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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 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. Some screen shots needed______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps
1. Immobilizing the Biotinylated PCR products
2. Denaturation of DNA and addition of sequencing primer
3. Annealing sequencing primer to DNA strands

4. Demonstrating operation of Pyromark Q24 instrument

5. Demonstrating pyrosequencing software operation

6. Demonstrating and explaining pyrosequencing results on computer screen

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?
Demonstrating and explaining pyrosequencing results on computer screen. Authors will have sample data available.




1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:

The overall goal of the following experiment is to identify a bacterium through 16S ribosomal DNA sequence analysis using the pyrosequencing methodology. (Intro: title slide will be shown)

This is achieved by first amplifying the target DNA through a polymerase chain reaction using a biotinylated primer. (Video editor: show the top part of Figure 1, of the forward primer and biotinylated reverse primer being used to amplify the target DNA) The biotinylated amplicon is then immobilized using streptavidin-coated sepharose beads, (Video editor: show ‘50405_ Filter probe with beads bound to single-stranded DNA.PNG’) and purified using wash buffers. (Video editor: show ‘50405_Wash Step.PNG’)

Next, the amplicon  is denatured and 16S ribosomal sequencing primers are annealed to the single strands of DNA.  The goal of this step is to prepare the DNA for sequencing. [Video editor: show the middle graphic in Figure 1 minus the polymerase (blue circle)]

Finally, the DNA sequencing reaction takes place by pyrosequencing, a rapid and accurate method to sequence nucleic acids based on the principle of “sequencing by synthesis.” (Video editor: Qiagen_Pyrosequencing_Master-H.264.mov: 00:00:00 - 00:00:06)

The biotinylated amplicon is used as a template by DNA polymerase to incorporate dNTPs, one base at a time, leading to the generation of pyrophosphate. (Video editor: Qiagen_Pyrosequencing_Master-H.264.mov: 00:00:06 - 00:00:16; pyrophosphate is the blue dumbbell that appears from the DNA polymerase at 00:00:14.  Please add text to identify the dumbbell as pyrophosphate).

ATP sulfurylase proportionately converts pyrophosphate to ATP. ATP catalyzes the luciferase-mediated conversion of luciferin to oxyluciferin, which generates light that is proportional to the amount of ATP. The light is recorded as a peak on the pyrogram trace, and indicates nucleotide incorporation.  (Video editor: Qiagen_Pyrosequencing_Master-H.264.mov: 00:00:16 - 00:00:27. At 00:00:27 highlight the G peak)

The unincorporated dNTPs are degraded by apyrase (Video editor: Qiagen_Pyrosequencing_Master-H.264.mov: 00:00:27 - 00:00:35) before the next dNTP is added for continuation of the synthesis. (Video editor: Qiagen_Pyrosequencing_Master-H.264.mov: 00:00:35 – end of movie)

The chemiluminescent signal recorded on the pyrogram allows the sequence of DNA to be determined (Figure 3.jpg).

The results obtained are ribosomal 16S DNA sequences, which are used to identify the bacterium by comparison to a ribosomal DNA reference database. (Figure 10.jpg)




B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Dr. Kristina Obom: Pyrosequencing is a versatile technique that facilitates microbial genome sequencing and can be used to identify bacterial species, discriminate bacterial strains, and detect genetic mutations that confer resistance to anti-microbial agents. 
1.2. Dr. Kristina Obom: In this video, the procedure for bacterial amplicon generation, amplicon pyrosequencing, and DNA sequence analysis will be demonstrated.


Protocol (read by voice talent at JoVE):
Videographer: Please frame all shots so as not to film the technician's face per the authors’ request.
Video editor: Please crop/cut any shots in which the technician's face is inadvertently shown.

2. Amplification of the Template

2.1. To begin the procedure for template amplification, thaw all required solutions and mix each one thoroughly. All work can be done at room temperature.

Shots:
2.1.1. MED: Talent placing required solutions on the bench top to thaw.
2.1.2. CU: Solutions being mixed thoroughly.

