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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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: 22
Number of Shots: 55 

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

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 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 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 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?
1.4. Enter 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 most important consideration or challenge when performing this protocol.
1.5. Enter 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 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 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.


Videographer: Obtain headshots for all authors available at the filming location.


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.) with purple font 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 the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Biparental Conjugation of gRNA-HDR Plasmid Constructs into M. ciceri  for nodC Disruption
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. To begin, transform the donor E. coli S17-1λpir (E-KOH-lye S-seventeen-one lambda-peer) cells with the target guide RNA, or gRNA (G-R-N-A) and homology-directed repair, or HDR (H-D-R) containing plasmid constructs [1]. Select the transformants on LB agar containing 50 micrograms per milliliter neomycin [2].
2.1.1. WIDE: Talent transforming E. coli S17-1λpir cells with the pCasPP-gRNA1-HDR or pCasPP-gRNA2-HDR constructs. TXT: Target plasmids: pCasPP-gRNA1-HDR or pCasPP-gRNA2-HDR Videographer: Please obtain CU shot as well for this shot. (Authors: Please show a representative step of the transformation reaction for this step.)
2.1.2. Talent selecting the transformants on LB agar containing neomycin.
2.2. Screen the transformants for green fluorescent protein, or GFP (G-F-P) fluorescence using excitation at approximately 488 nanometers and emission detection at approximately 510 to 520 nanometers [1]. Classify the colonies as GFP-positive if they exhibit uniform, distinct green fluorescence that is absent from non-transformed E. coli control colonies under identical microscope settings [2]. Prepare glycerol stocks from the confirmed GFP-positive donor clones [3]. 
2.2.1. SCOPE: Transformant colonies being screened for green fluorescent protein fluorescence.
2.2.2. SCOPE: Green fluorescent protein-positive colonies visible with uniform, distinct green fluorescence compared with non-transformed control colonies.
2.2.3. Talent preparing glycerol stocks from confirmed green fluorescent protein-positive donor clones.
2.3. To prepare the donor starter cultures, inoculate a single colony of E.coli into 10 milliliters LB broth containing 50 micrograms per milliliter neomycin [1]. Incubate overnight at 37 degrees Celsius with shaking at 180 revolutions per minute [2]. Simultaneously, inoculate the recipient M. ciceri (M-KI-ke-ri) strain into yeast mannitol broth, or YMB (Y-M-B), supplemented with 100 micrograms per milliliter carbenicillin [3]. Incubate the recipient cultures at 28 degrees Celsius with shaking at 180 rpm for 24 to 30 hours [4]. (Authors: We have added the detailed method of starter culture preparation here for clarity. Please specify if this is acceptable.)
2.3.1. Talent inoculating the donor E. coli S17-1λpir into 10 mL LB broth.
2.3.2. Talent placing the donor starter culture in the shaker incubator.
2.3.3. Talent inoculating the recipient M. ciceri starter culture into YMB. (Authors: Please specify the volume of YMB used for starter culture inoculation)
2.3.4. Talent placing the recipient culture on the shaker incubator. 
2.4. Grow the starter cultures to an OD600 (O-D-six-hundred) of 0.3 to 0.4, corresponding to an estimated cell density of approximately 100 million colony-forming units per milliliter [1]. Prepare donor and recipient subcultures by diluting the respective starter stocks to 1 in 100 into fresh selective media [2]. Grow them to the required exponential growth phase, as indicated by an OD600 of 0.4 to 0.8 [3]. (Authors: We have modified this step for clarity. Please specify if this is acceptable.)
2.4.1. SCREEN: Show the OD values of the starter cultures of both E.coli and M.ciceri.
2.4.2. Talent preparing donor and recipient subcultures.
2.4.3. SCREEN: Show the OD values of subcultures reaching 0.4 to 0.8

