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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
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 numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. ____________2.8, 2.9, 2.10, 2.11, 2.13, 3.2, 3.4______________________________

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 to be filmed by their protocol numbers. (Please do not list an entire section.) _____2.8 (a video microscope would be useful), 2.11_________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ 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 method is to prepare plant chromosomes suitable for the fluorescence in situ hybridization technique using single and high-copy DNA probes. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Lala Aliyeva-Schnorr: This method can help answer key questions in cytogenetics and genome research, such as detection of chromosomal rearrangements, ordering of genetic markers and comparative analysis of different species [1.1.1 – MED]. 

1.1.1. Lala speaks toward camera, interview style.

1.2. Lala Aliyeva-Schnorr: The main advantage of this technique is that preparation of high-quality chromosome spreads in cereals becomes fast, easy and efficient.  Chromosome suspension can be stored at minus 20 degrees Celsius for up to two months and used when needed for preparation of chromosome slides [1.2.1 – MED].   

1.2.1. Lala speaks toward camera, interview style.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Lu Ma: We first had the idea for this method, when we observed that the quality and number of suitable metaphase spreads increased on humid days [1.3.1 – MED]. 

1.3.1. Lala speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):

2. Chromosome preparation.
2.1. Germinate 10 to 20 barley seeds on two layers of moist filter paper in a Petri dish under dark conditions for 2 days at 22 to 24 degrees Celsius [2.1.1 – MED-over the shoulder-TXT].  After 2 days, cut off vigorous roots with lengths of 1 to 2 centimeters from the seed by using a razor blade [2.1.2 – CU].
2.1.1. Talent places the barley seeds on two layers of moist filter paper in a Petri dish.  TEXT Overlay:  use dark conditions for 2 days at 22-24 ºC
2.1.2. Petri dish with seeds as talent cuts off vigorous roots using a razor blade.
2.2. Next, prepare ice-cold water by placing a 500 milliliter glass bottle containing cold tap water into crushed ice-water [2.2.1 – MED].  Aerate the ice-cold water and immerse the root tips for 20 hours to increase the frequency of metaphase cells [2.2.2 – CU-TXT].
2.2.1. Talent places a 500 milliliter glass bottle containing cold tap water into crushed ice-water.
2.2.2. Beaker as talent aerates the ice-cold water and immerses the root tips into it.  TEXT Overlay:  immerse for 20h
2.3. Transfer the roots from water to 50 milliliters of ethanol: acetic acid fixative to fix them at room temperature for 2 days [2.3.1 – MED-over the shoulder-TXT].  
2.3.1. Talent transfers the roots from water to 50 ml of the ethanol acetic acid fixative.  Use labeled containers.  TEXT Overlay:  2 days, 3:1 ethanol: acetic acid
2.4. After fixation, wash 10 to 20 roots with 30 milliliters of ice-cold tap water in a 50 milliliter glass beaker for 5 minutes, twice [2.4.1 – CU-TXT].
2.4.1. Roots as talent places them in the water to wash.  Use labeled containers.  TEXT Overlay:  wash 2x 5 min  
2.5. Transfer the roots one by one into 30 milliliters of citrate buffer using forceps [2.5.1 – MED-over the shoulder-TXT].  Wash the roots by shaking the glass beaker for 5 minutes, twice [2.5.2 – CU-TXT].  
2.5.1. Talent transfers the roots into 30 mL of citrate buffer using forceps.  Use labeled containers.  TEXT Overlay:  0.01 M citric acid + 0.01 M sodium citrate, pH 4.8
2.5.2. Labeled beaker as it shakes with roots and buffer inside.  TEXT Overlay:  wash 2x 5 min
2.6. Then, place the roots on filter paper to remove the liquid completely [2.6.1 – MED-over the shoulder].  Under a microscope, cut-off the undesired non-meristematic (pronounced as “mer-uh-stuh-mat-ik”) tissue using a razor blade [2.6.2 – SCREEN]. 
2.6.1. Talent places the roots on filter paper.
2.6.2. 53470_Houben_SCREEN_2.6.2 – Screen capture movie on binocular microscope computer as talent removes the liquid completely and cuts off the undesired non-meristematic tissue using a razor blade.
2.7. Lala Aliyeva-Schnorr: The most critical step of the procedure is to determine the proper digestion time that may vary between different species [2.7.1 – MED].
