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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___YES______  

Can you record movies/images using your own microscope camera? (Y/N)___YES FOR MICROMANIPULATION, POSSIBLY FOR DISSECTION______  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: ___I’M WORKING ON A CAMERA FOR MY DISSECTING SCOPE, BUT JUST IN CASE IT’S A NIKON SMZ1000_______

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___NO_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)  (4.3) Tipping the needle is very difficult because it is impossible to actually see the needle tip while forming it.  You need to tip and test several times, which makes this part hard to demonstrate.  (5.3) Focusing on the needle is also hard.  Because heat from the light source can make parts of the preparation move, and because it is very hard to see the tip, getting the needle in focus without breaking it or getting it gummed up with cellular debris can be hard and can take multiple tries.  In addition, it is important to select chromosomes on the top of the cell (the cell surface furthest from the coverslip for micromanipulation), so that the needle is not pushing through other chromosomes or a large component of the spindle to move the selected chromosome.  Chromosomes nearest the top of the cell are easiest to micromanipulate.  Chromosomes near the bottom are very hard or impossible to micromanipulate.___________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) ___NO____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this experiment is to micromanipulate chromosomes inside living cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Le: This method can help answer key questions in cell biology, such as how important is tension in satisfying the spindle checkpoint, and what is the role of spindle attachment on chromosome behavior in meiosis [1-MED].
1.1.1. Named author states the above, looking slightly off to the side. Interview style. 
1.2. Le: The main advantage of this technique is that it is a nonlethal technique that allows the experimenter to apply tension to or reposition chromosomes in a living cell [1-MED].
1.2.1. Named author states the above, looking slightly off to the side. Interview style.    

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)
N/A  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
N/A

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
N/A
Protocol: (read by voice talent at JoVE)
Author to provide SCOPE shots that they have taken previously.
2. Preparation of Primary Insect Spermatocyte Cell Culture for Micromanipulation
2.1. To begin, prepare a 75 by 25-millimeter slide with a 20-millimeter diameter circular hole cut out of the center [1-CU]. 

2.1.1. Talent picks up the glass slide with the hole and displays it for the camera. 

2.2. Then, run a 25 by 25-millimeter number 1.5 coverslip through a Bunsen-burner flame for 2 seconds [1-MED].
2.2.1. Talent holds the coverslip with forceps and runs it through the flame. Videographer: Ensure talent is wearing/using any necessary personal protective equipment while they are working with the Bunsen-burner or other potentially hazardous devices.  
2.3. Apply vacuum grease around the edge of the hole in the glass slide [1-CU]. Next, place the coverslip over the hole and press it to form a tight seal [2-CU]. Flip the slide over and fill the newly created dissection well with halocarbon oil [3-MED].
2.3.1. Talent applies vacuum grease to the edge of the circular hole in the slide. 

2.3.2. Talent places the coverslip over the hole and presses it. 

2.3.3. Talent flips the slide over and fills the depression in the slide with oil. 
3. Spermatocyte Culture Preparation for Viewing on Microscope
3.1. After obtaining subadult male crickets [1-MED]… use dissecting scissors to cut through the dorsal surface parallel to the long axis of the abdomen, directly behind the wing buds [2-CU].
3.1.1. Talent positions the cricket on the surface where the dissection will take place. 

3.1.2. Talent slowly performs the dissection. Authors: You may need to prepare multiple crickets for this step and other dissecting steps. This is just in case the videographer needs to film multiple takes. 
3.2. Then, gently squeeze the abdomen to push the testes through the cut in the exoskeleton [1-ECU]. Using forceps, place the isolated testes into the dissection well [2-MED].
3.2.1. Talent uses their hands to gently squeeze the cricket’s abdomen and pushes the testes out through the cut made in the previous step. 
3.2.2. Talent uses forceps to place the testes in the oil filled dissection well. 

3.3. Under the dissecting microscope, use fine-pointed forceps to divide the testes into smaller pieces and remove any fat [1-SCOPE]. Then, spread the contents of the testes under the oil on the surface of the coverslip [2-CU].
3.3.1. Under the microscope, the talent uses fine-pointed forceps to remove fat from the testes (if there is any) and divides them into small pieces. 

3.3.2. Talent spreads the chopped up testes in oil on the surface of the coverslip. Videographer: If more appropriate, an ECU shot may be used here. 
3.4. Continue to spread the contents of the testes until the spread portion is barely visible to the naked eye [1-CU]. Additional oil-loaded dissection wells may be used, if necessary [2-MED]. 

3.4.1. Talent spreads the contents of the testes on the coverslip in the oil. Videographer: If more appropriate, an ECU shot may be used here. 

3.4.2. Talent picks up a second oil-loaded dissection slide and places it next to the slide that they have been working on until this point.
4. Production of the Microneedle
4.1. First, place the end of a glass tube in the flame of a Bunsen burner [1-MED]. Then, pull the end of the tubing to create a 150-degree angle and an extended area of narrow glass tubing [2-CU].
4.1.1. Talent holds the end of a glass tube in the Bunsen burner flame. 
4.1.2. Talent pulls the end of the glass tubing in the flame to create the 150-degree angle and then the narrow section of glass off of that angle.

4.2. Break the tubing in the thin region so that the thin region extending from the previously created angle is approximately 10 millimeters long [1-CU].

4.2.1. Talent breaks the tubing in the thin region. 
4.3. Using a microforge, melt the tip of the glass needle, forming a 45-degree angle between the needle and the platinum wire of the microforge [1-CU]. Then, pull the glass away from the wire while simultaneously turning off the heat [2-CU].
4.3.1. Talent melts the tip of the glass needle on the microforge. 

