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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)__N______ 

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.) 
2.5 Drying the pellet of magnetic beads containing DNA
2.6 Eluting the dried pellet carefully
2.8 Perform the hydrolysation in the hybridization oven to assure uniform heating of the sample
5.1 Prolonged pelleting step in the DNA purification step with magnetic beads
6.1 Reaction mixes are prepared separately with unique index primers

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.) 
- use highly intact DNA – careful pipetting, no vortexing, keeping mechanic strain to a minimum as in steps 2.2, 2.5, 2.11.

E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

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 experiment is to map the location of incorporated ribonucleotides at single nucleotide resolution level and to quantitate the number of ribonucleotides present in human mitochondrial DNA. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Anders Clausen: This method can help answer key questions regarding DNA integrity, DNA replication mechanisms, and DNA repair mechanisms, and how defects in any of these mechanisms may cause disease.
1.2. Anders Clausen: The main advantage of this technique is that both the location and the number of incorporated ribonucleotides in mitochondrial DNA can be determined in a single experiment. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Katrin Kreisel: Though this method can provide insight into the ribonucleotide content in human mitochondrial DNA, it can also be applied to study nuclear DNA and ribonucleotide content in the sequenced genomes of other model organisms. 

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

	N.A.
















Protocol: (read by voice talent at JoVE)

2. HincII Treatment and Alkaline Hydrolysis 

2.1. Genomic DNA previously isolated from HeLa cells as described in sections 2 and 3 of the text protocol is used in this experiment. [1-MED] To digest the DNA, carefully mix the following in a microfuge tube: 1 µg of DNA, 5 µL of 10x buffer 3.1, 1 µL of HincII, and nuclease-free water to a final volume of 50 µL. [2-CU-TXT]

2.1.1. Talent taking out 2 tubes of DNA (1 wildtype, 1 mutant) from the -20 freezer.
2.1.2. Reagents being added to a microfuge tube.  Add text overlay of each reagent as it is narrated.  TEXT: 1 µg DNA; 5 µL 10x buffer 3.1; 1 µL (10 U) HincII; H20 to 50 µL.

2.2. Incubate at 37 °C for 30 minutes. [1-MED] When the digest is completed, add 1.8 volumes of paramagnetic beads to each sample, carefully mix by pipetting, and incubate at room temperature for 10 minutes. [2-MED]

2.2.1. Talent putting the microfuge tubes into the 37 °C heat block.
2.2.2. Talent pipetting beads into one of the microfuge tubes, carefully mixing by pipetting, and then leaves the tube at room temperature.

2.3. Place the tubes on a magnetic rack for 5 minutes to pellet the beads, [1-MED] and then remove and discard the supernatant. [2-CU]

2.3.1. *film as written.
2.3.2. *film as written.

2.4. Wash the pellet with 150 µL of 70% ethanol for about 30 seconds, [1-CU] then remove and discard the supernatant. [2-CU] Repeat the wash with 200 µL of 70% ethanol for another 30 seconds. [3-CU]

2.4.1. 150 µL of 70% ethanol being added to each of the microfuge tubes on the magnetic rack. 
2.4.2. *film as written.
2.4.3. 200 µL of 70% ethanol being added to each of the microfuge tubes on the magnetic rack.

2.5. Dry the samples at room temperature for about 15 to 20 minutes. [1-MED] Next remove the tubes from the magnetic rack.  Elute each pellet in 45 µL of elution buffer; mix by pipetting carefully, and incubate for 5 minutes. [2-CU]

2.5.1. Talent removes the 70% ethanol from tubes and leaves the tubes with the cap open so samples can dry.
2.5.2. Tubes are removed from the rack, then 45 µL of elution buffer is added to one of the tubes, pipetted carefully to mix, and left to incubate for 5 minutes.

