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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 you can record images/videos using your own camera/software, then mark 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______ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. __________Steps 5 through 8 ________________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number._________8 – patience and practice_____________

E.  Will the filming need to take place in multiple locations? (Y/N) ___NO____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to identify coevolving residues in protein alignments that imply interpositional dependencies, or IPDs. (Intro)
This is accomplished by first loading the alignment into StickWRLD (pronounced as “stick world”), which is a visual analytics tool that creates an interactive 3D representation of a protein alignment and clearly displays co-varying residues. (P1)  
Editors, please show the top 2 figures in “Jove Schematic.pptx” as this point is narrated.  Start with the left most figure of the sequences and animate the figure shrinking and disappearing into the “load protein” button on the panel entitled “StickWRLD Demo.”
In StickWRLD, each position in the alignment is represented as a column comprised of a stack of spheres - one sphere for each of the possible 20 amino acids in that position within the alignment that are sized in a frequency dependent manner.  The columns representing each position are wrapped around a cylinder. (P2)  
Editors, please show 52878_Rumpf_Figure6a_noIPDlines here.  Zoom into a single column as the first part of the first sentence is narrated.  Then zoom into a single sphere.  As the second sentence is narrated, zoom back out to the full figure.
To represent IPDs, lines are drawn between residues which are coevolving higher, or lower, than would be expected if the residues present in the positions were independent. (P3)
Editors, please show 52878_Rumpf_Figure 6a here with the IPD lines present.
Within the program, the residual is tuned until there are a manageable number of edges and then the edges of interest are identified. (P4)
Editors, please show the bottom 2 figures in “Jove Schematic.pptx” as this point is narrated (without the arrow).
Ultimately, StickWRLD is used to identify residues which are coevolving with one another.  Such functionally-required co-varying residues have been identified in Adenylate Kinase. (P5)
Editors, please show figure 6b here.
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).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Wolfgang Rumpf: Generally, individuals new to this method will struggle because of the novelty of the process [1.1.1 – MED].
1.1.1. Talent speaks toward the camera, interview style.
1.2. Will Ray: Visual demonstration of this method is critical as the system is in essence a visual analytic tool requiring the interaction of the user [1.2.1 – MED].   

1.2.1. Talent speaks toward the camera, interview style.
Protocol (read by voice talent at JoVE):

Editors, please use a zoom bubble to highlight the action being performed in the SCREEN capture movies.
2. Software Download & Installation and Preparation of alignment
2.1. Use a computer that has an Intel i5 or better processor with at least 4 gigabytes of ram, is running Mac OS X or linux OS, and is equipped with the python libraries listed in the text protocol [2.1.1 – MED].
2.1.1. Talent sits down at the computer.
2.2. Download StickWRLD as a zip archive containing all of the relevant Python scripts.  Also download the fasta (pronounced as “fast-uh”) two stick script for converting standard FASTA DNA/Protein sequence alignments to the StickWRLD format [2.2.1 – SCREEN].
2.2.1. *To be submitted by Author – 52878_Rumpf_SCREEN_2.2.1: Screen capture movie as talent downloads StickWRLD as a zip archive containing all of the relevant Python scripts.  Talent also downloads the fasta two stick script for converting standard FASTA DNA/Protein sequence alignments to StickWRLD format. TEXT Overlay:  http://www.stickwrld.org)
2.3. Extract the archive and put the resulting StickWRLD folder and the fasta two stick script on the desktop [2.3.1 – SCREEN].  Then, create an alignment of the protein sequences using any standard alignment software [2.3.2 – SCREEN].  Save the alignment on the desktop in FASTA format [2.3.3 – SCREEN].
2.3.1. *To be submitted by Author – 52878_Rumpf_SCREEN_2.3.1: Screen capture movie as talent extracts the archive and put the resulting StickWRLD folder and the fasta two stick script on the desktop.  