2.7.1. Lala speaks toward camera, interview style.
2.8. Here, up to 20 root tips are incubated in 1 milliliter of enzyme mixture at 37 degrees Celsius for about 50 minutes to soften the plant tissue in a watch glass [2.8.1 – CU-TXT].
2.8.1. Watch glass as talent transfers roots there and adds 1 ml of enzyme mixture.  TEXT Overlay:  see text for enzyme mixture  
2.9. Under a microscope, remove the enzyme by pipetting and wash the root tips on ice with 5 milliliters of 0.01 Molar citrate buffer to replace the residual enzyme [2.9.1 – SCREEN-TXT].
2.9.1. 53470_Houben_SCREEN_2.9.1 – Screen capture movie on binocular microscope computer as talent removes the enzyme by pipetting and washing the root tips.  TEXT Overlay:  wash 2x 5 min
2.10. Continue to wash the root tips with 1 milliliter of 96% ethanol, twice, carefully in the same watch glass [2.10.1 – SCREEN].  Then, replace the ethanol with 10 to 15 microliters of freshly prepared fixative per root tip [2.10.2 – SCREEN-TXT].
2.10.1. 53470_Houben_SCREEN_2.10.1 – Screen capture movie on binocular microscope computer as talent washes the root tips with 1 milliliter of 96% ethanol, twice, carefully in the same watch glass.  
2.10.2. 53470_Houben_SCREEN_2.10.2 – Screen capture movie on binocular microscope computer as talent replaces the ethanol with 10 to 15 microliters of freshly prepared fixative per root tip.  TEXT Overlay:  75% acetic acid: 25% ethanol
2.11. Transfer the root tips together with the fixative into a 2 milliliter tube and disintegrate the root meristems with a dissecting needle or forceps [2.11.1 – SCREEN].  Tap the tube 20 times to re-suspend the cells and obtain a cell suspension [2.11.2 – MED]. 
2.11.1. 53470_Houben_SCREEN_2.11.1 – Screen capture movie on binocular microscope computer as talent transfers the root tips together with the fixative into a 1.5 milliliter tube and disintegrates the root meristems with a dissecting needle or forceps.
2.11.2. Talent taps the tube to re-suspend the cells.
2.12. Next, place 2 to 3 layers of water-soaked tissue paper on a hot plate at 50 degrees Celsius [2.12.1 – MED].  Immerse the microscopic slides in ice-cold tap water in the refrigerator for 30 minutes [2.12.2 – MED-over the shoulder].  Then, place the slides on top of the moist tissue paper [2.12.3 – CU].
2.12.1. Film as written.
2.12.2. Talent immerses the microscopic slides in ice-cold tap water.
2.12.3. Moist paper tissue as talent places the slides on top.
2.13. Pipette 7 to 10 microliters of cell suspension and drop it from a distance of 20 centimeters onto the cooled slide placed on the hot plate [2.13.1 – ECU].
2.13.1. Slide as talent drops 7 to 10 microliters of cell suspension from a distance of 20 centimeters onto the cooled slide placed on the hot plate
2.14. Follow this with 10 microliters of the acetic acid-ethanol mixture on the same place as the cell suspension on the slide and keep the slide on the hot plate [2.14.1 – MED-over the shoulder].  After 2 minutes, place the slide on the hot plate without the wet tissue and let it dry for an additional 1 minute [2.14.2 – CU].
2.14.1. Film as written.  Use labeled containers.
2.14.2. Slide as talent places it on the hot plate without the wet tissue.
2.15. Check the slides using a phase-contrast microscope to control the quality of the chromosome spread [2.15.1 – LM].  Use the slides either the same day or store them by immersing in 96% ethanol in a Coplin jar at minus 20 degrees Celsius [2.15.2 – MED-over shoulder].
2.15.1. Phase Contrast_spread – Authors, please provide a version of the supplemental figure (a) without the “a” label and name it as listed here.
2.15.2. Coplin jar with ethanol and slides as talent places into the freezer.
2.16. To pretreat the slides before FISH (pronounced as “fish”), place the slides in a Coplin jar containing 50 milliliters of 2X SSC for 5 minutes [2.16.1 – CU-TXT].  Using forceps, transfer the slides to a Coplin jar containing 50 milliliters of 45% acetic acid for 3 to 10 minutes [2.16.2 – MED-over the shoulder].
2.16.1. Labeled Coplin jar containing 50 ml of SSC as talent places the slides there.  TEXT Overlay:  20X SSC = 3M NaCl and 300 mM trisodium citrate
2.16.2. Film as written, use labeled containers.
2.17. Next, transfer the slides to a Coplin jar containing 50 milliliters of 2X SSC for 10 minutes [2.17.1 - CU].  Then, transfer the slides to a Coplin jar containing 50 milliliters of 4% formaldehyde and immerse the slides for 10 minutes to fix the chromosomes [2.17.2 - MED].
