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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  
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)___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.) 
2.4, 2.5, 2.9, 3.4, 4.2, 4.3
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.) 2.4 and 2.5; to ensure success when collecting plant roots, try to 1) be consistent between plants, and 2) obtain as much root mass as possible.
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? _________________1/8 mile__________________________________

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 experiment is to characterize three compartments of the root microbiome – soil, rhizosphere (RIE-zoh-sphere), and root endosphere – using community profiling of the 16S rRNA gene. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Daniel Caddell: This method can help answer key questions in the field of microbial ecology, such as which biotic and abiotic factors are the most significant drivers of the root microbiome structure.
1.2. Daniel Siwen Deng: The main advantage of this technique is that it standardizes each step, from the separation of root and rhizosphere, to DNA extractions, to preparing a sequencing library.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Daniel Caddell: Demonstrating the procedure will be Tuesday Simmons, a grad student from the Coleman-Derr laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol: (read by voice talent at JoVE)
2. Collection and Separation of Root Endosphere, Rhizosphere, and Soil Samples 
2.1. To begin the protocol, collect bulk soil samples with an ethanol-sterilized soil core collector to obtain soil that is free of plant roots [1-MED-TXT]. Collect a core approximately 23 to 30 cm from the base of the plant [2-MED-TXT]. 
2.1.1. Talent has soil core collector and sterilizes it, TEXT: Use sterile technique throughout protocol
2.1.2. Over the shoulder, talent points out where the soil sample will be taken, and points that it’s 23-30 cm from the base of the plant. May use ruler to demonstrate this. TEXT: See accompanying text protocol for detailed guidance. 
2.2. Next, transfer the soil to a plastic bag…homogenize the soil by gently shaking the bag…transfer a 600 mg aliquot of the soil sample into one 2 mL tube and  immediately place the 2 mL tube on dry ice until DNA extraction [1-MED].
2.2.1. Talent transfers soil to bag, and shakes the bag, then transfers 600 mg from bag to tube, then immediately transfers the tube onto dry ice
2.3. To collect the root and rhizosphere, use an ethanol-sterilized shovel… to dig up the plant, taking care to obtain as much of the root as possible [1-MED-TXT]. Gently shake off excess soil from the roots until there is approximately 2 mm of soil adhering to the root surface [2-MED]. 
2.3.1. Talent first sterilizing the shovel with ethanol, points out root and rhizosphere to be collected, then shovels the plant, trying to capture as much root as possible. TEXT: Depth dependent on plant 
2.3.2. Focus on the roots as talent shakes of the excess soil, then points out there is 2 mm of soil left
2.4. For large plants, use sterile scissors… to cut a representative subsection of roots and place a minimum of 500 mg of root tissue into a 50 mL conical vial [1-CU-TXT]. 
2.4.1. Talent first sterilizes scissors. Focus on the roots, as talent cuts a subsection of the roots and places them into a conical, TEXT: Take care not to overfill the 50 mL conical vial
2.4.2. Talent gathers smaller grasses, and places smaller grasses into a vial 
2.5. Add enough epiphyte removal buffer to cover the roots, then immediately place the sample on dry ice [1-CU]. To separate the rhizosphere from the roots, thaw the root sample on ice [2-MED]. Then sonicate the root samples [3-MED-TXT]. 
2.5.1. Talent adds epiphyte removal buffer, capture how the roots are submerged, then places the roots on dry ice 
2.5.2. Talent (in laboratory) separates the rhizosphere from the roots, then places the sample on ice, and 
2.5.3. Over the shoulder, talent sonicates the root samples, TEXT: 4 °C, 10 min, pulses of 160 W, 30 s, separated by 30 s
2.6. Transfer the roots into a chilled, clean 50 mL tube using sterile forceps [1-MED-TXT]. Do not dispose of the original tube with buffer and soil, this contains the rhizosphere fraction [2-MED-LM].
2.6.1. Talent first sterilizing the forceps (they believe they did it) transfers roots to clean 50 mL tube with forceps, TEXT: Chilled: 4 °C
2.6.2. Talent sets aside original tube. LAB MEDIA: Figure 1. Display the figure in a split screen. 
Editor: When editing the video, please show 2.8 (washing the roots) before 2.7 (centrifuging rhizosphere + buffer). Specifically, show shots 2.8.1, 2.8.2, and 2.8.3 before 2.7.1
2.7. Next, centrifuge the tube containing the buffer and rhizosphere [1-MED-TXT]. Decant the supernatant and place rhizosphere fraction in dry ice [2-MED-TXT]. 
