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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_____  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____it does use Excel 
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.) _____2.1__5.1__5.2__5.6________________________________
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.) ______2.1___5.2__________________
E.  Will the filming need to take place in multiple locations? (Y/N) _____Y__ If yes, how far apart are the locations? _____same floor, next door___________________________________________

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dr. Stefan Stricker: The bacterial CRISPR/Cas9 system has substantially increased experimental options for life scientists. However, many CRISPR approaches depend on the simultaneous delivery of multiple gRNAs into individual cells [1-INT].
1.1.1. Dr. Stefan Stricker says the above statement in an interview-style shot, looking slightly off-camera.
1.2. Christopher Breunig: String assembly gRNA cloning allows the simple and fast generation of multiplexed gRNA expression vectors in one single cloning step. But STAgR is not only simple, it is also efficient, cheap and customizable [1-INT].
1.2.1. Christopher Breunig says the above statement in an interview-style shot, looking slightly off-camera.

Protocol: (read by voice talent at JoVE)
2. Design of STAgR Cloning Primers with Overhangs
2.1. To begin, add the N20 gRNA sequences to the forward amplification primers for STAgR (pronounce “Stag-R” / Stæg Arr) DNA string as overhangs. Add sense gRNA sequences 5’ (pronounce “five-prime”) to the forward primer “scaffold forward primer” for a conventional scaffold, or to “sam forward primer” for an MS2 containing scaffold [1-SCREEN-TXT].
2.1.1. *To be provided by authors: Screen Capture - Add the N20 gRNA sequences to the forward amplification primers. Then, add sense gRNA sequences to the forward primer. Authors, please upload this Screen Capture to your upload link. TEXT: See Table 1 for details on primer sequences
2.2. Next, add the reverse complement N20 gRNA sequences to the reverse primer sequences - choosing RP primers depending on the specific promoters and strings used [1-SCREEN].
2.2.1. *To be provided by authors: Screen Capture - Add the reverse complement. Authors, please upload this Screen Capture to your upload link.
3. Generation of STAgR Cloning Fragments 
3.1. To begin generating the individual cloning fragments for Gibson assembly, transfer 10 µL of high fidelity buffer to a tube [1-MED]. Add 1 µL of 10 mM dNTPs and 0.25 µL of both 100 µM overhang-primers [2-MED].
3.1.1. Talent adds the high fidelity buffer to a tube.
3.1.2. Talent adds the dNTPs and the overhang-primer to the tube.
3.2. Add 10 ng of the DNA template string or vector [1-MED] and 1.5 µL of DMSO [2-MED]. Add enough water to bring the final volume to 49.5 µL and then add 0.5 µl of HF polymerase.
3.2.1. Talent adds the DNA template string/vector to the tube.
3.2.2. Talent adds the DMSO to the tube.
3.2.3. Talent adds water to the tube to bring the final volume to 49.5 µL and then adds the HF polymerase.
3.3. Incubate the reactions on a thermocycler as outlined in the text protocol [1-MED]. After this, take a 5.5 µL aliquot from the PCR reaction [2-MED]. Add loading dye to this aliquot [3-MED], and load it on a 1% agarose gel [4-MED]. Load an appropriate DNA ladder for sizing [5-MED-TXT], and run the gel in an appropriate gel running buffer at 120 V for 30 min [6-MED]. Check for the correct size of your amplicons [7-MED] . 
3.3.1. Talent, at a bench with the thermocycler, loads the reactions into the thermocycler and then starts the thermocycler.
3.3.2. Talent takes an aliquot from the PCR reaction.
3.3.3. Talent adds loading dye to the aliquot.
3.3.4. Talent loads the aliquot/dye mixture onto the agarose gel.
3.3.5. Talent loads the DNA ladder onto the gel. TEXT: 100 bp DNA ladder/1 kb DNA ladder
3.3.6. Talent turns on the voltage to run the gel.
3.3.7. Added shot: Talent put gel into documentation station to check if the PCR worked.
3.4. While the gel is running, add 5 µL of the buffer provided with the restriction enzyme and 0.5 µL DpnI (pronounce D-P-N-one) to the remaining 44.5 µL vector PCR reaction, to remove residual plasmid template used during the PCR [1-MED]. Incubate at 37 °C for 30 to 60 minutes [2-MED].	Comment by User: Here we noticed, that we don’t tell the reader/spectator that you only have to do this digestion with the PCR reaction which had an actual plasmid as a template. In our case it was only the “vector” so one tube. 
