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

Can you record movies/images using your own microscope camera? (Y/N)____Y___ 
Our microscopes have own microscope camera so that they can record images. However, they cannot record movies.  

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: _____________________________________________

`
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Our protocol involves two software: Labspec for Raman instrument and Matlab for data analysis. Labspec: Yes. Matlab: 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.) ____Step 2.3, 2.4, 2.5_______________________________________
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.) _________Step 2.7__________________
E.  Location: Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? ____The experiments are finished in two buildings which are 100 m apart. The microscope should be ordered before we used._________ 
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 present a general method for visualizing lignin, cellulose and hemicellulose (pronounced as “hem-i-sel-yuh-lohs”) in the plant cell wall by Raman imaging and multivariate analysis. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Xun Zhang: This method can help answer key questions in the plant biomass field, such as how does the major chemical components distribute in the plant cell wall [1-MED].
1.1.1. Xun speaks toward the camera, interview style. 
1.2. Xun Zhang: The main advantage of this technique is that label-free and non-destructive information about the sample can be achieved with minimal sample preparation [1-MED].   
1.2.1. Xun speaks toward the camera, interview style. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Sheng Chen: Generally, individuals new to this method will struggle because it requires training and handling experience of sample sectioning and data analysis [1-MED].
1.3.1. Sheng Chen speaks toward the camera, interview style.
Authors, Sheng Chen’s other statement was moved to the conclusion to meet our introduction requirements (found in the instructions in the original script).
Protocol: (read by voice talent at JoVE)
2. Sample Preparation
2.1. To begin, cut a small tissue block from the plant sample [1-CU-TXT].
2.1.1. Tissue as talent cuts a tissue black from the plant sample.  TEXT Overlay: ~ 3 mm × 3 mm × 5 mm 
2.2. Immerse the tissue in boiling deionized water for 30 minutes [1-MED-over the shoulder].  Then, immediately transfer it to deionized water at room temperature for 30 minutes [2-MED].  Repeat this step until the tissue sinks to the bottom of the container, indicating that the air in the tissue has been removed and that the tissue has softened [3-CU-TXT].
2.2.1. Talent immerses the tissue in boiling deionized water.
2.2.2. Talent transfers the tissue to deionized water at room temperature.
2.2.3. Tissue as it sinks to the bottom of the container.  TEXT Overlay: Repeat 3-5 times for samples that sink right away
2.3. Prepare 20, 50, 70, and 90% aliquots of PEG (pronounced as “P-E-G”), in deionized water, as well as pure PEG [1-MED-over the shoulder-TXT].  Keep the solutions at 65 degrees Celsius [2-MED].  Incubate the tissue in a series of graded PEG baths to displace the water and allow the PEG to infiltrate [3-CU].   
2.3.1. Talent works to prepare the PEG aliquots in deionized water.  Use labeled containers.  TEXT Overlay: Use polyethylene glycol (PEG) 2000 
2.3.2. Talent places the solutions at 65 degrees Celsius.
2.3.3. Series of labeled PEG baths as talent places the tissues there.
2.4.  [1-MED-over the shoulder] Dry in 20% PEG for 1 hour, 50% PEG for 1.5 hours, 70% PEG for 2 hours, 90% PEG for 2 hours, and 100% PEG for 10 hours [2-CU].
2.4.1. Talent places the tissue with graded PEG into the drying oven.  Not filmed
2.4.2. Tissue with graded PEG as talent places into the drying oven. 
2.5. Next, pre-warm a cassette at 65 degrees Celsius in an oven [1-MED].  Pour the tissue block-containing PEG into the cassette… [2-MED-over the shoulder] and then place the tissue block in a desired position using pre-warmed tweezers or needles [3-CU].
2.5.1. Talent places the cassette into the oven.
2.5.2. Talent pours the PEG containing the tissue block into the cassette.
2.5.3. Tissue block as talent places it into the desired position using pre-warmed tweezers or needles.
2.6. Slowly cool down the cassette and store the tissue at room temperature until use [1-MED-over the shoulder].  Dissect the PEG block containing the target tissue into a small block using a sharp razor blade [2-CU-TXT]. 
2.6.1. Talent leaves the tissue at room temperature to cool.
2.6.2. PEG block as talent dissects it into a small block using a sharp razor blade.  TEXT Overlay: ~ 1 cm × 1 cm × 2 cm