2.2. Set up the PCR reaction according to this table (Table 1). Note that a final MgCl2 (pronounce Magnesium chloride) concentration of 1.5 mM will provide satisfactory results in most cases.  However, if a higher Mg2+ (pronounce Magnesium) concentration is required, up to 3.5 μl of 25 mM MgCl2 can be added to a reaction. [Video editor: please highlight the 3rd row in Table 1 (25 mM MgCl2…) while the voiceover explains about the MgCl2 concentration]

Shots:
2.2.1. LAB MEDIA: Table 1.jpg

2.3. (Table 1) One primer must be biotinylated at its 5' (pronounce five prime) end, and it is recommended that the primer be HPLC purified. [Video editor: highlight row 5 (Primer A/Primer B…)]

Shots:
2.3.1. LAB MEDIA: Table 1.jpg

2.4. Thoroughly mix the reaction mixture by gently pipetting up and down, and then dispense appropriate volumes into PCR tubes.

Shots:
2.4.1. CU: Reaction mixture being mixed by gentle up-and-down pipetting.
2.4.2. CU: Reaction mixture being dispensed into PCR tubes.

2.5. Next, add template DNA to each PCR tube (TEXT: ≤500 ng template DNA per reaction). 10 ng of genomic DNA per reaction is recommended.

Shots: 
2.5.1. CU: Template DNA being added to each PCR tube.

2.6. Place the PCR tubes in a cycler and start this cycling program (Table 2).

Shots:
2.6.1. CU: PCR tubes being placed in the cycle.
2.6.2. LAB MEDIA: Table 2.jpg


3. Vacuum Workstation Protocol

a. Immobilizing the Biotinylated PCR products

3.1. Prior to making the master mix, swirl the bottle of streptavidin-coated sepharose beads to ensure a homogenous suspension. Make a master mix according to this flow chart (top half of Figure 4), combining beads, binding buffer, and high-purity water in a microcentrifuge tube.

Shots:
3.1.1. CU: Bottle of streptavidin-coated sepharose beads being shaken gently.
3.1.2. LAB MEDIA: top half only of Figure 4.jpg (the 3 reagents and the microcentrifuge tube)
3.1.3. CU: Reagents being pipetted into a microcentrifuge tube.

3.2. Depending on the volume of PCR product used, dispense 60–75 µl of master mix into each well of a PCR plate, so that the total volume is 80 µl per well.

Shots:
3.2.1. MED: Talent dispensing master mix into each well of a PCR plate.
3.2.2. LAB MEDIA: Figure 4.jpg: add the downward arrow and the graphic of the PCR tubes to the part of Figure 4 shown in 3.1.2.

3.3. Add 5-20 µl biotinylated PCR product to each well.  The volume per well should now be 80 µl.

Shots:
3.3.1. CU: PCR product being added to well.

3.4. Seal the wells with strip caps and agitate the PCR plate at 1400 rpm for 5-10 minutes at room temperature using an orbital shaker (TEXT: 1400 rpm; 5-10 min;15-25°C).

Shots:
3.4.1. CU: Wells being sealed with strip caps.
3.4.2. CU: PCR plate being placed on the orbital shaker.

b. Denaturation of DNA and addition of sequencing primer

3.5. Begin this procedure by diluting the sequencing primers to 0.3 µM with annealing buffer and dispensing 25 µl into each well of the reaction plate. Position the plate on the vacuum workstation.

Shots:
3.5.1. MED: Sequencing primers being diluted with annealing buffer.
3.5.2. CU: Diluted sequencing primers being dispensed into each well of the reaction plate.
3.5.3. CU: Reaction plate being placed on the vacuum workstation.

3.6. Fill the workstation troughs according to this diagram (Figure 5): 50 ml of 70% ethanol in trough 1, 40 ml of denaturation solution in trough 2, 50 ml of wash buffer in trough 3, 50 ml of high-purity water in trough 4, and 70 ml of high-purity water in trough 5. (Video editor: show Figure 5 with the trough numbers but without the text of the reagents.  As the VO says the amount and reagent, add the text overlay)

Shots:
3.6.1. LAB MEDIA: Figure 5.jpg
3.6.2. CU: A shot of the workstation troughs with all troughs filled.

3.7. Turn on the vacuum pump, and make sure the switch on the vacuum tool is set to ‘ON’. Flush the filter probes with high-purity water in trough 5.

Shots:
3.7.1. MED: Talent turning vacuum pump on.
3.7.2. CU: Shot of vacuum tool switch in ON position.
3.7.3. CU: Filter probes being flushed in trough 5.
3.7.4. CU: Fresh high-quality water being added to trough 5.

3.8. Position the PCR plate with beads on the workstation, ensuring that both PCR and reaction plates are in the same orientation. Lower the vacuum tool into the wells of the PCR plate for 20 seconds or until all volume has been aspirated (TEXT: Vacuum ON; 20 s). The beads will be captured by the vacuum tool.