2.7.1. Talent places tube in centrifuge and enters settings, if possible, capture the settings entered in the shot. TEXT: 10 min, 4 °C, 4,000 x g
2.7.2. In as rapid succession as possible, talent finishes decanting the supernatant and places the tube on dry ice, then places the sample in cold storage TEXT: Store at -80 °C if extraction not performed immediately.
2.8. To wash the roots, add approximately 20 mL of 4 °C sterile water to the root fraction [1-CU]. Wash the root by shaking vigorously for 15-30 s [2-MED]. Then drain the water [3-MED-TXT]. 
2.8.1. Talent adds water to root fraction 
2.8.2. Talent shakes roots vigorously 
2.8.3. Over the shoulder, talent drains the water from the roots, TEXT: Repeat > 2X until no soil remains on root surface Authors note: I think Nastasha may have added a close-up shot of the roots following this wash
3. DNA Extraction 
3.1. Use a sterile spatula to quickly transfer 250 mg of soil and rhizosphere into separate collection tubes provided in a commercial DNA isolation kit for soil extraction, then proceed using the kit supplier’s protocol [1-CU].
3.1.1. Collection tubes are lined up, talent measures and transfers soil into each tube 
3.2. After elution, store the DNA at -20 °C until ready to proceed the amplicon library preparation [1-MED].
3.2.1. Side view, talent places eluted DNA in cold storage
3.3. Then extract DNA from the root samples [1-MED]. Chill a sterilized mortar and pestle using liquid N2 [2-MED-TXT]. Measure out 600 to 700 mg of root tissue and place the tissue into the mortar and carefully, add enough liquid N2 to cover the roots [3-CU].
3.3.1. Talent gathers tools and reagents to extract DNA from root samples (mortar and pestle, buffers, etc.) 
3.3.2. Over the shoulder, talent chills mortar and pestle with liquid nitrogen, TEXT: Caution: Use appropriate personal protective equipment with liquid N2
3.3.3. Talent has previously measured out root tissue and places it into the mortar carefully, then adds liquid nitrogen on top of the roots. Keep the covered roots in the shot for a beat, if possible (the liquid nitrogen may become cloudy)
3.3.4. Added shot: MED shot of adding N2 on top
3.4. Grind the roots into small pieces [1-CU]. Continue the process of adding liquid N2 and grinding, at least two times…be consistent between samples…until the roots are a fine powder [2-CU-TXT]. 
3.4.1. Talent grinds root into small pieces, focus on the small pieces that result from the grinding, and the way the roots are ground by the mortar 
3.4.2. Focus on the roots as talent adds liquid nitrogen, capture the amount that is added (how submerged the roots are), then show the fine powder that results for a beat, TEXT: Ensure root tissue does not thaw
3.5. Quickly, before the root powder begins to thaw, use a sterile spatula to transfer the root powder into pre-weighed 1.5 mL tubes on ice [1-CU]. Record the weight of the tube and powder [2-MED-TXT]. 
3.5.1. Following the powders as transfers powder into tubes on ice 
3.5.2. Over the shoulder, talent weighs powder and writes down weight, TEXT: Typically, 300-400 mg of powder is transferred.
3.6. Use a sterile spatula to quickly transfer 150 mg of root powder to the collection tube provided in a commercial DNA isolation kit designed for extraction from soil…then proceed with DNA isolation using the kit supplier’s protocol [1-MED].
3.6.1. Talent transfers root powder to separate collection tube, then begins DNA isolation. Authors note: Nastasha took an additional shot of “begins DNA isolation”; it may have been separate from 3.6.1.
4. Amplicon Library Preparation and Submission
4.1. Prepare sufficient PCR master mix to amplify each DNA sample in triplicate [1-MED-TXT]. Pour the master mix into a sterile 25 mL multichannel pipette reservoir and distribute 66 µL of master mix into each well of a new 96-well PCR plate [2-CU-TXT].
4.1.1. Talent combines reagents in tube to create PCR master mix, if possible, capture the labels of the reagents in the background, TEXT: See accompanying text protocol for formulas 
4.1.2. Talent pours masters mix from 4.1.1 into reservoir, adjusts multichannel pipette setting, and transfers master mix to 96-well PCR plate with multichannel pipette, TEXT: Include 4 blank wells per plate
4.1.3. Added: CU shot
4.2. Next, add 6 µL of 5 ng/µL DNA from the normalized DNA plate to the master mix plate [1-CU-TXT]. 
4.2.1. Focus on the multichannel pipette as talent transfers DNA to master mix plate TEXT: Include 4 blank wells per plate
4.3. Then add to the master plate 1.5 µL of 10 µM forward primer such that each column has a different forward barcode…and 1.5 µL of 10 µM reverse primer such that each row has a different reverse barcode [1-CU-LM]. 
