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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)_No___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps

1. Show MRI acquisition and processing (put subject in MRI then look at the reconstructed images).

2. Show MEG, EEG subject digitization step.

3. Show subject seated (with EEG cap attached) in MEG performing task using a keypad.
4. Show co-registration procedure (performed on computer).
5. Show data verification using MNE analyzer (N100m cortical pattern).
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

Performing statistical inference judicially. Experimenters must understand every step of the analysis such that artifacts do not comprise brain data.
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 map cortical dynamics underlying different human cognitive states. (Intro)
This is accomplished by first capturing magneto- and electro-encephalographical data, or MEG and EEG in short, while a subject is performing a behavioral task. (P1)
The second step is to obtain anatomical data using relevant MRI sequences. (P2)
Next, co-registration is performed to establish spatial correspondence between sensor locations of MEG and EEG with anatomical information. (P3)  (note, P2 and P3 are similar; could instead use Fig 2 in place of P3 here if you prefer.)  
The final step is to use an inverse imaging approach to map individual’s brain activities onto the cortical space. (P4)
Ultimately, statistical inference based on a common surface-based coordinate system is used to discover significant spatiotemporal patterns that distinguish one cognitive state from another. (P5)
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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).   
File uploaded: JoVE Outline Lee_et_al.ai

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)

Author, feel free to add one or two (short) additional introductory statement here if you’d like.  
1.1. **Author name Adrian KC Lee: Demonstrating the procedure will be Eric Larson and Ross Maddox who are postdocs from my laboratory.  
1.1.1. Interview style: Author saying the above 
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.     

Authors ,In addition to movies you have suggested,  I’ve asked for a few additional still figures (basic screenshots) below, only since filming a researcher using a computer can appear repetitive, and cause screen flicker. These are listed below within the protocol, and can be completed after film date if needed. 
Note to videographer; Important: Do Not bring camera into MRI room, (to avoid major damage and injury).  
2. Anatomical data acquisition and processing
2.1. Begin this protocol by obtaining structural MR images of the subject. First acquire a structural MR scan, using a magnetization-prepared rapid gradient echo, or MPRAGE, (pronunciation: M-P-rage) or similar sequence. This sequence may take 5-10 minutes depending on the specific scanning resolution and imaging protocol used.
2.1.1. MED over the shoulder: researcher uses the MRI console to set up an MPRAGE scan. Perhaps we can subject in the scanner through the glass.  (If you don’t feel it’s necessary to put someone in the scanner, be sure scanner empty scanner bed cannot be seen in shot!) 
When MRI room is shown, please include text below.

University of Washington Diagnostic Imaging Sciences Center (DISC) / MR Research Laboratory
2.1.2. MED over the shoulder: researcher views & scrolls through an acquired MPRAGE scan on MR console.  - blur any subject info if on screen.-  (Authors, if you prefer, could show a still MPRAGE screenshot here instead.)
2.2. If EEG data will be used for inverse imaging analysis, also acquire two fast low-angle shot, or FLASH, MRI scans (TEXT on screen: flip angles = 5° and 30°).  These FLASH sequences provide different tissue contrast from the standard MPRAGE sequences. 
2.2.1. MED over the shoulder:  researcher sets up for FLASH scan. 
2.2.2. MED over the shoulder: researcher views & scrolls through an acquired FLASH scan on MR console.  - blur any subject info if on screen. – (Authors, again, if preferred, could use an example FLASH screenshot here.)
2.3. Once imaging is complete, use MNE and FreeSurfer software to reconstruct the skin, outer skull and inner skull surfaces from the MPRAGE and FLASH images. Then, use these surfaces to generate a three-layer boundary element model, or BEM (pronunciation: “bem”). (with Text on screen below)
2.3.1. LAB MEDIA: show FreeSurfer reconstructed surfaces (authors, can you provide?)
These now contain shots of research scrolling through FreeSurfer reconstructed surfaces (combined camera shots for 2.3.1 and 2.3.2)
2.3.2. MED over the shoulder: researcher using MNE to view the BEM ( with TEXT ON SCREEN: show web links on screen:  
http://freesurfer.net/       http://www.nmr.mgh.harvard.edu/martinos/userInfo/data/sofMNE.php
1. M/EEG data acquisition 

