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Authors, please check the answers to 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)__No_ 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.7, 3.14, 4.7, 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 using the step numbers listed in this document. (Please do not list entire sections.) 4.7 and  4.9. This portion of the protocol is not necessarily difficult, but merely hard to describe with only text.  It will be greatly clarified with the addition of narration and visual.
E.  Will the filming need to take place in multiple locations? (Y/N) _Y______ If yes, how far apart are the locations? _ We will have to go to a different lab on the same floor to film steps 3.15 and 3.16 with the Licor Odyssey CLx imager and software. 


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 experimental strategy is to investigate the functionality of disease-associated non-coding variants.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that provide additional information about the significance of your protocol. You may revise the given prompts as necessary to improve the sentence flow.

Please complete the following two statements and indicate the name of the author who will give the statement. If only one author is giving interview statements, the same author may speak both statements. Please restrict the length of each statement to no more than 30 words.
1.1. Daniel Miller: This method can help answer key questions in genomics, such as how genetic variants that do not alter the amino acid sequence of the protein contribute to a disease phenotype.
1.2. Arthur Lynch: The main advantage of this technique is that it provides a streamlined process for assessing genetic variants for functional activity and gives insight into the regulatory proteins and pathways affected.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: The following statements may be spoken by additional authors if desired. These statements must be completed by different authors than those who gave the required statements, and no more than one statement can be spoken by each additional author. Please restrict the length of each statement to no more than 30 words. You may revise the given prompts as necessary to better fit your protocol, but please remember that the total introduction length cannot exceed 150 words. 
1.3. Zubin Patel: This technique can benefit the investigation of any disease with a candidate causal genetic variant, because the procedure for analyzing these variants is universal regardless of the phenotype being studied.
1.4. Xiaoming Lu: Though this method can provide insight into human disease, it can also be applied to mutations in any organism.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
	
N.A. 



Protocol (read by voice talent at JoVE):

2. Preparation of nuclear lysate from cultured cells

2.1. Nuclear lysates will be prepared from B-lymphoblastoid cells in this experiment.  However, this procedure can be applied to most cell lines. [1-WIDE/MED] 

2.1.1. Talent approaches hood with flasks of cells and puts flasks in the hood.  All other reagents/materials should be already set up in hood.

2.2. After counting cells using a hemocytometer, spin down the desired number of cells for lysing. [1-MED-TXT] Aspirate the media, add 10 ml of ice cold PBS, [2-CU] and spin down the cells again. [3] Wash the cells a second time with PBS, [4-MED] and remove the PBS after the spin. [5-CU]

2.2.1. Talent putting the tube/flask of cells into the centrifuge and starting the spin.  Please get multiple useable takes, shot will be repeated later. TEXT: 4°C; 300 x g; 5 min.
2.2.2. *film as written.
2.2.3. Use shot 2.2.1.
2.2.4. Talent aspirating PBS and then adding 10 ml new PBS to cells.
2.2.5. PBS being aspirated from cell pellet (after spin).

2.3. Resuspend the cell pellet in ice cold PBS, using 1 mL of PBS per 107 cells. [1-CU]

2.3.1. Appropriate volume of PBS being added to cell pellet and cell pellet is resuspended by pipetting.

2.4. Aliquot 1 mL of the cell suspension to 1.5-mL microcentrifuge tubes so that each tube contains 107 cells in PBS. [1-MED] Centrifuge for 2 minutes [2-MED-TXT] and aspirate off the PBS. [3-CU]

2.4.1. Talent pipetting 1 ml of cell suspension into each of two 1.5-mL microcentrifuge tubes.
2.4.2. Talent putting the two microcentrifuge tubes into the centrifuge and starting the spin. Please get multiple useable takes, shot will be repeated later. TEXT: 4°C; 3300 x g; 2 min.
2.4.3. PBS being aspirated off from one of the tubes.

