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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
☐ Incorrect 

2. Interview statements: Which interview statement filming option is the most appropriate for your group? Please select one.

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 


[bookmark: Text5]3. Proposed interview filming date: Please indicate the proposed date that your group will self-film interviews: MM/DD/YYYY

DO NOT use this draft script for filming Interviews. Please wait until your script is finalized to begin the filming process. 
Scriptwriter: If authors are from China, please use the second note to connect them with Yuan. Please remove the statement that does not apply before sending the draft script. 

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. OR
When you are ready to submit your video files, please contact our China Location Producer, Junling Cheng.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps: 29
Number of Shots: 85 ( Filmable shots-64; Reusable-15, SCREEN-4; Text on plain background-3) 

Interviews 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter full author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. 
1.4. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 

2. Selection of a co-integrant Mycobacterium tuberculosis strain
Demonstrator: Click here to enter name of demonstrator(s)

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. Begin by obtaining Mycobacterium tuberculosis cells [1]. Harvest the cells at 600 optical density of 0.6–1.0 [2], wash them three times with cold 10% glycerol, and resuspend them in 10% glycerol to obtain a cell concentration of 1011 cells per milliliter [3]. 

2.1.1. WIDE: Talent placing Mycobacteria tuberculosis cells on a workbench 
2.1.2. Talent harvesting the cells at OD of 0.6-1.0
2.1.3. Talent washing the cells with 10% glycerol and resuspending in 10% glycerol 

2.2. Next, place 10 micrograms of plasmid DNA in a Petri dish [1] and expose it to UV light until an energy of 100 millijoules per square centimeter is reached [2]. Add 10 micrograms of UV-pretreated plasmid DNA to 400 microliters of electrocompetent Mycobacterium tuberculosis cells in a 1.5-millilitre microcentrifuge tubes and mix gently [3]. For the negative control, add 6 microliters of TE buffer to a separate tube, and mix gently by pipetting [4]. 

2.2.1. CU: Talent placing the 10 µg plasmid DNA-containing Petri dish in the UV irradiator.
2.2.2. SCREEN: UV irradiator displaying an energy of 100 mJ/cm².
2.2.3. Talent adding 10 µg of plasmid DNA to 400 μL of  cells  and mixing it gently
2.2.4. Talent adding 6 μL of TE buffer to 400 μL of cells and mixing it gently 

2.3. Transfer each mixture to a 0.2-centimeter electroporation cuvette [1] and apply a single pulse at 2.5 kilovolts, 25 microfarads, and 1,000 ohms, ensuring a time constant of 15–25 milliseconds [2].

2.3.1. CU: Talent transferring each mixture to a 0.2-centimeter electroporation cuvette 
2.3.2. Talent setting the pulse parameters  

Author: Could you please confirm whether these electroporation parameters are set manually on the instrument or through the software? If software is used, can this step be screen-recorded?

2.4. Resuspend the electroporated cells in 600 microliters of 7H9-OADC (Seven-H-nine-O-A-D-C) medium and transfer them to sterile 2-milliliter screw-cap tubes [1]. Incubate the cells at 37 degrees Celsius for 24 to 48 hours [2]. Then, centrifuge at 3,000 g for 10 minutes at room temperature [3] and remove the medium from the resulting cell pellet [4]. 

2.4.1. Talent resuspending the cells in 600 μL of medium and transferring to 2 mL sterile tube
2.4.2. Talent placing the cells at 37 °C for 24 to 48 hours
2.4.3. Talent placing the tube in a centrifuge and closing the lid
2.4.4. Talent removing the medium from the cell pellet  

Videographer: Obtain CU shot of cell pellet as well to show as an inset.

2.5. Finally, streak the cells onto 7H11-OADC (Seven-H-eleven-O-A-D-C) agar plates containing antibiotics [1-TXT].  Incubate the plates at 37 degrees Celsius for 21 days [2]. Following the first allelic exchange, successful single-crossover M. tuberculosis colonies appear blue, containing both the wild-type and single-nucleotide variant regions [3].

