

[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 71871
Scriptwriter Name: Ruchira Mukherji
Project Page Link: https://review.jove.com/files_upload.php?src=21920703

Title: Estimating Rhizobial Fitness During Legume Symbiosis: Enriching Viable Undifferentiated Bacteria from Root Nodules

Authors and Affiliations: 
Alejandra Gil-Polo, Regina Bledsoe, Kayla Clouse, Cody L DePew, Jennifer Harris, Patrick Sydow, Sohini Guha, Kelsey Mercurio, Elizabeth L. Paillan, Liana T. Burghardt

Department of Plant Science, The Pennsylvania State University, University Park, PA, United States


☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]
Liana T Burghardt	liana.burghardt@psu.edu

Email Addresses for All Authors: 

mag6678@psu.edu
ginabbledsoe@gmail.com
kvc6196@psu.edu
cld5311@psu.edu
jeh6121@psu.edu
pws5408@psu.edu
svg5863@psu.edu
kcm5669@psu.edu
elpailla@ncsu.edu
liana.burghardt@psu.edu



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: 18
Number of Shots: 50

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. Nodule Rinsing and Imaging
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 retrieving, no more than 3-day old, unprocessed nodule from 4 degrees Celsius [1]. For processing, place the nodules at the bottom of an open tea strainer, filling approximately one-quarter to one-third of the strainer’s bottom [2]. Rinse with a slow stream of deionized water for 10 seconds [3]. Transfer the nodules to a clean paper towel, dry them for approximately 10 to 20 minutes, until no surface water remains [4]. Next, remove root pieces, soil, and other non-nodule debris with tweezers [5].
2.1.1. WIDE: Talent retrieving unprocessed root nodules from 4 degrees Celsius.
2.1.2. Talent placing the nodules at the bottom of an open tea strainer over a sink.
2.1.3. CU: Talent rinsing the nodules under a slow stream of deionized water for 10 seconds.
2.1.4. CU: Talent transferring the nodules to a clean paper towel and spreading them out for drying to eliminate all traces of water.
2.1.5. CU: Talent removing root fragments, soil particles, and other debris from the dried nodules with tweezers.

2.2. Position the camera and place a clean, unmarked green sheet of paper beneath the camera [1]. Draw a 1-centimeter scale bar and mark the area included within the camera field of view [2]. Keep the camera at a fixed distance and position relative to the imaging area throughout the experiment [3].
2.2.1. WIDE: Talent positioning the camera and placing a clean green sheet beneath the camera.
2.2.2. CU: Talent drawing a 1-centimeter scale bar and outlining the area included within the camera’s field of view.
2.2.3. Talent measuring and recording the distance from the imaging area, after mounting the camera.

2.3. Transfer the dry nodules into the marked imaging area, keeping them separate, so that each nodule can be identified individually [1]. Place the sample label in a standard location, keeping the scale and sample-identification information in the same region and orientation for every image [2].
2.3.1. CU: Talent placing the dry nodules to the green imaging sheet in such a way that adjacent nodules don’t overlap or touch.
2.3.2. WIDE: Talent placing the sample label and scale in their standardized positions within the marked field of view.

2.4. Capture the images on the mounted camera [1]. Next, connect the camera to a computer through USB [2] and use digiCamControl (DIH-jee-cam-control) to view the sample, adjust the camera settings, and apply consistent file naming [3]. Save the image to both the camera memory card and the computer for redundant storage [4].
2.4.1. WIDE: Talent capturing images of the arranged nodules using the camera.
2.4.2. Talent sitting at the computer, connecting the camera with a USB cable.
2.4.3. SCREEN: The enlarged view of an image being inspected and the image filename being entered into the camera-control software.
2.4.4. SCREEN: The captured image being saved to the camera memory card as well as the connected computer.

