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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)?  Yes, steps 2.4, 3.3, and 5.9-5.16.  We have a Leica MZ16 microscope.
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? (use the numbering below) 2.2, 2.4, 3.3, 4.7-4.9, and 5.9-5.16
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  Rowing the zygotes is deceptively difficult (Step 4.7).  Pulling a rowing pipette of an appropriate diameter is crucial.   If it is too large, it is not only difficult to control the speed at which zygote emerge to produce lines, but these zygotes also do not stick well.  However, if the pipette is too narrow, the zygotes may rupture.  Additionally, breaking the rowing pipette so that the end is tapered can be very useful to gently press the embryos onto the dish as they emerge.
E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) No
Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to modify Patiria miniata embryos with perturbing reagents by introducing them via microinjection. (Intro)  This is accomplished by first collecting and maturing gametes from adult animals.  (P1)  The second step of the procedure is to fertilize the mature oocytes. (P2)  The third step is to de-jelly the zygotes and place them in rows on an injection dish. (P3)  The final step is to inject the zygotes with the desired perturbing reagents. (P4)  Ultimately, introduced foreign reagents, such as GFP reporter plasmids, can be viewed through fluorescent imaging of the injected embryos. (P5)
Video Editor:

P1 –  The star is a starfish.  If possible, make it look a little more like a starfish (see 2.2.1).  Then have the tweezers approach and tug out the orange blob. 

P2 – Fade to the dish, no pipette, in P2.  Then, add the pipette, have it eject a clear solution onto the round circles (eggs). 

P3 – Animate the four eggs being released from the tube, one by one in each position, left to right.  Eggs in the tube should advance as each one is released.

P4 – Zoom in on one of the eggs in a row, so it is like the one shown in P4, but without the red-pink blob and the spike.   Then have the spike slowly approach from the side, but not yet enter the egg.  Add the “GFP Reporter” and green squiggle, briefly.  Then, have the spike quickly enter the egg and the blob flows out of its tip. 

P5 – Just fade to P5.  Then fade to Figure 4A.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Veronica Hinman: Visual demonstration of this method is critical, as the microinjection steps, particularly introducing an ideal bolus size, are difficult to learn, because it requires proper positioning of the needle and bolus in 3D space.   

1.2. Veronica Hinman: Demonstrating the procedure will be Alys Cheatle Jarvela a grad student from my laboratory. 

Protocol Chapters (read by a voice talent at JoVE):