2.6. Pellet the beads on the magnetic rack [1-CU] and transfer 45 µL of each DNA sample to a new tube. [2-CU]

2.6.1. Tubes being placed on magnetic rack.
2.6.2. 45 µL of one of the DNA samples being transferred to a new tube.

2.7. To each 45 µL of isolated or purified DNA, add 5 µL of 3 M potassium hydroxide [1-CU] or 5 µL of 3 M potassium chloride, creating a total volume of 50 µL. [2-CU] The eight reactions are summarized in this table. [3-LM]

2.7.1. 5 µL of 3 M KOH being added to one sample.  Please get all 8 tubes in frame.
2.7.2. 5 µL of 3 M KCl being added to another sample.
2.7.3. 56551_for step 2.7 in video.tif

2.8. Incubate in a hybridization oven at 55 °C for 2 hours. [1-MED-TXT] Then incubate the samples on ice for 5 minutes. [2-MED]

2.8.1. Talent putting all 8 tubes into the hybridization oven. TEXT: 55 °C; 2 h
2.8.2. Talent transferring tubes from hybridization oven to ice.

2.9. Precipitate the DNA by adding 10 µL of 3 M sodium acetate, pH 5.2, and 125 µL of cold 100% ethanol and [1-CU] incubate on ice for 5 minutes. [21-CU] Pellet the DNA by centrifuging at 21,000 x g at 4 °C for 5 minutes. [3-MED-TXT]

2.9.1. Sodium acetate being added to one of the tubes, followed by 100% EtOH.

2.9.2. Tube being put on ice. (Author Comment: Shot not filmed. Samples have been on ice since 2.8)

2.9.3. Talent putting all 8 tubes into the centrifuge and starting the spin. Please get multiple usable takes; shot will be repeated later. TEXT: 21,000 x g; 4 °C; 5 min

2.10. Discard the supernatant and wash each DNA pellet with 250 µL of cold 70% ethanol, [1-CU] centrifuge again, [2] and discard the supernatant. [3-CU]

2.10.1. Supernatant from one tube is removed and 250 µL of cold 70% ethanol is added.
2.10.2. Use shot from 2.9.3.
2.10.3. Supernatant from one tube is removed.

2.11. Let the pellet dry in the open tube for about 5-10 minutes until any visible fluid has evaporated. [1-MED] Lastly, add 20 µL of elution buffer and let the DNA pellet dissolve at room temperature for 30 minutes. [2-MED-TXT]

2.11.1. Talent leaving all the tubes with caps open for fluid to evaporate.
2.11.2. Talent adding 20 µL of elution buffer to each tube and leaving them on the bench top. TEXT: room temperature; 30 min




3. 5´-End Phosphorylation 

3.1. Begin this procedure by preparing the reaction mix for each sample as a master mix. [1-MED] For each sample, add 2.5 µL of 10x T4 polynucleotide kinase reaction buffer, 2.5 µL of ATP, and 1 µL of 3´-phosphatase-minus T4 polynucleotide kinase. [2-CU-TXT]

3.1.1. Talent labeling a microfuge tube and putting it in a rack. Please get multiple usable takes; shot will be repeated later.
3.1.2. Scale-up volume of each reagent being added to the tube.  Add text overlay as reagent is narrated. TEXT: 2.5 µL 10x T4 polynucleotide kinase reaction buffer; 2.5 µL ATP (10 mM); 1 µL (10 U) 3´-phosphatase-minus T4 polynucleotide kinase (Author Comment: Changed the order of the reagents)

3.2. Transfer 19 µL of each DNA sample into a new 200-µL tube [1-CU] and denature at 85 °C in a thermo-cycler for 3 minutes. [2-MED] Then cool the DNA samples on ice [3-MED] and add 6 µL of the prepared reaction mix to each sample. [4-CU]

3.2.1. *film as written for only 2-3 samples but get all 8 DNA samples and 8 new 200-µL tubes in frame.
3.2.2. Talent putting the 8 tubes into the thermo-cycler. Please get multiple usable takes; shot will be repeated later.
3.2.3. Talent transferring the 8 tubes from the thermo-cycler to ice. Please get multiple usable takes; shot will be repeated later.
3.2.4. *film as written.