2.4. Prior to the MEG (pronunciation: “M-E-G”) experiment, first test the auditory and visual latencies to ensure timing integrity.  Use a microphone and photodiode attached to the screen, and subsequently ensure there is no observable jitter.  This may necessitate setting the presentation projector to its native resolution. 
2.4.1. WIDE: researcher approaches equipment to test, 
When MEG room is shown, please logo on screen. EPS file: ILABS_w-UW.eps on the screen. If not possible, please include text below.
University of Washington, Institute for Learning and Brain Sciences
2.4.2. MED: researcher uses a microphone and photodiode attached to the screen, to assure there is no jitter.
2.4.3. MED: researcher sets the presentation projector to its native resolution. 
2.5. Next, prepare the subject for recording, referring to the previous video article by Liu et al  (show text) for details of electrooculogram and reference electrode preparation as well as digitization of the subject’s fiducial landmarks, head-position indicator coils and EEG electrodes. 
2.5.1. MED: show as the researcher starts to prepare the subject for recording, i.e . placing reference electrode. (text on bottom of screen: Liu, H. et al. Functional Mapping with Simultaneous MEG and EEG. Journal of Visualized Experiments  (40), doi:10.3791/1668 (2010).)
2.5.2. CU:  show researcher placing electrodes.  

2.6. Once the subject is comfortably seated in the MEG, measure head position using the head-position indicator, or HPI coils. Then, start recording, and begin presentation of auditory and visual stimuli. Note, HPI measurements can also be taken continuously.
2.6.1. MED: with subject seated in the MEG, researcher begins measuring head position using the HPI coils.
2.6.2. MED: researcher starts the MEG recording. (likely via computer console)
2.6.3. MED: researcher begins presentation of stimuli (starts the paradigm running). 
2.7. The subject should respond to the auditory and visual stimuli via an optical button box while performing an audio-visual behavioral task. Here, the subject reports the spoken digit originating from the hemifield as cued by the visual cue. Occasionally, subjects are visually prompted to switch attention to the contralateral hemifield mid-trial, to study switching of auditory attention. 
2.7.1. MED: show the subject in the scanner using the button box, as the task paradigm is running. (from the side, emphasis on button box use)
2.7.2. MED: show the task being presented to the subject, as he/she watches intently & responds.  (emphasis on seeing task running)
2.8. Many hardware and software solutions are available to perform stimulus presentation. Here, Tucker-Davis Technologies RZ6 is used for auditory stimulus presentation and trigger stamping, with Psychtoolbox for visual stimulus presentation, both controlled by MATLAB.
2.8.1. MED or CU: show the Tucker-Davis Technologies RZ6 system.
2.8.2. MED or CU: show the Psychtoolbox software as a researcher is using it. (i.e. setting up program)
3. M/EEG co-registration with MRI scan and data processing
3.1. To begin data processing, coregister the EEG data to the structural MR, using MNE software as seen here. First load the digitizer data and the subject’s reconstructed MRI head model. 
3.1.1. MED over the shoulder: Show as the researcher loads the digitizer data and the subject’s reconstructed MRI head model into MNE software.
3.2. Next, pick fiducial landmarks to initiate the co-registration process, and then proceed to use the automatic alignment procedure to complete the coordinate transformation. 
3.2.1. MED over the shoulder: researcher picks  the last couple of fiducial landmarks;
3.2.2. MED over the shoulder:  researcher uses automatic alignment procedure to complete the coordinate transformation. Or, authors, would you prefer to show Figure 2 here?  Note, figures will remain in manuscript even if not on screen. 
Combined shots for 3.1.1, 3.2.1 and 3.2.2. Coordinate automatic alignment procedure was shot (so no need for Figure 2).
3.3. Then, to relate the location of each dipole in the source space with the location of each sensor, combine the recorded head-position indicator data to compute a forward solution with the three-layer boundary element model. 
3.3.1. MED over the shoulder: researcher using software to relate the location of each dipole in the source space... 
3.3.2. MED over the shoulder: show researcher viewing the BEM.
3.5 (moved to before 3.4) To further increase the data’s signal-to-noise ratio, apply time-domain artifact removal, such as removing epochs containing abnormally high amplitude signals due to spiking of a channel.  Also apply frequency-domain artifact removal, such as band-notch filtering at 50 or 60 Hz line-frequency.

