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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N
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.) Steps 3.9, 3.10, 3.13, 3.14, and 3.16
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.) The most difficult aspect to teach is the manipulation of the plant materials with forceps and scalpel. Steps 3.9, 3.10, 3.13, 3.14, and 3.16 tend to be the most difficult for beginners. To ensure success: practice.
E.  Will the filming need to take place in multiple locations? N
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 cloning and transformation procedure is to efficiently generate CRISPR vectors and knockout-mutant tomato roots that can be used in functional genomics studies. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Thomas Jacobs: This method is a useful tool in the field of plant functional genomics by generating a number of knockout mutants plant materials that can be tested with various root assays. 

1.2. Thomas Jacobs: The main advantage of this technique is that the cloning procedure can be accomplished in a single step and transgenic materials can be obtained in just a few weeks.   

Protocol (read by voice talent at JoVE):
2. CRISPR Vector Construction
2.1. First, design guide RNA, or gRNA oligos to include the GN19 (pronounced “GN nineteen”) portion of the target motifs flanked by the 5’ (pronounced “five prime”) and 3’ (pronounced “three prime”) 20-nucleotide sequences required for DNA assembly [2.1.1-LM]. 

2.1.1. 53843_Jacobs_Figure1. Video Ed: Please highlight the GN19 text and bracket when “GN19” is narrated. Then place boxes around both ends of the blue line and the part above of the green and yellow lines that overlap with the blue line. 

2.2. Digest 1 to 5 micrograms of p201N:Cas910 (pronounced “P-two-O-one-N Kas9”) plasmid with the restriction enzyme SpeI (pronounced “Spee-one”)[2.2.1-MED] at 37 °C for two hours [2.2.2-MED-over the shoulder-TXT]. 
2.2.1. Talent pipettes from the tube containing the SpeI enzyme and adds to to a tube labeled p201N:Cas910. 
2.2.2. Talent places the tube into the hot block/water bath. If possible show a display or thermometer reading 37 °C. TEXT: 2 hours.  
2.3. After column-purifying the digest according to manufacturer’s instructions [2.3.1-MED], re-suspend in 15 microliters of 10 milliMolar Tris-HCl [2.3.2-CU]. Quantify the amount of DNA by UV spectrophotometry [2.3.3-MED-over the shoulder]. 
2.3.1. Talent pipetting onto the column. Shot will be reused once. 

2.3.2. The pellet being resuspended in 15ul. 
2.3.3. *film as written. Shot will be reused once. 

2.4. Perform a second digest with the restriction enzyme SwaI (pronounced “Swa-one” (short a)) [2.4.1-CU] at 25 °C for two hours [2.4.2-MED-TXT]. Check 100 to 200 nanograms on a 0.8% agarose gel to confirm complete digestion [2.4.3-MED/MED-over the shoulder]. A correctly digested plasmid will have a single band at 14,313 base pairs [2.4.4-LM]. 
2.4.1. Talent pipettes SwaI into the tube containing the purified DNA. 
2.4.2. Talent places the tube in the water bath/heat block. If possible show a display or thermometer reading 25 °C leaves tube on the bench. (Since 25C is room temp, no heat block required) TEXT: 2 hours. 
2.4.3. Talent loading gel. Shot will be reused twice. 

2.4.4. Authors – could you please provide an image of this gel? I apologize for not asking before. If no image is available then please use the following text overlay on 2.4.3 TEXT: Correctly digested plasmid = 14,343 bp. 