Shots:
3.8.1. CU: PCR plate being positioned on the workstation.
3.8.2. CU: Vacuum tool being lowered into the wells of the PCR plate for 20 seconds.

3.9. With the vacuum still ON, flush the tool with 70% ethanol  for 20 seconds or until all volume has been aspirated (TEXT: Vacuum ON; 20 s).

Shots:
3.9.1. CU: Vacuum tool being placed in trough 1.

3.10. Next flush the tool with denaturation solution for 20 seconds or until all volume has been aspirated (TEXT: Vacuum ON; 20 s). 

Shots:
3.10.1. CU: Vacuum tool being placed in trough 2.

3.11. After that flush the tool with wash buffer for 20 seconds or until all volume has been aspirated (TEXT: Vacuum ON; 20 s).

Shots:
3.11.1. CU: Vacuum tool being placed in trough 3.

3.12. With vacuum still ON (TEXT: Vacuum ON), raise the vacuum tool to beyond 90˚ vertical for 5 seconds, to allow all liquid to drain out of the vacuum tool.

Shots:
3.12.1. CU: Vacuum tool being raised to beyond 90˚ vertical and 3 slow twists of the wrist.

3.13. Now turn the pump OFF, and align the vacuum tool with the reaction plate. Lower the vacuum tool into the wells, then gently shake from side to side for approximately 10 seconds to release the beads into the wells containing sequencing primer (TEXT: Vacuum OFF). Place the vacuum tool in the water trough for cleaning.

Shots:
3.13.1. CU: Vacuum pump being turned off.
3.13.2. CU: Vacuum tool being aligned with reaction plate, lowered into wells and gently shaken from side to side.
3.13.3. CU: Vacuum tool being placed in water trough.

c. Annealing sequencing primer to DNA strands

3.14. To anneal the sequencing primer to the DNA, place the reaction plate in a pre-warmed plate holder. Heat the plate at 80°C for 2 minutes (TEXT: 80°C; 2 min). 

Shots:
3.14.1. CU: Reaction plate being placed in a pre-warmed plate holder.

3.15. Remove the plate from the holder and place it on the counter to cool at room temperature for 5 minutes (TEXT: Room temperature; 5 min).

Shots:
3.15.1. CU: Plate being removed from holder and placed on counter to cool.


4. Pyromark Q24 Operation for Pyrosequencing

a. Preparing for a run

4.1. Begin this procedure by switching on the instrument using the power switch located above the power cord.

Shots:
4.1.1. MED/over the shoulder: talent switching on the instrument.

4.3.       To determine volumes needed, set up a run file in the instrument software, and under the ‘Tools’ menu select ‘Pre Run Information’. [Videographer drew an arrow indicating to move this before 4.2]

Shots:
4.3.1.   MED/over the shoulder: Talent at the computer.
4.3.2.   SCREEN: A run file being set up, Pre Run info being selected under Tools menu.


4.2. Fill a cartridge according to the instructions provided in the “Pre Run Information” page. Put the pipette tip in the corner of each well and as far down as possible, ensuring that no air bubbles are present. 

Shots:
4.2.1. CU: A cartridge being filled with reagents.
4.2.2. LAB MEDIA: A diagram that shows which reagent goes into which compartment in the cartridge.

4.3. To determine volumes needed, set up a run file in the instrument software, and under the ‘Tools’ menu select ‘Pre Run Information’.

Shots:
4.3.1. MED/over the shoulder: Talent at the computer.
4.3.2. SCREEN: A run file being set up, Pre Run info being selected under Tools menu.

4.4. Open the cartridge gate and insert the cartridge with the label facing forward. Ensure that the cartridge is properly inserted and close the gate. Open the plate-holding frame and position the reaction plate inside the instrument. Close the plate-holding frame and the instrument lid. 

Shots:
4.4.1. CU: Cartridge gate being opened and cartridge inserted with label facing forward. [Videographer’s handwritten note: “Mis-slated 4.3.1-2” – Looks like this comment belongs to 4.4.1, but there’s a chance it also belongs to 4.4.2]
4.4.2. CU: Gate being closed.
4.4.3. MED: Plate-holding frame being opened and plate positioned inside instrument.
4.4.4. CU: Plate-holding frame being closed.
4.4.5. MED: Talent closing the instrument lid.

b. Starting a run

4.5. Insert the USB stick with the run files created with the instrument software into the USB port at the front of the instrument. 

