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A.  Will you require JoVE to record video microscopy through a microscope? N

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N

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, 5

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.3 (2.3.1 to 2.3.5)

E. Will the filming need to take place in multiple locations? Yes, 2: outside for sample acquisition (50-100 m from lab) and in the lab
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 generate well-replicated and highly resolved wood anatomical datasets to study the affects of time and environmental factors on tree and shrub growth. (Intro) This is achieved by using a non-Newtonian fluid to stabilize the plant cells during microtome sectioning, allowing a detailed microscopic analysis of the samples. (C1) As a second step, the microsections are double stained to facilitate the differentiation of the lignified and unlignified cells,  (C2) and then digital images are taken of the samples. (C3) Ultimately, automated cell based analyses of the plant growth and related time-series analyses can be performed to allow the evaluation of the wood anatomical parameters of interest. (C4)

From Schematic overview.pptx
(C1) please show grey “blade”, then show the wood core sample, apply the blade against the sample, move it back showing the surface cut and then have a watercolor paint brush appear and apply “cornstarch” to the cut surface of the sample, then apply the blade against the wood core sample and have a “section” appear on the blade (like on the second grey blade graphic)
(C2) please show slide with section from bottom left of schematic, then have pipette appear and drip some “dye” onto section, turning part of section blue and part red (e.g. like Figure 5)
(C3) have slide move to microscope, then have image appear on computer monitor as in far right of schematic
(C4) with “automated … growth” please show Figure4_Gaertner_et_al_revised.jpg; with “related time-series analyses” please show Figure1_Gaertner_et_al_revised.jpg

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Daniel Nievergelt: The main advantage of this technique over existing methods, like sanding the sample cores, is that with our technique, the cells are not filled with saw dust, resulting in much clearer quality samples for image analysis.

1.2. Loïc Schneider: Further, adding a non-Newtonian fluid to the cells during sectioning allows avoidance of the time consuming technique of embedding the samples in Paraffin.  

1.3. Holger Gärtner: These new microtomes developed in our laboratory in cooperation with Sandro Lucchinetti of the Schenkung Dapples in Zürich stand out due to a high stability of the guidance, which allows the cutting of big and dense specimens.  
Protocol (read by voice talent at JoVE):
2. Sampling techniques
2.1. For core sampling of tree stems, begin by placing a sharpened increment corer perpendicular to the growing axis of the tree stem [2.1.1.-WIDE-TXT]. 

2.1.1. TEXT: 5, 10 or 12 mm corer diameter

2.2. Next, turn in the corer [2.2.1.-CU] and use an extractor to remove the resulting core sample from the tree [2.2.2.-CU].

2.2.1. Videographer: combine 2.2.1. and 2.2.2. as appropriate

2.2.2. Videographer: combine 2.2.1. and 2.2.2. as appropriate  

2.3. Label the core with a specific ID marked in soft pencil on the core surface [2.3.1.-CU] and repeat the procedure on the opposite side of the stem [2.3.2.-MED].

2.4. When all of the samples have been collected, store the labeled cores in an appropriate container to protect them from damage during transport [2.4.2.-MED].

2.5. Then, once back in the lab, mount the core samples fiber side up on wooden support beams with water resistant wood glue [2.5.2.-MED] and let them dry [2.5.3.-MED].

2.5.1. Few seconds Talent mounting at least one sample

2.5.2. Talent placing sample(s) to dry (combined with 2.5.1)
2.6. For micro-core sampling, first use a chisel to remove a portion of the bark as necessary [2.6.1.-CU].

2.7. Then place a special punching device perpendicular to the growing axis on the stem as just demonstrated [2.7.1.-CU], and use a hammer to penetrate the xylem of the stem to about 2 cm in depth [2.7.2.-CU] combined with 2.7.1.

2.8. Turn the punching device to break the resulting micro-core inside the tool [2.8.1.-CU]. Then remove the core from the stem [2.8.2.-CU] and store it in a labeled microcentrifuge tube [2.8.3.-CU].

2.8.1. *no comment

2.8.2. *no comment

2.8.3. Please get label on tube in shot if possible 
3. Sample preparation
3.1. To cut a plane surface on a core sample, begin by fixing the increment core of interest in the core holder [3.1.1.-WIDE] of a newly developed core microtome for cutting plane surfaces on cores over their entire extent [3.1.2.-MED].

3.1.1. Few seconds Talent placing core into core holder

3.1.2. Talent sitting down at/approaching microtome or similar (combined with 3.1.1)
3.2. Then lift the core until it slightly touches the blade [3.2.1.-CU], which is fixed on a ball-bearing guidance over the extent of the core [3.2.2.-CU], and pull the blade to cut the first part of the top of the core [3.2.3.-CU].
3.2.1. *no comment

3.2.2. If possible, shot of ball-bearing guidance (Video Editor: if possible/appropriate, please indicate ball-bearing guidance)

3.2.3. *no comment (combined with 3.2.2)
3.3. Next, push the knife behind the core [3.3.1.-CU], lift the sample holder about 10 microns [3.3.2.-CU], and repeat the cutting procedure until approximately one third of the core’s diameter is cut down, resulting in a continuous plane surface [3.3.3.-CU].

