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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N______ If yes, please list make and model of your microscope: _
B.   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 steps: 2.2) Scarify/sterilize M. truncatula A17 seeds; 2.4-2.5) Remove H2SO4 and rinse seeds; 2.9) Place seeds on germination plate; 3.4) After Jensen’s plates have solidified, notch both plates and lids with a weighing spatula that has been bent into a U-shape; 4.3-4.4) Using the forceps, gently pick a seedling from the germination plate by the cotyledons and lay the root on a Jensen’s medium microcosm. Make sure the root is in contact with the agar. Gently remove the seed coat if it is still present. The cotyledons and approximately 0.5 cm of shoot should protrude out of the U-notch in the plate; 5.4) After the S. meliloti suspension has had time to adsorb onto the root surface and the suspension liquid has soaked into the agar (at least 20 min.), wrap each plate individually with paraffin film.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Seedling survival upon transfer to the microcosms. Only seedlings with straight-growing roots of 2-4 cm in length should be transferred to microcosms. Seedling root tips must be in contact with the agar and this must be checked at the time of transfer, after inoculation with S. meliloti, and when the microcosm is wrapped in paraffin film.


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

The overall goal of this procedure is to quantify the symbiotic phenotypes of Medicago truncatula plants inoculated with different mutant variants of the nitrogen-fixing bacterium Sinorhizobium meliloti, using single-plant, sterile microcosms made from standard laboratory plates. (Intro)

This is accomplished by first scarifying M. truncatula A17 seeds with acid, (Video editor: 50916_Jones_Graphic_acid_scarification.tif – if possible, please animate as indicated in the graphic, that is :  add the liquid, do a closeup of the seeds, then remove the liquid) and germinating the seeds on agar plates. (Video editor: Jones_Procedure_Schematic_Overview_P1.tif) (P1) 

The second step is to prepare single-plant, sterile microcosms: using a bent, hot spatula, notch each solidified plate and its lid. (Video editor: Jones_Procedure_Schematic_Overview_P2.tif - animate the U-shape spatula coming down onto the plate and producing the plate with the notch.  Repeat with the lid) Closing the plate later will leave an oval hole in the side. (Video editor: show panel 3B from Representative_Figures_JOVE5_5_3_13_Figure3.jpg) (P2)

Next, lay out individual M. truncatula seedlings on the microcosms, with the root tip contacting the agar and the cotyledons and 0.5 cm of the shoot protruding out of the U-notch in the plate. (Video editor: Jones_Procedure_Schematic_Overview_P3.tif - animate the forceps picking up a seedling and placing it in the notch in the correct way) (P3)

The final step is inoculation with S. meliloti (Video editor: Jones_Procedure_Schematic_Overview_P4.tif - animate the pipette tip dispensing the liquid drops) and incubation of the plates as foil-wrapped stacks in a lighted growth chamber. (Video editor: left panel only from Jones_Procedure_Schematic_Overview_Intro_P5.tif) (P4)

Ultimately, quantification of plant shoot length and weight and nodule type is used to show the relative symbiotic success of each S. meliloti strain or M. truncatula mutant. (Video editor: right panel only from Jones_Procedure_Schematic_Overview_Intro_P5.tif; Figure 5; Figure 7) (P5) 





B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Kathryn Jones: The main advantage of this technique over other methods that allow continuous visual examination of root growth, like growth pouches and caissons, is that there is very little risk of cross-contamination of plants inoculated with different Sinorhizobium meliloti strains.   

1.2. Kathryn Jones: This method can help answer key questions in the rhizobial/legume symbiosis field, such as the time-frame of root nodule development in M. truncatula plants inoculated with a collection of S. meliloti strains that invade roots at different efficiencies.  

1.3. Kathryn Jones: Visual demonstration of this method is critical as the construction of the microcosms and the transfer of seedlings is difficult to describe in text.   

1.4. Kathryn Jones: Assisting me in demonstrating the procedure will be Hajeewaka Mendis, a graduate student, and Clothilde Queiroux, a postdoctoral associate, from my laboratory. 

1.4.1. Interview style: Author saying the above 
1.4.2. 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. Preparation of M. truncatula A17 seedlings

a. Sterilization of seeds

2.1. This procedure begins with sterilization of the M. truncatula A17 seeds by acid scarification: first weigh sufficient seeds for the desired number of seedlings; M. truncatula A17 seeds are about 4 mg each.

Shots:
2.1.1. MED: Talent weighing out the seeds.