2.3.2. *To be submitted by Author – 52878_Rumpf_SCREEN_2.3.2: Screen capture movie as talent creates an alignment of the protein sequences using any standard alignment software.  
2.3.3. *To be submitted by Author – 52878_Rumpf_SCREEN_2.3.3: Screen capture movie as talent saves the alignment on the desktop in FASTA format.
2.4. Open the terminal application on the Mac or linux computer and navigate to the desktop by typing cd ~/Desktop (pronounced as “C-D tilda slash desktop”) and pressing return [2.4.1 – SCREEN].  In the terminal, type the command to make the fasta 2 stick script executable, and then type the command to execute the script [2.4.2 – SCREEN].  
2.4.1. *To be submitted by Author – 52878_Rumpf_SCREEN_2.4.1:  Screen capture movie as talent opens the terminal application and navigates to the desktop by typing cd ~/Desktop and pressing return
2.4.2. *To be submitted by Author – 52878_Rumpf_SCREEN_2.4.2:  Screen capture movie as talent types “chmod +x fasta2stick.sh” to make the script executable.  Then talent executes the script by typing ./fasta2stick.sh in the terminal.  
2.5. Follow the onscreen instructions provided by the script to specify the input file name and the desired output name.  Save the output file on the desktop [2.5.1 – SCREEN].
2.5.1. *To be submitted by Author – 52878_Rumpf_SCREEN_2.5.1:  Screen capture movie as talent specifies the input file name and desired output name and then saves the output to the desktop.
3. Launching and Using StickWRLD
3.1. Navigate into the StickWRLD executables folder using the terminal application of the Mac or linux computer [3.1.1 – SCREEN].  
3.1.1. *To be submitted by Author – 52878_Rumpf_SCREEN_3.1.1:  Screen capture movie as talent types: cd ~/Desktop/StickWRLD/exec in the terminal.
3.2. Launch StickWRLD by typing python-32 stickwrld_demo.py (“python dash 32 stick world underscore demo dot pie”) in the terminal.  Verify that the StickWRLD Data Loader panel is visible on the screen.  Then, load the converted protein sequence alignment by pressing the “Load Protein…” button [3.2.1 – SCREEN].
3.2.1. *To be submitted by Author – 52878_Rumpf_SCREEN_3.2.1:  Screen capture movie as talent types: python-32 stickwrld_demo.py in the terminal.  Talent verifies that the StickWRLD Data Loader panel is visible on the screen and then loads the converted protein sequence alignment by pressing the “Load Protein…” button.
3.3. Select the file created and press “Open”.  StickWRLD will open several new windows, including “StickWRLD Control” and “StickWRLD – Open G-L.” [3.3.1 – SCREEN]
3.3.1. *To be submitted by Author – 52878_Rumpf_SCREEN_3.3.1:  Screen capture movie as talent selects the file created and presses “open.”  Then several windows open.  Talent uses the cursor to point out “StickWRLD Control” and “StickWRLD – OpenGL.”
3.4. Select the “StickWRLD – OpenGL” window.  Choose “Reset View” from the “OpenGL” menu to display the default StickWRLD visualization in a “top-down” view through the cylinder representing the data in the resizable OpenGL windows [3.4.1 – SCREEN].
3.4.1. *To be submitted by Author – 52878_Rumpf_SCREEN_3.4.1:  Screen capture movie as talent selects the “StickWRLD – OpenGL” window.  Talent chooses the “Reset View” from the “OpenGL” menu to display the default StickWRLD visualization in a “top-down” view through the cylinder representing the data in the resizable OpenGL windows.
3.5. Several view options exist in StickWRLD.  Select the boxes for “Column Labels” and “Ball Labels” in the “StickWRLD Control” pane to display values for columns and balls [3.5.1 – SCREEN].  Deselect the box for “Column Edges” in the “StickWRLD Control” pane to hide the column edge lines [3.5.2 – SCREEN].