2.7. Mount the small PEG block onto the microtome and cut thin sections from the PEG block [1-ECU-TXT].  Then, rinse the sections with deionized water in a watch glass 10 times to remove the PEG from the tissue [2-MED-over the shoulder]. 
2.7.1. Small PEG block on microtome as it is cut into thin sections.  TEXT Overlay: Typically 3-10 μm
2.7.2. Talent rinses the sections with deionized water in a watch glass.
2.8. Next, immerse the sections with toluene and ethanol for 6 hours to remove the extractives [1-CU-TXT]. 
2.8.1. Talent immerses the sections with toluene and ethanol.  Use a labeled container.  TEXT Overlay: 2:1, v/v 
2.9. Prepare the reaction liquid by mixing 65 milliliters of deionized water, 0.5 milliliters of acetic acid, and 0.6 grams of sodium chlorite in a beaker [1-MED].  Add one section and 3 milliliters of reaction liquid to a 5-milliliter vial [2-CU].  Screw on the top of the vial [3-MED-over the shoulder]. 
2.9.1. Talent mixes water, acetic acid and sodium chlorite in a beaker.  Use labeled containers.
2.9.2. 5-mL vial as talent adds one section and 3 mL of reaction liquid there.
2.9.3. Talent screws on the top of the vial.
2.10. Then, heat the vial in a water bath at 75 degrees Celsius for 2 hours to remove the lignin of the tissue [1-MED].  Rinse the section with deionized water in a watch glass, 10 times [2-CU].
2.10.1. Talent places vial with section into the water bath and starts a timer to count down from 2 hours. 
2.10.2. Section as talent rinses with deionized water in a watch glass.
2.11. Next, transfer the untreated and delignified section to a glass microscope slide [1-MED-over the shoulder].  Unfold the section carefully using brushes or needles [2-CU].  Remove the extra deionized water with tissue paper [3-ECU].
2.11.1. Talent transfers the untreated and delignified section to a glass microscope slide.
2.11.2. Section as talent unfolds it carefully using brushes or needles.
2.11.3. Section as talent uses tissue paper to remove the extra deionized water. 
2.12. Then, immerse the section into deuterium oxide [1-MED-over the shoulder].  Cover the sample with a glass cover slip [2-CU].  Seal the cover slip with nail polish to prevent the evaporation of the deuterium oxide [3-ECU].
2.12.1. Talent immerses the section into D2O.  Use labeled containers.
2.12.2. Sample as talent convers it with a glass cover slip.
2.12.3. Cover slip as talent seals it with nail polish.  
3. Spectral Acquisition
3.1. Open the instrument operating software of the confocal Raman microscope [1-MED-over the shoulder].  Turn on the laser and focus on the surface of the crystalline silicon with a 100× microscope objective [2-MED-TXT].  Click the calibration button to calibrate the instrument [3-MED]. 
3.1.1. Talent opens the instrument operating software of the confocal Raman microscope.
3.1.2. Talent turns on the laser and focuses on the surface of the crystalline silicon with a 100× microscope objective.  TEXT Overlay: wavelength = 532 nm
3.1.3. Talent clicks the calibration button to calibrate the instrument.
3.2. Switch the instrument to the optical microscope mode and turn on the microscope lamp [1-MED-over the shoulder].  Mount the microscope slide on the stage, with the cover slip facing the objective [2-CU].
3.2.1. Talent switches the instrument to the optical microscope mode and turns on the microscope lamp. 
3.2.2. Microscope slide as talent mounts it on the stage with the cover slip facing the objective.
3.3. View the sample with a 20× microscope objective and locate the area of interest [1-MED-over the shoulder].  Apply immersion oil to the coverslip and switch to the immersion microscope objective [2-CU-TXT].  Then, focus on the surface of the sample [3-MED].
3.3.1. Talent views the sample with a 20x microscope objective and locates the area of interest.
3.3.2. Coverslip as talent applies the immersion oil and switches to the immersion microscope objective.  TEXT Overlay: 60×, numerical aperture NA = 1.35
3.3.3. Talent works to focus on the surface of the sample.
3.4. Next, switch the instrument to the Raman testing mode and turn off the microscope lamp.  Choose a mapping area by using a rectangular tool.  Alter the step size to determine the number of obtained spectra [1-SCREEN].
3.4.1. 55910_Xu_SCREEN_3.4.1 – Screen capture movie as talent switches the instrument to the Raman testing mode and turns off the microscope lamp.  Then talent chooses the mapping area with the rectangular tool. Finally, talent alters the step size to determine the number of obtained spectra. 
3.5. Sheng or Xun (usually whoever is demonstrating): Be aware that the step size should be larger than the spot diameter calculated by the numerical aperture of the objective.  Sizes below this will result in oversampling [1-MED].