2.2. Transfer seeds to sterile 125-ml flasks with sterile foil covers (TEXT: 0.25-0.5 g of seeds/flask; ~63-125 seeds/flask), and pipet 20 ml of concentrated sulfuric acid along the side of the flask. Pipetting the acid along the side of the flask will re-sterilize the inside of the flask that has come into contact with unsterilized seeds. 

Shots:
2.2.1. MED: Talent transferring seeds to one of the flasks.
2.2.2. CU: Acid being pipetted along the side of the flask.

2.3. Break up clumps of seed with a sterile glass pipet. Swirl each flask frequently for 10-12 minutes. Small, brown pits will become visible on the seeds; these are tiny holes in the seed coat.

Shots:
2.3.1. CU: A sterile glass pipet being used to break up clumps of seeds in the flask.
2.3.2. MED: Talent swirling the flask.
2.3.3. ECU: A shot of the seeds with the tiny holes.

2.4. When at least 10% of the seeds have small brown pits or 12 minutes have passed, whichever comes first, remove all acid from the flask with a sterile glass pipet. Tilt the flask to collect the remaining acid in the curve of the flask and use a small glass pipet to remove all the remaining acid. 

Shots:
2.4.1. MED: Talent removing all acid from flask with a sterile glass pipette and placing the waste acid into a beaker with water to dilute the acid.
2.4.2. CU: Flask being tilted and then a small glass pipet is used to remove all the remaining acid.

2.5. Rinse seeds by quickly pouring 100 ml of sterile ultrapure water into each flask. The excess volume of water will dilute the acid and prevent overheating and seed damage during the reaction of the acid with the water. Pour off the water and flame-sterilize the lip of the flask.

Shots:
2.5.1. MED: Talent pouring 100 ml of sterile ultrapure water into each flask.
2.5.2. MED: Talent pouring off the water from a flask and flame-sterilizes the lip of the flask.

2.6. Add 50 ml of sterile ultrapure water into each flask and swirl. Pour off the water, flame the lip of the flask, add another 50 ml of sterile ultrapure water, and swirl.  In this manner, rinse seeds 8-10 times (TEXT: Rinse 8-10X).

Shots:
2.6.1. CU: Talent adding 50 ml of sterile ultrapure water into a flask and swirling it.
2.6.2. MED: Multiple takes from different angles of talent pouring off the water and flaming the lip of the flask. Shot will be repeated later.
2.6.3. MED: Talent adding 50 ml of sterile ultrapure water into a flask and swirling it. 

2.7. After the last rinse, pour 50 ml sterile ultrapure water into each flask and replace the sterile foil cover. Place at 4oC in the dark overnight to let the seeds imbibe (TEXT: 4oC; overnight).

Shots:
2.7.1. Use shot from 2.6.2.
2.7.2. CU: 50 ml sterile ultrapure water being poured into a flask and sterile cover is replaced.
2.7.3. MED: Talent placing the 2 flasks at 4oC in the dark (in the fridge). 





b. Germination 

2.8. On the following day, take the two flasks to a sterile laminar flow hood.  All subsequent steps must be performed in a sterile laminar flow hood because airborne mold spores are the most problematic contaminants.

Shots:
2.8.1. MED: Talent approaching sterile laminar flow hood with the 2 flanks and putting them inside the hood.

2.9. Pour off the water from each flask and rinse twice with ~25 ml ultrapure water (TEXT: Rinse 2X).  After the second rinse, add 20 ml sterile ultrapure water to each flask, swirl to resuspend seeds, and pour seeds onto a 1.1-1.2% agar germination plate. (TEXT: 63-125 seeds/plate).

Shots:
2.9.1. MED: Talent pouring off water from a flask and adding 25 ml ultrapure water.  
2.9.2. MED: Talent pouring off second rinse, adding 20 ml sterile ultrapure water to the flask, and swirling the flask.
2.9.3. CU: Seeds being poured onto a germination plate.

2.10. Swirl the plate to distribute the seeds. The seeds should be distributed evenly in a 4-5 cm band at one end of the plate. This will be the “top” of the plate. The “bottom” 5-6 cm should be kept free of seeds.

Shots:
2.10.1. CU: Plate being swirled to distribute the seeds.
2.10.2. CU: A shot of the plate to show the seeds distributed evenly in a 4-5 cm band at one end of the plate. (Video editor: please add overlay arrows indicating the top and bottom of the plate)

2.11. Draw off the water with a sterile pipet. Tilt the plate at a 45o angle for 10-20 minutes to let the remaining water drain to the bottom of the plate.

