APPROVED SCRIPT FOR FILMING


Scriptwriter Name: Caitlin McAllister
SciEd Collection: Microbiology 
Lab Name and JoVE ID #: 10510 16sRNA

Notes to authors are in italics and highlighted. 
Notes to video editor and videographer are in blue italics.   

Authors: Please wear proper personal protective equipment (gloves, lab coat, and eye protection) when you film your protocol. Since this video will be used in an educational setting, it is best to use “gold standard” safety practices and laboratory techniques. Thank you and we hope you have a positive filming experience

2. Set Up
2.1. When handling microorganisms, it is essential to follow good microbiological practice – including using aseptic technique and wearing appropriate personal protective equipment [1-MED-TXT]. 
2.1.1.  Talent washes and dries their hands before putting on their personal protective equipment (PPE). CAUTION: All microorganisms should be treated as potential pathogens 

2.2. After performing an appropriate risk assessment for the microorganism of interest, obtain a pure culture of Bacillus subtilis [1-CU-TXT].
2.2.1. Talent places a plate streaked with B. subtilis on the lab bench. TEXT: Risk assessment protocols vary with microorganism and equipment used 

2.3. Then, gather the necessary equipment for this procedure, including a thermal cycler for PCR and an agarose gel electrophoresis system [1-MED].
2.3.1.  A panning shot over the lab bench. There should be a thermal cycler and a gel electrophoresis system set up/assembled on the bench. Authors: Please ensure the lab area is visibly clean – this is especially important for this panoramic shot of your workspace. Again, please consider that this video is being used as a “golden standard” teaching tool.

3. Isolation of gDNA and gDNA Quality Check

3.1. To begin, grow your microorganism on a suitable medium in the appropriate conditions [1-CU-TXT]. In this example, Bacillus subtilis 168 is grown in LB broth overnight in a shaking incubator set to 200 rpm at 37 °C [2-CU-TXT].
3.1.1.  Talent performs actions representative of preparing a bacterial culture. For example, talent could mock inoculating LB broth with bacteria. TEXT: NOTE: Slow growing bacteria may need several days to reach late-log/stationary  
3.1.2.  Show detail of a container of bacterial culture before overnight culture and a container with overnight culture. Containers should be labeled clearly. TEXT: 200 rpm at 37 °C overnight

3.2. Next, use a commercially available kit to isolate genomic DNA, or gDNA, from 1.5 mL of B. subtilis overnight culture [1-CU-TXT]. 
3.2.1.  Talent performs representative steps for using a kit to isolate gDNA. TEXT: See text protocol for recommendations for Gram-negative and Gram-positive bacteria Video editor: The authors filmed the entire process, instead of brief representative steps. 

3.3. To check the quality of the isolated DNA, first mix 5 μL of the isolated gDNA with 1 μL of DNA gel loading dye [1-CU]. Then, load the sample onto a 0.8% agarose gel containing DNA staining reagent, such as SYBR safe or EtBr [2-CU]. After this, load a 1kb molecular mass standard onto the gel [3-MED] and run the electrophoresis until the front dye is approximately 0.5 cm from the bottom of the gel [4-CU].
3.3.1.  Talent mixes the gDNA sample with loading dye. 
3.3.2.  Talent loads the sample onto a gel. 
3.3.3.  Talent loads the standard onto the gel in the same fashion as described in 3.3.2.
3.3.4.  Show detail of the completed gel where the front dye has reached the bottom of the gel. Author note: Please note that the loading dye that we used for filming is composed of two different components – blue one which migrates slower and the dark blue/purple which migrates faster. The editor should emphasize the dye that is close to the bottom of the gel. Video editor: Use take two. It’s much easier to see the bands in this take. 


3.4. Once the gel electrophoresis is complete, visualize the gel on a blue light transilluminator [1-MED-over-the-shoulder]. The gDNA should appear as a thick band above 10 kb in size and have minimal smearing [2-LM].
3.4.1. Talent (wearing gloves and all other appropriate PPE) places the gel into a transilluminator. 
3.4.2. Video editor: Show Figure 3.

3.5. After this, to create serial dilutions of the gDNA, label three microcentrifuge tubes as: 10x, 100x, and 1000x [1-CU]. Then, use a pipette to dispense 90 μL of sterile distilled water into each of the tubes [2-CU].
3.5.1.  Talent labels three microcentrifuge tubes as 10x, 100x, and 1000x. 
3.5.2.  Talent pipets sterile distilled water into each of the labeled tubes.