3.4.1. Talent adds the buffer provided with the restriction enzyme and DpnI to the remaining Vector PCR reaction.
3.4.2. Talent transfers this mixture to an incubator at 37 °C.
3.5. To begin DNA purification, add 1.8 µL of magnetic beads per 1 µL of PCR product, and mix by pipetting up and down [1-MED]. Incubate at room temperature for 2 minutes [2-MED].
3.5.1. Talent, using a pipette, adds magnetic beads to the mixture. Talent then uses the pipette to mix the reaction.
3.5.2. Talent sets the tube aside on the bench, and sets a timer for 2 minutes.
3.6. Using a magnet, separate the beads and DNA fragments from the residual liquid. Rinse the pellet with 70% ethanol, without fully re-suspending it, to wash the beads [2-CU]. Repeat this wash one additional time [3-MED].
3.6.1. Talent uses a magnet to separate the beads and DNA fragments from the residual liquid.	Comment by User: Here the talent will remove twice the liquid. During the 2nd time a lot of beads have been sucked off, so please only use the first step of removing the residual liquid. 
3.6.2. Close up to ethanol being added to the pellet to rinse it.
3.6.3. Talent adds ethanol to the pellet to rinse it.
3.7. Using a pipette, remove all of the ethanol and let the pellet air-dry [1-MED]. Then, add 15 – 20 µL of water, and pipette up and down to mix and dissolve the pellet [2-MED].
3.7.1. Talent, using a pipette, removes the ethanol from the tube.
3.7.2. Talent adds water to the tube, and then uses the pipette to mix (and dissolve the pellet).
3.8. Use a magnet to separate the beads from the liquid [1-MED]. Transfer the clear supernatant to a new tube [2-MED]. After this, use a spectrophotometer to determine the DNA concentrations [3-MED-TXT].
3.8.1. Talent uses a magnet to separate the beads from the liquid.
3.8.2. Talent transfers the supernatant to a new tube.
3.8.3. Talent, at a spectrophotometer, takes a reading. TEXT: Barbas, C. F., et al. CSH Protoc. (2007).
4. Gibson Assembly Reaction and Bacterial Transformation
4.1. First, prepare the 5x isothermal reaction buffer as detailed in the text protocol [1-MED]. For the Gibson assembly master mix, combine 320 µL of the 5x isothermal reaction buffer with 697 µL of water [2-MED]. Add 3 µL of T5 exonuclease, 20 µL of DNA polymerase, and 160 µL of Taq DNA ligase [3-MED-TXT].
4.1.1. Talent approaches the lab bench and begins preparing the isothermal reaction buffer. Any step taken in this preparation can be shown here.
4.1.2. Talent combines the 5x isothermal reaction buffer with of water.
4.1.3. Talent adds the mentioned reagents. TEXT: T5 exonuclease: 10 U/µL; DNA polymerase: 2 U/µL; Taq DNA ligase: 40 U/µL
4.2. Transfer 7.5 µL of the assembly master mix to a fresh tube [1-MED]. Then, add 2.5 µL of insert and vector as outlined in the text protocol [2-MED].
4.2.1. Talent transfers some of the assembly master mix to a fresh tube.
4.2.2. Talent adds some of the insert and vector.
4.3. Incubate the samples at 50 °C for 45 to 60 minutes [1-MED]. After this, store samples on ice or at -20 °C for subsequent transformation [2-MED].
4.3.1. Talent transfers the samples to an incubator at 50 °C.
4.3.2. Talent places the samples on ice. Alternatively, the talent place the samples in a freezer at -20 °C.
4.4. When ready to transform the bacteria, thaw chemically competent TOP10 (pronounce “Top Ten”) E. coli bacteria on ice [1-MED]. Next, add 5 µL of the Gibson mix to 50 µL of competent bacteria [2-MED], and mix by gently flicking the bottom of the tube [3-CU].