Shots:
2.11.1. CU: Water being removed with a sterile pipet.
2.11.2. CU: Plate being tilted at a 45o angle and left in that position.

2.12. Next remove all water that has collected at the bottom of the tilted plate with a sterile pipet. Replace the lid and seal the plate with parafilm.

Shots:
2.12.1. CU: Water at the bottom of the plate being removed with a sterile pipet.
2.12.2. MED: Talent putting on the lid and sealing the plate with parafilm.

2.13. Stack the germination plates and then turn them all up at a 90o angle. The seeds will be lying on the vertical surface of the agar. Fully imbibed seeds should easily adhere to the agar. The roots will grow downward.

Shots:
2.13.1. MED: Talent stacking the plates and turning them all up at a 90o angle.

2.14. Wrap the stack of germination plates in foil to block light and keep at 25oC for 3 days. 

Shots:
2.14.1. MED: Talent wrapping the stacks of plates with foil.
2.14.2. MED: Talent leaving wrapped stacks on the bench at room temperature. 

3. Preparation of individual plate microcosms

3.1. To begin this procedure, prepare Jensen’s medium following the recipe and directions in the accompanying manuscript. 

Shots:
3.1.1. MED: Talent (working in laminar flow hood) putting a pitcher of previously prepared and autoclaved Jensen’s medium onto a magnetic stir plate and starts the stirring.

3.2. After the medium has cooled, supplements have been added, and pH has been checked, begin pouring the medium into round 100-mm diameter, 15-mm deep plates. Plates should be poured ~0.9-1 cm deep, using about 70 ml of medium per plate (TEXT: ~0.9-1 cm deep; 70 ml/plate). Stack plates during pouring to prevent the formation of condensation on the plate lids. 

Shots:
3.2.1. MED: Talent starting to pour cooled medium into a plate.
3.2.2. CU: match action above: about 70 ml medium being poured into plate to a depth of ~0.9-1 cm.
3.2.3. MED: General shot of talent pouring the third or fourth plate to show the plates are stacked during pouring.

3.3. Components of Jensen’s medium can form a cloudy precipitate, so it is important to return the pitcher to the magnetic stir plate periodically to prevent components from settling out.

Shots:
3.3.1. MED: Talent returning pitcher to the stir plate after pouring 4 plates. (Videographer: please make sure the 4 poured plates are in this shot)

3.4. After the Jensen’s plates have solidified, both plates and lids must be notched with a weighing spatula that has been bent into a U-shape. Heat the bend of the spatula with a burner until red hot … notch 5-6 plates … and then heat and notch again. Also notch the plate lids.

Shots:
3.4.1. MED: Multiple takes from different angles of talent flaming the bent spatula.  Shot will be repeated later.
3.4.2. CU: Multiple takes from different angles of hot bent spatula being used to notch 5-6 plates. Shot will be repeated later.
3.4.3. Use shot from 3.4.1.
3.4.4. Use shot from 3.4.2.
3.4.5. [bookmark: _GoBack]MED: Plate lid being notched

3.5. When the notched lid is placed on the notched plate, an oval portal will be created through which the shoot of the seedling will grow. 

Shots:
3.5.1. CU: A notched lid being placed on a notched plate to show the oval portal.

4. Laying out M. truncatula seedlings on individual microcosms

4.1. Three days after M. truncatula seeds have been plated for germination as shown earlier, open a germination plate and immediately flood it with sterile ultrapure water. Dip forceps in ethanol and flame briefly to sterilize. Use the sterile forceps to gently push the root tips of all seedlings under the water to prevent drying. Select seedlings with straight roots and no obvious defects.

Shots:
4.1.1. MED: Talent at the laminar flow hood, opening a germination plate and flooding it with water.
4.1.2. MED: Talent dipping forceps in ethanol and flaming it.
4.1.3. CU: Forceps being used to gently push the root tips of all seedlings under the water.
4.1.4. CU/ECU: A shot of an example good seedling with straight roots.

4.2. Check the lids of the Jensen’s medium microcosms for the build-up of condensation. Flick the lid to remove the condensation. 

Shots:
4.2.1. MED: Talent checking the lids and flicking one of them to remove condensation.

4.3. Using forceps, gently pick a seedling from the germination plate by the cotyledons and lay the root on a Jensen’s medium microcosm. Make sure the root tip is in contact with the agar.

Shots:
4.3.1. CU: A seedling being gently picked up with forceps and laid in the notch with the root contacting the agar.