2.5. Next, use the primers SwaI-MtU6F and MtU6R, and ScaffoldF and SpeI-ScaffoldR, [2.5.1-CU] and a high-fidelity polymerase [2.5.2-MED] to PCR amplify the Medicago truncatula U6 promoter and scaffold DNAs from the pUC (pronounced “puck”) gRNA Shuttle plasmid [2.5.2-MED-TXT]. 
2.5.1. Show the primers in tubes with the labels visible in a tube holder or laid on the bench. 
2.5.2. Talent pipettes the polymerase into the PCR tube 
2.5.3. Talent at placing the PCR tube into the thermal cycler (TEXT: See the written protocol for primer and PCR details). 
2.6. Visualize three-microliter aliquots of PCR products on a 1% agarose gel to confirm amplification [2.6.1-MED-over the shoulder]. The MtU6 amplicon is 377 base pairs and the scaffold amplicon is 106 base pairs [2.6.2-LM]. 
2.6.1. Use 2.4.3 Talent loading the gel. 
2.6.2. LAB MEDIA: 53843_Jacobs_2_6
2.7. Column-purify the remaining PCR products according to manufacturer’s instructions [2.7.1-MED], quantify by UV spectrophotometry as before [2.7.2-MED], and store at -20 °C [2.7.3-WIDE].
2.7.1. Use 2.3.1 Talent pipetting onto the column. 
2.7.2. Use 2.3.3. Talent operating spectrophotometer. 
2.7.3. Talent places tube in freezer. 
2.8. Next, re-suspend the entire tube of gRNA oligos to 100 microMolar in laboratory-grade water [2.8.1-MED]. Add 1 microliter of the oligos to 500 microliters of 1X NEB buffer 2.1 and mix well [2.8.2-CU-TXT]. 
2.8.1. *film as written. 
2.8.2. *film as written. TEXT: If pooling multiple oligos, add 1 µL of each 100 µM oligo. 
2.9. Program a thermal cycler with a heated lid to hold at 50 °C [2.9.1-MED-over the shoulder]. Combine 100 nanograms of the linearized vector [2.9.2-CU], 50 nanograms of MtU6 promoter [2.9.3-CU], 12 nanograms of scaffold [2.9.4-CU] and 1 microliter of diluted gRNA oligo in water to a final volume of 5 microliters [2.9.5-CU]. 
2.9.1. *film as written. 
2.9.2. A volume is pipetted from an appropriately labeled tube and into another tube containing a very small volume of water. TEXT: 0.011 pmol. 

2.9.3. A volume is pipetted from an appropriately labeled tube. TEXT: 0.2 pmol. 
2.9.4. A volume is pipetted from an appropriately labeled tube. TEXT: 0.2 pmol. 
2.9.5. A volume is pipetted from an appropriately labeled tube and dispensed into the tube seen in the first shot that now contains a slightly greater volume of water. TEXT: 0.2 pmol. 
2.10. Add 5 microliters of 2X high-fidelity DNA assembly master mix [2.10.1-CU] mix well [2.10.2-MED] and spin down [2.10.3-MED]. Incubate the reaction for 60 minutes in the 50 °C thermal cycler [2.10.4-MED-over the shoulder-TXT].  
2.10.1. *film as written. 

2.10.2. *film as written. 

2.10.3. *film as written. 

2.10.4. Talent places tube in thermal cycler. TEXT: 60 minutes. 
2.11. Following the hour at 50(C, place the reaction on ice [2.11.1-MED], and then use 2 microliters to transform competent E. coli cells using standard techniques [2.11.2-MED]. Plate the transformation on LB-agar supplemented with 50 milligrams per milliliter kanamycin [2.11.3-MED-over the shoulder-TXT] and incubate at 37 °C overnight [2.11.4-WIDE-TXT]. 
2.11.1. *film as written. 
2.11.2. Talent pipettes the 2ul into a tube of competent cells. 
2.11.3. Talent spreads the bacteria on the plate. Shot will be reused once. TEXT: Kan50
2.11.4. Talent places the plate in the incubator. TEXT: Save the remaining DNA assembly reaction at -20 °C. TEXT: Overnight. 
2.12. Screen the colonies using PCR with the primers StUbi3P218R (pronounced “Stu-bee three P 218R”) and ISceIR (pronounced “one-Sce-one-R”) [2.12.1-CU]. Dilute an aliquot of the remaining DNA assembly reaction with water 1:5 and use 1 microliter as a positive control for the colony screen [2.12.2-MED]. Also include 1 nanogram of circular p201N:Cas9 plasmid as a no-insert control [2.12.3-CU]. 
2.12.1. Show the primers in tubes with the labels visible in a tube holder or laid on the bench. 
2.12.2. Talent dilutes the assembly reaction and then adds 1ul of the resulting dilution to one well of a PCR tube/plate. 

