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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N____  (If you can record images/videos using your own camera/software, then mark 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)__N_ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
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, 2.7, 2.8 – 2.10, 3.7, 3.8
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.) ___2.7, 2.9, 2.10
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 procedure is to demonstrate a system for generating unmarked mutants in the cyanobacteria Synechocystis sp. PCC6803 and marked mutants in Synechococcus sp. PCC7002.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. David Lea-Smith: This method can help answer key questions in the Cyanobacterial genetics field, such as how to introduce chromosomal alterations into a strain via insertion of an antibiotic resistance gene, followed by subsequent removal of this cassette using a negative selectable marker. 
1.2. David Lea-Smith: The main advantage of this technique is that strains can be repeatedly genetically manipulated, allowing as many alterations to be introduced into a strain as desired.    


Protocol (read by voice talent at JoVE):

2. Generation of Marked Synechocystis and Synechococcus Mutants
2.1. After preparing media, cyanobacteria strains, and plasmids according to the text protocol [2.1.1-WIDE], set up a fresh culture by inoculating a loop full of cyanobacteria cells into 30-50 ml of BG11 medium [2.1.2-MED/CU].
2.1.1. Talent at bench places a bottle of prepared medium down next to cyanobacteria plates and tubes of plasmids
2.1.2. [bookmark: _GoBack] Talent takes a loop full of cells and inoculates BG11 medium
2.2. Grow the culture in the light at 30C for 2-3 days to an OD750 equal to 0.2 to 0.6 [2.2.1-WIDE].
2.2.1. Talent places culture in light at 30C; B need another version for 2.5.2 below; C need another version for 2.6.2 below; D need another version for 3.1.2 below; E need another version for laying down tubes for 3.4.1 below; F  need version for 3.6.2 below
2.3. Following the incubation, centrifuge 1 – 2 ml of the culture at 2,300 x g for 5 minutes [2.3.1-MED-TXT].  Then after discarding the supernatant, use BG11 medium to wash the pellets once, gently pipetting to resuspend the cells, as vortexing may result in the loss of pili which are essential for DNA uptake [2.3.2-MED/CU].
2.3.1. Talent places tubes of culture into centrifuge and sets speed and time (TEXT: do not exceed 2,300 x g); B need another version for 3.2.1 below
2.3.2. Talent adds BG11 medium to a pellet and gently pipettes to resuspend cells
2.4. After pelleting the cells again and removing the supernatant [2.4.1-CU], add BG11 medium to a final volume of 100 ul and transfer the cells to a 14 ml round-bottom tube [2.4.2-CU]. 
2.4.1. Talent aspirates the supernatant from a tube of pelleted cells
2.4.2. Talent adds BG11 medium to pellet, resuspends and transfers to a 14 ml round-bottom tube
2.5. Next, add 1 ug of previously prepared plasmid A to the cells and gently tap to mix [2.5.1-CU-TXT].  Then lay the tubes down horizontally in the incubator at 30C and incubate for 4 – 6 hours [2.5.2-MED/CU].  
2.5.1. Talent adds 1 ug of plasmid to cells and gently taps tube to mix (TEXT: < 10 L)
2.5.2. Use 2.2.1B here
2.6. Following the incubation, spread aliquots of the cell culture/plasmid DNA mixture on BG11 agar plates without antibiotics [2.6.1-CU-TXT] and incubate at 30C [2.6.2-WIDE]. 
2.6.1. Film as written (TEXT: e.g. 20 L and 80 L on separate plates)
2.6.2. [added] Seal agar plates with parafilm and puncture three small holes into the seal
2.6.3. Use 2.2.1C here
2.7. Approximately 24 hours later, prepare a 0.6% agar solution in water containing Kanamycin [2.7.1-MED/CU-TXT] and allow it to cool to 42 degrees C [2.7.2-MED/CU]. 
2.7.1.  Talent adds kanamycin to agar that has cooled slightly (TEXT: 0.12 g of agar, 100 µL of 30 g/mL kanamycin in 20 mL)
2.7.2. Talent places agar into 42 degrees C water bath
2.8. Then add 2.5 – 3 ml to the edges of the culture plates and tilt the plate so the solution forms an even ‘top agar’ layer on the surface [2.8.1-CU]. 
2.8.1. Talent adds agar with kan to a plate and tilts so solution forms an even layer 
2.9. Incubate the plates approximately 7 days for colonies to be visible [2.9.1-CU/ECU].  Then divide a fresh BG11 agar plus kanamycin plate into 6 sectors [2.9.2-CU-TXT] and use a blunt end toothpick to streak out individual colonies [2.9.3-CU].
2.9.1. Talent opens or turns a plate over to show visible colonies
2.9.2. Film as written (TEXT: 30 g/mL kan)
2.9.3. Talent picks a colony from a plate and streaks into a sector of the fresh plate
2.10. To carry out PCR to confirm marked knockout, transfer a small amount of cells into a tube containing 50 ul of water and approximately twenty 425 - 600 um glass beads [2.10.1-CU]. 
2.10.1. Talent adds a small amount of cells to tube of water and beads
2.11. Shake the cells and beads at approximately 2000 rpm for 5 minutes [2.11.1-MED] before spinning at 15,700 x g for 5 minutes [2.11.2-MED].  Then use 5 ul of the supernatant to prepare 50 ul pcr reactions with Taq DNA polymerase [2.11.3-CU-TXT].
2.11.1. Talent places tubes in shaking incubator and starts shaking (TEXT:  25 mM MgCl2 per reaction); B need another version for 3.5.2 below
2.11.2. Talent places tubes into centrifuge and sets speed and time and starts
2.11.3. Talent takes 5 ul from a tube and adds to a pcr reaction tube – have Taq visible in background
2.12. To validate the mutants, after designing primers according to the text protocol [2.12.1-LM], amplify products using the following program and include a wild type control [2.12.2-MED][2.12.3-LM].
2.12.1. LAB MEDIA Table 2
2.12.2. Talent at pcr machine setting up program, Editor, place 2.12.3 as a text box into shot 
2.12.3. LAB MEDIA PCR Program.pptx
2.13. Through gel electrophoresis, verify the genotype of knockout transformants, showing a band of approximately 4 kb and lacking the wild type band.  Refer to the text protocol for further details [2.13.1-LM].
2.13.1. LAB MEDIA Figure 2C and D, Editor, for the first sentence, point out the thin band in lane 4 and the thicker band in lane 7
2.14. If a wild type band is still present [2.14.1-LM], restreak the strain on a fresh plate and repeat the PCR [2.14.2-CU].  Repeat the validation process until the mutant is segregated and no wild type band is observed in the PCR reaction [2.14.3-LM].
2.14.1. LAB MEDIA Image showing that wild-type band is still present in colony; Editor, point out wild-type band (Authors: please provide layered image with labels to show wild-type band)
2.14.2. Talent restreaks strain on a fresh plate
2.14.3. LAB MEDIA Figure 2C and D

