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Authors, please fill out the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  
Can you record movies/images using your own microscope camera? (Y/N)__N.A._______  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: __N.A.___________________________________________
B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _____________3.5, 4.15, 4.12, 4.16______________________________
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.) ___
3.5: To cut out the PCR product from the agarose gel. To succeed, I first take a picture of the gel using UV light. Then very quickly under UV light, I mark around the PCR product with the scalpel and turn of UV light. Finally, the PCR product can be cut slowly without UV, thereby reducing the exposure of UV light and minimize risk of DNA damage. 
4.12: Working with SPRI beads and avoid contamination of beads in elution step. To succeed, I slowly aspirate the desired volume away from the beads. If beads appear on the tip or in the eluate, I will try again now taking a smaller volume multiple times.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? ____Different places in our laboratories. A maximum of 50 meters. _______________________________________________

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 bisulfite sequencing protocol and bioinformatic pipeline is to achieve an accurate quantification of mitochondrial DNA methylation. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Mie Mechta: This method can help answer key questions in the mitoepigenetic field, such as: is mitochondrial DNA methylation changed in human disease?  
1.2. Mie Mechta: The main advantage of this technique is that it allows for accurate quantification of mitochondrial DNA methylation.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

	N.A.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
 
	N.A.
























Protocol: (read by voice talent at JoVE)

2. Restriction Enzyme Treatment, Bisulfite Conversion and Design of Bisulfite Sequencing Primers
[bookmark: _GoBack]
2.1. A crucial step when investigating mitochondrial DNA methylation is to linearize the mitochondrial DNA by BamH1 digestion before treatment with sodium bisulfite. [1-MED-TXT] 

2.1.1. Talent putting tubes with digest reactions into a thermal cycler. TEXT: Refer to text protocol for BamH1 digestion and Bisulfite Conversion procedures.

2.2. The BamH1 restriction enzyme site is displayed in this map of the human mitochondrial genome. [1-LM] Also shown are the 5 regions of the mitochondrial genome that will be investigated by bisulfite sequencing: the displacement Loop, [2-LM] tRNA phenylalanine and 12S ribosome, [3-LM] 16S ribosome, [4-LM] NADH dehydrogenase 5 [5-LM] and cytochrome b mRNA-encoding gene. [6-LM]

2.2.1. Figure 2.jpg.  Circle/highlight ‘BamH1’ 
2.2.2. Figure 2.jpg.  Highlight the orange D-loop
2.2.3. Figure 2.jpg.  Highlight the blue 12S segment
2.2.4. Figure 2.jpg.  Highlight the blue 16S segment
2.2.5. Figure 2.jpg.  Highlight the red ND5 segment
2.2.6. Figure 2.jpg.  Highlight the green Cyt b segment

2.3. After designing the primers for bisulfite sequencing using online tools as described in the text protocol, [1-MED] primer specificity toward the mitochondrial genome is verified using BiSearch. [2-LM] Primer sequences are added to the BiSearch function Primer Search, [3-LM] the bisulfite box is checked, [4-LM] and a reference genome is selected. [5-LM]

2.3.1. General shot of talent at the computer using Methprimer or BiSearch to design primers.
2.3.2. Show panel A only of Figure 4.jpg
2.3.3. panel A only of Figure 4.jpg.  Circle/highlight the forward primer and reverse primer sequences.
2.3.4. panel A only of Figure 4.jpg.  Circle/highlight ‘Bisulfite’ and the blue square with the check.
2.3.5. panel A only of Figure 4.jpg.  Circle/highlight Database: homo sapiens

2.4. The search results will show potential PCR products generated on sense and antisense chains. [1-LM] 

2.4.1. Show panel B only of Figure 4.jpg.  



3. Bisulfite Converted PCR and Gel Extraction

3.1. To amplify the regions of interest from the bisulfite-converted mitochondrial genome, perform PCR using a hot start Taq polymerase. [1-MED] If using primers separately, mix 100 ng of converted DNA, 500 μM of sense and anti-sense primers, 1 µL dNTP mix and polymerase at 7.5 U/reaction in a total volume of 50 μL. [2-CU-TXT]

3.1.1. Talent setting out reagents on the lab bench.
3.1.2. Reagents being added into a tube as narrated. TEXT: 10 µM of each dNTP

3.2. Run the PCR with the following conditions: [1-MED] 5 minutes at 95 C; 1 minute at 94 C, 1 minute at 55 C, and 1 minute at 72 C for 35 cycles; followed by 10 minutes at 72 C. [2-LM-TXT] 

3.2.1. Talent putting 3 tubes into the thermal cycler. 
3.2.2. Show ‘PCR condition_3.2.png’ Add text underneath the graphic.  TEXT: Annealing temperature may vary depending on the melting temperature of primers.

