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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)___NO______  (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)___ YES- but not a huge amount, I have Camtasia but have not tried it out yet_____ 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 using the step numbers listed in this document. ____2.3, 3.2,_3.4, 3.5_______________________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Aligning the plant material for best visualization, placing the drops of water and INA bacteria precisely, setting the camera parameters to capture the ice initiation and propagation.  Please list the steps using the step numbers listed in this document._____ 3.2 and 3.4

______________________

E.  Will the filming need to take place in multiple locations? (Y/N) Yes (only to cover the preparation of the INA bacteria, the rest is done in a room containing a freezing chamber.______ If yes, how far apart are the locations? __Same floor different parts of the building, near front of building (lab) near back of building (head house are by greenhouses and environmental chambers
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Conceptual Narrative:
The overall goal of the following experiment is to demonstrate the role of external nucleating agents on inducing the freezing of plant material and to visualize the process using infrared thermography. (Intro)
This is achieved by lacing a drop of water and a drop of ice-nucleating active, or INA, bacteria on the surface of a leaf of the plant that is being studied. (P1)
Editors, please use JoVE.pptx for the schematic graphic.  Start with the illustration in the top left corner of the page omitting the drops of liquid on the leaf.  Then animate the addition of a drop of water with a micropipettor.  Bring the pipette out of the shot and then back in to add a drop of INA bacteria onto the leaf.  The resulting image should be the picture the authors have provided.  For the pipette, animate movement of plunger as well using DAM resource ID 4195 and 4194.
As a second step, the plant is placed into freezing temperatures and positioned so that it can be visualized with a high-resolution infrared camera.  The parameters of the camera are then established which will allow the researcher to observe ice initiation and propagation. (P2)  

From where P1 left off, animate the appearance of a thermometer (zoomed in version of DAM resource ID 261) next to the plant and a video camera (DAM resource ID 2891 or 4236) positioned to film the plant.  The temperature on the thermometer should read just 1 degree Celsius (Fahrenheit can be omitted from the thermometer).  
Next, the temperature of the chamber is slowly lowered to sub-zero temperatures in order to induce the surface INA bacteria to freeze which will then induce the plant to freeze. (P3)
From where P2 left off, animate the temperature on the thermometer dropping to just under 0 degrees Celsius (Fahrenheit can be omitted from the thermometer).  Then animate the INA Droplet slowly freezing by turning red as in the top right image in the schematic graphic.  Perhaps zoom in on the drop during this process.  Then, animate the temperature to drop to just below -3 degrees Celsius and animate the spreading of the ice from the INA droplet to the leaf as shown in the bottom right image in the schematic graphic.  Finally, animate the temperature to drop to just below -5 degrees Celsius and animate the spreading of the ice from the INA droplet to the plant as shown in the bottom left image in the schematic graphic.  Include the drop labels in these pictures.  
The results show the effect of extrinsic ice nucleating agents to induce plants to freeze rather than supercool and avoid freezing based on the ability of infrared thermography to determine the exact location of ice initiation and to visualize how ice is propagated throughout the plant. (P4)
Editors, show results figure 8D as this point is narrated. 
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Michael Wisniewski: Though this method can provide insight into the freezing process in plants under controlled conditions, it can also be used under field conditions to provide information on how plants respond to freezing temperatures under natural conditions.  This is especially useful in the study of alpine plant ecology (1.1.1 – MED).
1.1.1. Michael speaks toward the camera, interview style.
1.2. ** Michael Wisniewski:  Along with myself (1.2.1 – MED), Erik Burchard, a technician in my laboratory will be demonstrating this process (1.2.2 – MED).  

1.2.1. Michael speaks toward the camera, interview style.
1.2.2. Erik looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):

