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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 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______ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___The animation videos (.wmv files) we have already provided: GaborAngleVideo, GaborTauVideo, GaborElongationVideo, GaborPlantVideo, and GaborMammoVideo, in this order. ______________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __The procedure is mathematical and computational, not experimental with physical objects. There are visual aspects to the methods and results that need to be explained and emphasized carefully.____________________________
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.  
Procedural Narrative:
The overall goal of this procedure is to _______detect subtle signs of breast cancer, in particular, architectural distortion, in mammograms ___________________ . (Intro)

This is accomplished by first preprocessing a given mammogram to detect the breast portion and remove artifacts in the given mammographic image__________________________. (P1)
The second step is to detect oriented structures in the image by applying  a bank of Gabor filters_____________________. (P2) Tks 1-3 are different pronunciations of Gabor
Next, the  orientation field is analyzed using phase portraits to detect node-like patterns that could indicate the presence of architectural distortion______________ . (P3)
The final step is to analyze all regions detected by extracting_attributes or measures that characterize architectural distortion and assist in rejecting false alarms. (P4)
Ultimately, the confirmed suspicious areas are presented to the radiologist for further analysis and the efficiency of the procedure is evaluated in comparison with the results of clinical tests such as biopsy. _____. (P5)
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).   
The author simply provided a list of figures from the manuscript:
P1: Fig. 2a/b

P2: Fig. 4

P3: Fig. 7

P4: Fig. 9 and new figure JoVE_roi_TP_features.tif

P5: Fig. 12
B.  Interview: (Said by you on camera. Don’t forget to smile!)  Author note: PLEASE SHOW Schulich School LOGO AT THE BEGINNING! USE SSE*.png file in new folder of renamed figure files being sent.
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. Author name _Raj________: The main advantage of this technique over existing methods, like computer-aided detection of masses, is that _we are able to detect subtle signs of architectural distortion with no central mass or tumor being present.   

1.2. Author name _Leo________: The implications of this technique extend toward diagnosis and therapy of_breast cancer, because we can detect breast cancer at earlier stages and treatment could begin when the disease is amenable to eradication.

1.3. Author name Shantanu: Visual demonstration of this method is critical. The image processing steps are difficult. There are several intricate steps that are mathematically complex.   
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. Extraction of oriented patterns using Gabor filters
2.1. The steps of this protocol are done using a combination of custom and packaged software.  Start the procedure with a digitized mammogram down-sampled with a Gaussian filter.  Segment the breast region in the image using Otsu's adaptive thresholding method (TEXT: See Otsu, IEEE Transactions on Systems, Man, and Cybernetics, 1979) and identify the approximate boundary of the breast. 
2.1.1. WIDE: Talent arriving at computer, sitting down to work on already opened image

2.1.2. LAB MEDIA: Figure 2a (Video editor: Display this image on “Start the procedure...” Please title “Down-sampled image, 200 µm and 8 bits per pixel”)
2.1.3. LAB MEDIA: Figure 2b (Video editor: Display on “Segment...” Please title “After thresholding”)

2.2. Next, extract oriented patterns using Gabor filters.  A Gabor filter is an anisotropic bandpass filter with a preferred orientation.   This real Gabor filter function is oriented at -90 degrees. The sigmas are standard deviations along their respective axes, and f0 (pronounced eff naught) is the frequency of the modulating sinusoid.  Filters at other angles are obtained by using a coordinate transformation.  This animation shows the impulse response of a Gabor filter on the left, and the spectral or frequency response on the right.  Note the changes as the angle of orientation starts at -90º and goes through 180º. Tks 1-3 are pronunciations of Gabor.
2.2.1. MED over the shoulder: Talent at computer.  Get a minute or two of broll of talent doing various things on the computer, both over the shoulder and from other angles.

2.2.2. LAB MEDIA:  Equation 1.tif (Video editor:  Please highlight/underline the squared sigma_x (x2) and squared sigma_y (y2)in the center of the equation when “The sigmas are standard....” is voiced.  Remove highlight on the sigmas and highlight f0 when “...and f0 is the frequency...” is voiced.  Remove the highlight at the end of the sentence.)