2.15. For a strain that shows a marked mutant profile, restreak on a fresh plate for use in generating an unmarked knockout [2.15.1-CU].
2.15.1. Talent restreaks marked knockout strains onto a new plate
3. Generation of Unmarked Synechocystis Mutants 
3.1. To generate unmarked Synechocystis mutants, set up a fresh culture of the marked knockout by inoculating a loop full of cells into 30 - 50 ml of BG11 medium [3.1.1-MED/CU].  Grow the culture for 2 – 3 days to an OD750 equal to 0.2 – 0.6 [3.1.2-WIDE-TXT].
3.1.1. Talent takes a loop full of cells and adds to BG11 medium; B need another version for 4.1.1 below
3.1.2. Use 2.2.1D here (TEXT:  30C)
3.2. Centrifuge 10 ml of the culture at 2,300 x g for 5 minutes [3.2.1-MED] and discard the supernatant.  Then use BG11 medium to gently wash the cells [3.2.2-MED/CU-TXT].
3.2.1. Use 2.3.1B here
3.2.2. Talent discards supernatant from a tube and adds BG11 to tube (TEXT: do not vortex)
3.3. After adding BG11 to a final volume of 200 ul and transferring the cells to a 14 ml round bottom tube [3.3.1-CU], add 1 ug of plasmid B DNA to the cells and gently tap to mix [3.3.2-CU].
3.3.1. Talent finishes transferring cells to round bottom tube
3.3.2. Talent adds plasmid to a tube and gently taps to mix
3.4. Then lay the tubes down horizontally in the incubator and incubate for 4 – 6 hours [3.4.1-MED/CU-TXT].
3.4.1. Use 2.2.1E here (TEXT: refer to text for additional details)
3.5. Following the incubation, add 1.8 ml of BG11 medium [3.5.1-CU] and incubate the samples for a total of 4 days with shaking. This is a sufficient time to allow recombination to occur in the multiple chromosomal copies [3.5.2-MED].  
3.5.1. Talent adds BG11 medium to cells
3.5.2. Use 2.11.1B here, (TEXT: 30C)
3.6. Plate 50, 10, and 1 ul aliquots of the transformed culture onto BG11 plus 5% sucrose agar plates [3.6.1-CU] and incubate for approximately 7 days [3.6.2-WIDE] to generate single colonies [3.6.3-CU-TXT].  
3.6.1. Plates labeled as 50, 10, and 1 and talent pipettes an aliquot of a sample onto one of the plates 
3.6.2. Use 2.2.1F here
3.6.3. Talent holds up plate of single colonies for camera (TEXT: dilute further if necessary to arrive at single colonies)
3.7. Next, using a blunt end toothpick, patch 30 – 50 individual colonies on BG11 plus kanamycin plates, then patch onto BG11 plus 5% sucrose [3.7.1-CU].  
3.7.1. Talent touch a colony with a toothpick then patches on BG11/kan then patches BG11/5% sucrose
3.8. Colonies that grow on BG11 plus sucrose but not on plates with kanamycin are potential unmarked knockouts [3.8.1-CU/ECU]. Colonies that grow on both plates are likely to be sucrose resistant due to a mutation in the sacB gene [3.8.2-CU/ECU]. 
3.8.1. BG11 plus sucrose plate on left and BG11 plus kan on right – both with the same patched colonies.  Talent points out an example of a colony that grew on sucrose but not kan.  
3.8.2. Talent points out colony that grew on both plates. 
3.9. Following the PCR method demonstrated earlier in this video, verify unmarked knockouts, which will produce a gel band corresponding to the wild type size minus the deleted region [3.9.1-LM].
3.9.1. LAB MEDIA Figure 2C (TEXT: refer to Table 2 for primers), Editor, point out lane 3 for the unmarked mutant and continue showing this through the first part of 3.10, still pointing out the unmarked mutant.

