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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___y______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: the Zeiss Stemi 2000-CS microscope for microinjection; the Leica MZ10 F microscope for tumor watch and dissection. _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)______N__ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. ___3.1, 3.3, 5.1 and 5.2 ___

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number._3.1. To ensure the success of injection, mix the sample with 0.25% phenol red for visualization. If cells turn red after injection, it indicates the microinjection is successful. _____________________

E.  Will the filming need to take place in multiple locations? (Y/N) ____Y___ If yes, how far apart are the locations? ____on the different floors of the same building. 1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:
The overall goal of this procedure is to demonstrate how the mosaic transgenesis strategy can be used in zebrafish to rapidly and efficiently assess the relative contributions of multiple oncogenes in tumor initiation in vivo. (Intro)
This is accomplished by first _coinjecting candidate transgenes into one-cell-stage wild-type or transgenic zebrafish embryos (P1, Editor, begin with the round egg in P1, then bring in the tube with the red and green squiggles.  Then bring in the needle like structure and dip it into the tube and then inject it into the top dome portion of the egg as shown.)
Next, the injected embryos are sorted for the coexpression of candidate transgenes (P2, Editor, bring in the fish one at a time as shown in P2.)
Then, the primarily-injected fish are monitored every 2 weeks for evidence of tumor onset (P3, Editor, transition to the three fish in P3 that have the round colored circles in them.)
Finally, coexpression of the candidate transgenes in tumors is confirmed by genotyping PCR and sequencing (P4, Editor, bring in the black rectangular panel in P4 and then the panel on the right with the letters and wavy lines.)
Ultimately, statistical analysis is used to estimate the rate of tumor development (P5, Editor, use the panel in P5 here.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Author name _Shizhen Zhu: The main advantage of this technique over existing methods, like stable transgenic strategies, is that it enables rapid examination of the effects of coexpressing candidate oncogenes in primarily injected animals (F0 generation) without the requirement for stable transgenic animals, such as eliminating the excessive time and labor typically involved in the breeding and identification of stable transgenic fish.   

Protocol (read by voice talent at JoVE):

2. DNA Constructs and Transgenesis (Editor, for 2.1, 2.3, 2.5, 2.8, and 2.9, use the lab media as split screens with talent preparing the reactions at the bench.  Videographer, please get enough footage for each step.)
2.1. To create the dβh-pDONRP4-P1R entry clone using a commercial recombinant cloning system, mix 172 ng of purified dβh PCR product, 150 ng of pDONRP4-P1R vector (TEXT: 1 µl each PCR product and vector), 4 ul of TE buffer, and 2 ul of BP clonase enzyme mix.

2.1.1. LAB MEDIA 52567_Shizhen Zhu_protocol_2.1, Editor, begin with the pDONR P4-P1R panel to the right of the arrow for the first part of the first sentence.  Then zoom out and bring the panel down to the lower portion of the screen and show 2.1.2 and then 2.1.3 while adding in the ‘dbh promoter + pDONR with the ccdB at the top’, then the arrow and the words BP Clonase II

2.1.2. WIDE Talent at bench setting up cloning reaction

2.1.3. MED/CU Talent adds clonase mix, Editor, bring this step in with ‘mix 172 ng…’
2.2. Incubate at 25°C for one hour and then transform One Shot TOP10 competent E. coli cells according to the manufacturer’s protocol.

2.2.1. WIDE Talent places reaction at 25(C

2.2.2. MED/CU Talent adds reaction to comp cells that are on ice

2.3. Using the same cloning system, generate the dβh:EGFP-MYCN transgenic construct by mixing 150 ug each of the dβh-pDONRP4-P1R just prepared, the pME-EGFP construct, a human MYCN cDNA construct, a modified destination vector containing I-SceI recognition sites  (TEXT: 1 µl each), 4 ul of TE buffer, and 2 ul of LR Clonase enzyme mix.  

