APPROVED FILMING SHOTLIST

Submission ID #: 58764
Editor Name: Brigid Stadinski
Videographer name: Eric Bishop
Film Date: 10/08/2018
Link: http://www.jove.com/files_upload.php?src=17923068
Authors and Affiliations: 

Ben A. Evans*1, Ethan S. Pickerill*1, Valmik K. Vyas2, Douglas A. Bernstein1 

1 Department of Biology, Ball State University, Muncie, IN, USA
2Whitehead Institute for Biomedical Research, Cambridge, MA, USA

*These authors contributed equally to this work.

Title: CRISPR-Mediated Genome Editing of the Human Fungal Pathogen Candida albicans 
Corresponding Author: 

Douglas A. Bernstein 

dabernstein@bsu.edu

Tel: (765)-285-8851

Co-authors:

Ben A. Evans 

(baevans3@bsu.edu)

Ethan S. Pickerill 
(espickerill@bsu.edu)

Valmik K. Vyas 
(valmik@alum.mit.edu)

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___No______  

Can you record movies/images using your own microscope camera? (Y/N)___N/A______  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __2.2.   2.3. 3.1. 3.2. 3.3._________________________________________
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.) ___2.2.  but the generation of the guides and repair templates are probably the most confusing parts of the protocol ________________________
=
E.  Will the filming need to take place in multiple locations? (Y/N) ___No____ 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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ethan Pickerill: This method can help reveal the differences between Fungi and mammals at the molecular level.  Such differences can be leveraged to develop new therapeutic approaches [1-MED]
1.1.1. Ethan speaks towards the camera, interview style. 
1.2. Ben Evans: The main advantage of this technique is that it more efficiently modifies the genome of C. albicans than classic homologous recombination techniques [1-MED].   
1.2.1. Ben speaks towards the camera, interview style. 
Protocol: (read by voice talent at JoVE)
Video Editors, please use a zoom bubble to highlight the action being performed in the SCREEN capture movies.
2. Identification and Cloning of Guide RNA Sequence
2.1. To identify the guide RNA sequence, identify an NGG PAM (pronounced as N-G-G-pam”) sequence close to where the stop codon will be inserted.  Shown here are all PAM sequences found in the first 100 base pairs of TPK2 (pronounced as T-P-K-two”), a Cyclic-AMP kinase catalytic subunit [1-LM].
2.1.1. 58764__DougBernstein_Figure_1A.ai – Authors, please provide a separate version of 1A without the “A” label.  If possible, please provide a layered (unflattened) version of this figure.  Video editors, please highlight the rectangles labeled PAM_1, PAM_2, PAM_3, and PAM_4 as the second sentence is narrated. 
2.2. Identify the Forward Guide Primer 3 sequence.  This sequence will be 20 bases directly upstream of an NGG PAM site and will not contain more than 5 Ts in a row. Left-click on the base directly upstream of the NGG and drag the cursor 20 bases.  Then, left-click on the primer tab to add the primer [1-SCREEN].
2.2.1. 58764_Bernstein_SCREEN_2.2.1: Screen capture movie as talent identifies the Forward Guide Primer_3 sequence.  Then talent left-clicks on the base directly upstream of the NGG and drags the cursor 20 bases.  Finally talent left-clicks on the primer tab to add the primer.
2.3. Now, identify the Reverse Guide Primer 3 sequence, which will be the complement to the Forward Guide sequence.  Left-click on the base directly upstream of the NGG and drag the cursor 20 bases [1-SCREEN].  
2.3.1. 58764_Bernstein_SCREEN_2.3.1: Screen capture movie as talent identifies the Reverse Guide Primer_3 sequence.  Then talent left-clicks on the base directly upstream of the NGG and drags the cursor 20 bases.  Finally talent left-clicks on the primer tab to add the primer.  
2.4. For each primer, left-click on the primer tab to add the primer.  Right-click the primer and select “copy primer data”.  Paste the sequences into a text editing program [1-SCREEN].
2.4.1. 58764_Bernstein_SCREEN_2.4.1: Screen capture movie as talent right-clicks the primer and selects “copy primer data”. Talent pastes the sequences into a text editing program.
2.5. Add overhang sequences to Forward and Reverse Guide oligos to facilitate cloning.  Add the nucleotide sequence ATTTG to the 5-prime end of the Forward Guide Primer 3.  Also, add G to the 3-prime end of the Forward Guide Primer 3 [1-SCREEN].