3.3. If multiplexing primers, use 200 ng of converted DNA and the following cycling conditions: 5 minutes at 95 C; 1 minute at 94 C, 1.5 minutes at 55 C, and 1.5 minutes at 72 C for 35 cycles; followed by 10 minutes at 72 C. [1-LM] 

3.3.1. Show ‘PCR condition_3.3.png’  

3.4. When the PCR is complete, perform gel electrophoresis on the PCR products using a 2% agarose at 100 volts. [1-MED]

3.4.1. Talent loading PCR reactions into a 2% agarose.

3.5. Mie Mechta: “The extraction of the PCR products from the agarose gel must be done in a way that minimizes exposure to UV light and risk of DNA damage.” [1-INTERVIEW]

3.5.1. Author speaking to camera.

3.6. Take a photo of the gel under UV light, [1-MED] then very quickly mark around the PCR product with a scalpel and turn off the UV light. [2-CU] Next, cut the PCR product slowly without exposure to UV light. [3-CU]

3.6.1. Talent putting the gel on the UV illuminator, turning it on and taking a photo.
3.6.2. A scalpel is used to mark around a PCR product and then the UV light is turned off.
3.6.3. A slice of gel with PCR product being cut out with a scalpel.

3.7. Place the gel slices in micro-centrifuge tubes and purify the PCR products using gel purification as described in the text protocol. [1-CU]

3.7.1. Gel slices being placed into micro-centrifuge tubes, tubes are capped and placed in a rack.

3.8. Quantify the purified DNA using fluorometry. [1-MED] Store the samples at -20 C if not proceeding immediately to Bisulfite Sequencing Library Preparation. [2-MED]

3.8.1. General shot of talent putting a tube in the fluorometer and pressing ‘Read’. Please get multiple usable takes; shot will be repeated later.
3.8.2. Talent putting DNA samples into the -20 C freezer.

4. Bisulfite Sequencing Library Preparation

4.1. Begin the library preparation of bisulfite-converted PCR products by performing end-repair using up to 100 ng of PCR product. [1-MED] To each 0.2-mL tube, add 55.5 µL of PCR product, 3 µL of End prep enzyme and 6.5 µL of 10x End repair reaction buffer. [2-CU]

4.1.1. Talent setting out reagents on the lab bench.
4.1.2. Reagents being pipetted into a 0.2-mL tube.

4.2. Incubate the tubes in a thermal cycler at 20 C for 30 minutes followed by 65 C for 30 minutes. [1-CU-TXT] 

4.2.1. Three tubes being placed into the thermal cycler.  TEXT: 20 C for 30 min; 65 C for 30 min

4.3. Next, ligate sequencing adaptors by mixing the end-repaired DNA with 15 μL of Blunt/TA ligase mix, 2.5 µL of Adaptor, and 1 µL of Ligation enhancer. [1-MED-TXT] 

4.3.1. Talent pipetting Blunt/TA ligase mix, Adaptor and Ligation enhancer into one of the 3 tubes (from 4.2) containing end-repaired DNA. TEXT: If using <100 ng PCR product as input, dilute adaptor 10x

4.4. Place the mix in a thermal cycler and incubate at 20 C for 15 minutes. [1-MED-TXT] Pause the thermal cycler and add 3 µl of USER Enzyme to each tube. [2-CU] Mix and place the tubes back in the thermal cycler and incubate at 37 C for 15 minutes. [3-MED-TXT]

4.4.1. Talent putting the 3 tubes (from 4.3) into the thermal cycler.  TEXT: 20 C; 15 min
4.4.2. *film as written.
4.4.3. Talent mixes the contents of the tubes and then puts the tubes back in the thermal cycler.  TEXT: 37 C; 15 min