2.3.1. LAB MEDIA 52567_Shizhen Zhu_protocol_2.3, Editor, begin with the bottom panel full screen, then zoom out and place it either at the bottom half of the screen or on one side of the screen and place 2.3.2 on the other portion.  Then bring in the top two panels, the EGFP circular panel below them with the smaller Xs, and then the pDEST I-SceI panel with the larger Xs and with the arrow - with the VO

2.3.2. MED/CU Talent at bench setting up reaction with labeled tubes of constructs and buffers visible
2.4. Incubate at 25°C for one hour before transforming E. coli following the manufacturer’s protocol.

2.4.1. FREEZE FRAME from 2.2.2

2.5. Prepare the mitf:mitf transgenic construct by digesting the PNP-mitf vector with SalI and NotI restriction enzymes at room temperature for 2 hours.  Then use T4 ligase to subclone the 2.65 kb mitf promoter and coding sequence fragment into the MluI and NotI sites of a modified pBluescript vector containing flanking I-SceI sites.  

2.5.1. LAB MEDIA 52567_Shizhen Zhu_protocol_2.5, Editor begin with the bottom mitf promoter panel.  Then bring in the PNP-mitf panel at the top and the SalI & NotI text and arrow and the panel under the arrow and then the ‘make blunt end’ with arrow and panel under that.  Then add in the T4 ligase text, and then the top and second pBluescript panels and then the arrow opposite the T4 ligase text.

2.5.2. CU Talent adds restriction enzymes to PNP-mitf vector

2.5.3. CU Talent adds T4 ligase to subcloning reaction

2.6. Mix the dβh:EGFP-MYCN and mitf:mitf DNA constructs at a 3:1 ratio in a 15 ul total volume reaction with 1 ul of I-SceI enzyme and 0.75 ul of buffer.  Ensure that the total amount of DNA in the reaction does not exceed 750 ng.

2.6.1. CU Talent mixes the two reactions together and adds I-SceI enzyme

2.7. Carry out the I-SceI digestion at room temperature for 4 hours or overnight.  On the second day, the digested DNAs are ready for microinjection or can be stored at -20°C (TEXT: store I-SceI in small aliquots at -80°C).

2.7.1. WIDE/MED Talent sets reaction on bench and walks away

2.7.2. MED/CU Talent places DNA reactions into storage box 

2.8. Using the LR Clonase enzyme mix according to the manufacturer’s protocol, generate the dβh:ALKF1174L or dβh:ALKWT transgenic constructs using the recombinant system as just described in this video. Combine the three entry clones (TEXT: dβh-pDONRP4-1R, ALKF1174L-pENTRY1A or ALKWT-pENTRY1A, and p3E-polyA) into the modified destination vector containing the I-SceI recognition sites.

2.8.1. LAB MEDIA 52567_Shizhen Zhu_protocol_2.8, Editor, begin with the bottom panel, then zoom out and place side-by-side with 2.8.2.  For ‘combine the three entry clones,’ bring in the top two panels and the pENTRY1A panel and for the ‘modified destination vector,’ bring in the pDEST panel with all the X’s and then add in the arrow and LR Clonase II Plus

2.8.2. MED/CU Talent at bench working with Clonase enzyme mix to combine the three entry clones

2.9. Mix the ALK constructs with the mCherry constructs at a 3:1 ratio and use I-SceI to linearize them as described earlier in this video.

2.9.1. LAB MEDIA 52567_Shizhen Zhu_protocol_2.8-mCherry, Editor, begin with the two top panels and then add in the mCherry circle and then the pDEST panel below them and the Xs.  Then add in the arrow and the bottom panel.  For ‘use I-SceI to linearize…’ remove the part of the circle in the bottom panel to the left and right of the I SceI text.

2.9.2. MED/CU Talent at bench mixing ALK constructs with mCherry constructs

2.9.3. CU Talent adds I-SceI enzyme

3. Microinjection

3.1. After preparing glass micropipettes and injection solution that includes 0.25% phenol red, and calibrating the injection volume according to the text protocol, to generate transgenic fish stably expressing MYCN, coinject the linearized dβh:EGFP-MYCN and mitf:mitf  DNA constructs into the cytoplasm of one-cell stage embryos of the pigmentation mutant nacre.  Authors, how do you pronounce this?(nuhkrey )

3.1.1. MED/CU Talent places the injection solution on bench next to injecting needles

3.1.2. SCOPE Talent injects DNA into one cell stage embryos

3.1.3. LAB MEDIA 2.3.ai and 2.5.ai, Editor, use the very bottom panels of both figures as an inset for 3.1.2 while talent is injecting
3.2. If cells turn red after injection, the microinjection was successful.  Inject as many as 500 embryos to ensure a high success rate for generating transgenic fish.  The expression of Mitf serves as a reporter for the integration of transgenic constructs in the fish genome.