2.5.1. Talent streaking the cells on the agar plates  
 TXT: Selection agar contains: 
20 µg/mL kanamycin 
50 µg/mL hygromycin
50 µg/mL X-gal

Videographer: Please obtain multiple reusable takes of 2.5.1. with different angles, as these will be used later in the protocol. Avoid capturing the plate label
2.5.2. Talent placing the plates at 37 °C 
 Videographer: Please obtain multiple reusable takes of 2.5.2. as these will be used later in the protocol
2.5.3. CU: Shot of blue colonies on the agar plate 

2.6. Pick the single-crossover colonies and inoculate them into 5 milliliters of 7H9-OADC-Tween containing an appropriate antibiotic [1-TXT]. Incubate the culture at 37 degrees Celsius for 7 days with shaking at 150 rpm [2].

2.6.1. CU: Talent picking the colonies and transferring the colonies into 5 mL of  TXT:7H9-OADC-Tween medium: 7H9-OADC supplemented with 0.05% Tween 80	Comment by Vipasha Sharma: If the medium color differs in any corresponding step, please highlight that shot and add a comment, as the reusable shot cannot be used and a separate shot will be required. 
Videographer: Please obtain multiple reusable takes of 2.6.1. as these will be       used later in the protocol
2.6.2. Talent placing the culture at 37 °C with a shaking at 150 rpm 
 Videographer: Please obtain multiple reusable takes of 2.6.2. with different angles as these will be used later in the protocol

2.7. To confirm sucrose-sensitivity, streak each culture on a 7H11-OADC agar plate containing 2% sucrose [1] and incubate the plates at 37 degrees Celsius for 21 days [2] and confirm that the single-crossover cultures do not grow on sucrose [3]. Continue using the single-crossover cultures that displayed sucrose sensitivity .	Comment by Vipasha Sharma: Can this be removed from the narration?

2.7.1. Talent streaking culture on agar plate  
Videographer: Please obtain multiple reusable takes of 2.7.1. as these will be used later in the protocol

2.7.2.  Reuse 2.5.2
2.7.3.  CU: Shot of the single-crossover cultures showing no growth on the sucrose-containing agar plates.

3. Resolution Selection of the Co-integrant Mycobacterium tuberculosis Strain
Demonstrator: Click here to enter name of demonstrator(s)

3.1. Subculture the single-crossover colonies in 5 milliliters of antibiotic-free 7H9-OADC-Tween medium [1] and incubate at 37 degrees Celsius for 7 days with shaking at 100 rpm to promote resolution of the co-integrant [2]. Streak 100 microliters of the culture onto 7H11-OADC agar plates containing 2% sucrose and 50 micrograms per milliliter X-gal [3], and incubate at 37 degrees Celsius for 21 days [4]. 

3.1.1. Reuse 2.6.1
3.1.2. Talent placing the culture at 37 °C with shaking 100 rpm
3.1.3. Reuse 2.7.1
3.1.4. Reuse 2.5.2
Author: In Step 3.1, the expected phenotype of successful second allelic exchange is described as white colonies that are antibiotic-sensitive and sucrose-resistant. Instead of including this information as narration in Step 3.1, I have incorporated it into Step 3.2 as: pick white-colored double-crossover colonies.
3.2. Pick 10 to 30 white double-crossover colonies and inoculate them into 5 milliliters of antibiotic-free 7H9-OADC-Tween medium [1]. Incubate the cultures at 37 degrees Celsius for 7 days with shaking at 100 rpm [2].

3.2.1.  Reuse 2.6.1
3.2.2.  Reuse 2.6.2

3.3. To confirm resolution of the integrated vector backbone, perform patch tests using kanamycin, hygromycin for pGOAL19 constructs, and the sucrose counter-selection test. To confirm resolution of the integrated vector backbone, streak the colonies onto the appropriate 7H11-OADC agar plates containing kanamycin, either 50 micrograms per milliliter hygromycin or 2% sucrose for patch test [1] and incubate at 37 degrees Celsius for up to 21 days [2]. Colonies with successful vector resolution will grow on 2% sucrose [3] but not on hygromycin-containing plates [4].	Comment by Vipasha Sharma: Author: Can statement 1 be merged with statement 2? I have merged it. If it is not right, then please clarify what action is performed during the patch test so that an appropriate shot can be written for this step.	Comment by Vipasha Sharma: Here, colonies are streaked or cultured from step 3.2?