2.5. For membrane-filter biparental mating, spot four 50 to 100 microliter aliquots of a 1 to 3 donor-to-recipient culture mixture, resuspended in 10 millimolar magnesium chloride, onto a sterile 0.22-micrometer polyvinylidene fluoride membrane filter with a 47-millimeter diameter placed on a non-selective yeast mannitol agar plate [1]. Space the spots adequately to prevent mixing [2], then incubate upright at 28 degrees Celsius for 5 to 7 days [3]. 
2.5.1. Talent spotting the mating suspension onto a sterile polyvinylidene fluoride membrane filter. (Authors: The narration text is modified to show the details of biparental conjugation for clarity. Please specify if this is appropriate.)
2.5.2. Talent spacing the aliquots on the membrane filter.
2.5.3. Talent carefully placing the plate in the incubator.
2.6. To recover the transconjugants, initially perform dual-antibiotic selection against neomycin and carbenicillin [1]. Next, passage the transconjugants repeatedly on carbenicillin-only medium to eliminate residual plasmids [2].
2.6.1. Talent recovering transconjugants for dual-antibiotic selection.
2.6.2. Talent passaging transconjugants on carbenicillin-only medium.
2.7. Confirm plasmid curing by the failure of colonies to grow on neomycin-containing medium [1], and by diagnostic polymerase chain reaction, or PCR (P-C-R) demonstrating the absence of the pCasPP (P-kass-P-P) backbone while retaining the chromosomally integrated homology-directed repair, or HDR (H-D-R) cassette [2].
2.7.1. Talent checking colonies on neomycin-containing medium.
2.7.2. Talent performing diagnostic polymerase chain reaction.
2.8. Screen purified transconjugant colonies for GFP fluorescence and compare them with wild-type M. ciceri controls [1]. Select fluorescent colonies as putative HDR-positive strains with uniform, distinct green fluorescence [2], followed by confirmation with diagnostic PCR before downstream validation [3]. (Authors: We have merged the screening steps to avoid redundancy. Please specify if this is appropriate.)
2.8.1. SCOPE: Purified transconjugants being compared with wild-type M. ciceri controls for green fluorescent protein fluorescence.
2.8.2. SCREEN: Show the selection of fluorescent colonies as putative HDR-positive strains.
2.8.3. SCREEN: Show the results of diagnostic PCR and confirmation of GFP-positive colonies.
2.9. Store the confirmed colonies on yeast mannitol agar at 4 degrees Celsius for short-term maintenance [1] or as glycerol stocks containing 20 percent to 25 percent glycerol at −80 degrees Celsius for long-term preservation [2].
2.9.1. Talent storing confirmed colonies on yeast mannitol agar.
2.9.2. Talent preparing glycerol stocks from confirmed colonies for long-term preservation.