2.5. Add to a working stock of CE buffer, 1 mM dithiothreitol or DTT, 1X phosphatase inhibitor, and 0.5 mM phenylmethanesulfonyl fluoride or PMSF. [1-MED] Resuspend each cell pellet with 400 µL of this buffer and incubate on ice for 15 minutes. [2-MED]

2.5.1. Talent adding DTT, phosphatase inhibitor, and PMSF to a CE buffer stock.
2.5.2. Talent adding 400 µL of this buffer to one of the microcentrifuge tubes with cell pellet, resuspends it, and puts the tube on ice.

2.6. Add 25 µL of 10% Nonidet P-40 to each microcentrifuge tube and mix by pipetting. [1-CU] Centrifuge at 4°C and maximum speed for 3 minutes. [2-reuse shot? – Yes, all tabletop centrifuge steps can be filmed at once] Decant and discard the supernatant. [3-CU]
2.6.1. Nonidet P-40 being added to one of the microcentrifuge tubes and mixed by pipetting.
2.6.2. Use shot 2.4.2.?  Author:  will this look similar to 2.4.2? Yes
2.6.3. *film as written for one tube.

2.7. Next add to a working stock of NE buffer, 1 mM DTT, 1X phosphatase inhibitor, and 1 mM PMSF. [1-MED] Resuspend each cell pellet with 30 µL of this buffer and mix by vortexing. [2-MED]

2.7.1. Talent adding DTT, phosphatase inhibitor, and PMSF to NE buffer stock.
2.7.2. Talent adding 30 µL of buffer to one of the tubes and then vortexes the tube.

2.8. Incubate at 4°C in a tube rotator for 10 minutes. [1-MED-TXT] Centrifuge for 2 minutes. [2-TXT]

2.8.1. Talent placing the two tubes into a rotator. TEXT: Alternatively, tubes can be placed on ice.
2.8.2. Use shot 2.4.2. TEXT: 4°C; 3300 x g; 2 min.

2.9. Collect the clear supernatant, which is the nuclear lysate. [1-CU] Aliquot the nuclear lysate before storing at -80°C to avoid multiple freeze-thaw cycles that may degrade the protein. [2-MED]

2.9.1. Supernatant from one of the tubes being transferred to a new tube.
2.9.2. Talent putting multiple tubes (aliquots) into the -80°C freezer.

3. Electrophoretic Mobility Shift Assay (EMSA)

3.1. Begin this procedure by preparing a 50 nM working stock of the oligonucleotide as described in the protocol text. [1-MED] 

3.1.1. Talent diluting duplex oligos with annealing buffer in a microcentrifuge tube.  Multiple takes if can be used in 4.1.1. Yes We showed every step of the dilution here (diluting 100uM to 10uM and then combining to 50 nM) not knowing what specifically would be shown in the video.

3.2. Place the oligos in a heat block at 95°C for 5 minutes. [1-CU] After 5 minutes, turn off the heat block and allow the oligos to slowly cool down to room temperature for at least one hour prior to use. [2-MED]

3.2.1.  Microcentrifuge tube with oligos being placed in heat block. Multiple takes if can be used in 4.2.1. Yes
3.2.2. Talent turning off heat block, leaving tube with oligos in the heat block, and then walks away. Multiple takes if can be used in 4.2.2. Yes

3.3. Next, prepare the Electrophoretic Mobility Shift Assay or EMSA (Voiceover: pronounced “Em-Suh”) gel. [1-MED] Remove the slide from a pre-cast 6% tris-borate-EDTA or TBE gel and rinse under deionized water several times to remove any buffer from the wells. [2-MED]

3.3.1. Talent taking a pre-cast 6% TBE gel to the sink (or place for rinsing the gel).
3.3.2. Talent removing the slide from the gel and then rinsing the gel with deionized water.