2.12.3. Talent loads the plasmid into the PCR tube/plate. 
2.13. After PCR amplification using the parameters contained in the written portion of the protocol, visualize PCR products on a 1% agarose gel [2.13.1-MED]. Correct insertions have a band at 725 bp and vectors without inserts will have a 310-bp band [2.13.2-LM]. 
2.13.1. Use 2.4.3 Talent loading the gel. 
2.13.2. LAB MEDIA: 53843_Jacobs_Figure2A
2.14. Grow positive colonies in LB Kan50 liquid cultures overnight at 37 °C [2.14.1-MED-TXT] 
2.14.1. Talent places tubes/flasks of LB into the shaking incubator. TEXT: Overnight. 
2.15. The next day, purify plasmids using a plasmid purification kit according to manufacturer’s instructions [2.15.1-MED-over the shoulder]. 
2.15.1. Talent lifts the plasmid purification kit down from the shelf. 
2.16. After Sanger sequencing the purified plasmids with the StUbi3P218R primer, align chromatograms to the MtU6 promoter, target, and scaffold sequences to ensure no errors were introduced during cloning [2.16.1-LM]. 
2.16.1. LAB MEDIA: 53843_Jacobs_Correct_clone_wrapped. 
2.17. Perform a diagnostic digest by digesting 1 microgram of plasmid with EcoRV (pronounced “Eco R five”) and StyI (pronounced “Sti one”) [2.17.1-MED]. When visualized on a 0.8% agarose gel this banding pattern should be seen [2.17.2-LM-TXT]. 
2.17.1. Talent places tubes containing digests into the water bath/heat block. 
2.17.2. LAB MEDIA: 53843_Jacobs_Figure2B. TEXT: Fragments (in bp): 4192, 2001, 1743, 1544, 1381, 995, 831, 702, 460, 423, 318, and 174
2.18. Finally transform the plasmids into Agrobacterium rhizogenes strain ARqua1 (pronounced “R-kwa-one”) by adding 1 microliter of the plasmid prep to 50 µL of electrocompetent cells [2.18.1-MED] and electroporating in a 1 mm cuvette [2.18.2-MED-TXT]. 
2.18.1. *film as written. 
2.18.2. *film as written. TEXT: Settings: 2.4 kV, 25 µF, and 200 Ω. 
2.19. Add approximately 500 µL of SOC medium [2.19.1-MED] and shake at 28 °C for 2 hours [2.19.2-MED-over the shoulder]. Then plate on LB Kan​50 plates [2.19.3-MED-over the shoulder] and grow at 28 °C for 2 days [2.19.4-WIDE-TXT].
2.19.1. *film as written. 
2.19.2. Talent places tube in shaking incubator. 
2.19.3. Use 2.11.3 Talent spreads the bacteria on the plate

2.19.4. Talent places the plates in the incubator. TEXT: After 2 days screen resulting colonies as before. 
3. Hairy Root Transformation 

