpn1 to reactions - have labeled tube visible as talent removes aliquot
3.3.2. LAB MEDIA  50338_Katsanis_mutagenesis primers_DPN1.pptx, Editor, use the middle and right hand panels that show the top circles going from solid to cut up
3.3.3. MED Talent places tubes in heating block/water bath
3.4. Transform 2uL of the mutagenesis reaction into 20 uL of competent cells according to standard protocols.
3.4.1. WIDE Talent removes plate of transformed colonies from incubator

3.4.2. CU Talent holds plate with transformed colonies 

3.5. Once the mutation of interest and the sequence of the entire ORF are confirmed from overnight cultures, linearize the pCS2+ template and generate capped mRNA. FOUR TAKES RECORDED HERE: pronounced “orf” or “open reading frame”/ “pCS2plus”
3.5.1. MED/CU Talent at bench opens transcription kit and begins to assemble reactions - 
3.6. After determining the mRNA concentration and verifying its integrity by gel elecrophoresis, store the samples in three or more aliquots at -80°C until ready to use.
3.6.1. MED Talent places a gel into imager and pulls up an image of an mRNA gel
3.6.2. WIDE Talent places samples into freezer
4. In vivo Assay of Variant Loss of Function
4.1. For variant loss of function experiments, obtain embryos from natural zebrafish matings, and maintain them at 28°C in embryo water in 6 or 10 cm dishes.
4.1.1. MED Talent transfers mating fish to clean tank and begins to collect embryos

4.1.2. CU/ECU Talent transfers embryos to dish with embryo water {these shots were not filmed because the fish facility was unavailable. Shots were taken of moving embryos into injection dishes}
4.2. Conduct a morpholino dose response curve by injecting at least three different concentrations between 1-10 ng into 50-100 zebrafish embryos per dose. Efficient MOs should give rise to dose-dependent increases in the proportion of affected embryos in a batch. 
4.2.1. LAB MEDIA 50338_Katsanis_MO_suppression - Editor, use the middle panel showing the graph without the circle in the right hand column
4.3. When performing quantitative or qualitative analyses, if scoring embryos at 24 hours post fertilization or later, treat the embryos with PTU at 24 hpf to reduce melanocyte formation. 

4.3.1.  LAB MEDIA 50338_Katsanis_PTU treatment.pptx 
4.4. For splice-blocking MOs, test MO efficiency by extracting total RNA from whole embryo lysates at the time point of phenotypic scoring, generate cDNA and conduct RT-PCR of the target gene using primers flanking the MO target site.  

4.4.1. CU Talent at bench prepares RNA extraction with RNA extraction solutions visible 

4.4.2. LAB MEDIA 50338_Katsanis_MO_suppression - Editor, show the bottom left panel (RT PCR gene of interest) along with the arrow and the ‘checkmark band shift’ text

4.5. To verify the suppression efficiency of a translation blocking MO, or tbMO, if an antibody that cross-reacts with the zebrafish protein is available, harvest whole embryo protein lysates and conduct immunoblotting to compare levels of the targeted protein versus control.  

4.5.1. LAB MEDIA 50338_Katsanis_MO_suppression - Editor, use the bottom right text here that includes ‘Antibody available? And the ‘yes’ condition: Immunoblot MO vs control and ‘checkmark, no significant band’
4.5.2. MED/CU Talent places a blot into blocking solution

4.6. If an antibody is not available, co-inject the wild-type mRNA with the tbMO to show that it rescues the phenotype, or demonstrate a dosage dependency, as described earlier.