4.4. Gently remove the seed coat if it is still present: gently tease the seed coat with the forceps until it gives way, and discard. The cotyledons and approximately 0.5 cm of shoot should protrude out of the U-notch in the plate. Carefully replace the lid of the plate with the U-notch of the lid over the seedling, creating a portal for the seedling. 

Shots:
4.4.1. CU/ECU: Seed coat being gently removed by gently teasing it until it gives way.
4.4.2. CU/ECU: A shot of the seedling with the cotyledons and approximately 0.5 cm of shoot protruding out of the U-notch in the plate.
4.4.3. CU: Notched lid being carefully replaced with the notch over the seedling. (Videographer: please capture the shoot sticking out of the oval hole after the lid is put on)

5. Inoculation and sealing of microcosms

5.1. Prior to inoculation of microcosms, S. meliloti inoculum suspensions are prepared from S. meliloti cultures as described in the accompanying text.  Each suspension is diluted in sterile ultrapure water to an OD600 of 0.05, and the cloudiness of the suspension should be just barely perceptible by eye. 

Shots:
5.1.1. MED: Talent placing the cell suspensions on the work surface next to the microcosms (in hood).
5.1.2. CU/ECU: A shot of one of the suspensions to show that it is slightly cloudy.

5.2. Open each microcosm and inoculate 100 l of the appropriate S. meliloti suspension onto the seedling root. Replace the lid and set aside in horizontal stacks of 6-10 microcosms. For each S. meliloti strain to be compared, inoculate at least 15 plants. For strains that have subtle differences in symbiotic productivity, inoculate 30-35 plants.

Shots:
5.2.1. CU: A microcosm being opened and 100 l of the S. meliloti suspension being dispensed onto the seedling root.
5.2.2. CU: Lid being replaced and plate set aside.
5.2.3. MED: Multiple takes from different angles of talent inoculating more plates and the plates being stacked.  Shot will be repeated later.

5.3. Leave at least 10 plants uninoculated as a negative control (TEXT: Negative control: uninoculated plants). Inoculate 30-35 plants with S. meliloti 1021 or another appropriate wild type strain to serve as the positive control (TEXT: Positive control: inoculate with wild type strain).

Shots:
5.3.1. MED: Talent setting aside 10 uninoculated plants as a negative control.
5.3.2. Use shot from 5.2.3.

5.4. After at least 20 minutes to allow the S. meliloti suspension to adsorb onto the root surface and the suspension liquid to soak into the agar, wrap each plate individually with paraffin film. Plates should be wrapped up to the very edge of the notch, but the paraffin film should not block the growth of the seedling.

Shots:
5.4.1. CU: A plate being wrapped with parafilm. (Videographer: please include the completely wrapped plate in this shot)

5.5. Line up the seedling portals of each stack of 6-10 plates. Lay the stack at a 90o angle with the seedlings pointing upward. The stickiness of the paraffin film will hold the plates in place long enough to wrap the entire stack in foil, leaving a 1-2 cm strip unwrapped where the seedlings emerge.

Shots:
5.5.1. CU: Seedling portals of each stack of 6-10 plates being lined up and positioned at a 90o angle with the seedlings pointing upward.
5.5.2. MED: Talent wrapping the entire stack in foil.
5.5.3. CU: A shot of a wrapped stack of plates with a 1-2 cm strip unwrapped where the seedlings emerge

5.6. Place the foil-wrapped stacks in a lighted growth chamber or growth room set to appropriate conditions (TEXT: 21-25oC; 60-70% relative humidity; 100-175 mol/m-2 s-1 light; 16 hour light/8 hour dark cycle). 

Shots:
5.6.1. MED: Talent putting the stacks into the growth chamber/room.

6. Examination of root systems and quantitation of symbiotic phenotypes

6.1. Plants can be maintained in microcosms for up to 9 weeks. Nodule number can be quantified at a series of time points by unwrapping the foil from each stack and counting nodules. Developing nodules on plants inoculated with S. meliloti 1021 wild type are apparent by 10-14 days after inoculation.

Shots:
6.1.1. LAB MEDIA: 001_Jones_Figure1A.tif
6.1.2. MED: General footage of talent unwrapping foil from a stack and then counting nodules.

6.2. Symbiotic productivity can also be measured at each time point by measuring the length of the emerging shoot.

Shots:
6.2.1. MED/CU: Talent measuring the length of a shoot.

6.3. Final quantitation of symbiotic productivity is usually performed at 7 weeks after inoculation by detaching the shoot and measuring the fresh weight of the shoot. 