2.5.1. 58764_Bernstein_SCREEN_2.5.1: Screen capture movie as talent adds the nucleotide sequence ATTTG to the 5-prime end of the Forward Guide Primer_3 and G to the 3-prime end of the Forward Guide Primer_3.
2.6. Finally, add the nucleotide sequence AAAAC to the 5-prime end of the Reverse Guide Primer 3, and add C to the 3-prime end of the Reverse Guide Primer 3 before purchasing [1-SCREEN]. 
2.6.1. 58764_Bernstein_SCREEN_2.6.1: Screen capture movie as talent adds the nucleotide sequence AAAAC to the 5-prime end of the Reverse Guide Primer_3.  Talent adds C to the 3-prime end of the Reverse Guide Primer_3.
2.7. Digest the Candida optimized Cas9 expression vector by adding pv1524 (pronounced as “pv-fifteen-twenty four”), 10x Buffer, BsmBI (pronounced as “B-S-M-B-one”), and water to 50 microliters in a 1.5 milliliter tube [1-MED-TXT].  Incubate at 55 degrees Celsius for 20 minutes [2-MED-over the shoulder]. 
2.7.1. Talent adds pv1524, 10x Buffer, BsmBI, and water to 50 microliters in a 1.5 milliliter tube.  Use labeled containers.  TEXT Overlay: See text for reagent volumes & concentrations 
2.7.2. Talent places the tube at 55 degrees Celsius and starts a timer to count down from 20 minutes.
2.8. Cool the digestion mixture to room temperature and spin for 30 seconds at 2348 x g to bring condensation to the bottom of the tube [1-MED].
2.8.1. Microcentrifuge as talent places the tube there and starts spin.  
2.9. To phosphatase-treat the digested backbone, add 1 microliter of calf intestinal phosphatase to the digestion mixture [1-CU].  Incubate the reaction at 37 degrees Celsius for 1 hour before [2-MED-over the shoulder-TXT].
2.9.1. Digestion mixture as talent adds 1 microliter of calf intestinal phosphatase there.  Use labeled containers.  
2.9.2. Talent places the reaction at 37 degrees Celsius and starts a timer to count down from 1 hour.  TEXT Overlay: See text for purifying the digested plasmid 
2.10. Now, phosphorylate and anneal Forward Guide Primer 3 and Reverse Guide Primer 3 by combining them with 10x T4 ligase buffer, T4 polynucleotide kinase, and water in a PCR tube [1-CU-TXT].
2.10.1. PCR tube as talent adds Forward Guide Primer_3 and Reverse Guide Primer_3, 10x T4 ligase buffer, T4 polynucleotide kinase, and water.  Use labeled containers.  TEXT Overlay: See text for reagent volumes & concentrations
2.11. Add 10x T4 ligase buffer, T4 polynucleotide kinase, and molecular biology-grade water to a second PCR tube as a negative control [1-MED].  
2.11.1. Talent prepares the negative control.  Use labeled containers.
2.12. Incubate the reaction mixtures in a thermocycler at 37 degrees Celsius for 30 minutes, then at 95 degrees Celsius for 5 minutes [1-MED-over the shoulder].  Cool the mixture at the slowest ramp rate to 16 degrees Celsius to anneal the oligos. Then incubate the annealed oligo mixture at 4 degrees Celsius [2-CU]. 
2.12.1. Thermocycler as talent programs it for 37 degrees Celsius for 30 minutes and 95 degrees Celsius for 5 minutes.  Continue action in next shot.
2.12.2. Thermocycler as talent programs it for the slowest ramp rate to 16 degrees and then 4 degrees Celsius.
2.13. Now ligate the annealed oligos into digested pv1524.  In the first PCR tube, add 10x T4 ligase buffer, T4 DNA ligase, annealed oligo mix, digested CIP-treated purified plasmid, and water to a 10 microliter total volume [1-MED-TXT].
2.13.1. Talent prepares the ligation reaction in the PCR tube.  Use labeled containers.  TEXT Overlay: See text for reagent volumes & concentrations
2.14. Similarly prepare a second PCR tube using the negative control mixture instead of the annealed oligo mix [1-CU].
2.14.1. PCR tube as talent prepares the negative control.  Use labeled containers.
2.15. Incubate both tubes in a thermocycler at 16 degrees Celsius for 30 minutes, then at 65 degrees Celsius for 10 minutes, and finally cool to 25 degrees Celsius [1-MED-over the shoulder].  
2.15.1. Talent places the tubes into the thermocycler and programs the thermocycler.  
2.16. Following ligation, transform the ligation mixtures into chemically competent cells, and then purify and sequence the plasmids as described in the text protocol [1-MED].  
2.16.1. Talent approaches the thermocycler, opens it and removes the ligation mixtures.  
3. Designing and Generation of Repair Template
3.1. To design the repair template, insert a stop codon by left-clicking in the gene sequence and adding nucleotides that encode a stop codon and restriction digestion site [1-SCREEN].