3.5.1. *To be submitted by Author – 52878_Rumpf_SCREEN_3.5.1:  Screen capture movie as talent selects the boxes for “Column Labels” and “Ball Labels” in the “StickWRLD Control” pane to display values for columns and balls.  
3.5.2. *To be submitted by Author – 52878_Rumpf_SCREEN_3.5.2:  Screen capture movie as talent deselects the box for “Column Edges” in the “StickWRLD Control” pane to hide the column edge lines.
3.6. Set the “Column Thickness” to 0.1 in the “StickWRLD Control” pane to draw a thin line through the columns, making it easier to navigate the 3D view.  Press return to accept the change [3.6.1 – SCREEN].
3.6.1. *To be submitted by Author – 52878_Rumpf_SCREEN_3.6.1:  Screen capture movie as talent sets the “Column Thickness” to 0.1 in the “StickWRLD Control” pane to draw a thin line through the columns.  Talent presses return to accept the change.
3.7. Reset the view in the “StickWRLD – OpenGL” window.  Then press the “full screen” button to maximize the view [3.7.1 – SCREEN].
3.7.1. *To be submitted by Author – 52878_Rumpf_SCREEN_3.7.1:  Screen capture movie as talent resets the view in the “StickWRLD – OpenGL” window, and then presses the “full screen” button to maximize the view.
3.8. To navigate within the program, rotate the 3D StickWRLD display by holding down the left mouse button while moving the mouse in any direction [3.8.1 – SCREEN/3.8.2 - CU].  Zoom the 3D StickWRLD display by holding down the right mouse button while moving the mouse up or down [3.8.3 – SCREEN/3.8.4 - CU].
3.8.1. *To be submitted by Author – 52878_Rumpf_SCREEN_3.8.1:  Screen capture movie as talent rotates the 3D StickWRLD display by holding down the left mouse button while moving the mouse in any direction.  Editors, please spit screen with 3.8.2.
3.8.2. CU or mouse as talent holds the left mouse button down while moving the mouse in the same direction as done for the screen capture (3.8.1).
3.8.3. *To be submitted by Author – 52878_Rumpf_SCREEN_3.8.3:  Screen capture movie as talent zooms the 3D StickWRLD display by holding down the right mouse button while moving the mouse up or down. Editors, please spit screen with 3.8.4.
3.8.4. CU or mouse as talent holds the right mouse button down while moving the mouse up and down (same thing as done for the screen capture 3.8.3).
4. Finding, Selecting and Savings Interpositional Dependencies (IPDs)
4.1. Browse the view by panning and zooming.  Coevolving residues exceeding the threshold requirements of both p and residual are connected via edge lines [4.1.1 – SCREEN].  If there are too many or too few edges connecting residues, change the Residual threshold to show fewer, or more, edges [4.1.2 – SCREEN].
4.1.1. *To be submitted by Author – 52878_Rumpf_SCREEN_4.1.1:  Screen capture movie as talent browses the view by panning and zooming.  Talent centers on coevolving residues exceeding the threshold requirements of both p and residual that are connected via edge lines.  
4.1.2. *To be submitted by Author – 52878_Rumpf_SCREEN_4.1.2:  Screen capture movie as talent changes the Residual threshold on the “StickWRLD Control” pane to show fewer edges (bring all the way down to the starting point for 4.2.1).
4.2. Increase the residual threshold on the StickWRLD Control Pane until no IPD edge lines are shown and slowly ramp down until relationships appear.  Continue increasing the residual until there are a sufficient number of relationships to examine [4.2.1 – SCREEN].
4.2.1. *To be submitted by Author – 52878_Rumpf_SCREEN_4.2.1:  Screen capture movie as talent increases the residual threshold on the StickWRLD Control Pane until no IPD edge lines are shown and then slowly ramps down until relationships appear.  Talent continues increasing the residual until there are a sufficient number of relationships to examine
4.3. Identify relationships that involve either residues of known interest or residues that are distal to one another within the alignment [4.3.1 – MED-over the shoulder].  
