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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
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps.

1.2; 2.1; 3.1.2; 3.5.3; 3.6.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Loading the chip is very tricky and it is difficult to have consistent loading intensity. The key is to go very slowly and make sure that the sample loaded on the chip passed all QC.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to sequence 16S rRNA genes amplified from environmental samples using a benchtop sequencing machine. (Intro)
This is accomplished by first amplifying the 16S rRNA gene using modified primers.  (P1: In the middle of the top of the screen display a thin long black rectangle. The rectangle should be the same size as the other ones shown in P1 with black on the ends and multiple colors in the middle, but the one shown at the top should be completely black. Above the black rectangle have the label “16S rRNA gene”. Then when the word “amplifying” is read have the label “Sample A” displayed and start having each of the rectangles below the label appear one at a time. Then once all the rectangles in the column are shown have the label “Sample B” appear and then have each of the rectangles below that label appear one a time. Then once that column is finished do the same with “Sample C” column. The time is takes to display the three columns of rectangles should equal how long it takes to read the statement for P1.)
The second step is to purify the amplification products, quantify them and pool them. (P2: First display the blue square with the black dash lines. Then when the words “purify the amplification products” is read then have the red lines appear and the blue cylinder. Then when “quantify them and pool them” is read have the colorful rectangles appear in the blue cylinder.)
Next, the amplicon pool is attached to sequencing spheres, amplified clonally during emulsion PCR and sequenced on a benchtop sequencer. (P3: When the words “amplicon pool is attached to sequencing spheres” is read have one of the blue, red, and black rectangles appear first and then have the blue circle appear. Then when the words “amplified clonally during emulsion PCR” are read have the other blue, red, and black rectangles appear one at a time. Then while “sequenced on a benchtop sequencer” is being read have the curved blue arrow appear first and then have the label “Sequencer” and the squares surrounding the label appear. Finally have the downward arrow appear at the same time as the label “ATGAAGTCCTGCAA”.)
The final step is to analyze the resulting sequence datasets. (P4: First have the image of the computer appear with only the blue background on the screen. Then when the word “analyze” is read have the black box along with the white text appear and then when the words “sequence datasets” is read have the white box with the black text appear.)
Ultimately, 16S rRNA gene amplicon sequencing is used to determine the composition and diversity of the microbial community in an environmental sample. (P5: While this statement is read have each wedge on the pie chart appear one at a time. Then once the whole pie chart is displayed have the chart’s key displayed.)
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Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Sylvie Sanschagrin: The main advantage of this technique over existing methods, like DGGE and cloning-sequencing is that it gives a deeper and clearer perspective into microbial community composition and diversity.   

1.2. Etienne Yergeau: This method can help answer one of the key questions in microbial ecology: “who is there”.  

Protocol (read by voice talent at JoVE):
2. 16S rRNA Gene Amplicon Library Preparation by the Fusion Method
2.1. To begin, thaw the forward and reverse primers, the 2X HotStartTaq Plus master mix, and the samples. 
2.1.1. WIDE: Talent takes primers, 2X HotStartTaq Plus master mix, and the samples out of the freezer and places them at the appropriate temperature to thaw.

2.2. The sequence of the forward and reverse primers fit the template shown. The sequence contains Ion Torrent specific adapters, a sequencing key for calibrating the signal intensity at the beginning of the sequencing run, a template-specific primer, and a 10 base pair barcode. (TEXT: Forward, F343-IonA-MIDXX: 5’-CCA TCT CAT CCC TGC GTG TCT CCG ACT CAG XXX XXX XXX XTA CGG RAG GCA GCA G-3’; reverse, R533-IonP1: 5’- CCT CTC TAT GGG CAG TCG GTG ATA TTA CCG CGG CTG CTG GC-3’)
2.2.1. Video editors: Display this text on screen in a large font while the first sentence is read. Highlight the bold portion of the sequence when “contains Ion Torrent specific adapters” is read, highlight the italics portion when “a sequencing key for calibrating the signal intensity at the beginning of the sequencing run” is read, highlight the regular font when “a template-specific primer” is read, and highlight the X…X when “a 10 base pair barcode” is read. 
2.2.2. LABMEDIA: Table 1 (Video editors: Display Table 1 on screen next to the TEXT when “base pair barcode” is read. Have the heading “Example Barcode Sequences” at the top of the table.)
2.3. Then, mix the primers and samples thoroughly before use. Prepare a PCR reaction mix, 20 μL per reaction, containing 0.5 μM of the reverse primer, 0.4 mg/mL of BSA and 1X HotStartTaq Plus Master mix. Next pipette 18.5 μL of the master mix into each PCR tube.
2.3.1. MED: Talent mixes the primers and samples thoroughly and then gently mixes the master mix.
2.3.2. CU: Talent pipettes the reverse primer, BSA, and HotStartTaq Plus Master mix into a tube to make the mastermix. Then the talent pipettes 18.5 μL of the master mix into each PCR tube.