3.3.1. Reuse 2.5.1   Author: What is the concentration of the kanamycin?	Comment by Vipasha Sharma: Shot reuse is possible here?
3.3.2.  Reuse 2.5.2 	Comment by Vipasha Sharma: We will reuse the shots here. Will there be any difference in the plates of this shot and shot no. 2.5.2.? 
3.3.3. CU: Shot of colonies growth on agar plates containing 2% sucrose 
3.3.4. CU: Shot of no colony growth on agar plates containing hygromycin 

3.4. Heat 200-microliter aliquot of each double-crossover colony culture of Mycobacterium tuberculosis culture at 95 degrees Celsius for 60 minutes [1]. Centrifuge the culture at 15,000 g for 15 minutes at room temperature [2], and collect the DNA-containing supernatant [3]. 

3.4.1. Talent placing the 200 µL of the aliquot on a heating block for 60 minutes
3.4.2. Talent placing the tube containing the aliquot in the centrifuge and closing the lid 
Videographer: Please obtain multiple reusable takes of 3.4.2. as these will be used later in the protocol
3.4.3. Talent collecting the supernatant 

3.5. First, amplify the upstream DNA fragments using primer pair A and B, and downstream DNA fragments using primers C and D [1] [2]. Next, combine 5 microliters of each PCR product in a fresh 25 microliters reaction, without adding primers [3]. Using the same cycling conditions, perform 10-15 cycles to allow the upstream and downstream fragments to anneal and extend, followed by a final extension at 72 °C for 5 minutes and a hold at 4 °C [4].

3.5.1. Talent placing the tubes containing DNA fragments in the PCR
3.5.2. TEXT ON A PLAIN BACKGROUND:
	
	Temperature
	Time
	Cycle

	Initial Denaturation
	98 °C
	30 seconds
	

	Denaturation
	98 °C
	10 seconds
	30 cycles

	Annealing
	55-65 °C
	30 seconds
	

	Extension
	72 °C
	30 seconds
	

	Final Extension
	72 °C
	5 minutes
	



3.5.3. Talent combining each PCR product in a fresh 25 µL reaction 
3.5.4. Talent placing the PCR tube into the PCR and closing the lid

3.6. Separate the PCR products by agarose gel electrophoresis [1]. Excise the DNA fragments of interest, purify them using a commercial gel and PCR cleanup kit [2]. Finally, confirm the presence of the single-nucleotide variant by Sanger sequencing [3].

3.6.1. Talent adding the sample into the wells of the gel and starting the run
3.6.2. CU: Talent excising the DNA fragment and adding reagent in samples with both the kits visible in the background
3.6.3. SCREEN: Sanger sequencing being run

4. Mycobacterium tuberculosis transformation 
Demonstrator: Click here to enter name of demonstrator(s)

4.1.  Take 95 microliters of electrocompetent Mycobacterium tuberculosis cells in separate 1.5-milliliters microcentrifuge tubes [1]. Add 100 nanograms of pJV75amber plasmid DNA in one tube and gently mix [2]. For the negative control, add 5 microliters of nuclease-free water to another tube, and mix gently by pipetting [3].

4.1.1. Talent adding 95 μL of the M. tuberculosis cells in separate 1.5 mL centrifuge tubes
4.1.2. Talent adding 100 ng of plasmid DNA to one tube containing electrocompetent M. tuberculosis cells and mixing it gently
4.1.3. Talent adding 5 μL of nuclease-free water and mixing it gently 

4.2. Transfer each cell mixture into a separate 0.2-centimeter electroporation cuvette and incubate at room temperature for 30 minutes [1]. Ensure that the cell suspension settles at the bottom of the cuvette [2]. Gently tap each to remove any bubbles, if present and place each cuvette in the electroporator [3]. Apply a pulse at 1,000 ohms, 2.5 kilovolts, and 25 microfarads, with an optimal time constant of 15–25 milliseconds [4].

4.2.1. CU: Talent transferring each mixture to a 0.2-centimeter electroporation cuvette and keeping them aside for 30 minutes
4.2.2. CU: Shot of the cell suspension settled at the bottom of the cuvette
4.2.3. Talent placing the cuvette in the electroporator after gently tapping the cuvette to remove any bubbles 
4.2.4. Talent applying the pulse  

4.3. Immediately add 900 microliters of 7H9-OADC-Tween medium and mix by pipetting 10 times [1]. Transfer 1 milliliter each of the sample and control cell suspensions separately into 50-milliliter tubes [2], and incubate at 37 degrees Celsius for 48 hours [3].