3.6. Next, add 10 μL of the gDNA solution to the 10x tube [1-CU]. Pipet the whole volume up and down to ensure the solution is mixed thoroughly [2-CU]. Then, remove 10 μL of the solution from the 10x tube and transfer this to the 100x tube [3-CU]. Mix the solution as previously described [4-CU]. Finally, transfer 10 μL of the solution in the 100x tube to the 1000x tube [5-CU].
3.6.1.  Talent adds gDNA to the 10x tube. 
3.6.2.  Talent pipets the solution in the 10x tube up and down a few times. 
3.6.3.  Talent transfers 10 μL of the solution from the 10x tube into the 100x tube. 
3.6.4.  Talent briefly pipets the solution in the 100x tube up and down. 
3.6.5.  Talent transfers 10 μL of the solution from the 100x tube into the 1000x tube. 

4. Amplification and Purification of 16S rRNA Gene by PCR

4.1. To begin the PCR protocol, thaw the necessary   reagents on ice [1-LM]. Then, prepare the PCR master mix. Since the DNA polymerase is active at room temperature, the reaction setup must occur on ice [2-CU]. Aliquot 49 µL of the master mix into each of the PCR tubes [3-CU]. Then, add 1 µL of template to each of the experimental tubes and 1 µL of sterile water to the negative control tube, pipetting up and down to mix [4-CU]. 
4.1.1. Video editor: Insert Table 2 Video editor: Videographer also captured a shot of the reagents thawing on ice. 
4.1.2.  Talent prepares the PCR master mix on ice. 
4.1.3.  Talent adds master mix to each of the PCR tubes. Authors: Please ensure the tubes are clearly labeled. This will help the video editor when they assemble the video. 
4.1.4.  Talent adds DNA template to each of the experimental tubes and sterile water to the negative control. Talent pipets up and down in each of the tubes to make sure they are mixed well.  

4.2. After this, set the PCR machine according to the program described in the table [1-LM]. Place the tubes into the thermocycler and start the program [2-MED-over-the-shoulder].
4.2.1. Video editor: Insert Table 3
4.2.2.  Talent places the tubes in the PCR machine and starts the program. 

4.3. Once the program is complete, examine the quality of your product via agarose gel electrophoresis, as previously demonstrated [1-MED-over-the-shoulder]. A successful reaction using the described protocol should yield a single band of approximately 1.5 kb. In this example, the sample containing 100x diluted gDNA yielded the highest quality product [2-LM].
4.3.1.  Talent inspects the completed agarose gel on the transilluminator.
4.3.2. Video editor: Insert Figure 4

4.4. Next, purify the PCR product with a commercially available kit [1-CU]. Now, the PCR product can be sent for sequencing [2-MED-TXT]. 
4.4.1.  Talent performs actions that are representative of using a PCR purification kit. Video editor: Don’t use anything that occurs before 0:20 in take 1. The Talent picks up a tube and doesn’t do anything to it, which makes no sense. 
4.4.2. Talent performs actions that are representative of preparing samples to be sent out for sequencing. TEXT: Here, primers 8F and 1492R were used for DNA sequencing Video editor: Don’t use take two. It just shows the talent’s face.

5. Analysis of the DNA Sequences

5.1. In this example, the PCR product is sequenced using forward and reverse primers [1-MED-over-the-shoulder]. Thus, two data sets each containing a DNA sequence and a DNA chromatogram are generated – one for the forward primer and the other for the reverse primer [2-SCREEN].
5.1.1. Talent works on the computer. Talent should open and examine a text file containing the sequence of interest and a file containing a chromatogram. 
5.1.2.  Talent views the chromatograms and the text files containing the sequence. 

5.2. First, examine the chromatograms generated from each primer. An ideal chromatogram should have evenly spaced peaks with little to no background signals [1-LM]. If the chromatograms display double peaks, multiple DNA templates may have been present in the PCR products and the sequence should be discarded [2-LM].
5.2.1.  Figure 5A Video editor: This is an example of an ideal chromatogram. When VO says “should have evenly spaced peaks”, emphasize/highlight the peaks of this figure.
5.2.2.  Figure 5B Video editor: There are multiple sets of peaks in this chromatogram. When VO says “If the chromatograms display double peaks”, emphasize/highlight these different peaks in a way that indicates that there are multiple, individual sets of peaks.