2.2.3. LAB MEDIA:  GaborAngleVideo (Video editor: Start at “This animation...”  In all animations, please leave out the title sequence.)
2.3. Write sigma_x and f_0 in terms of tau, the full-width at half-maximum of the Gaussian term.  Also, write sigma_y as a multiple, ell (the letter L),  of sigma_x.  Now, tau and ell control the center frequency and bandwidth of the filter, and the width and length of the oriented components to be filtered.  In this animation, the value of tau in the Gabor filter is varied while keeping all other parameters constant.  As tau is increased, the width of the Gabor function in the space domain is increased and the center frequency of the frequency response is decreased. Tks 1-3 are pronunciations of Gabor.
2.3.1. LAB MEDIA: Equation 1.tif.  Below it show sigmax.tif and f0.tif on separate lines.  On “tau, the full-width...” highlight the taus in the two equations.

2.3.2. LAB MEDIA: Keep previous images and display on a third line sigmay.tif.  On “...ell, of sigma_x” highlight the letter “l”. 

2.3.3. LAB MEDIA: GaborWithTau.tif (Video editor: Keep previous equations and display new one on “Now tau and ell...,” then remove other equations. Alternatively, the new equation can simply replace all equations.)

2.3.4. LAB MEDIA: GaborTau.wmv (Video editor: Start on “In this animation...”)
2.4. This animation shows the effect of the parameter ell on the impulse response and the spectral response of a Gabor filter.   For practical applications, appropriate values for tau and ell must be chosen, and multiple filters must be used.  This video shows the application of 180 Gabor filters to a test image of a plant with parts oriented at several angles.  It is evident that the Gabor filter response captures the oriented components present in the image at various angles.  The maximum response at each pixel over all of the filter angles used is saved in a single image, referred to as the Gabor magnitude response. The corresponding angle of the Gabor filter is saved for each pixel in another image, referred to as the Gabor angle response.  Tks 1-3 Gabor
2.4.1. LAB MEDIA: GaborElongation.wmv

2.4.2. LAB MEDIA:  GaborPlant.wmv (Video editor: Start on “this video...”)
2.5. Choose appropriate values of tau and ell for mammography. (TEXT: For pixel width of 200 µm, l=8) Next, apply to the image a bank of 180 real Gabor filters evenly spaced over the range from -90º to +90º.  Each filter extracts the oriented components of the mammogram in its corresponding space domain direction.  For each mammogram, generate a Gabor magnitude response image using the highest magnitude response at each pixel.   Tks 1-3 Gabor
2.5.1. MED over the shoulder: Talent at computer, ideally with image of mammogram visible, setting up filters.  

2.5.2. LAB MEDIA: GaborMammo.wmv (Video editor: Starting with “Next, apply to...” please show some portion of 0:03 to 0:13, then sync “...generate a Gabor magnitude image” with 0:13 to 0:15 and hold for viewing.  Hold into the next shot.)
2.6. The final Gabor magnitude response image shows high  values for pixels related to oriented patterns and thus highlights tissue structures with preferred directional characteristics. Regions with nearly the same gray levels and no oriented texture are not retained in the result.  Also for each mammogram, generate a Gabor angle response image, again using the highest response at each pixel.  This image gives the angle of the dominant oriented pattern at each pixel; the angles in this image agree with the angles of the underlying tissue structures. Tks 1-3 Gabor
2.6.1. LAB MEDIA: GaborMammo.wmv (continued) (Video editor: At this point the image from 0:13 to 0:15 is still being shown.  Hold until “Also for each mammogram..” then show  some part of 0:15 to 0:17 and hold until the end of the voiceover.  This will be the last image from GaborMammo)

2.7. Here the Gabor magnitude response and Gabor angle response are shown side by side; the rectangles show a region of interest identified by a radiologist.  Further detail is provided by these magnified views of the region of interest. Tks1-3 Gabor
2.7.1. LAB MEDIA: Figures 4a,b (Video editor:  Show Figure 4a on “Here the Gabor magnitude...”, then 4b on “...and Gabor angle”)(Authors: Please provide each panel of Figure 4 separately, without labels) Author note: all figure files are being provided in eps and tif format, renamed as Fig1a, Fig2a, etc.
2.7.2. LAB MEDIA: Figures 4c,d (Video editor: Please keep the images from 2.7.1 on screen and associate Figure 4c with the left figure (4a), and the Figure 4d with the right figure–possibly by having them emerge from the rectangles in their associated images–then remove Figures 4a,b)
2.8. The next step is to use the Gabor magnitude response image to identify curvilinear structures of interest with the non-maximal suppression technique.  (TEXT: For details see section 3.3 in the text protocol) Here the pixels marked in white are the selected core pixels that are potential indicators or spicules or fibro-glandular tissues. Now remove core pixels associated with a strong gradient to prevent erroneous identification of structures; this yields the curvilinear structures of interest. Here are details of the same region before and after removing pixels associated with strong gradients. Once this is done, filter the orientation field with a Gaussian filter, and down-sample to reduce noise and reduce the necessary computation.  Tks 1-3 of 2.8a are Gabor.  Single take of 2.8b is called “2.8b…tks123”
2.8.1. LAB MEDIA: Figure 4a then Figure 6a next to it (Authors: Please provide the each of the panels of Figure 6 separately, without labels)(Video editor: Start with 4a.  Display 6a on “Here the selected...”)
2.8.2. LAB MEDIA: Figure 6 a,b (Video editor: Remove Figure 4a from the previous shot, move 6a to the left, and add 6b on “Now remove core pixels...” )