2.4. Add 0.5 μL of a 20 mM forward primer stock solution containing a different barcode to each of the samples that will be sequenced together. Then, outside the PCR hood add 1 μL of a sample at a concentration of 1 – 10 ng/μL to the PCR tube.
2.4.1. CU: Talent adds 0.5 μL of a 20 mM forward primer stock solution containing a different barcode into each PCR tube. 
2.4.2. [split shot] Then the talent adds 1 μL of a sample into each PCR tube.
2.5. Set a program with an initial denaturation of 95°C for 5 minutes, then 25 cycles of 95°C for 30 seconds, 55°C for 30 seconds and 72°C for 45 seconds.  The final elongation should be at 72°C for 10 minutes. Place the tubes in a PCR machine and start the program. The final PCR products can be placed at 4°C or -20°C until used.

2.5.1. MED: Talent places PCR tubes into a PCR machine.

2.5.1 CU: Talent sets the PCR program with an initial denaturation at 95°C for 5 minutes, then 25 cycles of 95°C for 30 second, 55°C for 30 seconds and 72°C for 45 seconds, the final elongation should be at 72°C for 10 minutes. Then the talent presses start.
2.5.2. MED: Talent places PCR tubes into a PCR machine. Then the talent presses start.
2.5.3. MED: Talent removes the PCR products from the PCR machine and places the tubes at 4°C or -20°C on ice. 
3. Amplicon Purification, Quantification, and Pooling
3.1. Prepare a 2% agarose gel using the largest combs available. Then, mix 5 μL of 6X gel loading dye with each PCR reaction and load the samples on the gel, separating each sample by an empty well. Run the gel at 70 V for 50 minutes.
3.1.1. MED over the shoulder: Talent pours a 2% agarose gel into a gel box containing the largest comb.

3.1.2. CU: Talent pipettes 5 μL of 6X gel loading dye into each PCR reaction and then loads the samples on the gel, separating each sample by an emply well.
3.1.3. MED: Talent sets the voltage for 70V and runs the gel for 50 minutes.
3.2. After the gel is run, take a picture of the gel and cut the bands using a scalpel. Each band is expected to be around 250 bp, which contains a 190 bp product with 63 bp that make up the adapters and barcodes.
3.2.1. MED: Talent takes a picture of the gel and then cuts the bands using a scalpel.

3.3. Next, weigh the excised bands and proceed with the gel extraction and purification of the PCR products using a kit, such as the Qiaquick Gel Extraction kit.
3.3.1. MED: Talent weighs the excised bands.

3.3.2. MED over the shoulder: Talent extracts and purifies PCR products using the Qiaquick Gel Extraction kit. 
3.4. Then, quantify each PCR product with PicoGreen and make dilutions to obtain a stock solution at 5x109 molecule/μL, which is approximately 1 ng/μL. If some samples show lower amplification, adjust the concentration as necessary, but do not go below 1.57x107 molecule/μL.
3.4.1. MED: Talent quantifies each PCR product with PicoGreen.
3.4.2. CU: Talent makes dilutions of each PCR product to obtain stock solution at 5x109 molecule/μL.

3.5. Pool 10 μL of each diluted PCR product to obtain an equimolar pool of samples. Prepare one separate pool for each of the planned sequencing runs. The pooled PCR products can be kept in the freezer until used.
3.5.1. CU: Talent pools 10 μL of each diluted PCR product.
3.5.2. MED: Talent places pooled PCR products in the freezer.
4. Emulsion PCR and Sequencing
4.1. To perform emulsion PCR, first dilute the pooled PCR products to 26 pM in a volume of 25 μL and thaw the reagents from an Ion PGM template kit.