4.3.1. Talent working at the computer to identify such alignments.
4.4. Using “command plus Left click,” select any edges of interest.  The StickWRLD Control pane will indicate the columns and connect specific residues.  Solid lines represent positive associations while dashed lines represent negative associations [4.4.1 – SCREEN].
4.4.1. *To be submitted by Author – 52878_Rumpf_SCREEN_4.4.1:  Screen capture movie as talent uses command plus Left click to select an edge of interest.  The StickWRLD Control pane will indicate the columns and connect specific residues.  Use the curser to point out a solid line representing positive associations and then a dashed line representing negative associations.
4.5. Press the “Output Edges” button on the “StickWRLD Control” pane to save a plain-text formatted file of all of the visible edges in the proper directory, including the joined residues and their actual residual values [4.5.1 – SCREEN].
4.5.1. *To be submitted by Author – 52878_Rumpf_SCREEN_4.5.1:  Screen capture movie as talent presses the “Output Edges” button on the “StickWRLD Control” panel to save a plain-text formatted file of all of the visible edges, including the joined residues and their actual residual values, in the /StickWRLD/exec/ directory.  TEXT Overlay:  save in the /StickWRLD/exec/ directory
5. Results: StickWRLD visualization of the Adenylate Kinase lid domain protein
5.1. A large cluster of interpositional dependencies, or IPDs, including a 3-node association between glycine at position 132, tyrosine at position 135, and a proline at position 141, is visible in the foreground [5.1.1 – LM].  
5.1.1. 52878_Rumpf_Figure 6a.  Editors, as each is narrated, please highlight the yellow sphere on the vertical line before 132, the blue sphere on the vertical line before 135, and the green sphere on the vertical line before 141.  Then highlight the lines connecting them that make a triangle.
5.2. Here, the view has been skewed to position the user slightly above the cylinder, revealing an IPD between a histidine at position 136 and a methionine at position 29, 107 residues distant [5.2.1 – LM].  
5.2.1. 52878_Rumpf_Figure 6b.  Editors, please highlight the green line going across the cylinder as “revealing an IPD between a histidine at position 136 and a methionine at position 29, 107 residues distant” is narrated.
5.3. Conversely, a PFAM HMM (pronounced “P-fam H-M-M”) -derived motif of the same domain does not detect these as specifically co-occurring motif variants, and also defines the overall groupings in a biologically unsupported scheme [5.3.1 – LM]. 
5.3.1. Figure 2 
6. Conclusion (said by authors on camera)
6.1. Wolfgang Rumpf: While attempting this procedure, it’s important to remember to set the residual threshold to both a maximum and a minimum and explore the edges from both directions [6.1.1 – MED].
6.1.1. Talent 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.  

Insert your media filenames here.
Jove Schematic.pptx

52878_Rumpf_Figure6a_noIPDlines – Authors, please provide.
52878_Rumpf_Figure 6a
52878_Rumpf_Figure 6b  
Figure 2 
SCREEN Capture Movies – Authors, please provide.
52878_Rumpf_SCREEN_2.2.1: Screen capture movie as talent downloads StickWRLD as a zip archive containing all of the relevant Python scripts.  Talent also downloads the fasta two stick script for converting standard FASTA DNA/Protein sequence alignments to StickWRLD format. 
52878_Rumpf_SCREEN_2.3.1: Screen capture movie as talent extracts the archive and put the resulting StickWRLD folder and the fasta two stick script on the desktop.  

52878_Rumpf_SCREEN_2.3.2: Screen capture movie as talent creates an alignment of the protein sequences using any standard alignment software.  
52878_Rumpf_SCREEN_2.3.3: Screen capture movie as talent saves the alignment on the desktop in FASTA format.
