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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 numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. STEPS 2.1; 2.3; 2.5; 3.8; 4.1; 4.8-4.9. 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps to be filmed by their protocol numbers. (Please do not list an entire section.) _2.3; _3.8____________________

E.  Will the filming need to take place in multiple locations? (Y/N) __YES__ If yes, how far apart are the locations? _____500 mt_______________________________ 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to produce the reversal of the Geomagnetic field, or GMF, with Helmholtz (pronounced as “helm-hohlts”) coils controlled by a power supply.  Ultimately, it is shown that GMF reversal affects the morphology and gene expression of plants. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Massimo E. Maffei: This method can help answer key questions in the plant evolution field, such as “Could reversals of the Earth’s magnetic field on a geological timescale have played a role in plant adaptation and evolution?” [1.1.1 – MED].

1.1.1. Massimo speaks toward camera, interview style.
1.2. Christopher T. Rodgers: The main advantage of this technique is that it can test for potential biological effects of weak magnetic fields in a simple model organism that can be grown with many replicates, all under precisely controlled conditions [1.2.1 – MED].  
1.2.1. Christopher speaks toward camera, interview style.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Massimo E. Maffei: [1.3.1 – MED] Demonstrating the procedure will be Alberto Balocco, an undergraduate student working in my laboratory, Chiara Agliassa, a graduate student working in my laboratory [1.3.2 – MED] and Cinzia M. Bertea, who is an Associate Professor of Plant Physiology working in my group [1.3.3 – MED].

1.3.1. Massimo speaks toward camera, interview style.
1.3.2. Alberto Balocco, Chiara Agliassa, and Cinzia Bertea  acknowledges the camera
1.3.3. Cinzia M. Bertea looks up from workbench or desk and acknowledges the camera.

Protocol (read by voice talent at JoVE):
Editors, please use a zoom bubble to highlight the actions being performed in the SCREEN capture movies.

2. Setting of the triaxial coils
2.1. To begin, turn on the three DC power supplies that are connected to three couples of Helmholtz coil pairs and turn on the three-axis magnetometer (pronounced as “mag-ni-tom-i-ter”), whose probe is inserted in the triaxial coils [2.1.1 – MED].  Turn on the computer and launch the magnetometer software that allows data to be collected from three-axis magnetometer [2.1.2 – LM]. 
2.1.1. Talent turns on the power supplies, the three-axis magnetometer and the computer.
2.1.2. 2.1 - 53286 Maffei_Fluxgate values for GMF conditions calculation.  TEXT Overlay:  see text for calculating “BGMF”
2.2. The power supplies are also connected to a computer via a GPIB connection for control [2.2.1 – CU].
2.2.1. Talent turns on the 3 DC power supplies.  TEXT Overlay: dual range: 0-8V/5A and 0-20V/2.5A, 50W
2.2.2. (this becomes 2.2.1) Scan the GPIB connection between the power supplies and the computer.
2.3. Set the voltages of the power supplies to generate the desired magnetic field with a reversed magnetic field vector as described in the text protocol [2.3.1 – LM]. 
2.3.1. 2.3 - 53286 Maffei_Fluxgate values for reversed MF conditions.  TEXT Overlay:  see text for calculating the voltages to produce “BEXP”
3. Preparation of plant materials and conditions for plant growth
3.1. Place the seeds of Arabidopsis thaliana (pronounced as “ah-rah-bee-dop-sis thal-ee-ah-nah”), ecotype Columbia 0, into a 1.5 milliliter tube [3.1.1 – MED].  Surface sterilize by treatment with a calcium hypochlorite solution for 10 to 12 minutes at 25 to 28 degrees Celsius, with continuous shaking [3.1.2 – CU]. 
3.1.1. Talent places the seeds into a 1.5 ml tube.
3.1.2. Seeds in the tube as the talent adds the calcium hypochlorite solution to the tube.  TEXT Overlay:  5% (w/v) Ca(ClO)₂ and 0.02% (v/v) Triton X-100 in 80% EtOH
3.1.3. [added] Shaking by hands at 25-28°C for 10-12 min