2. Patiria miniata Gamete Collection
2.1. Begin with a collection of animals.  Sexing is performed by excision of gametes, as P. miniata sea stars are not sexually dimorphic.
2.1.1. footage of aquarium with the adult animals (no shot given in original shotlist)
2.2. To remove the gonads, use a blade to cut a small opening, not more than one centimeter large, along the side of an arm.  Blunt ended forceps can be used to pull back edges.
2.2.1. CU: cutting arm of seastar with blade to access gonads
2.2.2. ECU: pulling back edges and removing gonads from cut open tissue
2.3. Avoid removing the loose gray/brown gut tissue.
2.3.1. LAB MEDIA: Figure 1B
2.4. Ovaries are orange to light brown.  Collect them in a small glass dish with a few milliliters of water.  Teasing this soft tissue apart will release the oocytes within. 
2.4.1. ECU: detail of ovaries, before being teased apart in water
2.4.2. SCOPE: teasing ovaries apart
2.5. Check the quality of oocytes to determine if they will mature properly.  Then filter the oocytes to remove ovary tissue and small immature oocytes.  Add 5 mL of 200µM 1-Methyladenine to 100mL of oocytes in sea water, and allow the oocytes to mature in this solution for 45-90 min at 15 degrees.
2.5.1. MED: talent working with ovaries at scope
2.5.2. SCOPE: details of ovaries, get good color
2.5.3. CU: Filtering of oocytes and addition of 1-methyladenine
2.6. Alys Cheatle Jarvela:  Oocyte quality is crucial for determining whether a culture will mature, fertilize, and develop properly. Only use batches of oocytes when most of them are large, clear, and yellow or light brown in color.  Batches that have many small, brown and grainy or opaque oocytes should be discarded.
2.6.1. MED/WID: talent addresses camera from the scope in pervious shot
2.7. Testes are white or beige and will cloud the water when they are disrupted.  Collect the testes in a 1.5  milliliter tube with as little sea water as possible and store them on ice.
2.7.1. ECU: details of testes, show how they cloud water
2.7.2. MED: moving testes to 1.5-ml tube and placing it on ice
3. Fertilization of Mature Oocytes
3.1. Begin by mincing up a pea-sized cluster of testis tissue in a milliliter of sea water.
3.1.1. WID: transferring testes from 1.5-ml tube to glass dish
3.1.2. ECU: chopping up testes in a small glass dish
3.2. Transfer two or three drops of the resulting milky sea water to 100 milliliters of mature oocytes in a culture dish.  This ratio should prevent polyspermy.  Do not transfer any of the tissue pieces.  Swirl the mixed gametes.
3.2.1. [3.2.1 to 3.2.3 combined] CU: taking aliquot of milky seawater in dish
3.2.2. CU: preparing to add aliquot to dish of oocytes
3.2.3. CU: adding aliquot onto oocytes and swirling the dish
3.3. After a few minutes, check the gametes under a dissection microscope.  Fertilized eggs have a fertilization envelope, which looks like a clear bubble around the egg.
3.3.1. MED: placing dish under scope and investigating
3.3.2. LAB MEDIA: Figure 2D
3.4. Once fertilization is confirmed, change the water by first collecting the zygotes in a 100 micron filter cup and, then, washing them off the filter to a clean dish with fresh sea water.
3.4.1. MED: changing the water of embryos, using 100 µm filter
3.4.2. CU: washing the embryos off on the filter and then adding them back to new water
3.5. Now, transfer the zygotes to 15 ºC for 15 to 30 minutes.
3.5.1. WID/MED: placing the dish at 15 ºC (cool room or similar)
4. Preparing the Zygotes for Microinjection