3.4. Assemble the gel electrophoresis apparatus and check for leaks by filling the inner chamber with 0.5X TBE buffer. [1-MED] If no buffer leaks into the outer chamber, fill the outer chamber roughly two thirds of the way. [2-CU]

3.4.1. Talent pouring/pipetting TBE buffer into inner chamber of a pre-assembled gel electrophoresis apparatus and then checking/looking for leaks.
3.4.2. TBE buffer being added to outer chamber about 2/3 of the way.

3.5. Pre-run the gel at 100V for 60 minutes. [1-MED]

3.5.1. Talent connecting the gel to the power supply and starting the run.

3.6. When the pre-run is complete, flush each well with 200 µL of 0.5X TBE buffer. [1-MED]

3.6.1. Talent flushing the wells with TBE buffer.  Author:  this is done after the gel has been taken off the apparatus? This is done when the gel is done pre-running, while the gel is still in the apparatus.

3.7. Prepare a binding buffer master mix. [1-MED] In a microcentrifuge tube, mix these reagents that are common to all reactions: 10X binding buffer, DTT/polysorbate, Poly d(I-C), (“Poly Dee Eye Dee See”) and salmon sperm DNA. [2-CU] 

3.7.1. Talent labeling a microcentrifuge tube ‘Master Mix’ and labeling 4 other tubes for the EMSA reactions. All reagents should be already set up and visible in the shot.
3.7.2. Reagents being added to the ‘Master Mix’ tube in this order: 10X binding buffer, DTT/polysorbate, Poly d(I-C), ssDNA.

3.8. To set up the EMSA reactions, add nuclease-free water to each microcentrifuge tube, such that the final volume following addition of all reagents will be 20 µL. [1-MED] Add the appropriate amount of master mix to each microcentrifuge tube. [CU-TXT]

3.8.1. Talent add nuclease-free water to each of the 4 reaction tubes.
3.8.2. Master mix being added to each of the 4 reaction tubes. TEXT: Refer to Table 2 in manuscript for an example EMSA reaction setup.

3.9. Add 8 µg of nuclear lysate to the appropriate microcentrifuge tubes. [1-CU] Include tubes containing the oligo without nuclear extract as negative controls. [2-CU/ECU] 

3.9.1. Nuclear lysate being added to 2 of the 4 tubes. (non-risk oligo + lysate; risk oligo + lysate)
3.9.2. Shot of the two negative control tubes with their labels visible in frame: “non-risk oligo” and “risk oligo”

3.10. Add 50 fmol of oligo to the appropriate microcentrifuge tubes and flick to mix.  [1-CU] Briefly spin the contents to the bottom of the tube. [2-MED]

3.10.1. Oligo being added to a tube and then tube is flicked.
3.10.2. Talent putting 4 tubes into the centrifuge and starts a quick spin.

3.11. Incubate all tubes for 20 minutes at room temperature. [1-MED-TXT]

3.11.1. Talent leaving the 4 tubes at room temperature.  TEXT: 20 min; room temperature.

3.12. Next add 2 µL of 10X Orange Loading Dye to each microcentrifuge tube. Pipette up and down to mix. [1-MED]

3.12.1. Talent adding loading dye to one of the tubes and pipettes up and down.

3.13. Load the samples into the pre-run 6% TBE gel by pipetting up and down to mix and then expelling each sample into a separate well. [1-MED] Run the gel at 80V for approximately 60-75 minutes until the orange dye has migrated two-thirds to three-quarters of the way down the gel. [2-MED]

3.13.1. Talent pipetting one of the samples up and down and then loading it into a well of the gel.
3.13.2. Talent connecting the gel to the power supply (after all samples have been loaded) and starting the run.

3.14. When the run is complete, [1-MED] use a gel knife to pry the plastic cassette open, [2-CU] remove the gel from the cassette and place it in a container with 0.5% TBE buffer to keep it from drying out. [3-MED]

3.14.1. Talent taking the gel to the sink and disassembling it.
3.14.2. *film as written.
3.14.3. Talent removes gel from cassette and places gel in a container already containing buffer.