3. Nodule Surface Bleaching and Saline Transfer
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. To get a 1% sodium hypochlorite solution, dilute household bleach, containing 6 to 8% sodium hypochlorite, to 15% using water [1]. Pour the prepared solution into a vessel large enough to accommodate the tea strainer, such as a 100-milliliter beaker [2].
3.1.1. Talent preparing a 15 percent bleach solution from the household bleach stock using water.
3.1.2. Talent pouring the prepared bleach solution into a 100-milliliter beaker.
3.2. Transfer the nodules to a small strainer or tea diffuser [1]. Immerse small nodules, such as alfalfa or crimson clover nodules, in the bleach solution for 30 seconds [2], or larger nodules, such as pea nodules, for 60 seconds, while gently agitating the strainer to expose all surfaces [3]. For handling very small nodules, use the half strainer method, which prevents them from escaping [4].
3.2.1. CU: Talent transferring the nodules into a small strainer or tea diffuser.
3.2.2. CU: Talent dipping the smaller nodules in bleach for 30 seconds while gently agitating the strainer.
3.2.3. CU: Talent dipping the larger nodules in bleach for 60 seconds while gently agitating the strainer
3.2.4. CU: The alternative half-strainer arrangement being demonstrated for very small nodules.
3.3. Rinse the nodules in the strainer under deionized water for 60 seconds [1]. Using a sterile scoopula or tweezer, transfer the bleached and washed nodules to a 15 mL tube [2] and add 3 mL of 0.85% of freshly prepared saline solution [3 -TXT].
3.3.1. CU: Talent rinsing the bleached nodules under deionized water for 60 seconds.
3.3.2. CU: Talent transferring the rinsed nodules with a sterile scoopula or tweezers into a labeled centrifuge tube.
3.3.3. Talent suspended nodules in 0.85 percent saline at the required nodule-to-saline volume ratio. TXT - ratio of nodules to saline solution - 1:3 or 1:4 
Video Editor: 1:3 and 1:4 are ratios.





4. Nodule Homogenization
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Assemble the tissue homogenizer with a motor stand assembly, according to the manufacturer's instructions [1]. Fit a 7-millimeter probe for samples in 15-milliliter tubes [2]. Label a set of large culture tubes [3] and fill them, to the top, with sterile deionized water or 70% ethanol for probe sterilization and rinsing [4].
4.1.1. WIDE: Talent assembling the tissue homogenizer and motor stand.
4.1.2. CU: Talent attaching the 7-millimeter probe to the homogenizer.
4.1.3. CU: Talent labeling the large culture tubes for ethanol, first water rinse, and second water rinse.
4.1.4. CU: Talent filling the labelled culture tubes with 70 percent ethanol and sterile deionized water respectively.
4.2. Switch on the homogenizer but run the motor, fitted with speed controls, only while the probe is submerged [1]. Before processing the first sample, run the probe in 70 percent ethanol for 5 seconds [2] and then in sterile deionized water for 10 to 20 seconds [3].
4.2.1. WIDE: Talent switching on the homogenizer and not starting the motor until it is submerged in a liquid.
4.2.2. CU: Talent running the submerged probe in 70 percent ethanol for 5 seconds.
4.2.3. CU: Talent transferring the probe to sterile deionized water and running it for 10 to 20 seconds.
4.3. Dip the cleaned probe in the vertically placed sample tube containing nodules in saline, taking care to not submerge the upper opening of the probe [1]. Move the sample tube up and down and side to suspend the nodules [2], then homogenize at the maximum speed of 35,000 rpm for 60 seconds [3]. Confirm, that the slurry is uniform and contains no visible intact nodules [4].
4.3.1. CU: Talent submerging the cleaned probe into the tube containing the nodules and saline, without dipping the upper opening.
4.3.2. Talent moving the sample tube up and down and from side to side beneath the probe to resuspend any settled nodule.
4.3.3. Talent operating the homogenizer at maximum speed for 60 seconds.
4.3.4. CU: Talent inspecting the nodule slurry for uniformity and presence of intact nodules.

4.4. After each sample, wipe the probe with a lint-free wipe and discard the wipe [1]. Run the probe for 10 seconds in the first deionized-water tube, or until clean water exits the upper opening [2]. Next, run it in 70 percent ethanol for 5 to 10 seconds, wait 60 seconds [3] and then run it for 10 seconds in the second deionized-water tube [4]. 
4.4.1. Talent wiping the probe with a lint-free wipe and discarding it.
4.4.2. Talent running the probe in the first deionized-water tube until the expelled water appears clean.
4.4.3. Talent running the probe in 70 percent ethanol for a total of 60-seconds.
4.4.4. Talent completing the final 10-second rinse in the second deionized-water tube.
4.5. Immediately store each nodule slurry at 4 degrees Celsius until enough samples are available for a centrifuge batch [1]. Centrifuge the homogenized samples within 1 to 2 hours; do not leave them overnight [2].
4.5.1. Talent placing the labeled nodule-slurry tube in a 4 degrees Celsius refrigerator immediately after homogenization.
4.5.2. Shot of talent neatly arranging the cooled homogenized nodule tubes to set up a centrifuge batch, within an after homogenisation hour.