3.2. Then rinse the seeds twice with 80% ethanol [3.2.1 – MED], followed by a wash with 100% ethanol [3.2.2 – MED], and finally a rinse with sterile distilled water [3.2.3 – MED].  
3.2.1. Talent rinses the seeds with ethanol from a labeled container.  TEXT Overlay:  2x 80% EtOH, 1x 100% EtOH, 1x dH2O
3.3. Prepare 1 Liter of Murashige (pronounced as “muh-ruh-SH EE-g ai”) and Skoog modified medium as described in the text protocol [3.3.1 – MED].   Recorded two takes for pronunciation of “Skoog”
3.3.1. Talent performs a step in the preparation of 1 L of medium.
3.4. Before solidification, pour 80 milliliters of medium into each square Petri plate [3.4.1 – MED-over the shoulder].  Sow thirty sterile seeds on a plate [3.4.2 – CU].  Then seal the plates with a waxy film [3.4.3– MED-over the shoulder].
3.4.1. Talent pours 80 milliliters of medium into each square Petri plates.
3.4.2. Plate as talent sows thirty sterile seeds.
3.4.3. Plate as talent seals the plates with waxy film.
3.5. Vernalize the plates horizontally in darkness at 4 degrees Celsius for 2 days to potentiate and synchronize germination [3.5.1 – CU].
3.5.1. Plates as talent places the plates horizontally to vernalize.  
3.6. Following vernalization, prepare to expose Petri plates to either normal or reversed GMF using the three-axis magnetometer [3.6.1 – MED].
3.6.1. Talent brings the Petri plates to the three-axis magnetometer
3.7. Prepare Sodium vapor lamps by covering the spotlight with a blue gelatin film to reduce the red component of the lamps [3.7.1 – MED-over the shoulder]. 
3.7.1. Talent points out the blue shield covering the sodium vapor lamps. TEXT Overlay: 220•10-6 E m-2s-1  
3.8. Following vernalization, prepare to expose Petri plates to either normal or reversed GMF. Expose the seeds in a climate controlled environment at 22 degrees Celsius in a vertical position in parallel experiments, both outside the triaxial coils [3.8.1 – CU], and inside the triaxial coils [3.8.1 – CU], under a photoperiod schedule of 8 hours darkness and 16 hours light
3.8.1. Seeds in Petri dishes as talent places in a climate controlled environment and exposes the seeds inside the triaxial coils (deleted because redundant).    
3.9. After exposure, take pictures of the Petri dishes [3.9.1 – MED-over the shoulder].
3.9.1. Talent takes pictures of the Petri dishes outside the Helmholtz coils
3.9.2. [added] Talent takes pictures of the Petri dishes inside the Helmholtz coils
3.10. To calculate the root length and leaf areas, first measure the side of the Petri plate [3.10.1 – CU SCREEN MOVIE].  Then, open the image of the Petri plate in ImageJ software and use the “straight” line option to draw a line that exactly crosses the plate side [3.10.2 – SCREEN MOVIE]. 
3.10.1. Petri-plate as talent measures the side of it.
3.10.2. 53286_Maffei_SCREEN_3.10.2 – Screen capture movie as talent opens the image of the Petri plate and uses the “straight” line option to draw a line that exactly crosses the plate side
3.11. In the “analyze” menu, select “set scale,” and insert the actual distance in the “known distance” box.  Then, insert the unit of length, and finally click the “global” option to make settings available for all measurements [3.11.1 – SCREEN]. 
3.11.1. 53286_Maffei_SCREEN_3.11.1 – Screen capture movie as talent navigates to the “analyze” menu, selects “set scale” and inserts the actual distance in the “known distance” box.  Then talent inserts the unit of length, and finally clicks the “global” option to make settings available for all measurements. 
3.12. For root length, carefully follow the shape of the root by using the freehand tool.  Measure the length by using the “measure” option in the “analyze” menu [3.12.1 – SCREEN].  Continue to measure all roots in the picture and save the file for further statistical analyses [3.12.2 – MED-over the shoulder].
3.12.1. 53286_Maffei_SCREEN_3.12.1 – Screen capture movie as talent carefully follows the shape of the root by using the freehand tool.  Talent measures the length by using the “measure” option in the “analyze” menu.
3.12.2. Talent continues to measure all roots in the picture.
3.13. For leaf area: from the “image” menu, use the adjust option, followed by “color threshold.”  Select the individual leaf, and in the “analyze” menu, select “analyze particles.”  Save the individual measurements for statistical analyses [3.13.1 – SCREEN].
3.13.1. 53286_Maffei_SCREEN_3.13.1 – Screen capture movie as talent navigates to the “image” menu, uses the adjust option and then “color threshold.”  Then talent selects the individual leaf and in the “analyze” menu, selects “analyze particles.”  Talent then saves the individual measurements for statistical analyses.
4. Quantitative Real Time-PCR (qPCR) analysis of Arabidopsis gene expression 
4.1. Collect 30 shoots and 30 roots separately, and immediately freeze them in liquid nitrogen [4.1.1 – MED].  Then grind in liquid nitrogen with a mortar and pestle before isolating total RNA as described in the text protocol [4.1.2 – CU]. 