3.15. Place the gel on the surface of an infrared and chemiluminescence imaging system. [1-MED] Eliminate any bubbles or contaminants that will disrupt the image. [2-CU]

3.15.1. *film as written.
3.15.2. Author: how do you remove bubbles/contaminants? By rolling gently over the gel with a roller

3.16. Scan the gel using the scanning system software as described in the protocol text. [1-MED]

3.16.1. Talent starting the scan using the software.

4. DNA Affinity Purification Assay (DAPA)

4.1. To begin this procedure, prepare a 5 µM oligo working stock as described in the protocol text. [1-reuse shot? Yes]

4.1.1. Talent diluting duplex oligos with annealing buffer in a microcentrifuge tube.  Author:   will this look similar to 3.1.1 so we can reuse the shot? Yes

4.2. Place the oligos in a heat block at 95°C for 5 minutes. [1-reuse shot? Yes] After 5 minutes, turn off the heat block and allow the oligos to slowly cool down to room temperature prior to use. [2-reuse shot? Yes]

4.2.1. Author: will this look similar to 3.2.1 so we can reuse the shot? Yes
4.2.2. Author: will this look similar to 3.2.2 so we can reuse the shot? Yes

4.3. Warm the following buffers to room temperature:  binding buffer, low stringency wash buffer, high stringency wash buffer, and elution buffer. [1-MED]

4.3.1. Talent setting out the 4 buffers at room temperature.  Videographer: please get labels of buffers in the shot.

4.4. Prepare the binding mixtures for each variant: Mix 1 volume of nuclear lysate with 2 volumes of binding buffer. [1-CU] Add 1X phosphatase inhibitor, 0.5 mM PMSF, and 1X binding enhancer. [2-MED] Add 10 µL of 5 µM biotinylated capture DNA to each binding mixture. Mix by flicking the tube several times. [3-CU]

4.4.1. Nuclear lysate being pipetted into a tube followed by binding buffer.
4.4.2. Talent adding phosphatase inhibitor, PMSF, and binding enhancer to the tube and then flicks the tube a few times.
4.4.3. *film as written.
4.4.4. Added shot: Tubes being spun in a mini-centrifuge to bring everything to the bottom.

4.5. Incubate the binding mixtures for 20 minutes at room temperature. [1-MED-TXT]

4.5.1. Talent leaving the tubes at room temperature and walks away. TEXT: 20 min; room temperature.   Multiple takes if can be used in 4.6.2. Yes

4.6. Next add 100 µL of streptavidin microbeads to each binding mixture. [1-CU] Incubate for 10 minutes at room temperature. [2-reuse shot? Yes -TXT]

4.6.1. 100 µL of streptavidin microbeads being added to one of the tubes.
4.6.2. Use shot 4.5.1.?  TEXT: 10 min; room temperature.   Author:  will this look similar to 4.5.1 so we can reuse the shot? Yes

4.7. For each oligo probe being tested, place a binding column in the magnetic separator. Make sure the columns are labeled with the variant oligo that was used in the binding mixture.  [1-CU] Place a microcentrifuge tube directly under each binding column and apply 100 µL of binding buffer to rinse the column. [2-CU]

4.7.1. Binding columns being placed into magnetic separator.  Videographer: please get the labels of the columns in frame.
4.7.2. [bookmark: _GoBack]A microcentrifuge tube being placed directly under each binding column and then100 µL of binding buffer is pipetted into one (or all) of the columns.
4.7.3. Added shot: Close-up of bubbles in the column being popped with a pipette tip.

4.8. Pipette the contents of each binding mixture into separate columns. [1-CU] Allow the liquid to flow completely through the column into the microcentrifuge tube. [2-CU]

4.8.1. One of the binding mixtures being pipettes into the correct column.
4.8.2. Shot of the liquid dripping down into the microcentrifuge tube under the binding column.