2.8.3. LAB MEDIA:  Figure 6c and d (Video editor:  On “Here are details of...”, keep previous two images.  Associate  Figure 6c with the left image (6a) and Figure 6d with the right image (6b) as in shot 2.7.2.)

2.9. The vote casting procedure in phase portrait analysis is shown here. The original mammogram is shown on the left and the related Gabor angle response is shown on the right.  Tks1-3 Gabor
2.9.1.  LAB MEDIA: phaseportrait.wmv – 00:00:00 – 00:00:06
2.10. On the left, the small blue window shows the analysis window being slid over the original image. Window positions that result in no vote being cast in the node map are skipped and not shown in the video. Window positions that result in a vote being cast in the node map are marked with a green asterisk at the corresponding position on the right. 
2.10.1. LAB MEDIA: phaseportrait.wmv - 00:00:06 - 00:00:36
2.11. At the end of the procedure, the node map contains a map of points where votes were cast. It is expected that relatively large numbers of votes will be cast at locations containing diverging or converging oriented patterns. 
2.11.1. LAB MEDIA: phaseportrait.wmv - 00:00:36 - 00:00:46
2.12. A smoothing or accumulating filter is applied to obtain a filtered version of the node map. Local peaks are detected in the filtered node map to facilitate cutting of regions of interest for further analysis.
2.12.1. LAB MEDIA: phaseportrait.wmv - 00:00:46 – end (Freeze frame at the end or use 50341_PPfullvote400.tif)
2.13. Now, apply linear phase-portrait modeling to the filtered orientation field using a sliding window.  Form a node map by casting votes at the fixed points associated with particular types of node patterns in the window and rank ordering them.

2.13.1. LAB MEDIA: Figure 7a
2.14. Once that is done, cut regions of interest from the original image, centered at the corresponding peaks in the node map.  For nodes at the edges, create regions of interest that include as much of the image data as available at the specified peak position.   

2.14.1. LAB MEDIA: Figure 7b (can you superimpose this on fig 7a (in 2.13.1), then have fig 7a disappear?)
3. Characterization of Architectural Distortion, Pattern Classification and Validation 
3.1. Begin characterization by selecting a region of interest, pre-processing it, and performing a 2-dimensional Fourier transform.  Shown here is the logarithm of the power spectrum after it has been converted to polar co-ordinates of frequency and angle.The angle, shown on the horizontal axis, ranges from 0º to 179º.  The radial frequency, on the vertical axis, ranges from 0.02 mm-1 to 2.5 mm-1, with the top left corner 0.02 mm-1 and 0º. (Authors: Please provide the panels of Figure 9 separately, without labels)
3.1.1. LAB MEDIA: Figure 9a

3.1.2. LAB MEDIA: Figure 9c (Video editor: Display next to previous figure on “Shown here...”  Please highlight the horizontal axis when it is voiced.  If possible, place 0º on the bottom left corner of the figure and 179º on the bottom right.  Also, highlight the vertical axis when it is voiced.  Again, if possible, place 0.02 mm-1 at the top left corner and 2.5 mm-1 on the bottom left corner)

3.2. Now, transform the 2-dimensional spectrum into a 1-dimensional function of the spatial frequency by integrating the power spectrum in polar co-ordinates over the angles for each value of the spatial frequency.  (TEXT: See manuscript section 3.5 for details.) Here is the function plotted on a log-log scale. Exclude low and high frequency regions and apply linear regression to identify the slope of the fitted line. This slope is an estimate of the power law factor beta of the fractional Brownian motion model.  Use this to calculate the fractal dimension. (TEXT: Fractal dimension: (8-)/2)

3.2.1. LAB MEDIA: Figures 9c,e (Video editor: Start with Figure 9c and introduce 9e next to it on “a 1-dimensional function...”  In Figure 9e, if it is possible to show the dashed line alone, please do.  Then add the red line on “apply linear regression”.  If that is not possible, highlight the red line on “the slope of the fitted line.”  In either case, label the red line with “slope ” on “This slope...”)

