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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_________________Section 4 is probably the most important_________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __Although not necessarily difficult, the subject prep is the section that requires the most attention. Accurately recording head shape and position is key to getting good recordings. It is also important to monitor the recordings to ensure there are no sources of noise. __

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 amygdala activity during learning using magnetoencephalography, or MEG. (Intro)

This is accomplished by first designing an implicit fear learning task that activates the amygdala. (P1)

The second step is to record brain activity during the task using MEG. (P2)

Next, identify the surfaces of the cortex and the amygdala using high resolution anatomical MRI scans. (P3)

The final step is to use the surfaces of the cortex and amygdala to model the neural sources of the MEG signal. (P4)

Ultimately, source imaging models can be used to show neural activation in the amygdala during learning without awareness. (P5)

[image: image1.png]



P1: Lab media: balderston_jove_figures.pptx – slide 1, P1

P2: Lab media: balderston_jove_figures.pptx – slide 1, P2

P3: Lab media: balderston_jove_figures.pptx – slide 1, P3

P4: Lab media: balderston_jove_figures.pptx – slide 1, P4

P5: Lab media: balderston_jove_figures.pptx – slide 1, 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).   

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. Nicholas Balderston: The main advantage of this technique over existing methods, like fMRI, is that MEG signals are recorded in real time, and can be used to study neural processes that are rapid or transient.   

1.2. Doug Schultz: Though this method can be used to study amygdala function, it can also be used to study the function of other subcortical structures as well.

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. Magnetoencephalography (MEG) set-up 

2.1. Begin by connecting the stimulus presentation computer to the MEG acquisition system using a standard DB25 multi connector ribbon cable. 

2.1.1. MED: Talent holds up the connector ribbon and connects it to the MEG system

2.2. Next, connect the stimulus presentation computer to the PSYLAB stand-alone monitor, or SAM, using the 8-bit to 2-bit isolation adapter and the synchronization cable.

2.2.1. MED: Talent holds up adapter and cable and connects computer to PSYLAB monitor

2.3. The transistor –transistor logic pulses used to mark the stimulus presentations can cause artifacts in the MEG data if they are sent to the SAM. To avoid these artifacts, mark the onset of the stimuli using only the bits blocked by the isolation adapter as seen here. 

2.3.1. Lab media:  balderston_jove_figures.pptx – slide 2, circle the box that says “cut here”

2.4. The shock stimulator (SHK1) is then connected to the SAM


2.4.1. MED: Talent connects shock stimulator to SAM

2.5. Next, pass a shielded extension cable through the wave guide and connect it to the shock stimulator. 

2.5.1. MED: Talent passes the cable through the wave guide and connects it to the shock stimulator

2.6. The SAM should then be connected to a computer running the PSYLAB data acquisition software

2.6.1. MED: Talent attaches SAM to computer

2.7. Connect the rotary dial to the stimulus presentation computer and the MEG acquisition system using the gameport-to-gameport/BNC splitter and the gameport-to-USB adapter. 

2.7.1. MED: Talent connects rotary dial to the computer

2.7.2. MED: Talent connects rotary dial to MEG system

3. Subject preparation

3.1. Attach electrodes and sensors to the subject using the schematic shown here 

3.1.1. Lab media: balderston_jove_figures.pptx – slide 5

3.2. Once set up properly, digitize the position of the subject’s head relative to the HPI coils using fiducial points. Next, digitize 50-100 points along the subject’s scalp.
3.2.1. MED: Talent digitizes the position of the subject’s head relative to the HPI coils using fiducial points. Talent digitizes 50-100 points along the subject’s scalp.
3.3. Next, digitize 50-100 points along the subject’s scalp.

3.3.1. MED over the shoulder or SCREEN: Talent digitizes 50-100 points along the subject’s scalp.

3.4. Escort the subject to the MEG system and connect the electrodes and sensors to the appropriate interface.

3.4.1. WIDE: Talent escorts subject to MEG

3.4.2. MED: Talent connects sensors 

3.5. Raise the chair so that the subject’s head is touching the top of the MEG helmet and position the screen so that the projected image is in focus. 