3.5.1. Sheng or Xun speaks toward the camera, interview style.  
3.6. Set the optimum spectral parameters to obtain the best signal-to-noise ratio and spectral quality in an appropriate acquisition time, depending on the sample suitability [1-MED-TXT].
3.6.1. Talent works at the Raman computer to set up the optimal spectral parameters.  TEXT Overlay: acquisition time is generally < 8 h
3.7. Generally, input the imaging parameters in the instrument software using a laser wavelength of 532 nanometers, a filter of 100%, a hole of 300, a slit of 100, a spectrometer of 1,840 inverse centimeters, grooves of 1200t, a 60x oil objective, and an acquisition time of 2 seconds [1-SCREEN].  
3.7.1. 55910_Xu_SCREEN_3.7.1: Screen capture movie as talent inputs the imaging parameters in the instrument software using a laser wavelength of 532 nanometers, a filter of 100%, a hole of 300, a slit of 100, a spectrometer of 1,840 inverse centimeters, grooves of 1200t, a 60x oil objective, and an acquisition time of 2 seconds
3.8. Save the spectral data before data processing and convert the data to a universal format before proceeding to data analysis as described in the text protocol [1-SCREEN].
3.8.1. 55910_Xu_SCREEN_3.8.1: Screen capture movie as talent saves the spectral data before data processing and converts the data to a universal format.
4. Results: Raman Imaging Data Analysis 
4.1. The original Raman spectra of the poplar cell wall are shown here.  Two major noise signals, including baseline drifts and cosmic spikes, spill over into the channels along with the actual signals.  They should be removed prior data analysis [1-LM]. 
4.1.1. 55910_ Figure1.tif
4.2. A noise-reduction technique, such as the Savitzsky-Golay (pronounced as “sav-its-ski go-lay”) algorithm or the wavelet algorithm can be applied to eliminate these noise signals [1-LM]. 
4.2.1. 55910_ Figure2.tif
4.3. For lignin imaging, consider the spectral peak around 1,600 inverse centimeters due to the aromatic ring symmetric stretching vibration [1-LM].  For polysaccharide imaging, use the spectral peak around 2,889 inverse centimeters because of the CH and CH2 stretches [2-LM]. 
4.3.1. 55910_Figure3.pptx – Editors, the authors have embedded an animation in the PowerPoint file.  Please show the first part of the animation here, where the peak at 1,600 cm-1 is highlighted and an image appears.
4.3.2. 55910_Figure3.pptx – Editors, please show the second part of the animation here, where the peak at 2,889 cm-1 is highlighted and an image appears.
4.4. However, Raman images of cellulose and hemicellulose cannot be generated directly.  Delignification is a necessary procedure to expose the spectral characteristics of them [1-LM]. 
4.4.1. 55910_ Figure4.tif
5. Conclusion (said by authors on camera)
5.1. Sheng Chen: After watching this video, you should have a good understanding of how to acquire chemical information about the plant cell wall using in situ methods [1-MED].
5.1.1. Sheng Chen speaks toward the camera, interview style.
5.2. Xun Zhang: Following this procedure, other methods like chemical pretreatment can be performed in order to answer additional questions like the recalcitrance of the plant cell wall [1-MED].
5.2.1. Xun Zhang speaks toward the camera, interview style.
5.3. Sheng Chen: Though this method can provide insight into the internal structural nature and topochemistry within the plant cell wall, it can also be applied to other biological samples [1-MED].
5.3.1.  Sheng Chen 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.  

LAB MEDIA (LM):

55910_ Figure1.tif - Original Raman spectra of poplar cell wall
55910_ Figure2.tif - Performing a noise-reduction technique
55910_ Figure3.pptx – Raman images of lignin and polysaccharides
55910_ Figure4.tif – Raman images of cellulose and hemicelluloses
SCREEN Capture Movies:

55910_Xu_SCREEN_3.4.1 – Screen capture movie as talent switches the instrument to the Raman testing mode and turns off the microscope lamp.  Then talent chooses the mapping area with the rectangular tool. Finally, talent alters the step size to determine the number of obtained spectra. 
55910_Xu_SCREEN_3.7.1: Screen capture movie as talent inputs the imaging parameters in the instrument software using a laser wavelength of 532 nanometers, a filter of 100%, a hole of 300, a slit of 100, a spectrometer of 1,840 inverse centimeters, grooves of 1200t, a 60x oil objective, and an acquisition time of 2 seconds
55910_Xu_SCREEN_3.8.1: Screen capture movie as talent saves the spectral data before data processing and convert them to a universal format.
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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