4.3.1. Talent adds forward primer and individually adds reverse primer, LAB MEDIA: Figure 2.
4.4. Cover the plate with film [4.4.0] and spin down the plate briefly at 3,000 x g [1-MED]. Use a multi-channel pipette to gently mix the contents…then divide them into three plates with 25 µL of reaction mixture[2-CU-TXT].…and cover the plates with PCR film [4.4.3.]
[bookmark: _GoBack]           4.4.0. Added shot: Covered the plate with PCR film
4.4.1. Talent places plate in centrifuge and starts spin 
4.4.2. Show the multi-channel pipette then the contents are gently mixed with the pipette, and divided into three plates, TEXT: 3 replicates decreases impact of technical variability
4.4.3. Added shot: Covers the plates with PCR film
4.5. Amplify the DNA in each plate using a thermocycler [1-MED-TXT]. After the amplification, pool the three replicate plates into a single 96-well plate [2-MED]. 
4.5.1. Over the shoulder, talent places plates in thermocyclers and enters settings, TEXT: 180 s at 98 °C, denaturing: 30 cycles of 98 °C for 45 s, PNA annealing: 78 °C for 10 s, primer annealing: 55 °C for 60 s, extension: 72 °C for 90 s, 600 s at 72 °C, 4 °C hold step
4.5.2. Talent pools the replicate plates into one of the 96-well plate replicates
4.5.3. Talent pools specific samples into a single tube, TEXT: Successful: concentration > 15 ng/ µL, LAB MEDIA: Table 2 Note: Shots 4.5.3 and 4.6.2 are showing the same thing. I believe Nastasha filmed them both, however since they are the same, I don’t think they should both be included.
4.6. Using a computer spreadsheet, calculate the volume of 100 ng of each sample, as well as the average volume for all samples [1-MED]. For each blank PCR product, add the calculated average volume into a single 1.5 mL tube. For the successfully amplified samples, pool 100 ng of each sample into the same tube [2-MED-TXT-LM]
4.6.1. Over the shoulder, talent analyzes numbers on spreadsheet and calculates volume 
4.6.2. Talent pools 100 ng of specific samples into a single tube, as well as the calculated volume of each blank. TEXT: Successful: concentration > 15 ng/ µL, LAB MEDIA: Table 2 Note: Shots 4.5.3 and 4.6.2 are showing the same thing. I believe Nastasha filmed them both, however since they are the same, I don’t think they should both be included. Not sure if slated as 4.5.3. or 4.6.2.
4.7. Then measure the concentration of the pooled product using a benchtop fluorometer…[1-MED] and dilute 600 ng of DNA in molecular-grade water to a final volume of 100 µL in a 1.5 mL tube [4.7.2.]. Store the remaining pooled product at -20 °C [23-MED].
4.7.1. Talent studies measurements from fluorometer. Split into 2 shots 4.7.1. and 4.7.2.
4.7.2. and dilutes the DNA in a tube 
4.7.3. Side view, talent stores pooled product in freezer Not sure how slated after 4.7.1. split into 2 shots.
4.8. Wash the 600 ng DNA aliquot by following the established PCR purification process with paramagnetic purification beads in a 96 well format with a few amendments [1-MED].
4.8.1. Talent goes through motions of washing DNA aliquot and adding beads to the 96 well plate. Details are outlined in the protocol, so no need to catch too much detail here
4.9. Wash the 600 ng DNA aliquot by following the established PCR purification process with paramagnetic purification beads in a 96 well format. Prepare a fresh 600 µL aliquot of 70% ethanol [1-MED]. Shake the tube of magnetic beads to re-suspend beads that settle to the bottom [2-MED]. 
4.9.1. Over the shoulder, talent combines water and ethanol to create fresh aliquot 
4.9.2. Talent shakes tube of magnetic beads bottle 
4.10. Add 1x volume, 100 µL, of bead solution to the 600 ng aliquot of DNA [1-MED]. Mix the solution and beads thoroughly by pipetting 10 times [2-CU]. After thorough mixing, incubate the mixture for 5 min at room temperature [3-MED].