4.1. In preparation, acidify the sea water to a pH of about 4 by adding one normal hydrochloric acid, drop-wise. Monitor the pH and completely mix in each drop before adding the next. (TEXT: pH 4.0 – 4.2)
4.1.1. WID: talent at hood, adding HCl to sea water, dop wise
4.1.2. MED: pH meter on spinning solution of sea water as talent adds another drop and wait, pH meter should read a value above 4, as the water is still being acidified in this shot – show a few drops being added so the speed is understood
4.2. Also required is a mouth pipette with the opening just a little larger than the diameter of one zygote with a 45 degree angled end. (TEXT: See text protocol on making mouth pipette.) 
4.2.1. Reuse 4.7.1, 4.7.2 and 4.7.3
4.3. Now proceed with de-jellying the zygotes, so they will stick nicely to the plastic dish.  The jelly coat is more extensive than that of a sea urchin but it can be removed with acidic sea water.  First, filter the zygotes from their water with a 100 micron mesh.  
4.3.1. WID: talent returns to the bench with dish of eegs
4.3.2. MED: places the dish on the bench and prepares the filter
4.3.3. CU: pours embryos through the filter
4.4. Then, transfer them to a 200 milliliter beaker with minimal sea water.  Then, add 150 milliliters of the acidified sea water to the beaker and let them sit for three minutes.
4.4.1. MED: moving eggs to 200-ml beaker with just a little water
4.4.2. MED: adding acidified water to eggs in beaker, 
4.5. In the fourth and fifth minute, strip off the jelly coating by pouring the zygotes through a 200 micron mesh with the acidified sea water.  Do this five to ten times.
4.5.1. MED: pouring the eggs through mesh, film it being done a few times
4.5.2. CU: detail of pouring eggs through mesh
4.6. After five minutes have passed, collect the de-jellied zygotes on a 100 micron mesh.  Then rinse them into a small glass dish with normal sea water.  
4.6.1. MED: talent checks time, then pours the eggs through a finer mesh
4.6.2. CU: rinsing eggs off mesh into glass dish with sea water
4.7. Once in the dish, immediately row the zygotes before they produce more jelly. Use aspiration from a mouth pipette to handle the zygotes.  Move them from the glass dish to a prepared plastic injection plate. (TEXT: See the text protocol on preparing injection plate.)  The zygotes are slightly buoyant; position the pipette so that the zygotes are gently pressed onto the surface as they are ejected.  An angled end helps in this process.
4.7.1. MED: talent begins sucking up the eggs into mouth pipette
4.7.2. CU: ejecting from mouth pipette onto injection plate, show row being formed
4.7.3. ECU: show ejecting in detail, including angled edge of pipette tip
4.8. If the zygotes are slightly buoyant, position the pipette so that the zygotes are gently pressed onto the surface as they are ejected.  An angled end helps in this process.
4.8.1. CU: eggs being “rowed”
4.8.2. ECU: pressing the eggs to the plate surface, show angled edge of pipette tip
4.9. If the zygotes do not stick to the plastic dish, transfer them back to acidic sea water for a few minutes and try again.  Unstuck zygotes will not be injectable.
4.9.1. MED: talent returning to bench and performing the original dejelly protocol again
4.9.2. MED: talent sucking up eggs that didn’t stick on injection plate
4.9.3. MED: ejecting those eggs back into a bath of acidified sea water, or into a dish and then adding acidified sea water
4.10. Row as many zygotes as desired.  Their penetrability does not change over time.
4.10.1. CU: adding additional rows to the first row on the injection dish
5. Microinjection
5.1. Prepare all the injection solutions, no matter the make-up, to be 200 millimolar potassium chloride.  Morpholino oligonucelotides should be at 400 to 800 micromolar and DNA at approximately 2.5 nanograms per microliter.   
5.1.1. WID: talent gathering up materials that could be injected 
5.1.2. ECU: morpholino oligo tube in detail, showing concentration
5.1.3. ECU: DNA tube in detail, showing concentration
[switch order of 5.2 and 5.3] 