3.3. To compute the entropy, return to the 2-dimensional spectrum in polar co-ordinates. Transform it into a 1-dimensional function of the angle by integrating it over the spatial frequency values for each value of the angle.  Normalize the function so that it sums to one, then compute the entropy of the result.(TEXT: Entropy: -S() log2S()) Author note: for the TEXT, please use FD_HF.tif image provided earlier.
3.3.1. LAB MEDIA: Figure 9c,d (Video editor: Start with Figure 9c and introduce 9d at start of second sentence.  See the file FD_HF.tif for a clearer rendition of the equation in the TEXT overlay.)

3.4. At this point, there are three measures for each automatically detected region of interest:  node value, fractal dimension, and entropy.  Use these to characterize spiculating patterns related to architectural distortion and separate them from normal tissue patterns. Develop a classifier using regions of interest classified by a radiologist. (TEXT: See section 3.6 of the text protocol)  Shown here in feature space are classifications of regions cut from labeled images during training: green for false positives and blue for true positives.  Also shown are the outputs of the trained classifier for the test case being analyzed:  black shows false-positives and red true-positives.

3.4.1. LAB MEDIA: JoVE_roi_TP_features.tif  (Video editor: Please highlight node on “node value”, FD on “fractal dimension” and HF on “entropy”)

3.4.2. MED over the shoulder: Talent at computer (Video editor: Shot should start with “Develop a classifier..”)

3.4.3. LAB MEDIA: Feat_class.tif (Video editor:  Can you please highlight the black and red  points when voiced.  There are three black points: two near the foremost vertical axis, and one just above the extension of the line segment that goes from the first black point and its nearest red point, at a distance a little more than twice the length of the line segment from the black point. There are three red points in the foreground.)
4. Results: Reduction in False Positives using Combination of Features 
4.1. In this plot, the black line shows the free-response receiver operating characteristic curve when only the node value is used.  It has a sensitivity of 80% with 8.1 false-positives per patient.  The red curve represents the results when the three features–node value, entropy, and fractal dimension–are used together.  At 80% sensitivity, it results in 5.6 false-positives per patient.

4.1.1. LAB MEDIA: Figure 11 (Video editor: On the first  “...80% with 8.1...”, highlight the horizontal line from 0.8 on the vertical axis to the point where it intersects the black curve, and the vertical line from that point to the horizontal axis at about 8.1.  Remove the highlights.  On “At 80%...” highlight the horizontal line from 0.8 on the vertical axis to the point where it intersects the red line, and the vertical line that goes from there to the horizontal axis at about 5.6. )

4.2. In this image, the six regions of interest with the highest rankings are shown.  The numbers outside the parentheses indicate the ranking according to the Bayesian classifier.  The numbers within parentheses correspond to the earlier node map ranking.  Green rectangles represent true-positive regions of interest in the final stage of analysis; yellow rectangles represent false positives. The red rectangle is the region with architectural distortion identified by a radiologist.  Three of the highly ranked regions overlap with the suspicious area of architectural distortion marked by the radiologist, indicating successful detection by the procedure.

4.2.1. LAB MEDIA: Figure 12 (Video editor:  If there is some way you can highlight the numbers outside the parentheses, please do.  Then do the same for the numbers in the parentheses.  Point to the green, yellow and red rectangles when voiced.  Highlight the three green rectangles on “Three of the highly ranked...”)
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/video/1597/results-example-mably?access=ksw0bprj
5. 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.
5.1. Author name _Shantanu_______:  After further work on optimization of our algorithms and programs, our procedures could be applied to mammograms in a clinic by incorporating a computer with our software and suitable display systems into the workflow of the radiologist.

5.2. Author name __Raj______: Following our procedures, other methods could be developed to answer additional questions like how architectural distortion and breast tumors develop over time.

5.3. Author name _Leo_______:  The results of our procedures could be incorporated in clinical practice by a radiologist to achieve more efficient diagnosis of early stages of breast cancer, which, in turn, could lead to improved prognosis for the patient.

5.4. _____________.

5.5. Author name ________: After its development, this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________( model organism, patient demographic, organ system).

5.6. Author name _________: After watching this video, you should have a good understanding of how to _____________ (restate overall goal of the procedure mention specific steps).

5.7. Author name _________: Don't forget that working with _____________(reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as ____________ should always be taken while performing this procedure.   
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.  

Insert your media filenames here.

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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