3.10. If the strain shows an unmarked mutant profile, then restreak it on fresh BG11 agar without antibiotics [3.10.1-CU].
3.10.1. Talent restreaks a strain onto a fresh plate without antibiotics
4. Long Term Storage of Strains 
4.1. To store the strains long term, set up a fresh culture of the strain by inoculating a loop full of cells into 30 - 50 ml of BG11 medium [4.1.1-MED/CU].  Grow the culture for 3-4 days to an OD750 equal to 0.4 – 0.7 [4.1.2-WIDE].  
4.1.1. Use 3.1.1B here
4.1.2. Use 2.2.1D here
4.2. After using BG11 to wash the cells once, resuspend the pellet in approximately 2 ml of BG11 [4.2.1-CU].
4.2.1. Talent resuspends a pellet into 2 ml of BG11
4.3. Add 0.8 ml of the concentrated cells to one tube [4.3.1-CU].  Then add 0.2 ml of 80% filter sterilized glycerol [4.3.2-CU].  To another tube, add 0.93 ml of concentrated cells and 0.07 ml of DMSO [4.3.3-CU-TXT].
4.3.1. Talent adds concentrated cells to tube
4.3.2. Talent adds 200 ul of glycerol to tube of cells
4.3.3. Talent finishes adding cells to a new tube then adds DMSO (TEXT: handle DMSO with caution)
4.4. Store both tubes at -80 degrees C [4.4.1-WIDE].  To revive the strains, remove the tube and use a blunt end toothpick to scrape off some cells onto an agar plate without antibiotics [4.4.2-CU].  Then use a sterile loop to streak out as normal [4.4.3-CU].
4.4.1. Talent places tubes into -80 freezer
4.4.2. Talent scrapes cells onto plate without antibiotics
4.4.3. Talent uses a sterile loop to streak cells