4.6.1. LAB MEDIA 50338_Katsanis_MO_suppression - Editor, with the ‘yes’ condition from 4.6.1, add in the ‘no’ condition: ‘inject WT mRNA + MO

4.7. If a qualitative phenotype was observed, select a MO dose in which 50-75% of embryos are affected.  For quantitative phenotypes, choose a dose in which the phenotypic measure is significantly different from wild-type.  
4.7.1. LAB MEDIA 50338_Katsanis_MO_suppression - Editor, use the graph in the center.  For the dose in which 50-75% of embryos are affected, point out the middle column
4.7.2. LAB MEDIA 50338_Katsanis_Figure 2a Editor, use for the quantitative phenotypes
4.8. Next, inject new batches of embryos with a cocktail containing the assay dose of MO and a dosage curve of human WT mRNA, as well as MO and WT doses alone to determine toxicity and compare rescue capabilities. The most significant rescue dose which does not exhibit toxicity is the assay dose. 
(TEXT: refer to text protocol for details).  
4.8.1. MED/CU Talent at scope injecting embryos

4.8.2. LAB MEDIA Figure 1 Editor, focus on 2. MO + WT human mRNA

4.8.3. LAB MEDIA 50338_Katsanis_LOF assay dose
4.9. Then, conduct masked scoring of injection batches to determine the WT mRNA dose with the most significant rescue in comparison to MO alone.  This will be the assay dose of mRNA.
4.9.1. MED Talent at microscope places plate on stage to score embryos
4.9.2. MED: Embryos being scored 
4.10. Inject new batches of embryos with the assay doses of MO and mutant human mRNA.  Phenotype the embryos at the appropriate stage and using a chi-squared or t-test, compare the results to a rescue with WT human mRNA (TEXT: repeat all assays minimum of 3X). 
4.10.1. LAB MEDIA Figure 1 Editor, focus on 3. MO + mutant human mRNA…’ For phenotyping the embryos, focus on the yellow box (functional null and hypomorph) and the left side of the gray box to the right of it (benign column).  
5. In vivo Assay of Variant Dominant Negative or Gain of Function Effects

5.1. If no loss of function phenotype is observed from MO injection or if mutant mRNA gives rise to phenotypes not significantly different from MO alone, inject a dosage curve of WT human mRNA into batches of embryos. 

5.1.1. LAB MEDIA Figure 1 Editor, focus on the top of the figure ‘Injection into zebrafish embryos (1-4 cell stage; 1. MO: Gene Suppression), and move to the right where it says No Phenotype Observed, then the next line under the arrow (Injection into zebrafish embryos; 4. WT human mRNA 

5.2. Conduct phenotypic scoring and determine the highest dose at which there is not a statistically significant number of dead and/or affected embryos in comparison to uninjected controls.  This is the assay dose. 

5.2.1. LAB MEDIA 50338_Katsanis_GOF assay dose
5.3. Inject the assay dose of mutant human mRNA.  Phenotype the embryos and compare the results to the scoring from the injection of the assay dose of WT human mRNA or the assay MO concentration. 

5.3.1. LAB MEDIA Figure 1 Editor, focus on number 5, Mutant human mRNA, then for “compare the results…”, focus on the top portions of the right hand side of the gray/green box, and the blue box

5.4. If the results are indistinguishable from MO, titrate human mutant mRNA with WT mRNA and compare to human WT and mutant mRNA injections. Improvement of phenotypes with mutant plus WT mRNA-injected batches indicates a dominant negative. No improvement indicates a gain of function.
5.4.1. LAB MEDIA Figure 1 Editor, follow the text in the blue box with the VO

5.5. Finally, to integrate zebrafish in vivo pathogenicity data with other lines of evidence, compare it to genetic data within a pedigree, control population frequency data, and in vitro, cell-based protein studies.