3.5.1. MED: Talent raises chair

3.5.2. MED: Talent positions screen 

3.6. Next, set the shock to a level that the subject reports as painful but tolerable.

3.6.1. WIDE: Talent sets shock level. Patient reports pain level

3.7. Lastly, instruct the subject on the proper use of the dial using an example Presentation scenario. 

3.7.1. MED: side shot of talent instructing subject, so that you can see the example scenario

4. Recording MEG during training.

4.1. Begin by loading the PSYLAB data acquisition software to start recording event codes and shock delivery.  

4.1.1. MED: over the shoulder, Talent loads/prepares PSYLAB software

4.2. The training session is programmed beforehand and consists of 4 blocks of differential trace fear conditioning with 15 trials per Conditioned Stimulus or CS per block, as seen here.

4.2.1. Lab media:  balderston_jove_figures.pptx – slide 3

4.3. When everything is ready, begin four training trials and record raw data at 2 kHz during each

4.3.1. SCREEN: Screen capture of the protocol
4.3.2. MED, over the shoulder or SCREEN: Shot of data while being recorded

4.4. Visually inspect the data in real time for systematic sources of noise.

4.4.1. MED: Over the shoulder shot of talent inspecting data and possibly pointing at noise

4.5. After each run, ask the subject to rate the intensity of the shock to assess habituation. 

4.5.1. MED: Talent asks  subject about shock intensity

5. Preprocess MRI volume.

5.1. After 
completing the trials, use Freesurfer to create a segmented subcortical volume, and surfaces of the cortex, outer skin, and outer skull.

5.1.1. SCREEN: Talent uses Freesurfer to create a segmented subcortical volume, and surfaces of the cortex, outer skin, and outer skull (maybe demonstrate just one or two)

5.2. Next, create and convert the amygdala and hippocampus volumes into surfaces using Slicer3 and Paraview. 

5.2.1. SCREEN: Talent creates surfaces from the amygdala and hippocampus in 3dSlicer, then generates the surface normals in Paraview. 

5.3. The next step is to create a new subject in the Brainstorm database.

5.3.1. SCREEN: Talent creates new subject

5.4. Import the MRI volume into Brainstorm, and warp the volume into standard space by identifying the fiducial points. 

5.4.1. SCREEN: Talent identifies fiducial points and then warps MRI volume

5.5. Import the surfaces and manually align scalp surface with MRI. Once completed apply this transformation to all other surfaces. 

5.5.1. SCREEN: Talent manually aligns the scalp surface

5.6. Merge the pial, hippocampal, and amygdala surfaces.

5.6.1. SCREEN: Talent merges pial, hippocampal, and amygdala surfaces

5.7. Lastly, create regions of interest for the amygdala and hippocampus. 

5.7.1. SCREEN: Talent creates a region of interest for the amygdala

5.7.2. SCREEN: Talent does the same for hippocampus

6. Preprocess MEG recordings

6.1. Once created, import the MEG recording file for each training session. The MEG acquisition software uses signal space separation to remove artifacts caused by sources outside the magnetically-shielded room. Be sure to use the clean files, often found in a folder marked “sss”. 

6.1.1. SCEEN: Talent imports MEG recording file and removes artifacts.
6.2. To analyze the evoked responses, first use the event channel to identify epochs corresponding to each of the experimental trials. 

6.2.1. SCREEN: Talent identifies epochs.  

6.3. Remove artifacts caused by heart beats and eye movements using signal space projections from events identified on the electrocardiography and electrooculography channels. 

6.3.1. SCREEN: Talent removes artifacts caused by heart beats

6.3.2. SCREEN: Talent removes artifacts caused by eye movements

7. Analyze evoked responses

7.1. Next, refine the MRI registration using head points.

7.1.1. SCREEN: Talent refines the MRI registration

7.2. Compute the noise covariance from the recordings.

7.2.1. SCREEN: Talent refines the noise covariance from the recordings

7.3. Using the overlapping spheres method with cortex as input, compute the head model

7.3.1. SCREEN: Talent computes the head model

7.4. Compute sources using the minimum-norm estimate method and continue analysis on sources.

7.4.1. SCREEN: Talent computes sources

7.5. Next, band-pass filter sources for the individual trials 

7.5.1. SCREEN: Talent band-pass filters the sources

7.6. Take the absolute value of the band-pass filtered sources and convert those values to z-scores based on baseline variability.