4.1.1. MED: Talent dilutes the pooled PCR products and thaws the reagents from an Ion PGM template kit.

4.2. Then, work in a PCR hood and prepare the emulsion PCR mix. The pooled PCR products and the sphere particles can be added when working on the bench. Mix the solution thoroughly and then insert the mixture in a filter cartridge and carefully top with emulsion oil.

4.2.1. WIDE: Talent works in a PCR hood to prepare the emulsion PCR mix.

4.2.2. MED: Talent works on the bench and adds the pooled PCR products and sphere particles. Then the talent mixes the solution thoroughly.

4.2.3. CU: Talent inserts the mixture in a filter cartridge and carefully tops with emulsion oil.

4.3. Next, slowly invert the filter cartridge and load the cartridge onto the automated emulsion PCR apparatus. Then, select the appropriate program and start the procedure.
4.3.1. MED: Talent slowly reverses invert the filter cartridge and loads the cartridge onto the automated emulsion PCR apparatus.

4.3.2. MED over the shoulder: Talent selects the appropriate program and starts the procedure.

4.4. After the automated emulsion PCR is complete, remove the supernatant from the collection tubes and retrieve the sphere particles at the bottom of the tubes. 
4.4.1. MED: Talent removes the supernatant from the collection tubes and retrieves the sphere particles at the bottom of the tubes.

4.5. Resuspend the spheres in 100 μL of wash solution and take a 2 μL aliquot for library quantification. (TEXT: Detailed steps on a how to perform the library quantification can be found in the accompanying text protocol.)
4.5.1. MED: Talent resuspends the spheres in 100 μL of wash solution and takes a 2 μL aliquot for library quantification.
4.6. To sequence the PCR products, prepare a sequencing run plan that specifies the details of the sequencing run. 
4.6.1. MED over the shoulder: Talent initializes the sequencing instrument and prepares a sequencing run plan that specifies the details of the sequencing run.

4.7. Then, open the instrument, click on initialize and, when prompted, install wash solution #2, wash solution #1, and the auto-pH buffer solution into the sequencing instrument.
4.7.1. MED: Talent installs the wash solution #2, the wash solution #1, and the auto-pH buffer solution into the sequencing instrument.
4.8. Next, continue the initialization procedure, and when prompted, add the dATP, dGTP, dCTP, and dTTP nucleotides into their respective 50 mL tubes. Then, screw the tubes onto the sequencing machine and continue the initialization procedure. 

4.8.1. MED: Talent starts continues the initialization procedure.

4.8.2. CU: Talent adds the dATP, dGTP, dCTP, and dTTP nucleotides into their respective 50 mL tubes when prompted.

4.8.3. MED: Talent screws the tubes onto the sequencing machine and continues the initialization procedure.

4.9. Once the initialization procedure is complete, immediately start the sample loading procedure. 

4.9.1. MED: Talents starts the sample loading procedure.

4.10. To prepare the samples for sequencing, centrifuge the enriched spheres from the emulsion PCR at 15,500 x g for 1.5 minutes to collect the spheres at the bottom of the tube. Then, remove the supernatant and leave exactly 3 μL in the tube.

4.10.1. MED: Talent centrifuges the enriched spheres from the emulsion PCR at 15,500 x g for 1.5 minutes.

4.10.2. CU: Talent removes the supernatant and leaves exactly 3 μL in the tube.

4.11. Next, add 3 μL of the sequencing primer to the tube and pipette up and down to resuspend the particles, and mix the solution thoroughly. Incubate the tube for 2 minutes at 95°C and then for 2 minutes at 37°C.
4.11.1. CU: Talent adds 3 μL of the sequencing primer to the tube and pipettes up and down to resuspend the particles.

4.11.2. MED: Talent incubates the tube for 2 minutes at 95°C and then for 2 minutes at 37°C.

4.12. When the incubation is complete, add 1 μL of polymerase and mix well. Then incubate the mixture at room temperature for 5 minutes. (TEXT: Load the enzyme-sphere mixture onto the chip within 30 minutes.)
4.12.1. MED: Talent adds 1 μL of polymerase and mixes well. Then the talent incubates the mixture at room temperature for 5 minutes.

4.13. While the mixture is incubating, load the sequencing chip onto the sequencer and perform a chip quality check. Then, remove the liquid from the chip with a quick centrifugation in a micro-centrifuge.
4.13.1. MED: Talent loads the sequencing chip onto the sequencer and performs a chip quality check.