4.1.1. Talent freezes shoots and roots in liquid nitrogen.
4.1.2. Liquid nitrogen as talent grinds with a mortar and pestle. 
4.2. Perform all experiments on a Real-Time System using SYBR green I (pronounced as “cyber green one”) with R-O-X as an internal loading standard [4.2.1 – MED-over the shoulder].  
4.2.1. Talent turns on the Real-Time System.
4.3. Perform the reaction with a 25 microliter mixture using the primers listed in the text protocol [4.3.1 – MED].
4.3.1. Talent prepares the 25 microliter mixture using labeled containers.  TEXT Overlay:  12.5 µl of 2X SYBR Green qPCR Master Mix, 0.5 µl of cDNA, 100 nM primers 
4.4. Include non- reverse transcription controls to monitor for genomic DNA contamination as well as non-template controls [4.4.1 – CU].
4.4.1. PCR tubes as talent prepares the controls.  Use labeled containers.
4.5. Read fluorescence following each annealing and extension phase.  The two magnifying glasses represent the data collected [4.5.1 – LM], including the annealing [4.5.1 – LM] and dissociation curves [4.5.1 – LM].
4.5.1. 4.5 - 53286 Maffei_Annealing and dissociation curve screenshot.
4.5.2. 4.5 - 53286 Maffei_Annealing and dissociation curve screenshot. Editors, please highlight the magnifying glass to the left.
4.5.3. 4.5 - 53286 Maffei_Annealing and dissociation curve screenshot. Editors, please highlight the magnifying glass to the right.
4.6. Navigate to the Analysis/Setup screen, and ensure that the dataset collected during the dissociation segment of the experiment is selected for analysis [4.6.1 – LM].
4.6.1. 4.6 - 53286 Maffei_Selection of dataset screenshot.  Editors, please highlight the “Analysis Selection/Setup” tab as narrated.
4.7. For all runs, perform a melting curve analysis from 55 to 95 degrees Celsius by including the dissociation segment in the thermal profile.  Use the dissociation curve screen, accessed through the results tab, to view the dissociation profile [4.7.1 – LM]. 
4.7.1. 4.7 - 53286 Maffei_melting curve screenshot.  Editors, please highlight the “Results” tab as narrated.
4.8. Analyze all amplification plots with the Real-Time PCR instrument software to obtain Ct values. Calibrate and normalize relative RNA levels with the level of the best housekeeping genes [4.8.1 – LM].  
4.8.1. 4.8 - 53286 Maffei_Selection of all amplification plots screenshot. TEXT Overlay:  see text protocol for calibration/normalization.  
4.9. Access the Amplification Plots screen through the Results tab, select the ramp or plateau for which data should be analyzed using the Analysis Selection/Setup screen, and then select the baseline-corrected normalized fluorescence from the Fluorescence menu on the command panel. [4.9.1 – SCREEN]. 
4.9.1. 53286_Maffei_SCREEN_4.9.1– Screen capture movie as talent accesses the Amplification Plots screen through the Results tab, selects the ramp or plateau for which data should be analyzed using the Analysis Selection/Setup screen, and then selects the baseline-corrected normalized fluorescence from the Fluorescence menu on the command panel
4.10. Access the Plate Sample Values screen through the Results tab to display Ct values for the sampled wells [4.10.1 – LM].
4.10.1. 4.10 - 53286_Maffei Ct values screenshot
4.11. Use four different reference genes to normalize the results of the real time PCR.  Select the top ranked gene using analysis software and use the most stable gene for normalization [4.12.1 – MED-over the shoulder SCREEN MOVIE].
4.11.1. Talent enters the 4 different reference genes into the first column of the excel spreadsheet. 
4.12. Briefly, organize the input data on an Excel sheet with the first column containing the gene names and first row containing the sample names.  Then select the analysis software from the menu-bar.  Use the dialog box to select the input data [4.12.1 – LM].
4.12.1. 4.12 - 53286_Maffei Excel sheet and input data selection box screenshots.  Editors, start zoomed into the left side of the screen capture – omitting the dialog box.  After the first sentence is narrated, slowly zoom into the dialog box at the right side of the screen.
4.13. Next, check the fields’ Sample names, gene names, and simple output only.  Click on the Go button to perform the analysis.  Select the top ranked gene as candidate gene most stably expressed [4.13.1 – LM].
4.13.1. 4.13 - 53286 Maffei_Selection of top ranked genes screenshot.  Editors, please use a zoom bubble and highlight the checkmark in the “sample names,” “gene names” and “simple output only.”  Then highlight the “Go” button.
5. Results: Effects of geomagnetic field reversal on Arabidopsis morphology, gene expression, and antioxidant-related gene expression
5.1. After ten days of exposure, control plants show a significantly greater root length and more expanded leaflets [5.1.1 – LM] as compared to plants that were exposed to reversed GMF conditions [5.1.2 – LM].

