APPROVED SHOTLIST FOR FILMING

Submission ID #: 58501

Editor Name: Caitlin McAllister

Videographer name: Liu Lu

Film Date: August 22, 2018

Link: https://www.jove.com/account/file-uploader?src=17842853
Authors and Affiliations: 

Ying Zhang1 *, Liming Ma1 *, Xiaodi Pan1 *, Jinglu Wang1, Xinyu Guo1, Jianjun Du1

1Beijing Key Lab of Digital Plant, Beijing Research Center for Information Technology in Agriculture, Beijing Academy of Agriculture and Forestry Sciences, Beijing, China

* These authors contributed equally.

Title: Micron-scale Phenotyping Techniques of Maize Vascular Bundles Based on X-ray Microcomputed Tomography
Corresponding Author: 

Jianjun Du
(dujj@nercita.org.cn)

Tel: 86-10-51505246

Xinyu Guo
(guoxy@nercita.org.cn)
Tel: 86-10-51503422

Co-authors:

Ying Zhang 
(zhangying@nercita.org.cn)

Liming Ma 
(malm@nercita.org.cn)

Xiaodi Pan 
(panxd@nercita.org.cn)

Jinglu Wang 
(wangjl@nercita.org.cn)

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO  

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? YES 

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.) 2.2, 2.3, 2.4, 2.5, 2.6
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) 2.5
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? NO
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Ying Zhang: This method can help provide critical information related to plant micro-scale phenotyping techniques, such as micro-CT scanning protocols and the phenotypic analysis methods of maize vascular bundles [1-MED].

1.1.1. Named author states the above, looking slightly off to the side. Interview style.  

1.2. Jianjun Du: The main goal of this technique is to provide a novel and effective way to investigate phenotypic traits of maize vascular bundles with CT scanning and analysis protocols [1-MED].   

1.2.1. Named author states the above, looking slightly off to the side. Interview style.

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

1.3. Liming Ma: This technique broadens applications of ordinary micro-CT scanning in monocots and other plant species. This protocol can be easily modified to accommodate other sample preparation techniques such as dehydration or drying [1-MED].  

1.3.1. Named author states the above, looking slightly off to the side. Interview style.

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
N/A

D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

N/A

Protocol: (read by voice talent at JoVE)

2. Sample Preparation Protocol

2.1. To begin, collect the stem, leaf, and root from fresh maize plants [1-MED]… and divide them into 3 sample groups [2-MED].

2.1.1. Talent collects the stem, leaf, and root from 1 maize plant. 

2.1.2. Show the three sample groups containing 4 replicates on the lab bench. Groups should be labeled so they can be read on camera. 

2.2. Next, use a surgical blade to cut a 1 to 1.5 centimeter segment of the middle stem internode [1-CU]. Using the same surgical blade, cut a half to 2 centimeter segment from the maximum width of the leaf along the vertical direction with the main vein [2-CU]. Use the surgical blade to cut a half-centimeter segment from the crown root [3-CU].

2.2.1. Talent cuts a segment from the maize stem. 

2.2.2. Talent uses the finger to indicate where they will make the cut. Then, talent uses the surgical blade to make the cut along where they just pointed. 

2.3. After this, soak the sample segments in FAA solution for at least 3 days [2-CU].

2.3.1. Talent cuts a segment from the crown root of the maize plant. 

2.3.2. Talent places the segments in a labeled container of FAA solution. 

2.4. Dehydrate the sample segments for 30 minutes in 6 sequential ethanol gradients [1-MED].

2.4.1. Talent places a sample segment into the first of the six ethanol treatments. All six of the ethanol treatments should be in labeled containers on the lab bench. 

2.5. Then, place the plant materials in the corresponding sample baskets [1-MED]. Quickly, transfer the baskets to the sample cell of a carbon dioxide critical point drying system [2-MED-TXT].

2.5.1. Talent places the plant materials into labeled sample baskets. Labels should be legible in the video. 

2.5.2. Talent places the baskets into the dryer. TEXT: See text for drying parameters

2.6. Place the dried plant materials into a 50-milliliter centrifuge tube with 2 grams of solid iodine [1-CU]. Then, place the tubes in a lightproof room for 4 to 5 hours [2-MED].