4.5. Size-select the adaptor-ligated DNA using Solid Phase Reversible Immobilization or SPRI. Add to the adaptor-ligated DNA 13.5 µL of water and 55 µL of resuspended SPRI beads. [1-MED-TXT] Incubate at room temperature for 5 minutes. [2-CU]

4.5.1. Talent adding H2O to one of the tubes (from 4.4) and then adding resuspended SPRI beads to the tube and cap the tubes. TEXT: Ratios of beads to DNA will depend on PCR product size. 
4.5.2. Tube is capped and then put in a rack (with the other 2 tubes) at RT. (Auth comment: this was not filmed) Video editor and science editor: The authors did not indicate if they want this VO still and what they would put in its place since this shot was not filmed. 

4.6. Place the tubes on a magnetic stand. [1-MED] When the solution is clear, transfer the supernatant containing the adaptor-ligated DNA to a new tube and discard the tube containing the beads. [2-CU]

4.6.1. Talent putting the 3 tubes on a magnetic stand.  Please get multiple usable takes; shot will be repeated later.
4.6.2. Clear supernatant from one of the 3 tubes being transferred to a new tube and the tube with beads is discarded.

4.7. Add 25 µL of resuspended SPRI beads to the supernatant, mix and incubate at room temperature for 5 minutes. [1-MED] Place the tubes on the magnetic stand [2] and when the solution is clear, discard the supernatant. The adaptor-ligated DNA is now bound to the beads. [3-CU]

4.7.1. *film as written.
4.7.2. Use shot from 4.6.1. 
4.7.3. Clear supernatant being pipetted out and discarded.

4.8. While the tubes are on the magnetic stand, add 200 µL of freshly prepared 80% ethanol to each tube and incubate for 30 seconds to wash the beads. [1-MED] Remove and discard the supernatant. [2-CU] Repeat this ethanol wash step for a total of 2 washes. [3-CU]

4.8.1. Talent places the tubes with beads on the magnetic stand and then adds 200 µL of freshly prepared 80% ethanol to each tube.
4.8.2. *film as written.
4.8.3. 200 µL of 80% ethanol being added to each tube on the magnetic stand.

4.9. Remove the ethanol from the second wash and air-dry the beads by leaving the tubes on the magnetic stand with the lid open for 5 minutes. [1-MED]

4.9.1. Talent removing the ethanol and then leaves the tubes on the stand with lid open.

4.10. After 5 minutes, remove the tubes from the magnetic stand, add 23 µL of DNA elution buffer to the beads and mix. [1-CU] Incubate at room temperature for 2 minutes. [2-CU]

4.10.1. *film as written.  Please get multiple usable takes; shot will be repeated later.
4.10.2. Tubes being capped and set on a rack at RT.

4.11. Place the tubes on the magnetic stand until the solution is clear, [1-CU] and then transfer 2 µL of the solution to a 96-well PCR plate for the pre-PCR amplification. [1-CU]  [2-CU] 

4.11.1. *film as written.
4.11.2. *film as written. (Author comment: this was filmed in 4.11.1)

4.12. While carefully avoiding the beads, transfer the rest of the solution to a new 0.2-mL tube for PCR amplification. [1-CU]

4.12.1. *film as written for one tube.

4.13. Perform pre-PCR amplification by RT-qPCR to estimate the number of cycles needed to amplify the adaptor-ligated DNA. [1-MED] Make a master mix of the following: 0.4 µL of Index primer, 0.4 µL of universal PCR primer, 7.2 µL of water and 10 µL of RT-qPCR master mix. Then, mix the master mix and add 18 µL master mix to the 2 µL of DNA in the 96-well PCR plate. [2-CU]

4.13.1. Talent setting out reagents for the RT-qPCR.
4.13.2. Reagents are being added to a tube making a master mix. The maste mix is addded to one of the wells in the 96-well plate (from step 4.11).

