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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) Yes If yes, please list make and model of your microscope: IX81 Olympus Inverted Microscope. 

B.   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 steps The steps in Hybridization section. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The hybridization steps. 
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.  
Procedural Narrative:

The overall goal of the following experiment is to detect the presence of mRNA molecules, with single molecule specificity, in single yeast cells (Intro). First fix the yeast cells in formaldehyde (P1, add arrow and text).  Using a lyticase-containing buffer, permeabilize the cells until most cells are not phase-bright (P2, cells come out of test tube, make more cells all white, then some of the white cells turn grey (a few at a time would be nice)). Next, incubate the permeabilized cells  with fluorescently-tagged single-stranded DNA molecules (P3, have the strands with red and green stars shrink and go into the cells). Then mount the cells on a plasma-cleaned coverslip (P4, Put the P3 cells onto a rectangular coverslip (as in P4)).  Ultimately, the results obtained by fluorescence microscopy can detail the presence and localization of mRNA molecules in single cells (P5). 
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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.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1  Megan McClean: The main advantage of this technique over existing methods, like gene expression microarrays and northern blots, is that individual mRNAs can be identified in single cells. 

1.2  Megan McClean: This method can help answer key questions in the transcription field, such as quantifying the number of mRNAs per cell in a population (which can inform models of regulation at the promoter level), and the localization and half-lives of transcripts during the cell cycle. 

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. Coverslip Preparation
2.1. In a Plasma-preen vacuum chamber, position coverslips on the slides [Text over video: http://www.plasmapreen.com/ ] 
2.1.1. MED/CU: In a Plasma-preen vacuum chamber, Talent positions coverslips on the slides 
2.2. Then place the vacuum chamber in a microwave, and make sure it is sealed. Switch on the pump. Once the pump is started, turn on the vacuum. 
2.2.1. MED-over-the-shoulder: Talent places the vacuum chamber in a microwave, and makes sure it is sealed. 

2.2.2. CU: Talent switches on the pump. 
2.2.3. MED: Tlanet turns on the vacuum. 
2.3. Now power-on the microwave, and stop 5 seconds after the plasma is visible. Then turn off the vacuum, followed by the pump.
2.3.1. MED/CU: Talent powers-on the microwave
2.3.2. CU/ECU: Talent stops microwave after the plasma is visible (If possible show plasma)
2.3.3. MED: Talent turns off the vacuum, followed by the pump.
2.4. Pull out the vacuum chamber. Then transfer the coverslips, cleaned-side-up, into 12-well plates.
2.4.1. MED-over-the-shoulder: Talent pulls out the vacuum chamber. 
2.4.2. CU/ECU: Talent transfers the coverslips, cleaned-side-up, into 12-well plates using forceps.
3. Fixation 
3.1. Grow the yeast to an A600 of around 0.1-0.2 in minimal media. 
3.1.1. MED: Tlaent removes yeast culture from incubator (get shot of turbidity).
3.2. Talent: 10 mL of cells yields enough for ~10 separate hybridizations.
3.2.1. Interview style.
3.3. Add one-tenth volume of 37% formaldehyde directly to the growth media and incubate at room temperature for 45 minutes. Centrifuge the cells at 3000g for 5 minutes. Resuspend the pellet in 1 mL of Buffer B and transfer to a microcentrifuge tube.
3.3.1. MED/CU: Talent adds one-tenth volume of 37% formaldehyde directly to the growth media.
3.3.2. ECU:Talent sets timer 45 minutes. 
3.3.3. MED: Talent places samples in centrifuge (show settings of 3000g for 5 minute)s. 
3.3.4. ECU: Tlaent resuspends a pellet in 1 mL Buffer B.
3.3.5. CU: Talent transfers sample to a microcentrifuge tube.
3.4. Wash twice with 1 mL of ice cold Buffer B in a microcentrifuge tube. Centrifuge at 13,000 RPM for 1 min.
3.4.1. MED/CU: Talent adds 1 mL of ice cold Buffer B and resuspends the  pellet.
3.4.2.  MED: Talent places samples in microfuge set  at 13,000 RPM for 1 min.
3.5. Next, add 1 mL of spheroplasting buffer and  incubate at 37°C for 15 minutes.
3.5.1. ECU: Talent adds 1 mL of spheroplasting buffer 
3.5.2. CU: Talent  places samples at 37°C. 
3.6. Monitor the cells microscopically, every few minutes, until most cells are black.
3.6.1. MED: Talent evamines  the cells microscopically.
3.7. Then wash twice  with ice cold Buffer B, spinning at a low speed of 3500 rpm. 