4.3.2. Talent pulls the glass needle away from the microforge and simultaneously turns off the heat. 
5. Positioning the Micromanipulator 
5.1. Place the previously prepared slide onto the stage of an inverted, phase-contrast microscope [1-MED-over the shoulder]. Then, find the dividing cells and center them in the field of view, using the lowest magnification possible [2-SCOPE].
5.1.1. Talent walks over to the microscope and places the slide onto the stage. 

5.1.2. Talent locates the dividing cells using the microscope and centers them. 
5.2. Place the microneedle into the needle holder of the micromanipulator [1-MED]. Then, manually position the microneedle in the light path of the microscope [2-CU].

5.2.1. Talent places the freshly made microneedle into the needle holder of the micromanipulator. 

5.2.2. Focus on the tip of the needle as the talent positions the needle in the light path of the microscope.

5.3. Focus the microscope several focal planes above the plane containing the cells [1-SCOPE]. Next, use the joystick controller [2-MED]… to reposition the microneedle several times to find the shadow of the needle in the X and Y-axes [3-SCOPE].
5.3.1. Talent focuses the microscope several focal planes above the focal plane that contains the cells.  Videographer note: 5.3.1 through 5.4.2 were merged into a continuous shot. 
5.3.2. Talent uses the joystick controller while looking into the scope. 

5.3.3. Talent repositions the microneedle to locate the needle’s shadow. 

5.4. Readjust the needle position until the position of the tip is visible [1-SCOPE]. Then, adjust the position of the needle along the Z-axis until the tip is in focus [2-SCOPE]. 

5.4.1. Talent adjusts the needle position and the tip of the needle becomes visible. 
5.4.2. Talent adjusts the needle position and the needle tip comes into focus. 

5.5. Next, refocus on the cells and focus the microscope just above the cell plane [1-SCOPE]. Then, readjust the position of the needle so that the tip is in focus in this focal plane [2-SCOPE]. Repeat this process using the higher-magnification objective and a higher sensitivity setting [3-SCOPE].
5.5.1. Talent refocuses on the cells and then adjusts the microscope to the focal plane just above the cells. Videographer note: 5.5.1 though 5.5.3 were merged into a continuous shot. 
5.5.2. Talent focuses on the needle tip. 

5.5.3. Talent adjusts the magnification and the sensitivity settings. This shot should end with the needle tip in focus. 

5.6. Refocus on the cells and adjust their position so they remain in the center of the field of view [1-SCOPE].
5.6.1. Talent refocuses the microscope on the cells and adjusts the slide so that the cells are in the center of field of view.  

6. Micromanipulation of Chromosomes

6.1. Use the joystick to control the microneedle [1-MED]… as it pushes chromosomes around inside the cell. Ensure the needle tip remains in the plane above the cells [2-SCOPE].
6.1.1. Talent uses the joystick while looking through the microscope. 
6.1.2. Talent pushes chromosomes around in the cell with the needle tip. 

6.2. To move a chromosome, focus on a chromosome near the top of the cell [1-SCOPE]. Then, adjust the Z-axis on the joystick to bring the needle tip into focus and move the needle with the joystick in X and Y [2-SCOPE]. 
6.2.1. Talent focuses the microscope on a chromosome near the top of the cell. 

6.2.2. Talent moves the needle with the joystick in X and Y. 

6.3. Place the tip of the needle directly on the chromosome of interest and push it in the desired direction [1-SCOPE]. Apply enough tension to separate the chromosome from the spindle. Finally, place the chromosome anywhere within the cell [2-SCOPE].
6.3.1.  Talent places the tip of the needle on the chromosome of interest and pushes it in one direction. 
6.3.2. Talent pushes the chromosome until it separates from the spindle and continues to move the chromosome around in the cell. 
7. Results: Chromosomes can be Detached from Spindle in Prophase, Metaphase, and Anaphase
7.1. Using this protocol, it is possible to reposition, apply tension to, and completely detach a chromosome from a spindle using micromanipulation [1-SCOPE].
7.1.1. Video editor: Use representative clips from 6.3.1 and 6.3.2 here. Use some kind of indicator (highlight, arrow, etc.) to draw attention to the chromosome being moved around in the video.
7.2. In this example, two manipulated chromosomes were kept from reattaching to the spindle by being continually nudged with the micromanipulation needle [1-LM]. 

7.2.1. Figure 6: Video editor: In this image, the yellow and black arrows indicate two different chromosomes. The important thing to illustrate here is that the chromosomes are being moved around over time (see the time stamps at the bottom right of the images). The blue bar shown in the last image is a scale bar that shows 10 μm. 
8. Conclusion (said by authors on camera)

Authors: I have edited and removed some of these interview statements. If there are other coauthors available on the filming date, they may give additional statements Remember: The shorter the statement is, the easier it will be to memorize and recite on camera. 
8.1. Le: Once mastered, samples can be prepared for manipulation and the micromanipulator can be positioned in 15-20 minutes.  Micromanipulation experiments can take anywhere from a few seconds to several hours.

8.2.  Le: While attempting this procedure, it’s important to remember to manipulate chromosomes on the side of the cell furthest from the coverslip.

8.3. Le: After its development, this technique paved the way for researchers in the field of cell biology to explore the spindle checkpoint in grasshoppers and praying mantids.
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 are included in the email accompanying the finalized script.
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