3.3. Incubate the reaction mixes at 37 °C for 30 minutes, followed by 65 °C for 20 minutes to stop the reaction. [1-TXT] 

3.3.1. Use shot from 3.2.2. TEXT: 37 °C for 30 min; 65 °C for 20 min

3.4. Purify the DNA using paramagnetic beads as demonstrated previously but elute with 14 µL of elution buffer. [1-MED]

3.4.1. Talent adding 14 µL of elution buffer to each of the 8 tubes. (last step of purification) Please get multiple usable takes; shot will be repeated later.

4. Single strand DNA Ligation 


4.1. Prepare the reaction mix as a master mix in advance [1] containing the following for each sample:  5 µL of 10x T4 RNA ligase reaction buffer, 5 µL of CoCl3(NH3)6, (Voiceover: “hexamminecobalt three chloride”) 0.5 µL of ARC140 oligonucleotide, 0.5 µL of ATP, and 25 µL of 50% PEG 8000. [2-CU-TXT] Mix well by pipetting. [3-CU]

4.1.1. Use shot from 3.1.1.
4.1.2. [bookmark: _GoBack]Scale-up volume of each reagent being pipetted into a microfuge tube.  Add text overlay as each reagent is narrated.  TEXT: 5 µL 10x T4 RNA ligase reaction buffer; 5 µL CoCl3(NH3)6 (10 mM); 0.5 µL ARC140 (100 µM); 0.5 µL ATP (2 mM); 25 µL 50% PEG 8000. (Author Comment: Changed the order of the reagents)
4.1.3. Contents in microfuge tube being pipetted to mix.

4.2. Transfer 13 µL of each purified DNA to a new 200-µL tube [1-MED] and denature at 85 °C in a thermo-cycler for 3 minutes. [2]

4.2.1. *film as written for only 2-3 samples but get all 8 DNA samples and 8 new 200-µL tubes in frame.
4.2.2. Use shot from 3.2.2.

4.3. Cool the DNA on ice [1] and then add 36 µL of reaction mix to each sample, mix by pipetting, [2-CU] and spin down briefly. [3-MED] Add 1 µL of T4 RNA Ligase to each reaction, mix by pipetting, [4-CU] and spin down briefly. [5]

4.3.1. Use shot from 3.2.3. 
4.3.2. *film as written for one sample.
4.3.3. Talent putting 8 tubes into the centrifuge and starting the spin. Please get multiple usable takes; shot will be repeated later.
4.3.4. *film as written for one sample.
4.3.5. Use shot from 4.3.3.

4.4. Incubate the samples at room temperature in the dark overnight. [1-MED]

4.4.1. Talent putting the samples in a drawer or covering them with aluminum foil.

5. Second Strand Synthesis

5.1. When the single strand DNA ligation is complete, purify the DNA as demonstrated earlier, but use 0.8 volumes of paramagnetic beads [1-MED] and pellet the beads for 10 minutes. [2-CU-TXT]  Elute in 20 L of elution buffer and transfer 20 L of each DNA sample to a new 200-L tube. [3-MED] Repeat the purification with 0.8 volumes of paramagnetic beads [4] and elute in 14 L of elution buffer. [5]  

5.1.1. Talent adding 0.8 volumes of paramagnetic beads to each of the 8 tubes. (from 4.4) Please get multiple usable takes; shot will be repeated later.
5.1.2. Tubes being placed on the magnetic rack.  TEXT: Pelleting in 1st purification is prolonged due to the higher viscosity of the ligation reaction mix.
5.1.3. Talent transferring the eluted product from one tube to a new tube.
5.1.4. Use shot from 5.1.1. 
5.1.5. Use shot from 3.4.1. 