4.4.1. Talent transfers the bacteria to an ice bucket to thaw.
4.4.2. Talent adds the Gibson mix to the bacteria.
4.4.3. Close up as the talent flicks the tube.
4.5. Incubate on ice for 30 minutes [1-MED]. Place the tube in a 42 °C water bath or heat block for 45 seconds to heat shock the bacteria [2-MED].
4.5.1. Talent places the tube on ice.
4.5.2. Talent transfers the tube to a water bath (or a heat block) to heat shock the bacteria.
4.6. Then, put the tubes back on ice [1-MED]. Add 250 µL of SOC medium to the bacteria [2-MED], and let them recover at 37 °C in a shaking incubator for 30 – 45 minutes [3-MED].
4.6.1. Talent puts the tube back on ice.
4.6.2. Talent adds SOC medium to the tube.
4.6.3. Talent transfers the tube to a shaking incubator at 37 °C.
4.7. After the bacteria have recovered, plate them onto 1.5% LB agar plates that contain 100 µg/ mL ampicillin [1-MED]. Incubate the plates at 37 °C overnight.
4.7.1. Talent plates the bacteria onto 1.5% LB agar plates.
4.7.2. Talent transfers the plates to an incubator at 37 °C.
5. Selecting STAgR Clones by Bacterial Colony PCR
5.1. To begin, prepare at least two sets of 200 µL PCR reaction tubes for each construct [1-MED]. Fill one of the sets of reaction tubes with 100 µL LB medium containing 100 µg/mL of ampicillin [2-MED].
5.1.1. Talent, at the lab bench, sets out two sets of PCR reaction tubes.
5.1.2. Talent fills one of the sets with LB medium.
5.2. Using a sterile pipette tip, scratch off the biological material from one bacterial colony [1-CU], and spread it at the bottom of an empty 200 µL PCR reaction tube [2-CU]. Immediately transfer the pipette tip to the second corresponding reaction tube that contains LB medium [3-MED].
5.2.1. Close up of the plate as the talent using a sterile pipette tip to scratch off the biological material from one bacterial colony.
5.2.2. Close up of the bottom of the empty PCR tube as the talent spreads the biological material onto it.
5.2.3. Talent transfers the pipette tip to the second corresponding reaction tube that contains LB medium.
5.3. Swirl the tip around to make sure that some of the bacteria are transferred to the LB media [1-CU]. Incubate at 37 °C for later use [2-MED].
5.3.1. Close up as the talent swirls the pipette tip around in the tube.
5.3.2. Talent transfers the tube(s) to an incubator at 37 °C.
5.4. Then, prepare 10 µL of PCR master mix per reaction as outlined in the text protocol [1-MED]. Add 10 µL of the PCR master mix to the labeled PCR reaction tubes without the LB media [2-MED].
5.4.1. Talent begins preparing the PCR master mix. Any step taken in this preparation can be shown here.
5.4.2. Talent adds PCR master mix to the empty PCR tubes.
5.5. Using a thermocycler, incubate the reactions as outlined in the text protocol [1-MED]. After this, add loading dye to the amplified fragments [2-MED], and load them on a 1% agarose gel [3-MED]. Load an appropriate DNA ladder for sizing [4-MED-TXT], and run the gel in and appropriate gel running buffer at 120 V for 30 minutes [5-MED].
5.5.1. Talent programs/starts the thermocycler. TEXT: 1kb DNA Ladder
5.5.2. Talent adds loading dye to the amplified fragments.
5.5.3. Talent loads the dyed reactions onto the agarose gel.
5.5.4. Talent loads the DNA ladder onto the agarose gel.
5.5.5. Talent turns on the voltage to run the gel.
5.6. Calculate the theoretical size of the amplicon by adding up the individual sizes of used promoters, gRNA scaffolds, and number of N20 sequences [1-MED-TXT]. From the results of the colony PCR, identify the bacterial clones based on the correct band size and whether they are likely to harbor correct vectors.
5.6.1. Talent, at the workstation computer, reviews Table 2 and adds up the individual sizes of used promoters, gRNA scaffolds and number of N20 sequences. TEXT: See Table 2 for details
5.7. Using the corresponding 100 µL culture, inoculate a 2.5 mL overnight LB culture containing 100 µg/mL ampicillin [1-MED]. Incubate at 37 °C for 12 hours [2-MED].