2.6.1. Talent places the dried plant material into a centrifuge tube that contains solid iodine. 

2.6.2. Talent transfers the tube to a lightproof room. 

3. Micro-CT Scanning Protocol

3.1. First, set the CT scanning parameters according to the text protocol. Then, set the scanning ranges according to the different sizes and volumes of the plant materials used [1-SCREEN].

3.1.1. Screen capture footage to be provided by authors. Talent sets the CT scanning parameters for each plant material type. Then, talent sets the scanning ranges for each material type. Authors: We will send you a document outlining our guidelines for obtaining screen capture footage. Once you have obtained this footage, you may upload it to your project page. Author note: We added two shots before 3.1.1 step and the two videos will be provided by the videographer. 
3.2. Next, adjust the imaging pixel sizes as follows: 2 micrometers for the root, 6.77 micrometers for the stem, and 10 micrometers for the leaf [1-SCREEN].

3.2.1. Screen capture footage to be provided by authors. Talent adjusts the imaging pixel sizes as outline in the narrator script. Authors: We will send you a document outlining our guidelines for obtaining screen capture footage. Once you have obtained this footage, you may upload it to your project page.

3.3. To reconstruct slice images, use image reconstruction software to convert the raw CT data into CT slice images with 2K resolution [1-SCREEN].

3.3.1. Screen capture footage to be provided by authors. Talent reconstructs one slice image as described in the text protocol. Authors: We will send you a document outlining our guidelines for obtaining screen capture footage. Once you have obtained this footage, you may upload it to your project page. Video editor: This may need to be sped up in order to match VO. 
4. Image Analysis for a Single CT Image of a Maize Stem or Leaf

4.1. First, specify the organ type to initialize different algorithm pipelines in the automatic imaging software. Then, click the Method Parameters button and select “maize stem” or “maize leaf” in the first drop down box [1-SCREEN].

4.1.1. Screen capture footage to be provided by authors. Talent specifies the organ types in the software. Then, talent selects maize stem or maize leaf in the drop down box. Authors: We will send you a document outlining our guidelines for obtaining screen capture footage. Once you have obtained this footage, you may upload it to your project page.

4.2. Click the Data Management button, set the work directory, and important all of slice images in the directory. Then, select single or multi-slice images into the image pipelines [1-SCREEN].

4.2.1. Screen capture footage to be provided by authors. Talent clicks the data management button. Then, talent selects the correct pipeline for either single or multi-slice images. Authors: We will send you a document outlining our guidelines for obtaining screen capture footage. Once you have obtained this footage, you may upload it to your project page.

4.3. Next, determine the pixel size of the image. Click the Method Parameters button and enter the pixel size of the image in the appropriate edit item [1-SCREEN].

4.3.1. Screen capture footage to be provided by authors. Talent determines the pixel size of the image and enters it into the software. Authors: We will send you a document outlining our guidelines for obtaining screen capture footage. Once you have obtained this footage, you may upload it to your project page.

4.4. After this, click the Phenotyping computation button to automatically extract phenotypic traits of the vascular bundles for all of the selected slice images [1-SCREEN].

4.4.1. Screen capture footage to be provided by authors. Talent clicks the Phenotyping computation button. Authors: We will send you a document outlining our guidelines for obtaining screen capture footage. Once you have obtained this footage, you may upload it to your project page.

4.5. Click the Statistical Analysis button to output the results of these analyses as a text or C-S-V file [1-SCREEN].

4.5.1. Screen capture footage to be provided by authors. Talent clicks the statistical analysis button. Authors: We will send you a document outlining our guidelines for obtaining screen capture footage. Once you have obtained this footage, you may upload it to your project page.

5. Image Analysis Protocol for CT Image Series of a Maize Root

5.1. Import the reconstructed images of maize roots and determine the accurate space parameters. Then, use the recursive Gaussian tool to smooth the images and improve image quality [1-SCREEN].

5.1.1. Screen capture footage to be provided by authors. Talent imports the root images and determines the accurate space parameters. Then, talent uses the Gaussian tool. Authors: We will send you a document outlining our guidelines for obtaining screen capture footage. Once you have obtained this footage, you may upload it to your project page.

5.2. Adjust the threshold parameters to conduct 3-D segmentation of metaxylem (Pronunciation: meta-zy [rhymes with eye] –lem [as in lemon]) vessels. This will create a uniform color label for each connected metaxylem vessel [1-SCREEN].