5.2. For each sample, prepare the reaction mix as a master mix consisting of 2 µL of 10x T7 DNA polymerase reaction buffer, 2 µL of ARC76/77, 2 µL of dNTPs, and 0.8 µL of BSA. [1-CU-TXT]

5.2.1. Scale-up volumes of reagents being pipetted into a microfuge tube.  Add text overlay of each reagent as it is narrated.  TEXT: 2 µL 10x T7 DNA polymerase reaction buffer;  2 µL ARC76/77 (2 µM);  2 µL dNTPs (2 mM); 0.8 µL BSA (1 mg/mL)

5.3. Transfer 12.8 µL of purified DNA to a new 200-µL tube [1-CU] and denature at 85 °C in a thermo-cycler for 3 minutes. [2]

5.3.1. *film as written for only 2-3 samples but get all 8 DNA samples and 8 new 200-µL tubes in frame.
5.3.2. Use shot from 3.2.2.

5.4. Cool the DNA on ice [1] and then add 6.8 µL of reaction mix to each sample, mix by pipetting, [2-CU] spin down briefly, [3] and incubate at room temperature for 5 minutes. [4-MED]

5.4.1. Use shot from 3.2.3.
5.4.2. *film as written for one sample.
5.4.3. Use shot from 4.3.3.
5.4.4. Talent putting all tubes at room temperature. Please get multiple usable takes; shot will be repeated later.

5.5. Add 0.4 µL of T7 DNA polymerase to each reaction [1-CU] and incubate at room temperature for 5 minutes. [2] After purifying the DNA using paramagnetic beads, elute in 11 µL of elution buffer. [3-MED]

5.5.1. *film as written for 2-3 samples.
5.5.2. Use shot from 5.4.4.
5.5.3. Talent adding 11 µL of elution buffer to each of the 8 tubes. (last step in purification)

6. PCR Amplification and Library analysis and pooling 

6.1. To begin the PCR amplification, prepare the reaction mix separately for each sample in a new 200-µL tube, [1-MED] consisting of 7.5 µL of ARC49, 7.5 µL of unique index primer, and 25 µL of 2x hot start ready mix. [2-CU-TXT] Add 10 µL of DNA sample to each reaction. [3-CU]

6.1.1. Talent labeling 8 new 200-µL tubes and setting them in a rack.
6.1.2. Reagents being pipetted into one of the tubes.  Add text overlay as reagent is narrated.  TEXT: 7.5 µL ARC49 (2 µM); 7.5 µL index primer (2 µM, unique for each sample); 25 µL 2x hot start ready mix.
6.1.3. *film as written for a few samples.

6.2. Amplify the library using the following conditions: [1-MED] denature at 95 °C for 45 seconds, [2-LM] followed by 18 cycles of 98 °C for 15 seconds, 65 °C for 30 seconds and 72 °C for 30 seconds, [3-LM] and ending with a final elongation at 72 °C for 2 minutes. [4-LM] Hold the samples at 4 °C after amplification. [5-LM]

6.2.1. Talent putting the 8 tubes into the thermo cycler.
6.2.2. 56551_Clausen_Figure_PCR.tif. Highlight ‘Step 1’  
6.2.3. 56551_Clausen_Figure_PCR.tif. Highlight ‘Step 2’
6.2.4. 56551_Clausen_Figure_PCR.tif. Highlight ‘Step 3’
6.2.5. 56551_Clausen_Figure_PCR.tif. Highlight ‘Step 4’

6.3. Purify the libraries as described in the text protocol and elute in 20 µL of TE buffer. [1-MED]

6.3.1. Talent adding 20 µL of TE buffer to each of the 8 tubes. (last step in purification)

6.4. Determine the quality and average fragment size of each library using a digital electrophoresis system. [1-LM] Representative results of suitable library profiles after potassium hydroxide or potassium chloride treatment are shown. [2-LM] 

6.4.1. 56551_Clausen_Figure_2A_left.tif 
6.4.2. 56551_Clausen_Figure_2A_right.tif

6.5. After calculating the concentration of each library, pool equal molar amounts of up to 24 libraries amplified with different index primers for sequencing as described in sections 9 and 10 in the text protocol. [1-MED] Add TE buffer to a final volume of 25 µL and concentration of 10 nM. [2-CU]