4.9. Apply 100 µL of low-stringency wash buffer to the column and wait until the column reservoir is empty. [1-CU] Apply 100 µL of low-stringency wash buffer to the column again. [2-TXT] 

4.9.1. 100 µL of low-stringency wash buffer being pipetted to the column. Videographer: please capture the buffer going out of sight. Please get multiple useable takes, shot will be repeated later.
4.9.2. Use shot 4.9.1. TEXT: Wash 4X

4.10. Apply 100 µL of high-stringency wash buffer to the column and wait until the column reservoir is empty. [1-reuse shot? Yes] Apply 100 µL of high-stringency wash buffer to the column again. [2-reuse shot? Yes -TXT] 

4.10.1. Author:  does the high-stringency wash buffer look similar to the low-stringency wash buffer so we can reuse the shot from 4.9.1? Yes
4.10.2. Same question as in 4.10.1. Yes TEXT: Wash 4X

4.11. Add 30 µL of native elution buffer to the column and let stand for 5 minutes. [1-CU-TXT]

4.11.1. Native elution buffer being added to a column. TEXT: Stand for 5 min.

4.12. Finally add an additional 50 µL of native elution buffer to elute the bound transcription factors. [1-CU] 

4.12.1. Native elution buffer being added to a column and flow through going into the microcentrifuge tube underneath the column.

5. Results: non-coding genetic variants affect transcription factor DNA binding

5.1. In order to explore the reproducibility of EMSA results and the consequences of freeze-thaw cycles, oligos containing the reference [1-LM] or non-reference allele of a genetic variant [2-LM] were used to probe the same preparation of B-lymphocyte nuclear extract after multiple cycles of freezing and thawing. [3-LM]
 
5.1.1. Fig-2.pdf.  Highlight or draw a circle around all the ‘R’
5.1.2. Fig-2.pdf.  Highlight or draw a circle around all the ‘NR’
5.1.3. Fig-2.pdf.  

5.2. The blue arrow indicates the free probe. [1-LM] Binding of the transcription factors to the oligo is seen as a band in the top half of the gel, indicated by the red arrow. [2-LM] These results indicate that freezing and thawing this particular nuclear extract up to 5 times has seemingly no effect on the integrity of the proteins. [3-LM]

5.2.1. Fig-2.pdf. Show figure without either arrows and then make the blue arrow appear.
5.2.2. Fig-2.pdf. Show figure with only blue arrow and then make the red arrow appear.
5.2.3. Fig-2.pdf. Show figure with both arrows visible.

5.3. It is also important to optimize the signal-to-noise ratio for the EMSA. Various concentrations of oligos were used to probe a single preparation of nuclear lysate. [1-LM] An increase in the intensity of the band up to 100 fmol of oligo was observed. [2-LM]

5.3.1. Fig-3.pdf.
5.3.2. Fig-3.pdf. Draw a box around the two bands in the 100 fmol and 300 fmol lanes.

5.4. Representative results from a study of a lupus-associated risk allele are shown here. The transcription factor STAT1 was first identified by DAPA followed by proteomic analysis.  [1-LM] A DAPA-Western blot then confirmed the identity of STAT1 [2-LM] and the higher binding of the phosphorylated form of STAT1 to the lupus-risk oligo. [3-LM] 

5.4.1. Fig-4.pdf.
5.4.2. Fig-4.pdf. Draw a box around the band and the 1280 in the R lane in lower blot.
5.4.3. Fig-4.pdf. Draw a box around the band and the 89.8 in the R lane in upper blot.


6. Conclusion (said by authors on camera)
6.1. Matthew Weirauch: Following this procedure, other techniques like mass spectrometry and western blot can be performed in order to determine the identity of regulatory proteins showing genotype-dependent binding.
6.2. Leah Kottyan: Reporter assays such as luciferase should also be performed to investigate changes in gene expression as a function of allele.
   

Provided Media
5.1., 5.2. Fig-2.pdf.  
5.3. Fig-3.pdf.
5.4. Fig-4.pdf.


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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