4.10.1. Side view, talent adds bead solution to DNA 
4.10.2. Focus on the beads in the tube as talent pipettes up and down 
4.10.3. Talent places mixture aside and sets timer for 5 min 
4.11. Place the tube onto the magnetic stand for 2 min, or until the solution is clear, to separate the beads from the solution [1-CU]. Keep the tube in the stand, aspirate the clear supernatant carefully without touching the magnetic beads…and discard it [2-CU-TXT]. 
4.11.1. Timer indicates that 2 min have passed, show that the tube is on the magnetic stand and that the solution is clear 
4.11.2.  Show the tube in the stand, talent carefully aspirates the clear supernatant, and discards it, TEXT: Lost beads = DNA loss 
4.12. Leave the tube in the stand, add 300 µL of 70% ethanol to the tube and incubate the beads at room temperature for 30 s [1-MED]. Aspirate out the ethanol and discard it [2-CU]. Repeat this process, and remove all ethanol after the second wash [3-CU]. 
4.12.1. Over the shoulder, talent adds ethanol to tube, and sets timer for 30 s
4.12.2. Talent aspirates ethanol, show how much ethanol is left remaining above the bead fraction 
4.12.3. Talent aspirates the ethanol, and completely removes it, show how much liquid is remaining above the beads for a beat 
4.13. Remove the tube from the magnetic stand, and air dry the contents for 5 min [1-MED]. Add 30 µL of molecular-grade water to the dried beads and mix by pipetting 10 times [2-MED]. Incubate at room temperature for 2 min [3-MED].
4.13.1. Talent removes the tube from the stand and sets it into a different receptacle to dry, then sets timer for 5 min
4.13.2. Side view, talent adds water and mixes by pipetting up and down 
4.13.3. Side view, talent sets timer for 2 min 
4.14. Return the tube to the magnetic stand for 1 min to separate the beads from solution [1-MED]. Transfer the eluate to a new tube [2-MED].
4.14.1. Over the shoulder, talent sets the tube on the stand and sets timer for 1 min
4.14.2. Over the shoulder, talent transfers eluate to new tube 
4.15. Measure the final concentration of the cleaned, pooled DNA using a benchtop fluorometer [1-MED]. Dilute an aliquot to 10 nM in a final volume of 30 µL, or to the concentration and the volume preferred by the sequencing facility [2-MED/WIDE].
4.15.1. Talent inserts sample into benchtop fluorometer 
4.15.2. Talent removes an aliquot from the pooled DNA, then adds water and labels the sample 
5. Results: Effective DNA Amplification 
5.1. Following the amplification step, sequencing was performed to determine the bacterial community composition of each sample. [1-LM].
5.1.1. LAB MEDIA: Figure 5. Fade in the entire figure with all text. When “determine the bacterial community” is said, box all of the text in the legend on the right in yellow. 
5.2. An alignment of the PNA sequence to each chloroplast and mitochondrial 16S rRNA gene for the plant host investigated should not reveal any mismatches [1-LM]. A single mismatch to the 13 base pair PNA sequence can drastically reduce the effectiveness, as in the case of the provided chloroplast PNA sequence and the chloroplast 16S rRNA gene of Lactuca sativa or lettuce [2-LM].
5.2.1. Figure 3. Show only the soil sample bars and leave out the images for rhizosphere and root with all text as soon as the voiceover begins and fade in the legend on the right after a beat
5.2.2. Figure 3. Keep the figure on the screen from 5.2.1, but fade it out, keep the legend on the screen on the right, and bring in the bars for rhizosphere and root. When “as in the case…” is said add a box around the text “cyanobacteria” in the legend and add arrows pointing to the corresponding color in the graphs (the color for cyanobacteria)  
5.3. Since an equal amount of amplified DNA was pooled per sample, an even number of reads, which match to bacterial taxa, were obtained per sample after sequencing, sorted based on their barcoded index [1-LM]. 
5.3.1. Figure 4. Fade in the figure with all text. When “an even number of reads” is said, box the text in the y-axis “Read Count” for a beat. 

6. Conclusion (said by authors on camera)
6.1. Daniel Caddell: Once mastered, this technique can be done for eight plants in approximately 8 (hours/min) if it is performed properly.
6.2. Devin Coleman-Derr: Daniel Caddell While attempting this procedure, it’s important to remember to be consistent between experiments. Small details such as changes in DNA extraction method and PCR master mix can introduce bias.
6.3. Tuesday Simmons: Following this procedure, other methods like metatranscriptomics can be performed to answer additional questions like which bacteria are active, and what genes are they expressing?
6.4. Siwen Deng: Don't forget that working with liquid nitrogen can be extremely hazardous and precautions such as wearing the appropriate PPE should always be taken while performing this procedure.   

Provided Media

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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