3.1.1. 58764_Bernstein_SCREEN_3.1.1: Screen capture movie as talent inserts a stop codon by left-clicking in the gene sequence and adding nucleotides that encode a stop codon and restriction digestion site.
3.2. Left-click 10 bases downstream of where the mutation will be made and drag the cursor 60 bases upstream.  Left-click on the primer tab to add the primer.  This will add the Repair Template Forward 3 [1-SCREEN].  
3.2.1. 58764_Bernstein_SCREEN_3.2.1: Screen capture movie as talent left-clicks 10 bases downstream of where the mutation will be made and drag the cursor 60 bases upstream.  Talent left-clicks on the primer tab to add the primer.  
3.3. Then, left-click 10 bases upstream of where the mutation will be made and drag the cursor 60 bases downstream.  Left-click on the primer tab to add the primer. This will add the Repair Template Reverse 3 [1-SCREEN].
3.3.1. 58764_Bernstein_SCREEN_3.3.1: Screen capture movie as talent left-clicks 10 bases upstream of where the mutation will be made and drag the cursor 60 bases downstream.  Talent left-clicks on the primer tab to add the primer. 
3.4. To generate the repair template, add repair template forward primer, repair template reverse primer, deoxynucleotide triphosphates, buffer, Taq polymerase, and water to each of the 4 PCR tubes [1-MED-TXT].
3.4.1. Talent prepares the primer extension reaction.  Use labeled containers.  TEXT Overlay: See text for reagent volumes & concentrations
3.5. Now, perform primer extension by running between 20 and 30 rounds of PCR [1-MED-ove the shoulder-TXT].  
3.5.1. Talent sets up the primer extension on the PCR.  TEXT Overlay: See text for example extension conditions
4. Transformation of C. albicans with Repair Template and Plasmid 
4.1. To digest the correctly-cloned plasmids, add plasmid, 10x buffer, bovine serum albumin, KpnI (pronounced as “K-P-N-one”), SacI (pronounced as “sack-one”), and water to 40 microliters total volume in a 1.5 milliliter tube [1-CU-TXT].  Incubate at 37 degrees Celsius overnight [2-MED-over the shoulder].
4.1.1. 1.5 mL tube as talent adds the reagents.  Use labeled containers.  TEXT Overlay: See text for reagent volumes & concentrations
4.1.2. Talent leaves the reaction in the incubator. 
4.2. Meanwhile, grow an overnight culture of C. albicans SC5314 (pronounced as “C-al-bi-kanz S C fifty-three fourteen”), wild-type prototroph, at 25 degrees Celsius in Uridine-supplemented YPD [1-CU]. 
4.2.1. Container with the overnight culture as talent places into 25 degrees Celsius and starts shaking to grow. 
4.3. Grow the culture to an optical density at 600 nanometers, or OD600, of less than 6 [1-MED-over the shoulder].  Pellet 5, OD600 units of cells per transformation by spinning for 5 minutes at 2348 x g [2-MED].  Then, suspend the pelleted cells in 100 microliters of TE/lithium acetate [3-CU].
4.3.1. Talent checks the OD600 of the culture and it reads less than 6.
4.3.2. Talent places the cells into the centrifuge.
4.3.3. Pelleted cells are suspended by talent in TE/lithium acetate.  
4.4. Now, to a 1.5 milliliter tube and in order, add the resuspended cells, boiled and quick-cooled salmon sperm DNA, the plasmid digestion, the purified repair template, and PLATE buffer [1-MED-over the shoulder-TXT].
4.4.1. Talent adds the reagents in the correct order to the 1.5 mL tube.  Use labeled containers. Talent mixes by gentle pipetting.  TEXT Overlay: See text for all buffer recipes
4.5. Prepare a negative control in the same manner except to substitute water at a volume equal to that of the transforming DNA [1-MED].
4.5.1. Talent works to prepare the negative control.  Use labeled containers. Talent mixes by gentle pipetting
4.6. After incubating the transformations overnight, heat-shock the cells by placing them in a 44-degree Celsius water bath for 25 minutes [2-MED-over the shoulder].
4.6.1. Talent gently mixes the transformations by gently pipetting.
4.6.2. Talent heat-shocks the cells by placing them in a 44 degree-Celsius water bath.
4.7. Spin for 5 minutes at 2348 x g in a benchtop centrifuge and remove the PLATE mixture supernatant [1-MED].  Wash once by adding 1 milliliter of Uridine-supplemented YPD and centrifuge again [2-CU].
4.7.1. Talent removes the cells out of the centrifuge and removes the PLATE mixture.
4.7.2. Tube as talent washes the pellet with 1 milliliter of Uridine-supplemented YPD.