3.2.1. SCOPE Talent continues to inject fish (Editor, remove the insets from 3.1.3 here)
3.3. For mosaic overexpression of ALK in the wild-type or MYCN transgenic embryos, co-inject the linearized dβh:ALK F1174L or dβh:ALK WT with dβh:mCherry DNA constructs into the one-cell embryos derived from crosses of F1 MYCN heterozygous transgenic fish with wild-type AB fish (TEXT: half offspring MYCN, WT).
3.3.1. LAB MEDIA Figure 2B-F, Editor, bring in these panels for showing the mosaic overexpression of ALK or MYCN, then below it for ‘co-inject…’, bring in the panels from 3.3.2
3.3.2. LAB MEDIA constructs being injected, Editor, use the bottom panels from ‘protocol_2.8 and protocol_2.8 cherry for the coinjection of constructs (remove the loop portions for both so that only the portions in between the I-SceI locations are used).
4. Screen for Stable or Mosaic Transgenic Fish

4.1. To increase the efficiency of identification of stable MYCN-expressing lines, use tricaine to anesthetize injected nacre embryos at 3-5 days post fertilization and screen for pigmentation. 

4.1.1. MED/CU Talent places fish into tricaine solution

4.1.2. SCOPE Talent screening for pigmentation  

4.2. [moved] Transfer the embryos with pigmentation to a new petri dish with fresh egg water and raise them to sexual maturity for further screening for founder fish, which carry the dβh:EGFP-MYCN transgene in the germ cells. 

4.2.1. ECU Talent transfers embryos to a new petri dish

4.2.2. MED/CU Mature fish swimming in tank

4.2.3. LAB MEDIA bottom panel of protocol_2.3 figure, Editor, use as an inset for 4.2.2 when mentioned

4.3. To identify founders with germline transmission of EGFP-MYCN, outcross pigmented F0 adult fish with wild-type AB fish. 
4.3.1. Added shot: MED/CU Mature pigmented F0 fish swimming in tank (the shot number in the film is 4.2.2)
4.3.2. MED/CU Talent sets up crosses from labeled tanks of fish (the shot number in the film is 4.3.1.)
4.2.
[moved] Screen for EGFP-positive embryos at 1-2 days post fertilization.  Transfer the EGFP-positive embryos to a new petri dish with fresh egg water. 
4.2.1.
Added shot: SCOPE Talent sorts embryos (the shot number in the film is 4.3.2.)
4.2.2.
ECU Talent transfers embryos to a new petri dish (the shot number in the film is 4.3.3)
4.2.3.
LAB MEDIA bottom panel of protocol_2.3 figure, Editor, use as an inset for 4.2.2 when mentioned
4.4. Next, place a single F1 embryo in a PCR tube and remove all the liquid.  Add 50 ul of gDNA extraction buffer (TEXT: refer to text protocol for buffer details) and incubate at 55°C for 2-3 hours followed by 98°C for 10 minutes to inactivate the proteinase K.  

4.4.1. ECU Talent places embryo into pcr tube and removes liquid

4.4.2. CU Talent adds buffer

4.4.3. MED/CU Talent places tube at 55(C

4.4.4. MED/CU Talent places tube at 98(C; Editor, use as a split screen with 4.4.3, bring it in with VO

4.5. Use 2 ul of gDNA extracted from the pigmented F1 embryo as template to carry out PCR using the primers and program found in the text protocol and the GC-RICH PCR System. 