6.5.1. Talent pooling equal molar amounts of libraries into one tube.
6.5.2. TE buffer being added to the tube.

6.6. After sequencing, perform bioinformatic data analysis as specified in section 11 of the text protocol. [1-MED]

6.6.1. General shot of talent at the computer performing the bioinformatic data analysis.


7. Results: simultaneous quantitation and genome-wide mapping of ribonucleotides 

7.1. These graphs show the summarized reads at all HincII sites in light strand and heavy strand human mitochondrial DNA after potassium chloride treatment. Around 70% of all detected 5´-ends localize to the cut-sites, demonstrating the high efficiency of the HincII digestion. [1-LM]

7.1.1. 56551_Clausen_Figure_2B_left.tif

7.2. Treating libraries with potassium hydroxide to hydrolyze the DNA at embedded ribonucleotides decreases the number of reads at HincII sites to about 40%. [1-LM]

7.2.1. 56551_Clausen_Figure_2B_right.tif

7.3. The relative number of reads in mitochondrial and nuclear DNA reveals differences in coverage and illustrates the importance of appropriate normalization to remove strand bias. [1-LM]

7.3.1. 56551_Clausen_Figure_2D_landscape.tif

7.4. Normalizing read counts to HincII gives a quantitative measure of the number of ribonucleotides per mitochondrial genome on the heavy or light strand. [1-LM]

7.4.1. 56551_Clausen_Figure_3A.tif

7.5. The reads after potassium hydroxide treatment for each ribonucleotide normalized to the sequence composition of each strand show a ratio different than 1, indicating a non-random distribution of reads and suggesting a distinct ribonucleotide pattern and a high library quality. [1-LM]

7.5.1. 56551_Clausen_Figure_3B_landscape.tif

7.6. Normalizing the reads at the sites of embedded ribonucleotides to those at HincII cleavage sites, as well as to the genome nucleotide content, generates a quantitative measure of how many of each ribonucleotide is incorporated per 1,000 complementary bases. [1-LM]

7.6.1. 56551_Clausen_Figure_3C_landscape.tif


8. Conclusion (said by authors on camera)
8.1. Katrin Kreisel: Once mastered, this protocol can be done in 2 days, if it is performed properly.
8.2. Katrin Kreisel: While attempting this procedure, it’s important to remember to keep the DNA highly intact and avoid introducing any double strand breaks during library preparation.
8.3. Katrin Kreisel: Following this procedure, other methods like Southern blot can be performed in order to confirm the ribonucleotide quantification data.
8.4. Anders Clausen: After watching this video, you should have a good understanding of how to prepare libraries for the mapping and quantitation of ribonucleotides in DNA using next generation sequencing.
8.5. Katrin Kreisel: Don't forget that working with chemicals like potassium hydroxide can be extremely hazardous and precautions such as wearing eye protection and gloves should always be taken while performing this procedure.   
   








Provided Media
2.7. 56551_for step 2.7 in video.tif
6.2 – 56551_Clausen_Figure_PCR.tif – graphic of the PCR program
6.4 – 56551_Clausen_Figure_2A_left.tif graphic of library profile
6.4 – 56551_Clausen_Figure_2A_right.tif graphic of library profile
7.1 – 56551_Clausen_Figure_2B_left.tif – summarized reads at HincII sites
7.2 – 56551_Clausen_Figure_2B_right.tif – summarized reads at HincII sites (KOH treated)
7.3 – 56551_Clausen_Figure_2D_landscape.tif – coverage of mtDNA and nuclear DNA, strand bias
7.4 – 56551_Clausen_Figure_3A.tif – ribonucleotides per mitochondrial genome
7.5 – 56551_Clausen_Figure_3B_landscape.tif – ribonucleotide incorporation rate
7.6 – 56551_Clausen_Figure_3C_landscape.tif – ribonucleotide incorporation rate (quantitative)



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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