5.7.1. Talent inoculates a 2.5 mL overnight LB culture with the bacteria.
5.7.2. Talent transfers the inoculated medium to an incubator at 37 °C.
5.8. Then, use a commercial plasmid mini kit to extract the plasmid DNA according to the manufacturer’s instructions [1-MED-TXT].
5.8.1. Talent, at a lab bench, sets out a commercial plasmid mini kit and begins using it. Any part of the plasmid extraction process can be shown here. TEXT: Maniatis, T., et al. Cold Spring Harbor Laboratory. (1982).
6. Results: Analysis of String Assembly gRNA Cloning
6.1. In this procedure, String Assembly gRNA Cloning is used to quickly generate gRNA expression plasmids [1-LM]. A typical outcome of the PCRs used to obtain the STAgR pieces is seen here [2-LM]. The six amplicons represent linear DNA pieces, each containing the individual gRNA N20 sequences on their ends [3-LM].
6.1.1. LAB MEDIA: Figure 2.pdf
6.1.2. LAB MEDIA: Figure 2.pdf – Emphasize/Zoom in on Figure 2A.
6.1.3. LAB MEDIA: Figure 2.pdf – Still emphasizing/zoomed in on Figure 2A. Visually emphasize each amplicon (BB, S1, S2, S3, S4, and S5) one at the time. Emphasize each simultaneously in each image (emphasize BB in the left and right image at the same time, etc).
6.2. The plasmid backbone is extended with the targeting sequences of gRNA1 and gRNA6 [1-LM], and therefore possesses the required overlaps to two other PCRs for Gibson assembly [2-LM]. After purification a DNA yield of at least 1 µg for vectors and inserts can be achieved.
6.2.1. LAB MEDIA: Figure 2.pdf – Still emphasizing/zoomed in on Figure 2A. Visually emphasize the plasmid backbone (BB) in both images.
6.2.2. LAB MEDIA: Figure 2.pdf – Still emphasizing/zoomed in on Figure 2A. In the right image, visually emphasize the “N20 (6)” and the “N20(RC1)” ends of the BB. Also visually emphasize the “N20 (1)” end of S1 and the “N20(RC6)” end of S5.
6.3. After Gibson assembly, bacterial transformation results in 100 to 700 bacterial colonies [1-LM]. Representative analysis of 10 bacterial colonies, via colony PCR following a STAgR protocol with six gRNA cassettes [2-LM], indicates that three clones show the expected amplicon size for full assembly [3-LM].
6.3.1. LAB MEDIA: Figure 2.pdf – Switch the emphasis/zoom to Figure 2B.
6.3.2. LAB MEDIA: Figure 2.pdf – Still emphasizing/zoomed in on Figure 2B. No additional animation.
6.3.3. LAB MEDIA: Figure 2.pdf – Still emphasizing/zoomed in on Figure 2B. Visually emphasize the bands in lanes 3, 4, and 6. 
6.4. The other clones likely received STAgR vectors containing one to five gRNA cassettes [1-LM], whereas one clone is completely empty [2-LM].
6.4.1. LAB MEDIA: Figure 2.pdf – Still emphasizing/zoomed in on Figure 2B. Visually emphasize the bands in all lanes except lanes 3, 4, 6 and 18.
6.4.2. LAB MEDIA: Figure 2.pdf – Still emphasizing/zoomed in on Figure 2B. Emphasize lane 18.


7. Conclusion (said by authors on camera)

7.1. Christopher Breunig: Once mastered, this technique can be done in a few hours. If performed properly it allows the design and generation of a multitude of multiplexed gRNA expression vectors in less than a working week.
7.2. Christopher Breunig says the above statement in an interview-style shot, looking slightly off-camera.
7.3. Christopher Breunig: While attempting this procedure, it’s important to pay attention to the correct design and combination of N20 overhang primers.
7.3.1. Christopher Breunig says the above statement in an interview-style shot, looking slightly off-camera.
7.4. Christopher Breunig: After watching this video, you should have a good understanding of how to generate your own multiplexed gRNA expression vectors.
7.4.1. Christopher Breunig says the above statement in an interview-style shot, looking slightly off-camera.



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.
 2018, Journal of Visualized Experiments