4.5.1.  MED/CU Talent adds gDNA to tube for reaction

4.5.2. MED/CU Talent places pcr reactions into machine

4.6. Genotype 14-16 pigmented embryos from a single mating to confirm the presence of the integrated MYCN transgene. 

4.6.1. LAB MEDIA 2014-11-25 MYCN genotyping.ai
4.7. To generate transient transgenic fish mosaically overexpressing activated or wild-type ALK, sort MYCN+mCherry+ and MYCN-mCherry+ embryos and raise them according to standard protocols.

4.7.1. MED Talent at scope begins to sort embryos

4.7.2. SCOPE Talent sorts EGFP+ embryos
4.7.3. Added shot: SCOPE Talent sorts mCherry+ embryos

5. Tumor Watch in Mosaic Transgenic Fish 

5.1. At 5 weeks post fertilization, to begin monitoring mCherry positive primarily injected fish, use tricaine to anesthetize fish and screen under a fluorescence stereomicroscope equipped with a digital camera for the presence of mCherry and EGFP expressing tumors in the peripheral sympathetic nervous system, or PSNS (TEXT: check every two weeks for tumor onset).  

5.1.1. MED/CU Talent places fish into tricaine

5.1.2. SCOPE Talent screening under fluorescence scope for mCherry and EGFP - show a positive fish

5.2. To confirm whether the tumors are expressing the ALK transgene, isolate the mCherry and EGFP-positive masses for ALK genotyping PCR.

5.2.1. SCOPE Talent isolates a mass

5.3. Using PCR, amplify the genomic DNA extracted from developed tumors with the primers and PCR reaction outlined in the text protocol.

5.3.1. MED/CU Talent sets up PCR reaction

5.4. Finally, use the ALK P7 primer for sequencing to further confirm the existence of mutant or wild-type ALK in the mCherry-positive tumors.

5.4.1. LAB MEDIA 2014-11-25 Alignment of ALK mutant and wt seq.ai
6. Results: ALK and MYCN Induced Neuroblastoma Initiation 
6.1. As demonstrated here after coinjecting either activated or WT ALK and mCherry in one cell stage wild-type or MYCN transgenic embryos, all of the expected genotypes were represented including MYCN-expressing fish with mosaic coexpression of activated ALK and mCherry, MYCN-expressing fish with mosaic coexpression of WT ALK and mCherry, MYCN expressing fish with mosaic expression of mCherry, WT fish with mosaic coexpression of activated ALK and mCherry, and WT fish with mosaic coexpression of WT ALK and mCherry.

6.1.1. LAB MEDIA Figure 2A and B-K, Editor, point out A for the first part of the first sentence of the VO and then point out the 5 columns from the top (B-K) one at a time with each example listed in the VO 

6.2. In the MYCN expressing fish coinjected with activated ALK and mCherry, eight GFP+/mCherry+ tumors arose in the interregnal gland - the human adrenal gland equivalent - by 9 weeks post fertilization.  The tumors were histologically, immunohistochemically, and ultrastructurally comparable to human neuroblastoma.
6.2.1. LAB MEDIA 52567_Shizhen Zhu_Figure 2G and 3.tif

6.3. In contrast, no tumors were observed by 9 weeks of age in the MYCN-expressing fish injected with WT ALK and mCherry or mCherry alone.

6.3.1. LAB MEDIA Figure 2H, I and 3, Editor, for WT ALK and mCherry, point out C, H and for mCherry alone, point out D

6.4. Neuroblastomas were not detected in wild-type fish coinjected with wild-type ALK and mCherry or activated ALK and mCherry. These findings show that mosaic overexpression of activated ALK accelerates MYCN-induced tumor onset, and that overexpression of wild-type ALK does not collaborate with MYCN overexpression to induce neuroblastoma.
6.4.1. LAB MEDIA Figure 2, 3, Editor, in 2, point out the last column of images (F, K) for WT ALK and mCherry and then second to the last column (E, J) for activated ALK and mCherry.
7. Conclusion (said by authors on camera)

7.1. Author name Shizhen Zhu: After its development, this transient transgenic technique paved the way for researchers in the field of _functional genomics to rapidly and efficiently assess the relative contributions of multiple oncogenes in tumor initiation in vivo. 

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, as well as an introduction to your videographer, closer to your filming date.
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