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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) ___N______ 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)_____Y___ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_4.3, 5.1, 5.2, 5.3, 6.2, 6.3_________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  5.2. - fiber tracking on group averaged data sets – the most critical point is a valid stereotaxic normalization and the corresponding transformation of DTI-related Eigenvectors (3.1 – 3.9)______________________________

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.  

Conceptual Narrative:

The overall goal of the following experiment is to use diffusion tensor imaging analysis to define a distinct white matter pathoanatomy of different brain diseases by the combination of whole brain-based and tract-based fractional anisotropy statistics. (Intro)

This is achieved by appropriate diffusion tensor imaging, or DTI, (Text overlay: DTI: Diffusion tensor imaging) data preprocessing including quality control and stereotaxic normalization. (P1)

Video editor, use the entire box on the first row (including the black and white brain images with labels, the text “QC/VE” with arrow and the colored image with label), and the left arrow together with the text in the box “stereotaxic normalization preservation of directional information”, and the right arrow together with the text in the box “stereotaxic alignment (affine) preservation of directional information).

As a second step, whole brain-based spatial statistics, or WBSS, (Text overlay: WBSS:  whole brain-based spatial statistics) is performed (Video editor, add the left colored brain image on the bottom row with the text “comparison at the group level WBSS”), which allows for a voxelwise comparison of fractional anisotropy, or FA, (Text overlay: FA: fractional anisotropy) maps of different subject groups (Video editor, add the right colored brain image at the bottom row with the text “longitudinal differences in FA-maps”) in order to detect the pathological differences. (P2)  

Next, tractwise fractional anisotropy statistics, or TFAS is performed (Video editor, add the middle colored brain image on the bottom row with the text “FT at the group level TFAS”) in order to complement the results of voxelwise comparison by comparing the brain structures that were defined by a fiber tracking procedure. (P3)

Results are obtained that show the differences between diseased groups and control group based on DTI based analysis. (P4)

Video editor, add the text “differences in DTI at the group level” in the box with red outline at the bottom left and the text “longitudinal differences in DTI” in the box with red outline at the bottom right.
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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. JK: The main advantage of this technique over other methods is that fiber tracking on group averaged data sets becomes feasible.   

1.2. JK: This method can help answer key questions in the Neuroimaging field, such as the identification of brain structures that are affected by neurodegenerative diseases.  

1.3. JK: The implications of this technique extend toward the use as a neuroimaging-based surrogate marker, because it might potentially demonstrate longitudinal effects both at the individual and at the group level.  

1.4. HPM: Visual demonstration of this method is critical as the data processing steps are difficult to learn, because data analysis was performed on a TIFT custom-made software package, and several steps in data processing and analysis are very time consuming.   

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. Quality check including correction for corrupted gradient directions

2.1. To perform an artifact correction, a custom made software developed by our lab is used detect GD (Text overlay:  GD: gradient directions) with at least one slice showing decreased intensity, i.e. motion artifacts caused by spontaneous subject movement.

2.1.1. LAB_MEDIA: equation_figure_1
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2.2. The software used is Tensor Imaging and Fiber Tracking (TIFT) and is custom-made by our lab. For any diffusion weighted volume, compute the mean intensity for each slice. Then, compare its intensity with the same slice in all other volumes by using a weighted average approach. 

2.2.1. LAB MEDIA: equation_figure_1, (1) (1st two sentence)
2.2.2. 
LAB_MEDIA: equation_figure_1 (2) (final sentence)
2.3. Then, compare its intensity with the same slice in all other volumes by using a weighted average approach.  The weighting factor is the dot product of vectors of two GD 

2.3.1. LAB_MEDIA: equation_figure_1 (3)
2.4. If Q is under a certain threshold – a threshold of 0.8 in this case as an example, then eliminate that whole volume, or GD.  A threshold of 0.8 is considered a stable solution. 

2.4.1. LAB_MEDIA: equation_figure_1 (4)
2.5.  Shown here are the motion artifacts visible in sagittal reconstructions and detected by the QC algorithm. 
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2.5.1. LAB_MEDIA: 50427_ Kassubek_Figure 3(a) and (b)
2.6. In this example, out of the total number of GD, 17 were below the red line which corresponds to Q = 0.8 and should be eliminated. 