2.17.1. Labeled Coplin jar containing 50 mL of SSC as talent transfers the slides there.
2.17.2. Talent working in hood to transfer the slides to a labeled Coplin jar.
2.18. Remove the formaldehyde by rinsing the slides 3 times for 4 minutes each in a Coplin jar containing 50 milliliters of 2X SSC [2.18.1 – CU-TXT].  Then, dehydrate the slides for 2 minutes in a series of 70%, 90% and 100% ethanol, and dry the slides in a vertical position [2.18.2 – MED-TXT].
2.18.1. Slide as talent immerses into a Coplin jar containing 50 mL of 2X SSC.  TEXT Overlay:  Rinse 3x 4 min 
2.18.2. Series of labeled Coplin jars with different ethanol concentrations as talent immerses the slides into the first of the series.  TEXT Overlay: 2 min each in 70%, 90% and 100% EtOH
3. Fluorescent in situ hybridization (FISH)
3.1. For each slide, prepare a hybridization solution of 20 microliters using 10 microliters of deionized formamide (pronounced as “form·am·ide”), 5 microliters of 4X hybridization buffer, 3 microliters of the probe and 2 microliters of DNase-free water [3.1.1 – MED-TXT].
3.1.1. Talent prepares a hybridization solution.  Use labeled containers.  TEXT Overlay:  see text for hybridization buffer
3.2. Add 20 microliters of hybridization solution per slide and cover with a 24 by 32 millimeter cover slip [3.2.1 – MED-over the shoulder].  After sealing the cover slip with rubber cement [3.2.2 – CU], denature slides with probes simultaneously at 80 degrees Celsius for 2 minutes on a hot plate [3.2.3 – MED].
3.2.1. Film as written.
3.2.2. Slide as talent seals the coverslip with rubber cement.
3.2.3. Talent places the slides with probes onto the hot plate.
3.3. Transfer the slides to a moist chamber and incubate them at 37 degrees Celsius overnight, avoiding light [3.3.1 – MED over the shoulder].  Remove the cover slips by rinsing the slides in a Coplin jar with 2X SSC [3.3.2 – CU]. 
3.3.1. Talent leaves the slides to incubate in a moist chamber at 37 degrees Celsius.
3.3.2. Labeled Coplin jar as talent rinses the slides. 
3.4. Then, place the slides in a Coplin jar containing 55 to 60 degree Celsius 2X SSC and incubate for 20 minutes [3.4.1 – MED]. 
3.4.1. Talent places the slides into a labeled jar of 55 to 60 degree Celsius 2X SSC.
3.5. Next, place the slides in 2X SSC in a Coplin jar for 2 minutes at room temperature [3.5.1 – MED-over the shoulder].  Dehydrate the slides in a Coplin jar for 2 minutes in a series of 70%, 90% and 100% ethanol [3.5.2 – CU].
3.5.1. Film as written.  Use labeled jar.
3.5.2. Series of Coplin jars as talent dehydrates the slides.
3.6. Air-dry the slides and counterstain with DAPI (pronounced as “dap-ee”) in antifade mounting medium, avoiding intense light [3.6.1 – MED-over the shoulder-TXT]. 
3.6.1. Talent counterstains air-dried slides with DAPI in antifade mounting medium.  TEXT Overlay:  1 µg/ml 4’,6-diamidino-2-  phenylindoline (DAPI)
3.7. Analyze the slides using an epifluorescence microscope.  The selection of filter depends on the fluorochrome used for probe labeling [3.7.1 – MED].  If necessary, store the slides at 4 degrees Celsius under dark conditions up to a year [3.7.2 – CU].
3.7.1. Talent analyzes the slides on the microscope.
3.7.2. Storage container as talent leaves at 4 degrees Celsius.  
4. Results: FISH performed on mitotic metaphase chromosome spreads of Hordeum vulgare, H. bulbosum and Secale cereale prepared by the air-dry dropping method
4.1. Mitotic metaphase spreads prepared by the fast air-dry dropping chromosome preparation method are shown here.  FISH analysis was carried out using both repetitive and single-copy sequences.  Images were obtained by an epifluorescence microscope with a set of filters enabling excitation of corresponding fluorophores and captured by a high-sensitivity CCD monochrome camera [4.1.1 – LM].
4.1.1. 53470_Houben_Figure 2_a-d – Authors, please upload a version of this figure without the a-d labels on the figures, for the video. 
4.2. The FISH experiment on mitotic metaphase chromosomes of Hordeum vulgare (pronounced as “vul-ga´re”) using single-copy probe and 5S rDNA revealed distinct and high quality signals [4.2.1 – LM].
4.2.1. 53470_Houben_Figure 2_a+b – Authors, please upload a version of this figure without the a and b labels on the figures, for the video.  Editors, please transition to this figure by zooming into the 2 leftmost images in the previous figure and then fading to this figure. 
Authors, please indicate how our narrator should pronounce “[CTT]10” and “pSc119.2.”