2. Preparation of Water Solutions Containing Ice Nucleation Active (INA) Bacteria
2.1. To begin, culture the INA bacterium, Pseudomonas syringae (pronounced as “soo-dom-uh-nuh s  ser-ring-ee”) in petri dishes at 25 degrees Celsius on Pseudomonas Agar F prepared with 10 grams per liter of 100% glycerol per the manufacturer’s instructions (2.1.1 - MED/CU).
2.1.1. Multiple takes as talent cultures Pseudomonas syringae in petri dishes.  Use different shots to cover the narration.
2.2. After cultures have grown sufficiently, place at 4 degrees Celsius for at least two days to ensure a high level of ice nucleation activity (2.2.1 – MED-over the shoulder).
2.2.1. Talent places the petri dishes into 4 degrees Celsius.
2.3. Next, scrape the bacteria in a single plate from the surface of the agar with a plastic, disposable or re-usable metal spatula (2.3.1 - CU).  Place the bacteria into 10 to 15 milliliters of deionized water in a 25 milliliter disposable cuvette (2.3.2 - MED). 
2.3.1. Petri dish as talent scrapes the bacteria from a single plate from the surface of the agar with a spatula.
2.3.2. Film as written.
2.4. The solution will appear cloudy.  There is no need to confirm the concentration using a hemocytometer or spectrophotometer, as concentration need only be approximate (2.4.1 - CU).
2.4.1. Cloudy solution in the disposable cuvette as talent displays to the camera.
2.5. Vortex the cuvette for a minimum of 10 seconds to distribute the bacteria (2.5.1 – MED-over the shoulder). 
2.5.1. Film as written.
3. Setting Up A Freezing Experiment
3.1. To set up the freezing experiment, place the high resolution infrared camera inside the protective acrylic box (3.1.1 - MED)… so that the lens projects through the opening in the front of the box and the wires connecting the camera to a laptop or recording device exit through the rear opening of the box (3.1.2 - CU). 
3.1.1. Talent sets up the freezing experiment by placing the high resolution infrared camera into the protective acrylic box.
3.1.2. Acrylic box as talent adjusts the lens so that it projects through the opening in the front of the box and begins positioning the wires connecting the camera to the laptop to exit though the rear opening of the box.
3.2. Distribute all external wired connections to the camera via this port (3.2.1 - MED).  Fill any extra space in the port or opening with insulating foam material to avoid or reduce temperature gradients within the chamber (3.2.2 - CU).  
3.2.1. Chamber/camera as talent continues to distribute all external wired connections to the camera via the port.
3.2.2. Port as talent fills in any extra space with insulating foam.
3.3. Provide a dark background around the plant material by lining the walls of the chamber with black construction paper to prevent interference from reflected infrared energy (3.3.1 – MED-over the shoulder).
3.3.1. Walls of the chamber as talent lines with black construction paper. 
3.4. Fit the chamber with LED lighting to minimize heating from the light source when recording images in visible wavelengths (3.4.1 - MED).  Only minimum lighting, such as a battery-operated closet light or other small LED device, is required for the plants to be visible by the camera and should be turned off after visible images are taken (3.4.2 - CU).
3.4.1. Talent motions to fit the chamber with LED lighting.  Continue action in next shot.
3.4.2. LED lighting as talent fits into the chamber. 
3.5. Secure the lid of the box and place the box inside the environmental chamber in a location that will allow the subject plant material to be seen (3.5.1 – MED).
3.5.1. Talent places the box inside the environmental chamber.
3.6. Then, set the initial temperature of the chamber at 1 degree Celsius (3.6.1 – MED-over the shoulder).
3.6.1. Film as written.
3.7. Next, align the plants or plant parts so that the plant material is in the field-of-view of the camera and the plant material is visible on the remote viewing screen or within the chosen software (3.7.1 – MED-over the shoulder).  (3.7.2 - CU).  
3.7.1. Talent aligns the plants so that the plant material is in the field-of-view of the camera and in view on the remote viewing screen. 
3.7.2. Plant inside the chamber as talent places a layer of Styrofoam insulation on top of the soil.