2.6.1. LAB_MEDIA: 50427_ Kassubek_Figure 3(c)
2.7. An example of a volume elimination statistics for the whole study is shown here. In this example, DTI data of 29 presymptomatic HD subjects were compared to DTI data of 30 controls.

2.7.1. LAB_MEDIA: 50427_ Kassubek_Figure 3(d) 
3. Preprocessing and spatial normalization 

3.1. For the stereotaxic normalization, create a study-specific (b=0)-template and an FA-template.  A complete non-linear stereotaxic normalization consists of three deformation components. 
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3.1.1. LAB_MEDIA: equation_figure_2 (1)  

3.2. Consequently, the resulting diffusion tensor of each voxel i has to be rotated according to all the rotations considered previously.  Shown here is a rigid brain transformation to align the basic coordinate frames.

3.2.1. LAB_MEDIA: equation_figure_2 (2)
3.3. This figure shows a linear deformation according to the landmarks.  The components of the Eigenvectors have to be adapted according to the six normalization parameters of S of the linear deformation. 

3.3.1. LAB_MEDIA: equation_figure_2 (3)
3.4. And here is a non-linear normalization equalizing non-linear brain shape differences.  The 3-D vector shifts are different for each voxel leading to a separate transformation for each voxel of the 3-D voxel array 

3.4.1. LAB_MEDIA: equation_figure_2 (4)
3.5. The whole normalization process is iterative, i.e. create a scanner- and sequence-specific (b=0)-template for this study in the first step by arithmetically averaging the (b=0)-volumes of all subjects after linear transformation according to manually set landmarks.  After this first normalization, create improved templates in order to optimize the normalization matrices.
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3.5.1. LAB_MEDIA: 50427_ Kassubek_Figure 5A - (1)

3.6. After this individual normalization procedure (Video editor, show step (i) text with the first text box “DTI data (not normalized)” and the second text box “DTI-data I0 (normalized) here), use all individual DTI data sets for creating a study-specific (b=0)-template and an FA-template (Video editor, add step (ii) text, with text “T1: (b=0) template +FA-template” and text box “templates T1” here).  As the non-affine registration to an FA-template has the advantage that it provides more contrast in comparison to (b=0) images, define an FA-template by averaging all individually derived FA-maps of the patients and the controls. 

3.6.1. LAB_MEDIA: 50427_ Kassubek_Figure 5A - (2)

3.7. In a second step, perform a non-linear MNI normalization (Video editor, add step (iii) text and bottom curved right arrow here) of the DTI data sets by minimizing the mismatch between regional intensities of the FA map to be fitted and of the FA template according to the squared differences 
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3.8. Based on these data, new templates T2 are derived (Video editor, add step (iv) text and top curved left arrow here). Repeat this iterative process (Video editor, add the oval labeled “iteration” here) until the correlation between individual FA maps and the FA template is larger than 0.7.  Usually this is reached after two iterations.

3.8.1. LAB_MEDIA: 50427_ Kassubek_Figure 5A - (4)

3.9. Now, whole brain-based spatial statistics can be performed by calculating fractional anisotropy maps from normalized DTI data …
3.9.1. LAB_MEDIA: 50427_ Kassubek_Figure 5B - (1) (and WBSS heading)
3.10. … smoothing the fractional anisotropy maps …
3.10.1. LAB_MEDIA: 50427_ Kassubek_Figure 5B - (2)

3.11. … and statistical evaluation including correctiona for multiple comparisons.
3.11.1. LAB_MEDIA: 50427_ Kassubek_Figure 5B - (3)

Video Editor: The authors completely deleted the scriptwriter’s sections 4, 5 and 6, and inserted the section 4 and 5 below with new VO and minimal shot descriptions. After a couple of back and forth emails asking for more explanation, Hans-Peter sent this response: 

“the sections 4 and 5 directly correspond to what Paul filmed last Friday (see comments "MED over the shoulder"). We did 2 video clips (beside sections 1 and 7 where Jan and me spoke in the camera):
1. corresponding to section 4 - actions "load data", etc. are spoken in the video by Paul - i.e. for example the text in section 4.2. should start when the "load data" sign was given, i.e. the pushbutton was pressed,
2. corresponding to section 5 (actions see above). After focussing the right screen, the text of section 5.4 should be narrated and the animation
LAB_MEDIA: 50427_ Kassubek_fa_als_slices.wmv could start. Inmmediately after this animation the next animation LAB_MEDIA: 50427_ Kassubek_ evol_ft_cst_probs.wmv and text (5.5) should start.