3. Functional Validation of M. ciceri nodC Mutants
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. To assess the nodulation potential after verifying the GFP integration at the nodC locus, inoculate single colonies of the wild-type and mutant strains into selective YMB containing 100 micrograms per milliliter carbenicillin [1]. Incubate the cultures at 28 degrees Celsius with shaking at 180 revolutions per minute for 30 to 36 hours [2].
3.1.1. Talent inoculating single colonies into selective yeast mannitol broth containing carbenicillin.
3.1.2. Talent placing the culture flasks in the shaking incubator.
3.2. Dilute the cultures 1 in 100 into fresh selective YMB [1]. Use the ultraviolet-visible spectrophotometer to measure the OD600 after blanking the instrument with uninoculated YMB [2]. Continue incubation until the cultures reach an OD600 of 0.3 to 0.4, corresponding to approximately 100 million colony-forming units per milliliter [3].
3.2.1. Talent diluting the cultures into fresh selective yeast mannitol broth.
3.2.2. Talent measuring the optical density at 600 nanometers with a ultraviolet-visible spectrophotometer.
3.2.3. Talent placing the cultures back for incubation.
3.3. Use 3 milliliters of the standardized bacterial suspension for inoculation of each plant [1].
3.3.1. Talent dispensing 3 milliliters of the standardized bacterial suspension into a container for plant inoculation.
3.4. For chickpea plant infection assay, obtain seeds of specific chickpea plant variety [1-TXT]. Wash the seeds thoroughly with running tap water followed by Milli-Q purified water [2].
3.4.1. Talent obtaining the Cicer arietinum cultivar BDG25618 seeds. TXT: Plant variety: Cicer arietinum cultivar BDG25618
3.4.2. Talent washing the seeds with running tap water followed by Milli-Q purified water.
3.5. Surface-sterilize the seeds in 1 percent sodium hypochlorite for 5 minutes with agitation, followed by 5 times rinsing with sterile purified water [1]. Then, treat the seeds with 0.1 percent Bavistin fungicide containing 50 percent carbendazim wettable powder for 2 to 3 hours at room temperature [2]. Wash the treated seeds 2 times with sterile purified water [3].
3.5.1. Talent surface-sterilizing the seeds.
3.5.2. Talent treating the seeds with Bavistin fungicide.
3.5.3. Talent washing the treated seeds with sterile purified water.
3.6. Place the seeds on moist sterile filter paper in sterile Petri dishes measuring 110 millimeters by 40 millimeters [1]. Seal the dishes with Parafilm and incubate them in darkness at 28 degrees Celsius plus or minus 2 degrees Celsius for 3 days [2].
3.6.1. Talent placing the seeds on moist sterile filter paper in sterile Petri dishes.
3.6.2. Talent sealing the Petri dishes with Parafilm and placing them for incubation.
3.7. Transfer the germinated seedlings individually into sterile sand, autoclaved at 121 degrees Celsius and 15 pounds per square inch for 20 minutes before use [1].
3.7.1. Talent transferring the germinated seedlings into sterile sand.
3.8. Dissolve the components to prepare [1] the nitrogen-free McKnight's nutrient solution [2]. Grow the seedlings in 10-centimeter-diameter pots containing sterile sand, maintaining 4 plants per pot and irrigating each pot twice weekly with 20 milliliters of the nitrogen-free McKnight's nutrient solution [3].
3.8.1. Talent preparing the nitrogen-free McKnight's nutrient solution.
3.8.2. TEXT ON A PLAIN BACKGROUND
Nitrogen-Free McKnight's Nutrient Solution 
CaSO₄					6.0 g 
MgSO₄·7H₂O					1.0 g 
KH₂PO₄					1.0 g 
KCl						1.5 g 
H₃BO₃ 					14.3 mg 
CuSO₄·5H₂O					0.4 mg 
MnSO₄·4H₂O				0.08 mg 
H₂MoO₄					0.45 mg 
ZnSO₄·7H₂O 					1.1 mg 
Sterile distilled water 			Adjust to 5 L
3.8.3. Talent transferring the seedlings into pots containing sterile sand.
3.9. Maintain the plants [1] under controlled growth conditions [2]. Grow the seedlings for 6 to 7 days before inoculation with mutant bacteria [2].
3.9.1. Talent placing the plants under controlled growth conditions.
3.9.2. TEXT ON A PLAIN BACKGROUND
Controlled Growth Conditions
Day temperature					22°C ± 2°C 
Night temperature					18°C ± 2°C 
Relative Humidity					55%–60% 
Photoperiod						16 h light/8 h dark
Light Intensity					200 μmol photons m⁻² s⁻¹
3.9.3. Shot of seedlings growing before inoculation.
3.10. Apply 3 milliliters of the bacterial suspension directly to each seedling [1]. For the mock-treated control seedlings, apply 3 milliliters of sterile YMB [2]. Maintain 16 biological replicate plants for each treatment group [3].
3.10.1. Talent applying the bacterial suspension to each seedling.
3.10.2. Talent applying sterile yeast mannitol broth to the mock-treated control seedlings.
3.10.3. Shot of the treatment groups containing the biological replicate plants.
3.11. Harvest the roots and shoots 20 days after inoculation [1]. Count the nodules manually [2] and record the fresh biomass immediately after harvest [3].
3.11.1. Talent harvesting the roots and shoots.
3.11.2. Talent counting the nodules manually.
3.11.3. Talent recording the fresh biomass.
3.12. Dry the tissues at 65 degrees Celsius until a constant weight is achieved [1]. After verifying the constant weight by 2 consecutive 24-hour measurements differing by less than 0.01 grams, record the dry biomass [3].
3.12.1. Talent placing the tissue samples for drying.
3.12.2. Talent recording the dry biomass.
3.13. Express the results as the mean plus or minus the standard error [1]. Perform a one-way analysis of variance followed by Tukey's multiple-comparison test using GraphPad Prism version 10.0 [2]. Consider differences to be statistically significant [3].
3.13.1. SCREEN: Experimental data being entered into GraphPad Prism. Data table being completed.
3.13.2. SCREEN: Analyze being selected. One-way ANOVA being performed. Tukey's multiple comparisons test being selected.
3.13.3. SCREEN: Statistical results being generated in GraphPad Prism.


Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. 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: 161.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Results 

4.1. Following biparental mating, transconjugant colonies were initially identified by GFP fluorescence screening [1]. More than 80 percent of recovered colonies displayed GFP fluorescence with gRNA2 (G-R-N-A-2) [2], and more than 65 percent of colonies exhibited fluorescence following the introduction of gRNA1 (G-R-N-A-1) [3].
4.1.1. LAB MEDIA: Figure 3C Microscope Image. Video Editor: Please emphasize both the left panels showing the green fluorescence. (Authors: It seems the labelling is inverted for this image. Please verify and rectify. Thanks.) 
4.1.2. LAB MEDIA: Figure 3C Graph. Video Editor: Please emphasize the Y-axis value corresponding to the bar labelled gRNA2.
4.1.3. LAB MEDIA: Figure 3C Graph. Video Editor: Please emphasize the Y-axis value corresponding to the bar labelled gRNA1.
4.2. Validation of GFP cassette integration by PCR amplification of the genomic region spanning nodB (nod-B) and nodC (nod-C) produced a 1511 basepair fragment in the edited clones, consistent with integration [1], whereas the wild-type strain produced a 430 basepair amplicon [2]. Further, PCR amplification using GFP-specific and nodC-flanking primers generated a distinct 997 basepair fragment in the edited clones [3], while no amplification was detected in the wild-type control, supporting locus-specific insertion [4]. 
4.2.1. LAB MEDIA: Figure 4A (Left side gel image). Video Editor: Please emphasize the 4 bands corresponding to the 1511 bp label along with the label. 
4.2.2.  LAB MEDIA: Figure 4A (Left side gel image). Video Editor: Please emphasize the single band corresponding to the 430 bp label along with the label. 
4.2.3. LAB MEDIA: Figure 4A (Right side gel image). Video Editor: Please emphasize the 4 bands corresponding to the 997 bp label along with the label. 
4.2.4. LAB MEDIA: Figure 4A (Right side gel image). Video Editor: Please emphasize the absence of 997bp band in the final lane labelled WT at the top.
4.3. Functional validation of mutant Mesorhizobium ciceri by chickpea infection assay shows a marked reduction or absence of nodulation in plants inoculated with mutant bacteria [1], whereas plants inoculated with wild-type bacteria showed formation of visible root nodules [2]. Wild-type-inoculated plants exhibited higher nodule numbers and improved growth-associated parameters [3], compared with mutant-inoculated [4] and uninoculated control plants [5]. 
4.3.1. LAB MEDIA: Figure 5A. Video Editor: Please emphasize the plant labelled “ΔnodC M. Ciceri”
4.3.2. LAB MEDIA: Figure 5A. Video Editor: Please emphasize the plant labelled “M. Ciceri”
4.3.3. LAB MEDIA: Figure 5B. Video Editor: Please emphasize the height of bars in all graphs with X-axis label “M.ciceri”
4.3.4. LAB MEDIA: Figure 5B. Video Editor: Please emphasize the height of bars in all graphs with X-axis label “ΔnodC M. Ciceri”
4.3.5. LAB MEDIA: Figure 5B. Video Editor: Please emphasize the height of bars in all graphs with X-axis label “Uninoculated”
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