4.3. Hybridization of [CTT]10 (pronounced as “C-T-T-ten”) microsatellite on the chromosomes of Hordeum bulbosum (pronounced as “bul-bous´m”) resulted in a specific and distinct  pattern [4.3.1 – LM].
53470_Houben_Figure 2_c – Authors, please upload a version of this figure without the c label on the figure, for the video.  
4.4. The FISH experiment on mitotic metaphase chromosomes of Secale cereale (pronounced as “se-kahl-a ser-ree-al”) using pSc119.2 (pronounced as “P-S-C-hundred nineteen-two”) probe resulted in specific and high quality signals [4.4.1 – LM].
53470_Houben_Figure 2_d – Authors, please upload a version of this figure without the c label on the figure, for the video.  
4.5. Obvious benefits of this approach are well-spread, undamaged and numerous metaphase chromosomes serving as a perfect prerequisite for successful FISH analysis [4.5.1 – LM].

4.5.1. 53470_Houben_Figure 2_a-b.  Editors, please transition back to this figure by starting zoomed in to the right most image (the same as the previous figure) and zooming out to the full figure.
5. Conclusion (said by authors on camera)

5.1. Lala Aliyeva-Schnorr: Once mastered, this technique can be done in less than 2 hours if it is performed properly [5.1.1 – MED].
5.1.1. Lala speaks toward camera, interview style.
5.2. Lu Ma: After watching this video, you should have a good understanding of how to prepare high-quality mitotic metaphase chromosome spreads suitable for the FISH procedure [5.2.1 – MED].
5.2.1. Lu speaks toward camera, interview style.
5.3. Lu Ma: Don't forget that working with formaldehyde and formamide can be extremely hazardous and precautions such as usage of gloves and a fume hood should always be taken while performing this procedure [5.3.1 – MED].   
5.3.1. Lu speaks toward camera, interview style.
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.  

SCREEN Capture movies on Binoular Microscope:

53470_Houben_SCREEN_2.6.2 – Screen capture movie on binocular microscope computer as talent removes the liquid completely and cuts off the undesired non-meristematic tissue using a razor blade.
53470_Houben_SCREEN_2.9.1 – Screen capture movie on binocular microscope computer as talent removes the enzyme by pipetting and washing the root tips.  TEXT Overlay:  wash 2x 5 min
53470_Houben_SCREEN_2.10.1 – Screen capture movie on binocular microscope computer as talent washes the root tips with 1 milliliter of 96% ethanol, twice, carefully in the same watch glass.  
53470_Houben_SCREEN_2.10.2 – Screen capture movie on binocular microscope computer as talent replaces the ethanol with 10 to 15 microliters of freshly prepared fixative per root tip.  

53470_Houben_SCREEN_2.11.1 – Screen capture movie on binocular microscope computer as talent transfers the root tips together with the fixative into a 2 milliliter tube and disintegrates the root meristems with a dissecting needle or forceps.
Figures

Phase Contrast_spread – Authors, please provide a version of the supplemental figure (a) without the “a” label and name it as listed here.
53470_Houben_Figure 2_a-d – Authors, please upload a version of this figure without the a-d labels on the figures, for the video. 
53470_Houben_Figure 2_a+b – Authors, please upload a version of this figure without the a and b labels on the figures, for the video.  
53470_Houben_Figure 2_c – Authors, please upload a version of this figure without the c label on the figure, for the video.  
53470_Houben_Figure 2_d – Authors, please upload a version of this figure without the c label on the figure, for the video.  
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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