As both animations are already results we finally decided to skip the results section 6.”
For the listed “shots” below, the authors did not supply slate numbers. I (Peggy) added them to match the VO. Whether or not they were slated properly, the above note makes it sound like Paul (the videographer) spoke the words in quotations, so hopefully you’ll be able to use the audio track of the footage to match the footage with the VO.
4. Whole brain-based spatial statistics

4.1. In the following the differences in fractional anisotropy maps of Amyotrophic lateral sclerosis patients vs. controls are calculated by whole brain-based spatial statistics. Calculate FA-maps from normalized DTI data in order to preserve directional information. 

4.1.1.  “Introduction sentence – no action” (Sounds like there’s no visual; if not, then play the VO with the section heading.
4.2. As a preprocessing step before voxelwise comparison, apply a smoothing filter to the individual normalized FA-maps.   For smoothing, the fact that the filter size influences the results of DTI data analysis requires application of the matched filter theorem which states that the width of the filter used to process the data should be tailored to the size of the expected difference. (Text overlay:  Refer to the reference in the text protocol).

4.2.1. MED-over the shoulder:  action: “load data”
4.3. Compare the patient groups and the corresponding control group voxelwise using the Student´s t-test. This is done by comparing the FA values of the patients´ FA maps with the FA values of the controls´ FA maps for each voxel separately. 

4.3.1. MED-over the shoulder: action “press t-test” 
4.4. Then, correct the statistical results for multiple comparisons by using the false-discovery-rate algorithm at p < 0.05. 

4.4.1. MED-over the shoulder: action “press FDR”

4.5. Further reduce the alpha error using a spatial correlation algorithm that eliminates isolated voxels, or small isolated groups of voxels, in the size range of the smoothing kernel, leading to a minimum threshold cluster size of 512 voxels. 

4.5.1. MED-over the shoulder: action “press FDR”
5. Tractography and tractwise fractional anisotropy statistics

5.1. In the following, tractwise fractional anisotropy statistics are calculated for Amyotrophic lateral sclerosis patients vs. controls. In order to apply group-based fiber tracking algorithms, generate averaged DTI data sets from the patients´ data and from the controls´ data together. (Text overlay:  Refer to the reference in the text protocol). 

5.1.1. MED-over the shoulder: action: “load data”

5.2. Then, perform tractography in averaged DTI data sets of subject groups by application of a streamline tracking technique (Text overlay:  Refer to the reference in the text protocol).  Identify manually defined seed points adjacent to the local maxima by the whole brain-based FA analyses, which are the basis for the consecutive fiber tracking analysis.  After identification of the seeds, perform tractography and define the voxels of the delineated fibers as a group-specific mask for the following TFAS (Text overlay: TFAS:
Tractography and tractwise fractional anisotropy statistics).

5.2.1. MED-over the shoulder: action: “perform”

5.3. In order to quantify the tractography results, apply TFAS by using the fiber tracts that were created on the averaged DTI data sets of all subjects of each group for the selection of the voxels that contribute to a comparison between the patients` and the controls´ FA maps. To obtain comprehensive information by WBSS and TFAS, consider all resulting voxels with an FA value above 0.2 for statistical analysis by Student’s t-test.

5.3.1. MED-over the shoulder: Action focus on right screen

5.4. This animation shows the group differences in FA-maps detected by WBSS between a sample of ALS patients and matched controls in slicewise visualization.

5.4.1. LAB_MEDIA: 50427_ Kassubek_fa_als_slices.wmv

5.5. This video shows fiber tracking with starting points in the corticospinal tract used as the basis for TFAS. 

5.5.1. LAB_MEDIA: 50427_ Kassubek_ evol_ft_cst_probs.wmv

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/index/Details.stp?ID=1597

6. 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.

6.1. Hans-Peter Müller:  Once mastered, this technique can be done almost automatically within a few hours if it is performed properly.

6.2. Jan Kassubek:  After watching this video, you should have a good understanding of how to perform DTI analysis at the group level using WBSS and TFAS.

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.  

figure2_600dpi.tif

figure3_600dpi.tif

equation_figure1.tif

equation_figure2.tif

figure5_600dpi.tif

figure6_600dpi.tif

fa_als_slices.wmv

evol_ft_cst_probs.wmv

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.
 2011, Journal of Visualized Experiments
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