3.8. Just before closing the door to the environmental chamber, apply ten microliters of water on the adaxial surface of a leaf using a micropipettor (3.8.1 – MED-over the shoulder).  Then, use a separate disposable pipette tip to apply ten microliters of a solution of INA bacteria on the opposite side of the same adaxial surface (3.8.2 – CU or ECU). 
3.8.1. Plant as talent applies ten microliters of water onto the top of the leaf.
3.8.2. Top of leaf as talent applies ten microliters of INA on the opposite side of the leaf.
3.9. Talent:  Allow plants to equilibrate at 1 degree Celsius for 30 minutes to 1 hour, depending on the size of the plant material, prior to initiating a controlled freezing experiment.  This ensures that the temperature of the plant will not lag behind air temperature by many degrees once the freezing experiment is initiated (3.9.1 – MED).
3.9.1. Talent looks up from closed environmental chamber (as if he just shut the door) and speaks toward the camera.  
3.10. Once the plants have equilibrated, commence cooling of the chamber (3.10.1 – MED-over the shoulder).
3.10.1. Talent starts the cooling process on the software. 
3.11. Set the desired camera parameters in the ResearchIR software (3.11.1 - MED).  First, select the rainbow palette to display the temperature variations while viewing the live image.  Then, set the temperature span to 5 degrees Celsius by adjusting the temperature bar located just below the image in the software (3.11.2 - SCREEN).  
3.11.1. Talent sitting at the computer opens the ResearchIR software.
3.11.2. To be submitted by the Author – 52703_Wisniewski_SCREEN_3.11.2:  Screen capture movie as talent selects the rainbow palette to display the temperature variations while viewing the live image.  Then, talent sets the temperature span to 5 degrees Celsius by adjusting the temperature bar located just below the image in the software.
Author has provided screen capture of 3.11.2 (52703-3_11-14_screenshots.avi) which covers up through 3.14.
3.12. Choose the linear scale for converting the infrared data into the false color image as defined by the selected palette.  Set the range of temperature to 5 degrees Celsius and to track automatically based on the image (3.12.1 - SCREEN).  
3.12.1. To be submitted by the Author – 52703_Wisniewski_SCREEN_3.12.1:  Screen capture movie as talent chooses the linear scale for converting the infrared data into the false color image as defined by the selected palette.  Talent sets the range of temperature to 5 degrees Celsius and to track automatically based on the image.
3.13. Use the temperature of a specific point or an average temperature within the defined area of interest provided by the software (3.13.1 - SCREEN).  
3.13.1. To be submitted by the Author – 52703_Wisniewski_SCREEN_3.13.1:  Screen capture movie as talent enters the temperature of a specific point of the average temperature within the defined area provided but the software.  TEXT overlay:  see text for how to retrieve the temperature data.
3.14. Then, place a cursor on a location on the plant tissue that represents a specific point of interest.  Define the area of interest as points, boxes, lines, ellipses, or circles.  Multiple combinations of points or shapes can be located over the image (3.14.1 - SCREEN).
3.14.1.   To be submitted by the Author – 52703_Wisniewski_SCREEN_3.14.1:  Screen capture movie as talent places the cursor on a location on the plant tissue that represents a specific point of interest.  Talent then defines the area of interest with multiple combinations of shapes.
4. Recording a video sequence
4.1. To record a video sequence, set the camera to record at 60 Hz and to stop the recording manually.  Indicate the location on the computer or external drive where the recorded video file will be placed; recording to an external hard drive is highly recommended since large video files will be generated. (4.1.1 - SCREEN).
4.1.1. To be submitted by the Author – 52703_Wisniewski_SCREEN_4.1.1:  Screen capture movie as talent sets the camera to record at ten frames per second and to stop the recording manually.  Then talent indicates the location on the computer or external drive where the recorded video file will be placed.
Author has provided screen capture of 4.1.1 (52703-4 11.avi). However, he says they used 60 Hz rather than 10 frames/sec. This had already been recorded with the VO above when he gave me the info.