7.6.1. SCREEN: Talent takes absolute value of band-pass filtered sources

7.6.2. SCREEN: Talent converts those values to z-scores based on baseline variability

7.7. Spatially smooth the sources and average sources across trials.

7.7.1. SCREEN: Talent spatially smoothes the sources 

7.7.2. SCREEN: Talent averages sources across trials

7.8. Project these averages onto the default anatomy for the experiment. 

7.8.1. SCREEN: Talent projects the averages onto the default anatomy

7.9. Next, compute t-tests on the sources across the different conditions. 

7.9.1. SCREEN: Talent computes t-tests

7.10. Filter significant t-test results using spatial and temporal thresholds to correct for family-wise error. 

7.10.1. SCREEN: Talent filters significant t-test results

7.11. Identify significantly activated regions and export the time course of activation for each subject.

7.11.1. SCREEN: Talent identifies significantly activated regions 

7.11.2. SCREEN: Talent exports the time course of these regions

7.12. Finally, compute the mean and standard error of the mean across subjects at each time point.

7.12.1. SCREEN: Talent computes the mean and standard error of the mean across subjects at each time point.

8. Perform time-frequency decompositions on ROI

8.1. First, project the raw data from the individual trials onto the default anatomy for the experiment. 

8.1.1. SCREEN: Talent projects the raw data from the individual trials onto the default anatomy 

8.2. Next, identify and create regions of interest based on the analysis of evoked responses or on cortical anatomy.

8.2.1. SCREEN: Talent creates regions of interest  
8.3. Compute time-frequency decompositions on data from anatomical and functional regions of interest.

8.3.1. SCREEN: Talent computes time-frequency decompositions of the data in region of interest

8.4. Convert the resulting time-frequency decomposition maps to z-scores and average the resulting maps across trials for each subject.

8.4.1. SCREEN: Talent converts the resulting time-frequency decomposition maps to z-scores

8.4.2. SCREEN: Talent averages the resulting maps across trials for each subject

8.5. Finally, perform t-tests on the maps across the different conditions. 

8.5.1. SCREEN: Talent performs t-tests on the maps across the different conditions.

9. Results:  MEG signals from subcortical structures

9.1. Shown here are behavioral results from a typical conditioning study (9.1.1) The graph on the left shows that subjects have similar levels of expectancy across the 60 trials, suggesting that the masking procedure blocked their ability to discriminate between the conditioned stimuli (9.1.2). The graph on the right shows differential responses during the testing session (9.1.3). Notice that the Unfiltered group shows larger responses to the old stimuli compared to new, suggesting that the training leads to better reacquisition when compared to the filtered group (9.1.4)

9.1.1.  Lab media: balderston_jove_figures.pptx – slide 6

9.1.2. Lab media: balderston_jove_figures.pptx – slide 6, pan to left graph

9.1.3. Lab media: balderston_jove_figures.pptx – slide 6, pan to right graph

9.1.4. Lab media: balderston_jove_figures.pptx – slide 6. Highlight difference in unfiltered group

9.2. This example shows MEG results from a typical conditioning experiment (9.2.1). The 3D model on the left shows the amygdala in orange and the hippocampus in green (9.2.2). The graph on the right represents activity from an amygdala cluster. The light colored line represents the activity evoked by Unfiltered faces, while the darker line represents the activity evoked by Filtered (9.2.3)

9.2.1.  Lab media: balderston_jove_figures.pptx – slide 7

9.2.2. Lab media: balderston_jove_figures.pptx – slide 7, pan to brain on left

9.2.3. Lab media: balderston_jove_figures.pptx – slide 7, focus on graph to the right

9.3. This graph represents the MEG signal recorded from the amygdala broken down by time and frequency. Warm colors represent regions in the spectrograph that show significantly more power for unfiltered faces than for filtered faces. Cool colors represent the opposite. Regions with the striped overlay represent significant differences across the groups.

9.3.1.  Lab media: balderston_jove_figures.pptx – slide 8, just the right side

9.4. This figure shows occipital face area activation in a typical conditioning experiment. Warm colors represent larger responses to Unfiltered faces than to Filtered faces. 

9.4.1. Lab media: balderston_jove_figures.pptx – slide 9 

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

10. 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.

10.1. Nicholas Balderston: Following this procedure, other methods like coherence analyses can be performed in order to answer additional questions related to neural communication.

10.2. Doug Schultz: After watching this video, you should have a good understanding of how to use source imaging of MEG signals to detect neural responses in subcortical brain structures.

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.  

balderston_jove_figures.pptx

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.

�This step takes ~24 hours and runs automatically


�This video could definitely be shortened. After the initial step, it’s just watching the progress bar.  


�combine


�combine





 2011, Journal of Visualized Experiments