4.8. After suspending the cells in 0.1 milliliter of Uridine-supplemented YPD, incubate the suspension on a roller drum or shaker at 25 degrees Celsius overnight [1-MED-over the shoulder].  The next day, plate the cells on Uridine-supplemented YPD with 200 micrograms per milliliter of nourseothricin [2-CU].
4.8.1. Talent places the cells on a shaker at 25 degrees Celsius.
4.8.2. Talent plates the cells on media.  
4.9. Colonies will appear in 2 to 5 days and should be streaked for single colonies as described in the text protocol [1-MED-over the shoulder].
4.9.1. Talent removes a plate with colonies from the incubator. 
5. Colony PCR 
5.1. To perform colony PCR, design a forward check primer about 200 base pairs upstream of the restriction site that was introduced, as well as a reverse check primer approximately 300 base pairs downstream [1-SCREEN].   
5.1.1. 58764_Bernstein_SCREEN_5.1.1: Screen capture movie as talent designs the forward check primer of about 200 base pairs upstream of the restriction site that was introduced, as well as the reverse check primer approximately 300 base pairs downstream.
5.2. Add 0.3 microliters of forward check primer, 0.3 microliters of reverse check primer, 0.3 microliters of thermostable polymerase, 3 microliters of dNTPs, 3 microliters of ExTaq Buffer, and 23 microliters of water to a tube [1-MED].  
5.2.1. Talent adds 0.3 microliters of forward check primer, 0.3 microliters of reverse check primer, 0.3 microliters of thermostable polymerase, 3 microliters of dNTPs, 3 microliters of ExTaq Buffer, and 23 microliters of water to a tube.  Use labeled containers.
5.3. Then, add 0.25 microliters of a single yeast colony to the mixture using a P10 pipette tip and taking care not to disturb the agar [1-CU].
5.3.1. Plate as talent aspirates 0.25 microliters of a single yeast colony to the mixture using a P10 pipette tip and taking care not to disturb the agar.
5.4. After amplifying the DNA by PCR, run 5 microliters of the PCR on a gel to ensure amplification is successful, taking care not to disturb the cell debris pellet at the bottom of the tube [1-MED].
5.4.1. Talent loads the PCR product on the gel.
6. Results:  Evaluation of successful genome editing in C. albicans 
6.1. Representative results for CRISPR (pronounced as “crisper”) mediated genome editing in C. albicans are shown here [1-LM].  C. albicans was transformed with guide RNAs… [2-LM] and repair templates that target C. albicans TPK2 [3-LM].
6.1.1. 58764_DougBernstein_Figure_1B+C.ai – Authors, please provide a version of figure 1B and 1C only (with panel B on top and panel C on the bottom).  Also, please omit the “B” and “C” labels for the video.  If possible, please provide a layered (unflattened) version of this figure.
6.1.2. 58764_DougBernstein_Figure_1B+C.ai – Video editors, please highlight the components of the top half of the figure labeled as “Reverse Guide Primer_3” and “Forward Guide Primer_3.”
6.1.3. 58764_DougBernstein_Figure_1B+C.ai – Video editors, please highlight the components of the bottom half of the figure labeled as “Repair Template Forward_3” and “Repair Template Reverse_3.”
6.2. An EcoR-one restriction digestion site and stop codons in the repair template disrupt the PAM site and facilitate screening for correct mutants [1-LM]. 
6.2.1. 58764_DougBernstein_Figure_1B+C.ai – Video editors, please highlight the component of the bottom half of the figure labeled as “EcoR1” and then the “TAA” sequence in “Repair Template Forward_3” as “stop codons” is narrated. 
6.3. Colony PCR followed by restriction digestion quickly distinguishes wild type… [1-LM] from edited sequences [2-LM].  
6.3.1. 58764_DougBernstein_Figure_2.ai – Authors, if possible, please provide a layered (unflattened) version of this figure.  Video editors, please highlight the band in the 2nd lane (labeled “WT/EcoR1+”) as this point is narrated.
6.3.2. 58764_DougBernstein_Figure_2.ai – Video editors, please highlight the 2 bands in the 3rd lane (labeled “tpk2/EcoR1+”) as this point is narrated.
7. Conclusion (said by authors on camera)
7.1. Ethan Pickerill: While attempting this procedure, it is important to remember to check if extra copies of the guide RNAs have been cloned into pV1524 as this will lower genome editing efficiency [1-MED].
7.1.1. Ethan speaks towards the camera (looking just-off camera), interview style.   
7.2. Ben Evans: Don't forget that C. albicans is a BL2 pathogen; always wear appropriate lab attire and follow proper safety procedures while performing this procedure [1-MED].
7.2.1. Ben speaks towards the camera (looking just-off camera), interview style.   