4.14. Place the plate in a real-time PCR machine and perform amplification under the following conditions: [1-MED] 30 seconds at 98 C; 10 seconds at 98 C, and 75 seconds at 65 C for 20 cycles; followed by 5 minutes at 65 C. [2-LM]

4.14.1. Talent putting the 96-well plate into the real-time PCR machine.
4.14.2. PCR condition_4.15.png

4.15. After estimating the number of amplification cycles needed for each sample as described in the text protocol, amplify the adaptor-ligated DNA: [1-MED] For each sample, mix 21 µL of DNA, 25 µL of PCR master mix, 1 µL of Index primer, 1 µL of Universal PCR primer and 2 µL of water. [2-CU] 

4.15.1. Talent setting out reagents for amplifying the adaptor-ligated DNA (from step 4.12).
4.15.2. Reagents being pipetted into one of the 3 tubes, in the order narrated.

4.16. In a thermal cycler, subject each sample to the following conditions: [1-MED] 30 seconds at 98 C; 10 seconds at 98 C, and 75 seconds at 65 C for the calculated number of cycles; followed by 5 minutes at 65 C. [2-LM]

4.16.1. Talent putting the 3 tubes into the thermal cycler.
4.16.2. PCR condition_4.18.png

4.17. Purify the amplified DNA using SPRI beads as demonstrated earlier [1-MED] and elute in 22 µL of elution buffer. [2]

4.17.1. Talent adding SPRI beads to the tubes and then setting the tubes aside at RT.
4.17.2. Use shot from 4.10.1.

4.18. Control the library quality by using a Bioanalyzer. [1-MED] Look for correct library peak sizes. [2-LM]

4.18.1. Talent at the Bioanalyzer looking at the results.
4.18.2. Show ‘Bioanalyzer example_4.20.tiff’
 
4.19. Estimate the average base-pair size of the library products by smear analysis. In advanced global settings, under smear analysis, double-click on “Table”. Define the region from 100 to 1000 base-pair and click “OK”. Under “Region Table”, the defined region will appear and the library average size is calculated.  [1-SCREEN CAPTURE]

4.19.1. 57772_4.21.mp4 

4.20. Quantify the library by fluorometry. [1] Store the library at -20 C until ready for Next Generation Sequencing and Computational Analyses. [2-MED-TXT] 

4.20.1. Use shot from 3.8.1.
4.20.2. Talent putting the library DNA into the -20 C freezer.  TEXT:  Refer to text protocol for Next Generation Sequencing and Computational Analyses.


5. Results: accurate quantification of mtDNA methylation 

5.1. By bisulfite sequencing, mitochondrial DNA methylation was investigated [1-LM] in undigested [2-LM] and digested total DNA from human skeletal muscle cells, [3-LM] at 5 different regions of the mitochondrial genome. [4-LM] The full square represents cytosine guanine dinucleotide sites, [5-LM] and the open square represents non-cytosine guanine dinucleotide sites. [6-LM]

5.1.1. Figure 3.jpg.
5.1.2. Figure 3.jpg. Circle/highlight orange circle and undigested. 
5.1.3. Figure 3.jpg. Circle/highlight green circle and Digested
5.1.4. Figure 3.jpg. Circle/highlight the region names on the-x axis.
5.1.5. Figure 3.jpg. Circle/highlight filled square and CpG
5.1.6. Figure 3.jpg. Circle/highlight open square and non-CpG

5.2. For undigested mitochondrial DNA, methylation levels ranged from 0 to 15.1% across all investigated regions. However, when the DNA was digested prior to bisulfite conversion, the unconversion rate dropped to a maximum of 1% across all regions. This illustrates the importance of BamHI digestion prior to bisulfite conversion to avoid overestimation of mitochondrial DNA methylation levels. [1-LM]

5.2.1. Figure 3.jpg.


6. Conclusion (said by authors on camera)
6.1. Mie Mechta: After watching this video, you should have a good understanding of how to perform mitochondrial bisulfite sequencing, and by following our bioinformatic pipeline, you can achieve accurate quantification of mitochondrial DNA methylation.



Provided Media

2.2. Figure 2.jpg
2.3 – 2.4.  Figure 4.jpg
3.2. PCR condition_3.2.png
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5.1-5.2. Figure 3.jpg


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.
 2017, Journal of Visualized Experiments