3.3.1. Videographer: Combine 3.3.1. and 3.3.2. as appropriate

3.3.2. Videographer: Combine 3.3.1. and 3.3.2. as appropriate

3.3.3. Last few seconds cutting then shot of continuous plane surface

3.4. For detailed image analysis of the anatomical structure of the samples, micro sections have to be prepared with another microtome type. First fix the core sample of interest in the microtome holder of the microtome [3.4.1.-CU]. 

3.5. Then position the microtome blade, guided by the ball-bearing guidance [3.5.1.-CU], and pull the blade over the core [3.5.2.-CU].

3.5.1. Videographer: Combine 3.5.1. and 3.5.2. as appropriate

3.5.2. Videographer: Combine 3.5.1. and 3.5.2. as appropriate

3.6. Push back the blade to lift the sample by 20-30 microns [3.6.1.-CU]. Then pull the blade over the sample again, repeating this process until a continuous surface is created on the top of the sample [3.6.2.-CU].

3.6.1. *no comment

3.6.2. Last few seconds cutting then shot of continuous plane surface

3.7. Now, using a paintbrush, cover the resulting surface with a cornstarch solution [3.7.1.-CU-TXT]. Then lift the sample by 15 microns [3.7.2.-CU] and place the brush on the surface of the sample [3.7.3.-CU]. 

3.7.1. TEXT: See text for all reagent preparation details

3.7.2. *no comment

3.7.3. *no comment (combined with 3.8.1)
3.8. Pull the blade slowly toward the sample [3.8.1.-CU], beginning a thin cut below the brush and using the brush to guide the section on the surface on the blade [3.8.2.-CU].  (I recorded an alternate take. - Alex)

3.8.1. Videographer: Combine 3.8.1. and 3.8.2. as appropriate

3.8.2. Videographer: Combine 3.8.1. and 3.8.2. as appropriate
3.8.3. [added] Cutting a long section off a core using the core-microtome
3.8.4. [added] Placing the long sample on a glass slide

3.9. When the entire section has been cut [3.9.1.-CU], use another brush and water to remove the tissue from the blade [3.9.2.-CU] and place it on a glass slide [3.9.3.-CU] (combined with 3.9.2). 

3.10. Then cover the micro-section with a small amount of 33% glycerol [3.10.1.-CU].
4. Microslide preparation
4.1. To allow distinction between the lignified and non-lignified structures, wash away the glycerol with water using a pipette. Next cover the wet section with a few drops of a mixture of Safranin and Astrablue [4.1.1.-WIDE].

4.2.  After 5 minutes, wash away the dyes with water [4.2.1.-MED] and then immediately dehydrate the section with successive ethanol treatments [4.2.2.-MED-TXT] (combined with 4.2.1).

4.2.1. *no comment 

4.2.2. Talent adding washing slide(s) using pipettes beginning with 75% ethanol, followed by 96% ethanol and, to at least one container of ethanol, with other containers visible in frame with %ethanol labels visible if possible, (TEXT: 75% > 96% > dehydrated ethanol.

4.3. After the dehydrated ethanol treatment, rinse the section repeatedly in 100% xylol [4.3.1.-CU].
4.4. As soon as the xylol stays clear, cover the tissue with a drop of 100% Canada balsam [4.4.1.-CU] and a cover glass, taking care to avoid air bubbles [4.4.2.-CU]. 

4.5. Then place the resulting microslide between two strips of heat resistant plastic [4.5.1.-CU] and place it on a metal plate [4.5.2.-CU] (combined to 4.5.1). 

4.6. Place a weight on top of the slide to keep the section flat [4.6.1.-CU] and then place the slide in a 60°C oven [4.6.2.-MED]. 

4.7. After 12 hours, allow the slide to cool to room temperature [4.7.1.-MED] and then remove the weight and plastic strip [4.7.2.-MED].

4.7.1. Talent placing slide at RT

4.7.2. Talent removing weight and/or plastic strip

4.8. Finally, clean the slide, using razor blades to remove any surplus balsam [4.8.1.-CU].

4.8.1. Few seconds balsam being removed with razor blade(s)
4.9. [added] By following the sectioning and staining procedures presented before, one can prepare all kinds of samples of different sizes and forms also by using special holders for cores.

4.9.1
MED of different kind of slides
5. Preparing digital images of anatomical features
5.1. To create digital images of the core surfaces for vessel analysis, first cut the core surface plane with the core microtome as just demonstrated [5.1.1.-WIDE] and use a felt marker to stain the resulting surface black [5.1.2.-CU].