5.2. Heat injection solution with morpholino oligonucleotides to 65 ºC for 5 minutes, just before their use.
5.2.1. MED: transferring morpholino solution to water bath
5.2.2. CU: water bath, showing 65 ºC temperature reading
5.3. Add 0.1 percent rhodamine dextran tracer to the injection solution for later visualization.
5.3.1. MED: loading pipette with tracer dye
5.3.2. ECU: ejecting tracer dye into the injection solution
5.4. An injection needle can be pulled from a one millimeter outer diameter, three-quarter millimeter inner diameter glass capillary. Load it with one to two microliters of injection solution via a micro-loader pipette.  Then, attach it to the manipulator.
5.4.1. CU: injection pipette, talent picks it up
5.4.2. MED: talent loading injection pipette with solution via micro loader pipette
5.4.3. MED: attaching loaded pipette to micromanipulator at injection rig
5.5. Control the ejection with a picospritzer set to 100 millisecond pulses at 40 pounds per square inch.  Use a foot pedal to trigger the ejection.
5.5.1. MED: attaching pipette to picospritzer 
5.5.2. CU: settings on spritzer at 100 ms and 40 pounds / in2 , being set to these values from other value common during injection
5.6. Angle the pipette at about 60-degrees to the dish surface.
5.6.1. CU: setting angle of micropipette to the stage to about 60 º  
5.7. Then, break the tip open by running it gently into the protruding plastic at a scored line on the dish.  Then line it up to an egg.  
The needle should easily penetrate the zygote.  Eject the bolus.  
5.7.1. MED: talent using the scope to break the tip
5.7.2. SCOPE: breaking the pipette tip and then lining it up to an egg, penetrating the egg and injecting solution
5.8. Based on the first injection, adjust the ejection duration to deliver a bolus to be about 20 to 30 percent of the average zygote’s diameter.  Keep adjusting the duration until the desired bolus is arrived at, then leave the timing set.
5.8.1. CU: adjusting the picospritzer
5.8.2. MED: injects another egg, show hands operating the instruments, as there’s not much else to see 
5.8.3. SCOPE: the perfect bolus injected to an egg
5.9. If the needle gets clogged, break the needle again.  Then, return to a 100 millisecond pulse and re-adjust the bolus.
5.9.1. SCOPE: clogged needle – talent rebreaks it
5.9.2. Reuse 5.5.2
5.10. If, an injection duration greater than 200 milliseconds is needed to get the proper bolus, break the needle again.  And, if an injection duration needs to be 20 milliseconds or less, replace the needle. 
5.10.1. SCOPE: injecting eggs, changing the injection volume between eggs, so the amount of dye going into the egg gradually becomes the correct amount
5.11. If a zygote gets stuck on the needle, remove the needle from the water to remove it.
5.11.1. SCOPE: a needle with egg stuck to it, needle is raised out of solution and lowered back into solution, egg is now gone (or something similar to this)
5.12. Try to complete the injections before the first cleavage.  Otherwise only part of the embryo will be affected by the perturbing reagents.  Once the cleavage starts, single blastomeres can be injected which may be ideal for some lines of experimentation.  (TEXT: See the text protocol for details on how to develop the injected embryos.)
5.12.1. WID: talent busy injecting embryos
5.12.2. CU: foot depressing the injection control, twice to show pace of injections when mastered
5.12.3. SCOPE: eggs being injected at full speed, no glitches
6. Successful and Unsuccessful Outcomes
6.1. Using the described technique, a DNA reporter construct expressing GFP was injected into embryonic sea stars.  The injected embryos showed clonal patches of construct expression, as expected.
6.1.1. LAB MEDIA: Figure 4A
6.1.2. LAB MEDIA: Figure 4B
Video editor: fade the green of 4B onto 4A.  If the alignment isn’t good, then just show 4A and 4B side-by-side.
6.2. Some reagents were toxic to the embryos when over-injected.  Here, an over-injected embryo stalled at the one-cell stage.
6.2.1. LAB MEDIA: Figure 5A
6.2.2. LAB MEDIA: Figure 5A’
Video editor: Do as for 4A and 4B, but if alignment is poor, then show the images side-by-side.
6.3. Other times the injected material resulted in abnormal division, such as an asymmetric early division.
6.3.1. LAB MEDIA: Figure 5B
6.3.2. LAB MEDIA: Figure 5B’
Video editor: Do as for 4A and 4B, but if alignment is poor, then show the images side-by-side.
6.4. Toxicity could also manifest at aberrant development.
6.4.1. LAB MEDIA: Figure 5C
6.4.2. LAB MEDIA: Figure 5C’
Video editor: Do as for 4A and 4B, but if alignment is poor, then show the images side-by-side.
7. Conclusion Interview (spoken by you on camera)

7.1. Veronica Hinman: After watching this video, you should have a good understanding of how to culture and microinject Patiria miniata zygotes to create morphant embryos for a variety of downstream experiments.
List of Provided Media Filenames and Descriptions (fill this in)

2.3.1 51913_Hinman_Figure1b.tif 
3.3.1 51913_Hinman_Figure2d.tif
6.1.1 51913_Hinman_Figure4a.tif
6.1.2 51913_Hinman_Figure4b.tif
6.2.1 51913_Hinman_Figure5a.tif
6.2.2 51913_Hinman_Figure5a’.tif
6.3.1 51913_Hinman_Figure5b.tif
6.3.2 51913_Hinman_Figure5b’.tif
6.4.1 51913_Hinman_Figure5c.tif
6.4.2 51913_Hinman_Figure5c’.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.
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