4.13.2. MED: Talent removes the liquid from the chip by a quick centrifugation in a micro-centrifuge for 1 minute.
4.14. Load the sample in the chip by slowly pipetting down 7 μL of the enzyme-sphere mix and avoiding introducing bubbles in the chip. 
4.14.1. CU: Talent loads the sample in the chip by slowly pipetting down 7 μL of the enzyme-sphere mix.

4.14.2. ECU: Talent slowly pipettes the sample in the chip and avoids introducing bubbles in the chip. [Please cut this scene before seeing the liquid on the other side of the chip, as this is not the proper procedure and is due to the use of mock reagents.]
4.15. Once the sample is loaded in the chip, place the chip into the instrument and start the sequencing run.

4.15.1. MED: Talent places the chip into the instrument and starts the sequencing run.

5. Basic Sequence Data Analysis
5.1. To begin analysis of the data, connect to the sequencing data server and download the fastq file. Then, create a tab-delimited “oligos” file containing the primer and barcode information.
5.1.1. MED over the shoulder: Talent works on a computer and connects to the sequencing data server.

5.1.2. SCREEN: Screen capture footage as talent downloads the fastq file. Then talent creates a tab-delimited “oligos” file containing the primer and barcode information.
5.2. Next, download the Greengenes references files from the Mothur website. Launch Mothur and perform the analyses. (TEXT: http://www.mothur.org/wiki/Taxonomy_outline)
5.2.1. SCREEN: Screen capture footage as talent downloads the Greengenes references files from the Mothur website. Then, talent launches Mothur and perform the analyses.
5.3. Convert the fastq files to a fasta quality file using the command shown on the bottom of the screen. (TEXT: fastq.info(fastq=test.fastq) )
5.3.1. Video editors: Display the TEXT at the bottom of the screen in large font.
5.3.2. SCREEN: Screen capture footage as talent converts the fastq files to a fasta quality file using the command shown on the bottom of the screen.
5.4. Determine the group membership of each sequence and trim the sequences using this command... (TEXT: trim.seqs(fasta=test.fasta, oligos=barcode.txt, qfile=test.qual, qwindowaverage=20, qwindowsize=50, minlength=150, keepforward=T) )
5.4.1. Video editors: Display the TEXT in a large font at the bottom of the screen when the words “this command” are read.
5.4.2. SCREEN: Screen capture footage as talent determines the group membership of each sequence and trims the sequences.
5.5. Then, classify the sequences in the greengenes taxonomy using this command… (TEXT: classify.seqs(fasta=test.trim.fasta,method=wang,group=test.groups,template=gg_99_otus.fasta, taxonomy=gg_99_otus.tax, cutoff=50) )
5.5.1. Video editors: Display the TEXT in a large font at the bottom of the screen when the words “this command” are read.
5.5.2. SCREEN: Screen capture footage as talent classifies the sequences in the greengenes taxonomy.
6. Results: Sequence Analysis of the 16S rRNA Gene
6.1. The average output when sequencing using a 314 chip on an Ion Torrent PGM is around 0.3 to 0.5 million good quality reads after the results are filtered in Mothur. Here is a typical breakdown of the number of reads after each step of this next-generation sequencing procedure. 
6.1.1. LABMEDIA: Table2.xlsx (Video editors: Display Table 2 and highlight the bottom 4 lines when the words “is around 0.3 to 0.5 million good quality reads after the results are filtered in Mothur” are read. Then when the second sentence is read highlight the first line wait 2 seconds then highlight only the second line for 2 seconds and continue to highlight one line at a time until the line with the words “Good quality reads” is the last line highlighted. The length of time each line is highlighted can be adjusted to fit the length of time needed to read the second sentence.)
6.2. Shown here is the average community composition at the phylum/class level of all 36 multiplexed environmental samples that were amplified with primers targeting the V3-4 region of the 16S ribosome and analysed using Mothur.
6.2.1. LABMEDIA: PieChart.EPS (Video editors: Display the pie chart first and then have the figure key appear when the words “the phylum/class level” is read.)
7. Conclusion (said by authors on camera)
7.1. Sylvie Sanschagrin: Once mastered, this technique can be done in two work days if it is performed properly.

7.2. Etienne Yergeau: After watching this video, you should have a good understanding of how to sequence 16S rRNA amplicons using a benchtop sequencing machine.       
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.  

Insert your media filenames here.

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.
( 2013, Journal of Visualized Experiments