5.5.1. LAB MEDIA 50338_Katsanis_DNAjb6 polyphen.jpg

6. Representative MO Knockdown and Rescue Results-(second to last section) 
6.1. To investigate the pathogenic potential of mutations contributing to mutational load in Bardet Biedl Syndrome, or BBS, a multisystemic pediatric disorder characterized by retinal degeneration, obesity, hypogonadism, polydactyly, and renal dysfunction, we initially tested all missense changes identified in BBS1-BBS14. Both we and others have shown that loss of basal body proteins gives rise to dysregulation of planar cell polarity, manifesting as convergent extension defects in mid-somitic zebrafish embryos.  Using this physiologically relevant phenotypic readout, we have found that the suppression of BBS genes resulted in shortened body axes, broader and thinner somites, and wide, kinked notochords.
6.1.1. LAB MEDIA Figure 2
6.2. MO-induced suppression of MKS1, or BBS13, produced gastrulation defects, and co-injection with human mRNA significantly and reproducibly rescued these phenotypes as scored by three different in vivo methods. First, as shown here, embryos were scored live according to qualitative phenotypic criteria.  Although not shown, cell migration was quantified, during epiboly using a fluorescein tracer to visualize migrating cells.  And finally, somite trunk length was measured in nine-somite embryos by in situ hybridization using a cocktail of krox20, pax2 and myoD riboprobes. 
6.2.1. LAB MEDIA Figure 2 Editor, for scoring live according to qualitative phenotypic criteria, focus on the panels in Figure 2A.  For somite trunk length, focus on panels b and c
6.3. This example represents the in vivo modeling of human craniofacial dysmorphology.  As compared to the control injected embryo on the left, the mutant on the right displays a significantly smaller and misshapen head with a general disorganization of the cartilaginous craniofacial skeleton, including splayed branchial arches and missing or malformed structures.
6.3.1. LAB MEDIA 50338_Katsanis_Figure 3.ai (a)
6.4. At 5 days post fertilization, or dpf, a macroencephaly mutant injected embryo displays widening of the head, as seen by the space between the eyes.  
6.4.1. LAB MEDIA 50338_Katsanis_Figure 3.ai (b) Editor, point out the space between the eyes of the right hand fish with the VO
6.5. In this example of reduced vascular integrity, at 2 dpf, mutants display impaired sprouting of intersegmental vessels and other vasculature.

6.5.1. LAB MEDIA 50338_Katsanis_Figure 3.ai (c) Editor, point out the bottom panel with the VO ‘impaired sprouting’
6.6. Using in situ hybridization to detect southpaw expression in the left lateral plate mesoderm as a control for correct heart looping, the ccdc39 morphant embryos showed a bilateral or in most cases, an undetectable southpaw signal.

6.6.1. LAB MEDIA 50338_Katsanis_Figure 3.ai (d) Editor, for the VO ‘to detect southpaw expresson in the left lateral plate…correct heart looping’, point out the blue band on the left side of the left embryo.  For the bilateral signal, point out the two bands in the right hand embryo.
6.7. Shown here, is an example of an ift80 morphant that develops large kidney cysts, pericardial edema, and a curled tail.
6.7.1. LAB MEDIA 50338_Katsanis_Figure 3.ai (e)
6.8. To study glomerular filtration, rhodamine dextran was injected into the heart, and the fluorescence was visualized 24 hours later.  While the control embryo is able to circulate the fluorescent dextran and evacuate it via the kidney, fluorescence persists in the ift80 embryos, indicating impaired glomerular filtration. 

6.8.1. LAB MEDIA 50338_Katsanis_Figure 3.ai (f) - Editor, point out the fluorescence that persists in the ift80 embryo (bottom panel) with the VO
6.9. In this example of muscle disintegration, WT injected embryos show slow myofibers spanning the somite normally between adjacent myosepta.  Mutants, however, demonstrated partial to complete detachment of the myofibers from myosepta in one or more somites.

6.9.1. LAB MEDIA 50338_Katsanis_Figure 3.ai (g)
6.10. Shown here are live lateral views of a control injected and a kif7 morphant at 30 hours post fertilization.  As seen by the comparison of somite angle, morphants display abnormally shaped somites, attributable to ectopic Hedgehog signaling in the zebrafish myotome.
6.10.1. LAB MEDIA 50338_Katsanis_Figure 3.ai (h)
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/video/1597/results-example-mably?access=ksw0bprj 

7. 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.
7.1 Author name Adrienne_: After watching this video, you should have a good understanding of how to develop physiologically relevant, sensitive and specific in vivo assays for interpreting variation in human pathology using zebrafish as a model organism. 
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.  

Attached media:

Conceptual narrative schematic.pptx

Figure.1.final.ai
4-- LAB MEDIA: 50338_Katsanis_MO suppression  - schematic of morpholino use 
5-- LAB MEDIA: 50338_Katsanis_Figure3.ai   - schematic of interpretation of results
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.

�VO redo needed.
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