5.3. If the chromatograms contain peaks of different colors in the same location, the sequencing software likely miss-called nucleotides. This error can be manually identified and corrected in the text file [1-LM].
5.3.1.  Figure 5CVideo editor: The arrows in this figure indicate where there are two differently colored peaks in the same location. Remove the arrows. Emphasize/highlight these small areas when VO says “If the chromatograms contain peaks of different colors in the same location”.

5.4. The presence of broad peaks in the chromatogram indicates a loss of resolution, which causes miscounting of the nucleotides in the associated regions. This error is difficult to correct and mismatches in any of the subsequent steps should be treated as unreliable [1-LM].
5.4.1.  Figure 5DVideo editor: Remove the black box. Emphasize/highlight the broad peak in this chromatogram that has the black box around it.

5.5. Poor chromatogram reading quality, indicated by the presence of multiple peaks, usually occurs at the 5’ and 3’ ends of the sequence. Some sequencing programs remove these low-quality sections automatically [1-LM]. If your sequence was not truncated automatically, identify the low-quality fragments and remove their respective bases from the text file [2-SCREEN].
5.5.1. [bookmark: _GoBack] Figure 5EVideo editor: Show the entire chromatogram (without the grey shadow). Then, highlight/emphasize this area (this is the area of poor chromatogram quality that is discussed in the VO). Remove this area and zoom in on the rest of the figure.
5.5.2.  Talent identifies low quality fragments at the 5’ and 3’ end of the sequence and removes them from the text file. 

6. Sequence Assembly and Database Search

6.1. Use a DNA assembly program to assemble the two primer sequences into one continuous sequence. Remember, sequences obtained using forward and reverse primers should partially overlap [1-MED-over-the-shoulder].
6.1.1.  Talent works on the computer. Talent opens the DNA assembly program.

6.2.  In the DNA assembly program, insert the two sequences in FASTA format into the appropriate box. Then, click the submit button and wait for the program to return the results [1-SCREEN].
6.2.1.  Talent opens the DNA assembly program and inserts the two sequences into the box. Then, talent clicks the submit button and allows the program to work. 

6.3. To view the assembled sequence, click on “Contigs” in the results tab [1-SCREEN]. Then, to view the details of the alignment, select “Assembly details” [2-SCREEN].
6.3.1.  Talent clicks on “Contigs” and views the assembled sequence. 
6.3.2.  Talent clicks on “Assembly details” and views the details of the alignment. 

6.4. Navigate to the website for the Basic Local Alignment Search Tool, or BLAST, and select the “Nucleotide BLAST” tool to compare your sequence to the database [1-SCREEN-TXT]. Enter your sequence into the “Query sequence” text box and select the appropriate database in the scroll down menu [2-SCREEN-TXT].
6.4.1. Talent navigates to the BLAST website and clicks on “Nucleotide BLAST”. TEXT: https://blast.ncbi.nlm.nih.gov/Blast.cgi
6.4.2. Talent pastes the sequence into the “Query sequence” box and selects the “16S rRNA sequences (Bacteria and Archea)” database. TEXT: 16S rRNA (Bacteria and Archea) database

6.5. Finally, click the BLAST button on the bottom of the page and wait for the tool will return the most similar sequences from the database [1-SCREEN]. In this example, the top hit is B. subtilis strain 168, showing 100% identity with the sequence in the BLAST database [2-SCREEN].
6.5.1.  Talent clicks the BLAST button and waits for the tool to work. 
6.5.2.  The BLAST tool returns the top hits from the database. Video editor: Highlight the top hit from the search.

6.6. If the top hit does not show 100% identity to your expected species or strain, click on the sequence which most closely matches your query to see the details of the alignment [1-SCREEN]. Aligned nucleotides will be joined by short vertical lines and mismatched nucleotides will have gaps between them [2-SCREEN]. Focusing on the identified mismatched regions, revise the sequence and repeat the BLAST search if desired [3-SCREEN].
6.6.1.  Talent views results from a BLAST tool use that does not produce a 100% hit. Authors: To film this section, you will have to perform another BLAST search with a sequence that you know is mismatched. To clarify, you will be performing two BLAST searches: one with a sequence that produces a 100% top hit and one that does not produce a 100% top hit.
6.6.2.  Talent clicks on the top hit and views the alignment details. Video editor: When VO says “Aligned nucleotides will be joined by short vertical lines”, highlight the visible vertical lines. When VO says “and mismatched nucleotides will have gaps between them”, highlight the gaps between the visible mismatched nucleotides. 
6.6.3.  Talent makes some adjustments to the text file containing the sequence and repeats the BLAST search. 