3.7.1. CU/ECU: Talent adds ice cold Buffer B, to pellet
3.7.2. MED: Talent places samples in centrifuge.
3.8. Add 1 mL of 70% Ethanol, resuspend the pellet gently and place overnight at 4°C or store indefinitely at -20°C.
3.8.1.  ECU: Talent adds 1 mL of 70% Ethanol and resuspends the pellet gently.
3.8.2.  MED: Talent places sample at 4°C
4. Hybridization 
4.1. To prepare the hybridization solution, add 1 to 3 µl of probe to 100 µl of hybridization buffer, then vortex and centrifuge.  [Text over video: 8-10 ng total per Singer probe set]. 
4.1.1. CU: Talent add 1 to 3 µl of probe to 100 µl of hybridization buffer, then vortexes
4.1.2.  Talent places tube in centrifuge (get shot of label on tube). 
4.2. Talent: We have imaged up to 3 genes simultaneously with 3 different labeled probe sets.
4.2.1. Interview style.
4.3. Now centrifuge the fixed yeast sample and aspirate off the wash buffer. 
4.3.1. MED/CU: Talent removes fixed yeast sample from centrifuge.
4.3.2. ECU: Talent aspirates-off the wash buffer. 
4.4.  Add the hybridization solution, and incubate in the dark with gentle shaking, overnight at 37 °C.
4.4.1. CU: Talent adds the hybridization solution.
4.5. MED-over-the-shoulder: Talent incubates the sample in the dark with gentle shaking @ 37 °C. [Video Editor: Since this shot was mislabeled as VO, the videographer might not have filmed it. If it wasn’t filmed, please add “[TEXT overlay: 37 °C, O/N]” over 4.4.1]
4.6. The next day, treat clean cover slips with 150 µl of 0.01% Poly-L-Lysine for 5 minutes.  Then aspirate and air  dry the slides. Wash three times with distilled water and air dry.
4.6.1. CU: Talent adds 150 µl 0.01% Poly-L-Lysine to clean cover slips.
4.6.2. ECU: Talent aspirates poly-Lys and places sample to dry.
4.6.3. MED: Talent performs last wash with distilled water 
4.6.4. MED-over-the-shoulder: Talent places slides to  air dry.
4.7. After one wash with 1x SSC [Text over video: 15 mins @ RT 15 minutes on shaker], resuspend the cells in 150 μl of 0.1μg/ml freshly prepared DAPI stain. 
4.7.1. ECU: Talent resuspends the cells in 150 μl of 0.1μg/ml DAPI stain. 
4.8. Aliquot the cell suspension onto the poly-lysine-treated cover slips and incubate for 30 minutes.
4.8.1. ECU: Talent aliquots the cell suspension onto the poly-lysine-treated cover slips  in a 12-well plate
4.8.2. CU: Talent sets timer for 30 minutes..
4.9. Next, thaw the Prolong Gold mounting medium to room temperature. Place 3 μl onto a slide. Then add ~0.5ml of ethanol to a coverslip in the 12-well plate. Remove the cover slip and air dry while holding with tweezers.
4.9.1. MED: Talent approaches bench with Prolong Gold mounting medium 
4.9.2. ECU: Talent Place 3 μl onto a slide. 

4.9.3. CU: Talent adds ~0.5ml ethanol to a coverslip in the 12-well plate. 
4.9.4. CU: Talent removes the cover slip and air dries while holding with tweezers.
4.10. Place the cover slip cell-side down onto mounting medium and let it harden several hours or overnight in the dark.
4.10.1. CU/ECU: Talent places the  cover slip cell-side down onto mounting medium
4.10.2. ECU: Talent places samples in the dark.
4.11. Seal the edges with nail polish and proceed to imaging.
4.11.1. ECU: Talent seals the edges with nail polish and proceed to imaging.
5. Imaging of Cells with Olympus IX-81 inverted microscope 
5.1. Take a z-stack of images around the reference point where the total distance is 5 µm with 0.2 µm size [Text over video: 25 planes]. 
5.1.1. WIDE/MED: Talent takes a z-stack of images around the reference point – get good shot of instrument set-up.
5.2.  Repeat the imaging for each dye channel corresponding to each probe set.
5.2.1. MED/CU: Talent images a different dye channel/.
5.3. Then proceed as detailed in the accompanying text.  To identify the cells by watershed segmentation, identify the spots using a radial gradient, and measure the spots using a guassian fit. 
5.3.1. LAB MEDIA: Figure 2 (LEFT TO RIGHT)
6. Results: Quanitative mRNA anylsis by FISH 
6.1. Typicallly, histograms are computed from FISH images and used to determine the number of mRNAs present in single cells. 
6.1.1. LAB MEDIA: FIGURE 3
6.2. An important advantage of microscopy-based RNA quantification is that one can obtain information on the localization of transcripts. For example, this FISH uses Singer probes  to identify mRNAs in single cells with an inducible CBF1 allele.
6.2.1. LAB MEDIA: Figure 4 (wihtout the arrows)
6.3. Because many mRNA molecules are present at the site of transcription, it is easy to identify the presence and location of transcription sites within the nucleus.
6.3.1. LAB MEDIA: Figure 4 add arrows.
6.4. The utilization of different dyes to label mRNAs of different genes facilitates quantification of  multiple mRNA species in the same cells. In this experiment, yeast cells were incubated in the presence of (-factor and sorbitol. 
6.4.1. LAB MEDIA: Figure 5.

6.5. Using FISH with the Stellaris probes, the data show one cell responding only to the pheromone  - indicated by a red  FUS1 start site.  Simultaneously, another cell is predominantly responding to sorbitol,  where the STL1 start site is labeled  green.
6.5.1. LAB MEDIA: highlighted box.

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. You may revise the given prompts if necessary to better fit your protocol.
7.1  Megan McClean: After watching this video you should have a good understanding of how to label and visualize single mRNA molecules in yeast. 

7.2  Megan McClean: Once mastered, this technique can performed properly in 2 days.  Remember to have a sufficiently dense concentration of cells. Dilute samples require more fields to be imaged and stored. 

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, 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.  

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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