5. Differential Centrifugation and Pellet Storage
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. Vortex each cooled homogenate for 5 seconds to resuspend debris that settled during refrigeration [1]. Centrifuge the labeled 15-milliliter tubes at 400 g for 10 minutes at 10 degrees Celsius in a pre-cooled benchtop centrifuge, using deceleration brake setting 9 [2].
5.1.1. Talent placing the homogenate tube on the vortex for 5 seconds.
5.1.2. Talent placing the labelled homogenate containing tubes in a pre-cooled centrifuge for 10 minutes.
5.2. After centrifugation, pour out the maximum possible supernatant into a clean, similar 15-milliliter tube without completely decanting or agitating the initial tube [1]. If a robust foam collar is present, hold the tube at an almost 90-degree angle, pierce the collar against the tube wall with a 1-milliliter pipette tip [3]. Next, lift the collar to create an opening, and pour the supernatant quickly through the opening [4].
5.2.1. Talent slowly pouring out the maximum possible supernatant into a clean, 15-milliliter tube without disturbing the pellet.
5.2.2. CU: Talent holding the tube perpendicular and piercing the robust foam collar with a 1-milliliter pipette tip.
5.2.3. CU: Talent lifting the foam collar with the pipette tip and pouring the supernatant through the opening in the foam collar.

5.3. Divide the recovered supernatant equally between two 1.7-milliliter microcentrifuge tubes [1]. Place the tubes in a refrigerated microcentrifuge with a fixed-angle rotor, and centrifuge at 18,000 g for 5 minutes, at room temperature [2].
5.3.1. CU: Talent dividing the recovered supernatant between equally between two labeled 1.7-milliliter microcentrifuge tubes.
5.3.2. Talent placing the tubes in microcentrifuge set at highest speed for 5 minutes at room temperature.

5.4. After centrifugation, discard the supernatant without disturbing the bacterial pellet [1]. If residual liquid cannot be removed easily, use a pipette to remove it [2]. Store the pellet at minus 20 degrees Celsius as soon as possible for up to 1 year [3].
5.4.1. CU: Talent discarding the supernatant without disturbing the pellet.
5.4.2. CU: Talent discarding the residual liquid using a 200-microliter pipette tip.
Videographer: Obtain CU shot of cell pellet as well to show as an inset
5.4.3. Talent placing the tube, with the bacterial pellet, in a minus 20 degrees Celsius freezer.



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: XXX.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. The slow-spin procedure produced compositionally distinct undifferentiated, U and differentiated, D layers [1]. More DNA was consistently recovered from the D layer than from the U layer in both host plants- Medicago truncatula A17 and Medicago littoralis R108 [2]. Sequencing results showed that U layer was enriched in Sinorhizobium meliloti reads and depleted of host-derived reads [3]. The Shannon diversity index showed that strain diversity differed between the two layers depending on the host plant [4]. However, the bacterial population composition differed significantly between the D and U layers in both hosts [5].
6.1.1. LAB MEDIA: Figure 3 Video Editor: In Figure 3A, use arrows to highlight the two visually distinct layers labeled ‘Undifferentiated layer (U)’ and ‘Differentiated layer (D)’.
6.1.2. LAB MEDIA: Figure 3 Video Editor: In Figure 3B, highlight the filled blue and yellow circles representing the high DNA quantity recovered from the D layer for hosts A17 and R108, respectively. Simultaneously, highlight the y-axis and its label, DNA quantity (ng/µL).
6.1.3. LAB MEDIA: Figure 3 Video Editor: In Figure 3C, highlight the open blue and yellow circles representing the percentage of S. meliloti reads in the U layer for two host plants A17 (blue) and R108 (yellow), respectively.
6.1.4. LAB MEDIA: Figure 3 Video Editor: In Figure 3D, simultaneously highlight the paired U- and D-layer data for two different host plant A17 and R108 to emphasize the host-specific differences in diversity.
6.1.5. LAB MEDIA: Figure 3 Video Editor: highlight the graph and both its axes in Figure 3E.


6.2. Confocal microscopy of field-collected pea and alfalfa nodules showed that the undifferentiated (U) layer was depleted of large, propidium iodide-stained terminally differentiated Bacteroides, whereas the differentiated (D) layer was enriched in these cells [1]. Culture-based analysis further showed that the U layer retained most of the viable rhizobia present in the original nodule homogenate [2]. 
6.2.1. LAB MEDIA: Figure 4 Video Editor: In Figure 4A, simultaneously highlight the upper D-layer and lower U-layer microscopy images in the PI- column, and use arrows to emphasize the abundant, purple-stained bacteria in the D layer 
6.2.2. LAB MEDIA: Figure 4 Video Editor: In Figure 4B, simultaneously highlight the light pink sections of all bars, showing that most viable rhizobia were recovered from the U layer across samples.
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