52878_Rumpf_SCREEN_2.4.1:  Screen capture movie as talent opens the terminal application and navigates to the desktop by typing cd ~/Desktop and pressing return
52878_Rumpf_SCREEN_2.4.2:  Screen capture movie as talent types “chmod +x fasta2stick.sh” to make the script executable.  Then talent executes the script by typing ./fasta2stick.sh in the terminal.  
52878_Rumpf_SCREEN_2.5.1:  Screen capture movie as talent specifies the input file name and desired output name and then saves the output to the desktop.
52878_Rumpf_SCREEN_3.1.1:  Screen capture movie as talent types: cd ~/Desktop/StickWRLD/exec in the terminal.
52878_Rumpf_SCREEN_3.2.1:  Screen capture movie as talent types: python-32 stickwrld_demo.py in the terminal.  Talent verifies that the StickWRLD Data Loader panel is visible on the screen and then loads the converted protein sequence alignment by pressing the “Load Protein…” button.
52878_Rumpf_SCREEN_3.3.1:  Screen capture movie as talent selects the file created and presses “open.”  Then several windows open.  Talent uses the cursor to point out “StickWRLD Control” and “StickWRLD – OpenGL.”
52878_Rumpf_SCREEN_3.4.1:  Screen capture movie as talent selects the “StickWRLD – OpenGL” window.  Talent chooses the “Reset View” from the “OpenGL” menu to display the default StickWRLD visualization in a “top-down” view through the cylinder representing the data in the resizable OpenGL windows.
52878_Rumpf_SCREEN_3.5.1:  Screen capture movie as talent selects the boxes for “Column Labels” and “Ball Labels” in the “StickWRLD Control” pane to display values for columns and balls.  
52878_Rumpf_SCREEN_3.5.2:  Screen capture movie as talent deselects the box for “Column Edges” in the “StickWRLD Control” pane to hide the column edge lines.
52878_Rumpf_SCREEN_3.6.1:  Screen capture movie as talent sets the “Column Thickness” to 0.1 in the “StickWRLD Control” pane to draw a thin line through the columns.  Talent presses return to accept the change.
52878_Rumpf_SCREEN_3.7.1:  Screen capture movie as talent resets the view in the “StickWRLD – OpenGL” window, and then presses the “full screen” button to maximize the view.
52878_Rumpf_SCREEN_3.8.1:  Screen capture movie as talent rotates the 3D StickWRLD display by holding down the left mouse button while moving the mouse in any direction.  
52878_Rumpf_SCREEN_3.8.3:  Screen capture movie as talent zooms the 3D StickWRLD display by holding down the right mouse button while moving the mouse up or down. 
52878_Rumpf_SCREEN_4.1.1:  Screen capture movie as talent browses the view by panning and zooming.  Talent centers on coevolving residues exceeding the threshold requirements of both p and residual that are connected via edge lines.  
52878_Rumpf_SCREEN_4.1.2:  Screen capture movie as talent changes the Residual threshold on the “StickWRLD Control” pane to show fewer edges (bring all the way down to the starting point for 4.2.1).
52878_Rumpf_SCREEN_4.2.1:  Screen capture movie as talent increases the residual threshold on the StickWRLD Control Pane until no IPD edge lines are shown and then slowly ramps down until relationships appear.  Talent continues increasing the residual until there are a sufficient number of relationships to examine
52878_Rumpf_SCREEN_4.4.1:  Screen capture movie as talent uses command plus Left click to select an edge of interest.  The StickWRLD Control pane will indicate the columns and connect specific residues.  Use the curser to point out a solid line representing positive associations and then a dashed line representing negative associations.
52878_Rumpf_SCREEN_4.5.1:  Screen capture movie as talent presses the “Output Edges” button on the “StickWRLD Control” panel to save a plain-text formatted file of all of the visible edges, including the joined residues and their actual residual values, in the /StickWRLD/exec/ directory. 
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.
( 2013, Journal of Visualized Experiments