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.
LAB MEDIA (LM):

58764__DougBernstein_Figure_1A.ai – Authors, please provide a separate version of 1A without the “A” label.  If possible, please provide a layered (unflattened) version of this figure.  
58764_DougBernstein_Figure_1B+C.ai – Authors, please provide a version of figure 1B and 1C only (with panel B on top and panel C on the bottom).  Also, please omit the “B” and “C” labels for the video.  If possible, please provide a layered (unflattened) version of this figure.
58764__DougBernstein_Figure_2.ai - If possible, please provide a layered (unflattened) version of this figure.  
SCREEN Capture Movies:
58764_Bernstein_SCREEN_2.2.1: Screen capture movie as talent identifies the Forward Guide Primer_3 sequence.  Then talent left-clicks on the base directly upstream of the NGG and drags the cursor 20 bases.  Finally talent left-clicks on the primer tab to add the primer.
58764_Bernstein_SCREEN_2.3.1: Screen capture movie as talent identifies the Reverse Guide Primer_3 sequence.  Then talent left-clicks on the base directly upstream of the NGG and drags the cursor 20 bases.  Finally talent left-clicks on the primer tab to add the primer.  
58764_Bernstein_SCREEN_2.4.1: Screen capture movie as talent right-clicks the primer and selects “copy primer data”. Talent pastes the sequences into a text editing program.
58764_Bernstein_SCREEN_2.5.1: Screen capture movie as talent adds the nucleotide sequence ATTTG to the 5-prime end of the Forward Guide Primer_3 and G to the 3-prime end of the Forward Guide Primer_3.
58764_Bernstein_SCREEN_2.6.1: Screen capture movie as talent adds the nucleotide sequence AAAAC to the 5-prime end of the Reverse Guide Primer_3.  Talent adds C to the 3-prime end of the Reverse Guide Primer_3.
58764_Bernstein_SCREEN_3.1.1: Screen capture movie as talent inserts a stop codon by left-clicking in the gene sequence and adding nucleotides that encode a stop codon and restriction digestion site.
58764_Bernstein_SCREEN_3.2.1: Screen capture movie as talent left-clicks 10 bases downstream of where the mutation will be made and drag the cursor 60 bases upstream.  Talent left-clicks on the primer tab to add the primer.  
58764_Bernstein_SCREEN_3.3.1: Screen capture movie as talent left-clicks 10 bases upstream of where the mutation will be made and drag the cursor 60 bases downstream.  Talent left-clicks on the primer tab to add the primer. 
58764_Bernstein_SCREEN_5.1.1: Screen capture movie as talent designs the forward check primer of about 200 base pairs upstream of the restriction site that was introduced, as well as the reverse check primer approximately 300 base pairs downstream.
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.

( 2017, Journal of Visualized Experiments