5.1.1. 53286_Maffei_Figure2A.  TEXT Overlay: avg root length = 29.41 mm, avg leaf area = 4.95 mm2 

5.1.2. 53286_Maffei_Figure2B.  TEXT Overlay: avg root length = 17.53 mm, avg leaf area = 3.71 mm2 

5.2. After ten days of exposure, the effect of reversal of the GMF was a drastic change in the gene expression of all tested genes [5.2.1 – LM], including Cruciferin 3 [5.2.2 – LM], Copper Transport Protein1 [5.2.3 – LM], and Redox Responsive Transcription Factor1 [5.2.4 – LM].  Bars indicate standard error; asterisks indicate significant differences between plants exposed to reversed and normal GMF conditions [5.2.5 – LM].

5.2.1. 53286_Maffei_Figure3.  
5.2.2. 53286_Maffei_Figure3.  Editors, please highlight the green bars.
5.2.3. 53286_Maffei_Figure3.  Editors, please highlight the orange bars.
5.2.4. 53286_Maffei_Figure3.  Editors, please highlight the blue bars.
5.2.5. 53286_Maffei_Figure3.  Editors, please highlight the bars and asterisks as each term is narrated.
5.3. The effect of reversal of the GMF induced no significant changes in shoot gene expression, however, a drastic downregulation was observed in root gene expression of plants grown under reversed GMF conditions [5.3.1 – LM].  

5.3.1. 53286_Maffei_Figure4A
5.4. These plants include Thylakoidal (pronounced “thahy-luh-koid ul”) Ascorbate Peroxidase [5.4.1 – LM], Ascorbate Peroxidase1 [5.4.2 – LM], Iron Superoxide Dismutase1 [5.4.3 – LM], NADPH/Respiratory burst oxidase protein [5.4.4 – LM], and Catalase 3 [5.4.5 – LM].  Take two I said “genes” instead of plants, as I believe that is what they meant.
5.4.1. 53286_Maffei_Figure4A.  Editors, please highlight the green bars.  
5.4.2. 53286_Maffei_Figure4A.  Editors, please highlight the orange bars.  
5.4.3. 53286_Maffei_Figure4A.  Editors, please highlight the yellow bars.  
5.4.4. 53286_Maffei_Figure4B.  
6. Conclusion (said by authors on camera)
6.1. Massimo E Maffei:  Once mastered, this technique can be done from minutes to days, according to the experiment required if it is performed properly [6.1.1 – MED].