Shots:
4.5.1. MED: Talent inserting the USB stick into the USB port.

4.6. Press “OK” to see the menu of desired run files. Use the scroll arrows to select the desired run file and press “Select”. When all preset pressure and temperature levels are reached, the instrument will begin dispensing reagents.

Shots:
4.6.1. SCREEN: “OK” being selected, and then desired run file is selected.
4.6.2. MED: Footage of the instrument dispensing reagents.

4.7. During a run, the instrument screen displays the pyrogram of the selected well in real-time. Use the scroll arrows to view the pyrograms of other wells.

Shots:
4.7.1. SCREEN: Pyrogram of selected well displayed. [Videographer’s note: “with 4.6.1-2 (audio slated)”]
4.7.2. SCREEN: Scroll arrows being used to view the pyrograms of other wells. [Videographer’s note: “with 4.6.1-2 (audio slated)”]

c. Completing a run

4.8. When the instrument confirms that the run is finished and the run file has been saved to the USB stick, press “Close.” Remove the USB stick.

Shots:
4.8.1. CU: Shot of screen showing that run is finished and run files has been saved.
4.8.2. MED/over the shoulder: talent removing the USB stick.

5. Results: pyrosequencing identifies bacteria and detects antibiotic drug resistance

5.1. The results of a typical pyrosequencing run are shown here (Figure 10). Forward (Video editor: highlight the forward PCR primer arrow) and Reverse (Video editor: highlight the reverse PCR primer arrow) PCR primers are designed for conserved regions of the DNA template, which is the 16S ribosomal sequence in this example.

Shots:
5.1.1. LAB MEDIA: Figure 10.jpg 

5.2. (Figure 10) The sequencing primer (Video editor: highlight the sequencing primer arrow) is positioned immediately upstream of a well-characterized identifying hypervariable DNA sequence within the amplicon, shown in blue. (Video editor: maybe draw a box around the blue region?) This hypervariable sequence allows for bacterial identification of a large number of bacterial species using the conserved sequencing primer. As an internal quality control, the DNA sequence bracketing the variable region can be checked to assure that the correct DNA region has been analyzed.

Shots:
5.2.1. LAB MEDIA: Figure 10.jpg 

5.3. (Figure 10) The pyrosequencing software allows for comparison and alignment of the generated sequence to an internal database of bacterial ribosomal sequences for bacterial identification.  

Shots:
5.3.1. LAB MEDIA: Figure 10.jpg 

5.4. In addition, a sequence can be analyzed to determine mutations that confer antibiotic drug resistance. For example, analysis of mutations in the 23S ribosomal genes of Helicobacter pylori (pronounce hell-icko  back-tur  pie-lore-ee) reveals two mutation patterns, GAA or AGA [Video editor: highlight the GAA peaks followed by the AGA peaks (inside the red boxes)], that confer antibiotic resistance (Figure 11).

Shots:
5.4.1. LAB MEDIA: Figure 11.jpg

6. Conclusion (said by authors on camera)
6.1. Dr. Kristina Obom: Pyrosequencing is a versatile technique that facilitates microbial genome sequencing. The advantages of pyrosequencing for microbiology applications include rapid and reliable high-throughput screening and accurate identification of microbes and microbial genome mutations.
6.2. Dr. Kristina Obom: In addition, the pyrosequencing methodology can analyze the full genetic diversity of anti-microbial drug resistance, including typing of SNPs, point mutations, insertions and deletions, as well as quantification of multiple gene copies that may occur in some anti-microbial resistance patterns. 
6.3. Dr. Kristina Obom: Thank you for watching this video, and best of luck with your sequencing experiments.


Provided Media

1A. Figure 1.jpg; Figure 3.jpg; 50405_ Filter probe with beads bound to single-stranded DNA.PNG; 50405_Wash Step.PNG; Qiagen_Pyrosequencing_Master-H.264.mov
2.2. – 2.3. Table 1.jpg
2.6. Table 2.jpg
3.1. – 3.2. Figure 4.jpg
3.6. Figure 5.jpg
4.2. A diagram that shows which reagent goes into which compartment in the cartridge. (to be provided by author)
5.1. – 5.3. Figure 10.jpg
5.4. Figure 11.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, as well as an introduction to your videographer, closer to your filming date.
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