4.3.1. Talent adding 900 μL of medium and mixing by pipetting up and down 10 times
4.3.2. Talent transferring the sample and control cell suspensions into 50 mL tubes 
4.3.3. Talent placing the tubes at 37 °C

4.4.  Harvest the cells by centrifugation at 3,000 g for 15 minutes at 37 degrees Celsius [1]. Remove the medium and resuspend the resulting cell pellet in 200 microliters of 7H9-OADC-Tween [2]. Plate 100 microliters of the culture onto 7H11-OADC agar containing 25 micrograms per milliliter kanamycin [3], and incubate at 37 degrees Celsius for 21 days [4].

4.4.1. Talent placing the tubes in the centrifuge and closing the lid
4.4.2. Talent removing the medium and resuspending the cell pellet in 200 μL of 7H9-OADC-Tween
4.4.3. Talent plating 100 μL of culture on agar plate
Videographer: Please obtain multiple reusable takes of 3.4.2. as these will be used later in the protocol
4.4.4.  Reuse 2.5.2

4.5. Pick individual pJV75amber-transformed colonies into 1.5 mL microcentrifuge tubes containing 7H9-OADC broth containing 0.05% Tween 80 and 25 micrograms per milliliter kanamycin [1]. Incubate the cultures at 37 degrees Celsius for 7 days with shaking at 100 rpm [2]. Then, transfer the cultures to microcentrifuge tubes [3] and heat at 80 degrees Celsius for 60 minutes to release the plasmid DNA [4].

4.5.1. CU: Talent picking an individual colony and transferring the colony into culture medium 
4.5.2. Talent placing the cultures at 37 °C with shaking at 100 rpm
4.5.3. Talent transferring the culture into a microcentrifuge tube 
4.5.4. Talent placing the tube at 80°C 	Comment by Vipasha Sharma: Can we write: Placing on a heat block?

4.6. Centrifuge the cultures at 16,000  g for 15 minutes at room temperature to pellet the cells [1]. Carefully collect 1 microliter of the plasmid DNA-containing supernatant [2].

4.6.1. Reuse 3.4.2
4.6.2. CU: Talent collecting 1 microliter of the supernatant 

4.7. Set up the PCR reaction mixture [1] [2] and perform the PCR [3] [4]. 

4.7.1. CU: Representative shot of talent adding primers in a PCR tube.
4.7.2. TEXT ON A PLAIN BACKGROUND:
	Reagents
	Volume (μL)

	Forward primer
	1.25  

	Reverse Primer
	1.25

	Taq master mix
	12.5

	Template DNA
	1

	Water
	To a final volume of 25 µL



4.7.3. Talent placing the tubes in the PCR and closing the lid

4.7.4. TEXT ON A PLAIN BACKGROUND:
	
	Temperature
	Time
	Cycle

	Initial Denaturation
	95 °C
	3 minutes
	

	Denaturation
	95 °C
	30 seconds
	35 cycles

	Annealing
	55°C
	30 seconds
	

	Extension
	72 °C
	45 seconds
	

	Final Extension
	72 °C
	5 minutes
	



4.8.  Analyze the PCR products on a 1% agarose gel at 150 volts for 45 minutes [1]. Identify colonies showing the expected 700-base-pair aph band and select the confirmed pJV75amber-containing colonies for subsequent recombineering [2].

4.8.1. Talent adding the sample into the wells of the gel and starting the run
4.8.2. SCREEN: Agarose gel image showing the expected 700-bp aph band in the confirmed pJV75amber-containing colonies.	Comment by Vipasha Sharma: Is this shot correct or is there any other way to show this?
5. Recombineering of Electrocompetent Mycobacterium tuberculosis with pJV75amber
Demonstrator: Click here to enter name of demonstrator(s)

5.1. Inoculate a confirmed pJV75amber single colony into 20 milliliters of 7H9-OADC-Tween supplemented with kanamycin and 0.2% succinate [1]. Incubate the culture at 37 degrees Celsius to an OD600 of 0.6 [2], then harvest the cells [3]. 
5.1.1. Talent adding a single colony into 20 milliliters of 7H9-OADC-Tween 
5.1.2. Talent placing the culture at 37 °C  
5.1.3. Talent harvesting the cells at OD of 0.6