6.1.1. Massimo speaks toward camera, interview style.
6.2. Christopher T. Rodgers: After watching this video, you should have a good understanding of how to reverse or modify the geomagnetic field conditions and to run morphological and genetic studies on exposed plants [6.2.1 – MED].
6.2.1. Christopher speaks toward camera, interview style.
6.3. Massimo E Maffei:  While attempting this procedure, it’s important to remove any other magnetic field sources from the region surrounding the Helmholtz coils; it is important that the Helmholtz coils and their generators do not generate heat or vibrations  [6.3.1 – MED]. 
6.3.1. Massimo speaks toward camera, interview style.
6.4. Massimo E Maffei: The investigator should be “blinded” as to the magnetic field exposure condition until after the final data have been recorded [6.4.1 – MED].
6.4.1. Massimo speaks toward camera, interview style.
6.5. Christopher T. Rodgers: This technique has enabled researchers in the field of magnetoreception to explore the effect of magnetic field changes on plant evolution on animal health and animal navigation, and in human cell lines [6.5.1 – MED].
6.5.1. Christopher speaks toward camera, interview style.
6.6. Massimo E Maffei: In the future, we hope to perform similar studies in microgravity to explore how the altered magnetic field experienced during space travel will impact plant growth [6.6.1 – MED].   
6.6.1. Massimo speaks toward camera, interview style.
6.7. Christopher T. Rodgers: Working with systems that generate weak magnetic fields is not believed to be hazardous; however, normal precautions and the advice of a competent electrician should be sought before working with electrical equipment, such as the power supplies for the Helmholtz coil pairs [6.7.1 – MED].  
6.7.1. Christopher speaks toward 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.  

Lab Media

2.1 - 53286 Maffei_Fluxgate values for GMF conditions.  

2.3 - 53286 Maffei_Fluxgate values for reversed MF conditions.  
4.5 - 53286 Maffei_Annealing and dissociation curve screenshot.
4.6 - 53286 Maffei_Selection of dataset screenshot.  
4.7 - 53286 Maffei_melting curve screenshot.  
4.8 - 53286 Maffei_Selection of all amplification plots screenshot. 
4.10 - 53286_Maffei Ct values screenshot
4.12 - 53286_Maffei Excel sheet and input data selection box screenshots.  
4.13 - 53286 Maffei_Selection of top ranked genes screenshot.
53286_Maffei_Figure2A  

53286_Maffei_Figure2B  

53286_Maffei_Figure3  

53286_Maffei_Figure4A
53286_Maffei_Figure4B  
SCREEN Capture Movies
53286_Maffei_SCREEN_3.10.1 and 2 – Screen capture movie as talent opens the image of the Petri plate and uses the “straight” line option to draw a line that exactly crosses the plate side
53286_Maffei_SCREEN_3.11.1 – Screen capture movie as talent navigates to the “analyze” menu, selects “set scale” and inserts the actual distance in the “known distance” box.  Then talent inserts the unit of length, and finally clicks the “global” option to make settings available for all measurements. 
53286_Maffei_SCREEN_3.12.1 – Screen capture movie as talent carefully follows the shape of the root by using the freehand tool.  Talent measures the length by using the “measure” option in the “analyze” menu.
53286_Maffei_SCREEN_3.13.1 – Screen capture movie as talent navigates to the “image” menu, uses the adjust option and then “color threshold.”  Then talent selects the individual leaf and in the “analyze” menu, selects “analyze particles.”  Talent then saves the individual measurements for statistical analyses.
53286_Maffei_SCREEN_4.9.1– Screen capture movie as talent accesses the Amplification Plots screen through the Results tab, selects the ramp or plateau for which data should be analyzed using the Analysis Selection/Setup screen, and then selects the baseline-corrected normalized fluorescence from the Fluorescence menu on the command panel
53286_Maffei_SCREEN_4.12.1 – Screen capture for the use four different reference genes to normalize the results of the real time PCR.  Select the top ranked gene using analysis software and use the most stable gene for normalization
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 are included in the email accompanying the finalized script.
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