5. Results: Cyanobacteria Marked and Markerless Species 
5.1. This figure shows examples of plasmids A and B used to generate deletion mutants. In each case the 5’ and 3’ flanking regions are approximately 900-1000 bps.  Plasmid B can also contain a gene cassette between the 5’ and 3’ ~1 kb flanking regions or a modified version of the native gene sequence [5.1.1-LM].
5.1.1. LAB MEDIA Figure 1, Editor, point out the blue, 5’ flanking region and the red, 3’ flanking regions in plasmids A and B when mentioned. 
5.2. Upon transformation with plasmid A, several hundred colonies will appear on a plate after 7-10 days.  If genes are non-essential and mutants demonstrate growth similar to the wild-type strain [5.2.1-LM], then all the chromosomes should contain a copy of the npt1/sacB inserted sequence, as determined via PCR [5.2.2-LM].
5.2.1. LAB MEDIA Figure 3A, Editor, point out the red and blue lines for mutants growing similar to wild type, which is green.
5.2.2. LAB MEDIA Figure 2, Editor, for the npt1/sacB inserted sequence, point out the npt1/sacB cassette (with the marked mutant text above it), and point out the thin band in lane 4 and the fatter band in lane 7 for ‘as determined by PCR.’.
5.3. If genes are non-essential and mutants grow slow, then several rounds of restreaking with increasing concentrations of kanamycin are necessary to obtain a segregated marked mutant.  If upon restreaking to ensure that segregation is complete, a marked mutant is not obtained, the gene is likely essential for survival [5.3.1-LM].
5.3.1. LAB MEDIA Figure 3B, Editor, for slow growing mutants, point out the blue line.
5.4. The majority of individual colonies obtained from transformation with plasmid B will be kanamycin sensitive and sucrose resistant.  As demonstrated here, PCR amplification of the target region in these colonies shows that nearly 100% have the unmarked mutant profile [5.4.1-LM].
5.4.1. LAB MEDIA Figure 2, Editor, for transformation with plasmid B, point out the point out the delta CpcC1C2 diagram in the middle of panel A.  Point out the bright band around 400 bp in lane 3 for ‘nearly 100% have the unmarked mutant profile.’ 

6. Conclusion (said by authors on camera)

6.1. David Lea-Smith: Once mastered, this technique can be done in hours over a six-week period if it is performed properly.
6.2. David Lea-Smith: While attempting this procedure, it’s important to remember to use a sterile technique.
6.3. David Lea-Smith: Following this procedure, other methods like measuring oxygen production or gas chromatography- mass spectrometry can be performed in order to answer additional questions like measuring photosynthetic rates or metabolite production. 
6.4. David Lea-Smith: After its development, this technique paved the way for researchers in the field of Cyanobacterial genetics to explore key biochemical and physiological processes in this phylum and development of strains for industrial purposes. 
6.5. David Lea-Smith: After watching this video, you should have a good understanding of how to generate unmarked knockouts in Synechocystis sp. PCC 6803. 
6.6. David Lea-Smith: Don't forget that working with EDTA can be extremely hazardous and precautions such as wearing gloves should always be taken while performing this procedure.   


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 are included in the email accompanying the finalized script.
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