4.2. Then, commence recording.  Recorded video files can be later edited to contain only the portion containing the necessary information (4.2.1 – MED).
4.2.1. Talent commences recording. 
Author has provided screen captures (JoVE Freezing Run.avi) of the freezing run that occurs from 4.2.1 – 4.4.1
They also supplied a shorter version (Freezing Run 4-4 - Extracted.mp4), where just the plant is seen without all the software information. It is not a screen capture, it is extracted from the video file that the software records.

There is an alternative version of the same thing (JoVE- Alternative 4-4 Bean Freezing.mp4), where the freezing process occurs more slowly and is therefore more visible. It also uses a different pallete. The author feels this may be more instructive to the viewers, but the choice is up to us.
4.3. Lower the temperature of the chamber incrementally by 0.5 to 1.0 degree Celsius.  Wait until the plant temperature equilibrates with the air temperature before lowering the temperature again in the same manner (4.3.1 – MED-over the shoulder).  Depending on the mass of the plant tissue being observed and its morphology, equilibration can take 10 to 15 minutes.  Thus, giving a cooling rate of about 4 degrees Celsius per hour (4.3.2 - WIDE).
4.3.1. Talent lowers the temperature of the chamber by 0.5 to 1.0 degree.
4.3.2. Talent observing the plant cooling on the coupled computer.
4.4. Continue in this manner until the plant freezes and observations are completed.  End the recording when the freezing process has been completed (4.4.1 - MED).
4.4.1. Talent approaches the computer after the final equilibration period and ends the recording.
5. Results: Infrared Imaging of Freezing Events in Plants
5.1. Shown here are visible light images of the stem of alpine azalea (pronounced as “uh-zeyl-yuh”) showing central stem, attached leaves, and terminal buds (5.1.1 – LM). 
5.1.1. 52703_Wisniewski_Figure 7.  Authors, please provide a version of figure 7 without the A-F labels for the video.
5.2. Freezing is initiated in the stem (5.2.1 – LM)… and ice propagates out into the leaves (5.2.2 – LM). 
5.2.1. 52703_Wisniewski_Figure 7.  Editors, please zoom into the second panel as “freezing is initiated in the stem” is narrated.
5.2.2. 52703_Wisniewski_Figure 7.  Editors, staying zoomed in, slide over the next panel to the right as “ice propagates out into the leaves” is narrated.
5.3. The terminal buds remain unfrozen and freeze independently anywhere from 126 to 164 minutes after initial freezing of stem and leaves.  During this time the heat of enthalpy produced by the freezing of the stem and leaves has dissipated (5.3.1 – LM).
5.3.1. 52703_Wisniewski_Figure 7.  Editors, zoom out a little and slide over to the next 3 panels to the right.
5.4. When a hydrophobic barrier is applied to tomato plants, it blocks INA bacterium induced freezing of the plant (5.4.1 – LM).
5.4.1. 52703_Wisniewski_Figure 8A - Authors, please provide a version of figure 8A without the A label for the video.  
5.5. The large contact surface between the INA droplet and the leaf surface on an uncoated plant can be observed here (5.5.1 – LM).
5.5.1. 52703_Wisniewski_Figure 8B - Authors, please provide a version of figure 8B without the B label for the video.  
5.6. Conversely, there is a reduced level of contact between the INA droplet and the leaf surface on a coated plant (5.6.1 – LM). 
5.6.1. 52703_Wisniewski_Figure 8C - Authors, please provide a version of figure 8C without the C label for the video.  
5.7. The uncoated plant to the right undergoes an exothermic response associated with freezing of the plant while the coated plant on the left remains supercooled, and unfrozen at approximately minus 6 degrees Celsius (5.7.1 – LM).
5.7.1. 52703_Wisniewski_Figure 8D - Authors, please provide a version of figure 8D without the D label for the video.  
6. Conclusion (said by authors on camera)
6.1. Michael Wisniewski:  While using this technology it is important to utilize appropriate rates of cooling and to observe the freezing process numerous times in order to better understand how to interpret the obtained images and videos.  This procedure can be used in conjunction with thermocouples to gain a more precise estimation of air temperatures and the actual temperatures at which freezing events are occurring (6.1.1 – MED).
6.1.1. Michael speaks toward the 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.  

Insert your media filenames here.
JoVE-pptx – Authors, please provide a version of this figure with layers so that the editors can manipulate the illustration for anitmation.
52703_Wisniewski_Figure 7.  Authors, please provide a version of figure 7 without the A-F labels for the video.
52703_Wisniewski_Figure 8A - Authors, please provide a version of figure 8A without the A label for the video.  

52703_Wisniewski_Figure 8B - Authors, please provide a version of figure 8B without the B label for the video.  
52703_Wisniewski_Figure 8C - Authors, please provide a version of figure 8C without the C label for the video.  
52703_Wisniewski_Figure 8D - Authors, please provide a version of figure 8D without the D label for the video.  

SCREEN Capture Movies:

52703_Wisniewski_SCREEN_3.11.2:  Screen capture movie as talent selects the rainbow palette to display the temperature variations while viewing the live image.  Then, talent sets the temperature span to 5 degrees Celsius by adjusting the temperature bar located just below the image in the software.
52703_Wisniewski_SCREEN_3.12.1:  Screen capture movie as talent chooses the linear scale for converting the infrared data into the false color image as defined by the selected palette.  Talent sets the range of temperature to 5 degrees Celsius and to track automatically based on the image.
52703_Wisniewski_SCREEN_3.13.1:  Screen capture movie as talent enters the temperature of a specific point of the average temperature within the defined area provided but the software.  TEXT overlay:  see text for how to retrieve the temperature data.
52703_Wisniewski_SCREEN_3.14.1:  Screen capture movie as talent places the cursor on a location on the plant tissue that represents a specific point of interest.  Talent then defines the area of interest with multiple combinations of shapes.
52703_Wisniewski_SCREEN_4.1.1:  Screen capture movie as talent sets the camera to record at ten frames per second and to stop the recording manually.  Then talent indicates the location on the computer or external drive where the recorded video file will be placed.
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.
( 2013, Journal of Visualized Experiments