3.1. Begin this section of the procedure by sterilizing tomato seeds in 20% household bleach for 15 minutes, with constant mixing [3.1.1.-MED]. 
3.1.1. Talent combines seeds and bleach in a container on a shaking platform and turns it on to mix. 
3.2. Then transfer the seeds to a laminar flow hood [3.2.1-WIDE], remove the bleach and wash in sterile laboratory-grade water 3 times [3.2.2-MED].
3.2.1. *film as written. 
3.2.2. *film as written. Show only one wash. 
3.3. Plate 30 seeds in a GA-7 box containing ½ MS media [3.3.1-MED-over the shoulder-TXT]. Allow to germinate for around 2 days in the dark [3.3.2-WIDE-TXT]. 
3.3.1. *film as written. Show 4-5 seeds being planted. TEXT: 2.22 g L-1 MS salts + Gamborg Vitamins, 10 g L-1 sucrose, 3 g L-1 gellan gum, pH 5.8. 
3.3.2. Talent places the seeds in the drawer. germination room and exits whilst turning off the lights. TEXT: 2 days. 
3.4. Once the seeds have germinated, move the GA-7 boxes into the light [3.4.1-MED].
3.4.1. The germinated seeds are placed in the light. TEXT: Grow seedlings for approximately 4 more days in the light. 
3.5. The day before transformation, streak out A. rhizogenes cultures on solid LB containing Kan50 [3.5.1-MED], and grow at 28 °C overnight [3.5.2-WIDE-TXT]. 
3.5.1. *film as written. 
3.5.2. Talent puts plate in incubator. TEXT: Overnight. 
3.6. On the day of transformation, work in the laminar flow hood to add 25 microliters of acetosyringone to 50 milliliters of ½ MS and pour 6 milliliters into each culture tube [3.6.1-MED-TXT]. 
3.6.1. *film as written. TEXT: Ensure all starting materials are sterile. 
3.7. Use a bent 200 microliter tip to scrape A. rhizogenes cells from the plate [3.7.1-CU], and re-suspend in the 6 milliliters of ½ MS liquid [3.7.2-MED]. Vortex the tube to completely re-suspend the cells [3.7.3-MED]. 
3.7.1. *film as written. 
3.7.2. *film as written. 
3.7.3. *film as written. 
3.8. After re-suspending cells from each vector, take 1 mL of cells [3.8.1-CU] and measure the optical density at a fixed wavelength of 600 nanometers [3.8.2-MED-TXT]. 
3.8.1. Talent finishes re-suspending cells and pipettes 1ml into a cuvette. 
3.8.2. Talent loads the cuvette into the spectrophotometer TEXT: Ensure that the O.D. is between 0.2 and 0.4; dilute or add more cells as necessary. 
3.9. Add 2 milliliters of ½ MS liquid to a Petri dish with a sterile filter paper [3.9.1-MED]. Excise cotyledons from the seedlings [3.9.2-CU] and place on the moistened filter paper [3.9.3-MED]. 
3.9.1. *film as written. 
3.9.2. *film as written. 
3.9.3. *film as written. 
3.10. Once all cotyledons have been collected, cut the most distal 1 cm off of the cotyledons, resulting in cotyledon pieces with two cut ends [3.10.1-CU]. 
3.10.1. *film as written. 
3.11. Add the explants to A. rhizogenes solutions and mix [3.11.1-CU]. Incubate for 20 minutes with occasional inverting [3.11.2-MED-TXT]. 
3.11.1. *film as written. 
3.11.2. Show Talent inverting mix and setting it down. TEXT: 20 minutes. 
3.12. During the A. rhizogenes incubation, add a piece of filter paper to a Petri dish for each construct transformed [3.12.1-MED]. Also set ½ MS solid media, without antibiotics, in the laminar flow hood to dry [2.12.2-MED-over the shoulder]. 
3.12.1. *film as written. 
3.12.2. *film as written. 
3.13. Use sterile forceps to scoop cotyledons out of A. rhizogenes solution and place on dry filter paper [3.13.1-CU]. Cover with the Petri dish lid to ensure tissues do not dry out while proceeding to the next transformation [3.13.2-MED]. 
3.13.1. *film as written. 
3.13.2. *film as written. 
3.14. Next, blot cotyledons on the filter paper [3.14.1-CU], and transfer, abaxial side up, to ½ MS media [3.14.2-MED]. Wrap the plates with surgical tape [3.14.3-MED-over the shoulder] and co-cultivate in the dark at room temperature for 2 days [3.14.4-MED-TXT].  
3.14.1. *film as written. 
3.14.2. *film as written. 
3.14.3. *film as written. 
3.14.4. Plates placed in the drawer dark room. TEXT: 2 days. 
3.15. Thomas Jacobs: It is essential to blot any remaining Agrobacterium after incubation to prevent bacterial overgrowth during co-cultivation [3.15.1-INT].
3.15.1. Talent narrates the text to camera. 
3.16. After co-cultivation, transfer cotyledons, abaxial side up, into supplemented ½ MS media [3.16.1-CU]. Wrap with surgical tape [3.16.2-MED]. Maintain cultures under fluorescent lights at room temperature with a 16-hour photoperiod [3.16.3-WIDE]. 
3.16.1. *film as written. TEXT: Supplemented with 300 mg/ml ticarcillin/clavulanic acid and Kan50. 
3.16.2. *film as written. 
3.16.3. Show cultures in culture room. 
3.17. After 1.5 to 2 weeks, use sterile forceps and a scalpel to excise roots at least 2 centimeters in length from the cotyledons [3.17.1-CU], and transfer to ticarcillin/clavulanic acid and kanamycin supplemented ½ MS media [3.17.2-MED]. 
3.17.1. *film as written. 