5.2. Prepare the electrocompetent cells as described earlier and add acetamide to a final concentration of 0.2% [1]. Incubate overnight at 37 degrees Celsius with shaking at 100 rpm [2].
5.2.1. Talent adding acetamide to the cell suspension
5.2.2. Talent placing the culture at 37 °C 

5.3. Arrange labeled electroporation cuvettes containing 100 microliters of induced, competent M. tuberculosis cells [1]. Add 1 microgram of each JCV198 ssDNA oligonucleotide and the recombineering ssDNA oligonucleotide to the sample cuvette, 1 microgram of JCV198 alone to the positive control, and 2 microliters of nuclease-free water to the negative control [2]. Mix each preparation gently by pipetting [3].
5.3.1. Talent arranging the labeled electroporation cuvettes.
5.3.2. CU: Representative shot of Talent adding DNA  and nuclease-free water in respective labeled cuvettes
5.3.3. CU: Talent gently mixing the cuvette contents by pipetting.

5.4. Electroplate the cells as previously demonstrated and plate the 100 microliters of each transformation culture on 7H11-OADC agar with and without 50 microgram per milliliter hygromycin [1]. Incubate at 37 degrees Celsius for 21 days [2]. Pick single colonies of recombinant M. tuberculosis cells and inoculate into 5 milliliters of 7H9-OADC-Tween containing hygromycin [3].
5.4.1. Reuse 4.4.3   
5.4.2. Reuse 2.5.2
5.4.3. CU: Talent picking the single colony and inoculating in 5 mL of medium

5.5. Incubate the cultures at 37 degrees Celsius for 7 days with shaking at 100 rpm [1]. Transfer 200-microliter aliquots of overnight culture into sterile 1.5-milliliter microcentrifuge tubes, retaining the remaining cultures at 4 degrees Celsius or as glycerol stocks [2]. Heat-kill the aliquots at 100 degrees Celsius for 1 hour [3] and centrifuge at 16,000 g for 5 min at room temperature to pellet debris [4]. 	Comment by Vipasha Sharma: Will this be filmed?

5.5.1.  Reuse 2.6.2
5.5.2. Talent transferring 200 µL of culture into sterile microcentrifuge tubes 
5.5.3. Talent placing the tubes on a heat block for 1 hour
5.5.4. Talent placing the tubes in a centrifuge and closing the lid

5.6. Using the supernatant, perform PCR [1] and Sanger sequencing on the supernatant to confirm the SNV of interest [2]. Finally, map the sequence to the reference to verify the SNV and absence of additional mutations [3].
5.6.1. CU: Representative shot of talent adding DNA sample in a PCR tube and placing the tube in the PCR 
5.6.2. SCREEN: Sanger sequencing being run
5.6.3. SCREEN: Sequence alignment against the reference being done   



Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 74
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. Sanger sequencing confirmed the Thr33Ala (threonine-thirty-three-alanine) mutation in the selected Mycobacterium tuberculosis colonies[1]. Four colonies showed the mutant G nucleotide at the variant position [2], while eight colonies displayed an R signal, indicating a mixed wild-type and mutant sequence [3].	Comment by Vipasha Sharma: Author, please check the narration of 6.1 and 6.2.
6.1.1. LAB MEDIA: Figure 8: Video Editor: Please zoom into the vertical column around position 215, where the colored letters appear instead of dots
6.1.2. LAB MEDIA: Figure 8: Video Editor: Please highlight the four rows containing the letter “G” in this same vertical column
6.1.3.  LAB MEDIA: Figure 8: Video Editor: Please highlight the eight rows containing the pink letter “R” in this same vertical column 

6.2. Recombineering of Mycobacterium tuberculosis generated the Ile66Val (isoleucine-sixty-six-valine) mutation in two of the screened colonies[1]. One colony showed a mixed wild-type and mutant sequence at the variant position [2], whereas another showed the pure mutant G nucleotide [3].
6.2.1. LAB MEDIA: Figure 10: Video Editor: Please show the complete figure containing the top and bottom sequence-alignment panels
6.2.2. LAB MEDIA: Figure 10: Video Editor: Please zoom into the red-circled area in the top panel, near position 196 and highlight the pink letter “R” 
6.2.3. LAB MEDIA: Figure 10: Video Editor: Please zoom into the red-circled area in the bottom panelat the same position and highlight the red letter “G”


6.2.4. 
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