3.5.1 MED: researcher using software to perform noise reduction.

3.5.2 MED over the shoulder: researcher applies band-notch filtering at 50 or 60 Hz.
3.4. Use signal-space projection or other noise reduction techniques, such as signal space separation, to project or separate out spatial field patterns from ambient environmental field contamination or other undesirable physiological signals, such as those associated with eye-blinks and cardiac artifacts
3.4.1. MED: researcher using software to perform noise reduction.
3.4.2.  LAB MEDIA: Fig. 3.
3.5. [moved to before 3.4]
3.6. Now, generate a “brain movie” of the distributed dipole estimate, being the current estimate at each dipole location in the source space in time for each experimental condition.
3.6.1. LAB MEDIA:  (show brain movie here) (to be uploaded; as illustrated in Fig 4)  Replaced by Shot: Shot on researcher using MNE to look for key N100's response in the brain (reflecting the current estimate at dipole location in the source space in time for each experimental condition)
3.7. Depending on the temporal characteristics of the experimental design, data can be binned in time by averaging current estimates using non-overlapping temporal windows. 
3.7.1. MED over the shoulder: researcher on camera using MNE analyze, OR LAB MEDIA: Show MNE movies binned in different time-steps. (authors, would you like to film, or would you’d prefer to provide a movie here? Movie may be better to avoid repetitively filming researcher throughout protocol? )
QUESTION: We will send movies of different time-steps. However, we would like to know approximately the time allocated for these movies so that we can generate the correct length of movies for you. 
4. Statistical inference based on a common surface-based coordinate system
4.1. To continue analysis, morph the previously created “brain movies” for each subject onto a common cortical space based on a surface-based coordinate system that optimally aligns individual sulcal-gyral patterns. This allows for comparison or averaging of cortical activities across subjects. 
4.1.1. MED over the shoulder: researcher using a computer; morphing brain movies. 
4.1.2. LAB MEDIA: Fig. 5
4.2. To use a Region-of-interest approach, ROIs can be defined anatomically, for example by an automatic parcellation algorithm, and/or functionally, by recording a functional localizing task, such as a Go/No-Go saccade task to identify the oculomotor auditory regions.
4.2.1. LAB MEDIA:  an example ROI image (authors, can you provide this?)
4.2.2. MED over the shoulder: researcher views ROI’s of the oculomotor region. 
Auditory regions were used instead when filming 4.2.1. For ROI image, please use Figure 6 right. 
4.3. Analysis can be further constrained to a specific time-of-interest that is appropriate to the experimental paradigm that was used.  For example, constrain to a time period immediately before and after the onset of the sound stimuli. Other statistical inference associated with time-series analysis can also be used.  
4.3.1. LAB MEDIA: Authors will provide a movie here. (will be uploaded after the film date.)
5. Results: Frontal Eye Field Activations.
5.1. Using the behavioral paradigm outlined above. Here we see representative results using the non-parametric spatiotemporal clustering procedure. The right Frontal eye field is found to be significant when an individual subject is performing a reorientation task compared to a standard task.
5.1.1. LAB MEDIA: (show Fig. 6 left). 
5.2. Using the ROI approach, the time course of the right frontal eye field is shown, along with the time period that these two conditions are significantly different  
5.2.1. LAB MEDIA: Figure 6: Right panel appears alongside the left panel
Figure 6 is embedded in the JoVE Outline Lee_et_al_reduced.tif (the bottom two panels). Please let us know whether you need us to pull these graphics separately (but I assume the above file suffices and will be more consistent).
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 
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. Ross Maddox: After watching this video, you should have a good understanding of how to use MEG, EEG and MRI to map cortical dynamics associated with different behavioral tasks.
6.2. Eric Larson: By following appropriate statistical approaches, you should be able to discover different spatiotemporal patterns that distinguish one cognitive state from another.
6.3. Adrian KC Lee: Thank you for watching and good luck with your experiments.
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.
Movies will be uploaded after the film date.
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