3.17.2. *film as written. 
3.18. Transfer 10 to 15 roots to a single plate [3.18.1-CU]. Mark the position of the root tips with a marker [3.18.2-CU], wrap with surgical tape and maintain in the culture room [3.18.3-MED]. 
3.18.1. In the culture room. Show the final root being transferred. 
3.18.2. *film as written. 
3.18.3. Talent wraps the plate with surgical tape and sets it down. 
3.19. After one week, transformed roots are seen growing on the selective media [3.19.1-CU]. Harvest a subsample of transformed roots for DNA extraction using the preferred DNA-extraction method [3.19.2-MED].
3.19.1. Show a plate with typical one-week root growth. 
3.19.2. Talent harvesting roots.  
4. Results: Hairy Root Cultures and Detection of DNA Modification 
4.1. Hairy roots can be seen emerging from cotyledons 11 days after transformation.
4.1.1. LAB MEDIA: 53843_Jacobs_Figure3A

4.2. The roots are selected on ticarcillin/clavulanic acid and kanamycin supplemented ½ MS media for approximately one week. Grey bars denote the position of root tips at the time of plating.

4.2.1. LAB MEDIA: 53843_Jacobs_Figure3B

4.3. This is an example of cloning and sequencing of PCR products to determine DNA mutations with two different gene targets in four different hairy-root events. Grey box denotes GN20GG (pronounced “GN twenty GG”) target sequence and Δ (pronounced “delta”) indicates the type of mutation. The number of clones with the indicated mutation is shown at right [4.3.1-LM]. 

4.3.1. LAB MEDIA: 53843_Jacobs_Figure3C. Highlight grey box, Δ signs and the last column in the table in time with the narration. 
4.4. This is an example of a polyacrylamide gel to determine DNA mutations. Large deletions and heteroduplex bands indicate the presence of DNA mutations at the target sequences. Six of 12 independent events were scored as mutants as indicated by the delta symbol. WT, indicates the wild-type control and NT the no-template control [4.4.1-LM]. 
4.4.1. LAB MEDIA: 53843_Jacobs_Figure3D. Highlight ‘large deletions’, ‘heteroduplex bands’ ‘Δ’, ‘WT’ and ‘NT’ in time with the narration. 
5. Conclusion (said by authors on camera)
5.1. Thomas Jacobs: Once mastered, tens to hundreds of CRISPR vectors can be produced in a single week and transgenic tomato roots can be obtained in a matter of weeks.

5.2. Thomas Jacobs: While attempting this procedure, it’s important to remember to remove, and select against, residual Agrobacterium. Bacterial overgrowth will kill the cotyledons and inhibit root growth.
5.3. Thomas Jacobs: After watching this video, you should have a good understanding of how to efficiently create CRISPR vectors using DNA assembly and test the vectors in tomato hairy roots. 
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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