5.2.1. Screen capture footage to be provided by authors. Talent adjusts the threshold parameters. Show detail of the uniform color labels. Authors: We will send you a document outlining our guidelines for obtaining screen capture footage. Once you have obtained this footage, you may upload it to your project page.

5.3. Then, improve and identify the metaxylem vessels interactively using morphology bitwise, and flood-fill operations [1-SCREEN].

5.3.1. Screen capture footage to be provided by authors. Talent performs a morphology operation. Authors: We will send you a document outlining our guidelines for obtaining screen capture footage. Once you have obtained this footage, you may upload it to your project page.

5.4. Next, conduct volume visualization and surface reconstruction of the vessels. Finally, use the mask statistics tool to count and measure the phenotypic traits of a vessel at the 2-D and 3-D levels [1-SCREEN].

5.4.1. Screen capture footage to be provided by authors. Talent conducts volume visualization and surface reconstruction. Then, talent uses the mask statistics tool. Authors: We will send you a document outlining our guidelines for obtaining screen capture footage. Once you have obtained this footage, you may upload it to your project page.

6. Results: Phenotypic Traits of Vascular Bundles in Maize Stems, Leaves, and Roots Computed
6.1. Using the analysis outlined in the protocol, the phenotypic traits of vascular bundles in maize stems, leaves, and roots were computed [1-LM]. A generated 3-D visualization of root metaxylem vessels was created using the results of segmentation, reconstruction, and volume visualization [2-LM].

6.1.1. Table 1: Video editor: Table 1 lists the relative phenotypic parameters of the stem.
6.1.2. 3-D visualization video of the root metaxylem vessels to be provided by authors. Authors, please upload this to your project page.
7. Conclusion (said by authors on camera)

7.1. Ying Zhang: The proposed ‘sample preparation protocol’ significantly improves the scanning imaging quality of micro-CT for maize stem, leaf, and root [1-MED].

7.1.1. Named author states the above, looking slightly off to the side. Interview style. 

7.2. Ying Zhang: We developed automatic image pipelines to rapidly extract phenotypic traits of vascular bundles for maize stem and leaf. We also set up an image-processing scheme to analysis 3D phenotypic traits of vascular bundles for maize root [1-MED].

7.3. Ying Zhang: This technique provides a practical way for accurate and rapid phenotypic quantification and identification of maize vascular bundles [1-MED].

7.3.1. Named author states the above, looking slightly off to the side. 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.

58501_3.1.1_t1(stem).mp4

58501_3.1.1_t2(leaf).mp4

58501_3.1.1_t3(root).mp4

Talent sets the CT scanning parameters and the scanning ranges for maize stem, leaf and root, respectively.

58501_3.2.1_t1(stem).mp4

58501_3.2.1_t2(leaf).mp4

58501_3.2.1_t3(root).mp4

Talent adjusts the imaging pixel sizes for maize stem, leaf and root, respectively. 

58501_3.3.1_t1.mp4

Talent reconstructs one slice image as described in the text protocol.

58501_4.1.1_t1.mp4

Talent specifies the organ types in the software. Then, talent selects maize stem in the drop down box. 

58501_4.2.1_t1.mp4

Talent clicks the data management button. Then, talent selects the correct pipeline for either single or multi-slice images.

58501_4.3.1_t1.mp4

Talent determines the pixel size of the image and enters it into the software.

58501_4.4.1_t1.mp4

Talent clicks the Phenotyping computation button.

58501_4.4.1_t2.mp4

To show the computation result file.

58501_4.5.1_t1.mp4

Talent clicks the statistical analysis button.

58501_4.5.1_t2.mp4

To show the statistical file.

58501_5.1.1_t1.mp4

Talent imports the root images and determines the accurate space parameters. Then, talent uses the Gaussian tool. 

58501_5.2.1_t1.mp4

Talent adjusts the threshold parameters. Show detail of the uniform color labels.

58501_5.3.1_t1.mp4

Talent performs a morphology operation. 

58501_5.4.1_t1.mp4

Talent conducts volume visualization and surface reconstruction. Then, talent uses the mask statistics tool. 

58501_6.1.2_t1.wmv

3-D visualization video of the root metaxylem vessels.
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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