5.1.1. Few seconds Talent cutting core at microtome

5.1.2. *no comment 

5.2. As soon as the dye dries, rub the core surface with white chalk [5.2.1.-CU] and then press the chalk into the cells with a finger [5.2.2.-CU]. 

5.3. Remove any surplus chalk [5.3.1.-CU], and then place the core on the stage of a binocular microscope equipped with a digital camera [5.3.2.-MED].

5.4. Starting on one side of the core, now acquire a sequence of slightly overlapping images until the entire surface is captured [5.4.1.-SCREEN-TXT]. Then, stitch the single images together to create a complete image of the core surface [5.4.2.-SCREEN]. will send the images separately
5.4.1. TEXT: Overlap ~10%

5.4.2. *no comment

5.5. To create digital images from the micro slides, place the slide on the microscope stage [5.5.1.-CU] and choose the appropriate magnification for the structures to be analyzed [5.5.2.-CU-TXT].

5.5.1. *no comment

5.5.2. TEXT: Use “plan”-type objective lenses

5.6. Finally, acquire overlapping images of the sections mounted on the cleaned microslides as just demonstrated for the core surface sample [5.6.1.-SCREEN] and stitch the images together to create one complete image of the section [5.6.2.-SCREEN]. will send the images separately
6. Results: Representative tree-ring analyses
6.1. The ability to have open cells is a first important step towards the adaption of anatomical dendroecological structures [6.1.1.-LM] into a time series analysis [6.1.2.-LM]. 

6.1.1. Figure1_Gaertner_et_al_revised.jpg: please add/trace green line in left image

6.1.2. Figure1_Gaertner_et_al_revised.jpg: please highlight graph on right and/or data line in graph on right

6.2. For a more detailed analysis of earlywood or latewood tracheids in conifers, high quality micro-sections are needed. Here, potential artifacts such as broken cell walls need to be avoided [6.2.1.-LM]. The application of a non-Newtonian fluid to the sample, like the cornstarch solution as just demonstrated, supports the stability of the cells’ structure [6.2.2.-LM].

6.2.1. Figure2_Gaertner_et_al_revised.jpg: please add/indicate blue arrowheads in left image

6.2.2. Figure2_Gaertner_et_al_revised.jpg: please highlight right image

6.3. Micro-sections enable a more secure determination of annual rings. This is especially true for conifers growing on their natural limits, as seen here. Extremely narrow rings are frequent but hard to detect macroscopically [6.3.1.-LM].

6.3.1. Fig_3-middle image.jpg: Please indicate at least one of the vertical rings near the middle left of the image

6.4. In extreme cases, the rings consist of one or two cell rows, which may only be visible when using micro-sections. 

6.4.1. Figure3_Gaertner_et_al_revised.jpg: Please add/indicate/flash white and black arrowheads

6.5. When analyzing images at high magnifications, single cells are visible [6.5.1.-LM]. Semi-automatic analysis software allows the changes in single parameters, such as cell wall thickness, to be determined for all of the rings visible within the image, indicating the need for an extended time series analysis [6.5.2.-LM].

6.5.1. Figure4_Gaertner_et_al_revised.jpg: Please highlight top image

6.5.2. Figure4_Gaertner_et_al_revised.jpg: Please add/indicate/trace red “wall thickness” data line

6.6. Double staining of the micro sections allows the visualization of the different stages of lignification [6.6.1.-LM]. This information can then be related to the environmental data of the respective vegetation period to determine a more detailed climate-growth relationship.

6.6.1. Figure_05_JoVe_Gaertner_et_al_revised.jpg: Please add/highlight the “mature cells (m)”, “wall thickening cells (W)”, and “enlarging cells (E)” texts and accompanying green marker lines

7. Conclusion (said by authors on camera)
7.1. Daniel Nievergelt: After its development, this technique paved the way for researchers in the field of Dendroecology to explore the various anatomical parameters of trees and shrubs, as using this method drastically reduces the time needed to produce big, high quality sections.

7.2. Loïc Schneider: Don't forget that working with Xylol can be extremely hazardous and precautions such as working below a fume hood and wearing cloves should always be taken while performing this procedure.   

7.3. Holger Gärtner: After watching this video, you should have a good understanding of how to generate well-replicated and highly resolved wood anatomical datasets to support time series analyses.
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.  

Schematic overview.pptx

Figure1_Gaertner_et_al_revised.jpg

Figure2_Gaertner_et_al_revised.jpg

Figure3_Gaertner_et_al_revised.jpg

Fig_3_middle image.jpg

Figure4_Gaertner_et_al_revised.jpg

Figure_05_JoVE_Gaertner_et_al_revised.jpg
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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