Shots:
6.3.1. CU: Shoot being detached.
6.3.2. MED: Talent weighing the shoot.


7. Results: symbiotic growth of M. truncatula and S. meliloti in sterile, single-plant microcosms

7.1. Young M. truncatula seedlings growing in microcosms in an incubator are shown in this photo (Figure 1A). If packed tightly, >220 microcosms will fit on a 73.8 cm by 67.5 cm incubator shelf.

Shots:
7.1.1. LAB MEDIA: 001_Jones_Figure1A.tif

7.2. (Figures 1B-E) These next 4 images show several different views of microcosms containing M. truncatula A17 plants inoculated with wild type S. meliloti 1021. Panels B and C show microcosms in a foil-wrapped stack with plants emerging from the portals in the microcosms. The shoot length can be measured from the point of emergence from the microcosm without disturbing the plant.

Shots:
7.2.1. LAB MEDIA: 002_Jones_Figure1B.tif, 003_Jones_Figure1C.tif, 004_Jones_Figure1D.tif, 005_Jones_Figure1E.tif

7.3. (Figure 1B-E) Panel D shows a single microcosm with the foil removed and the root and nodules showing through the front of the plate. Panel E shows the same microcosm lying flat with the plant emerging from the portal in the plate. 

Shots:
7.3.1. LAB MEDIA: 002_Jones_Figure1B.tif, 003_Jones_Figure1C.tif, 004_Jones_Figure1D.tif, 005_Jones_Figure1E.tif

7.4. (Figure 5A) Growth in the microcosms is ideal for collecting a series of timepoints of nodule development and shoot length. This graph shows shoot length data for M. truncatula A17 plants inoculated with wild type S. meliloti 1021 compared with uninoculated plants at 7 weeks and 9 weeks post-inoculation.

Shots:
7.4.1. LAB MEDIA: 006_Jones_Figure 5A.tif

7.5. (Figure 5B) At 9 weeks post-inoculation, the shoots are clipped off for measurement of shoot fresh weight. Uninoculated plants will cease to grow and turn yellow and their shoots will attain a weight of only ~0.01 gram. Plants inoculated with S. meliloti strains that invade M. truncatula more efficiently will grow faster and will attain a weight of 0.10-0.12 g by 9 weeks post-inoculation.

Shots:
7.5.1. LAB MEDIA: 007_Jones_Figure5B.tif

7.6. (Figure 6A-C) This figure shows examples of three symbiotic phenotypes at 7 weeks post-inoculation. The relative symbiotic productivity of M. truncatula A17 plants inoculated with different S. meliloti strains is quantified by shoot length in cm (Video editor: highlight Figure 6A) and shoot fresh weight in grams (Video editor: highlight Figure 6B). Asterisks over graph bars denote a statistically significant difference from the 1021 wild type reference strain in an unpaired t-test. 

Shots:
7.6.1. LAB MEDIA: 008_Jones_Figure6A.tif, 009_Jones_Figure6B.tif, 010_Jones_Figure6C.tif

7.7. (Figure 6A-C) The number of root nodules on plants inoculated with these strains is shown in panel C (Figure 6C). A pink color indicates that nodules are functional and capable of nitrogen fixation, while small white nodules are usually nonfunctional, and brown nodules are senescent and necrotic.

Shots:
7.7.1. LAB MEDIA: 008_Jones_Figure6A.tif, 009_Jones_Figure6B.tif, 010_Jones_Figure6C.tif

7.8. (Figure 6A-C) The comparisons in this figure show that the symbiotic productivity of M. truncatula A17 plants inoculated with S. meliloti 1021 carrying the pstb-LAFR5-exoY plasmid, which overexpresses the ExoY undecaprenyl-phosphate galactose phosphotransferase, is greater than that of wild type S. meliloti 1021 and strains carrying the negative control plasmid pstb-LAFR5. (Video editor: highlight 4th, 5th  and 6th bars from the left in panels A and B; also highlight the 4th and 6th bottom bars in panel C) These ExoY over-expressing strains produce more of the symbiotic exopolysaccharide succinoglycan than the control strains. The ability to quantify differences in symbiotic phenotypes that take several weeks to manifest is a major advantage of this method.

Shots:
7.8.1. LAB MEDIA: 008_Jones_Figure6A.tif, 009_Jones_Figure6B.tif, 010_Jones_Figure6C.tif

7.9. (Figure 6A-C) For all measures of symbiotic productivity on M. truncatula A17, the Sinorhizobium medicae strains WSM419 and ABS7 perform better than S. meliloti 1021 (Video editor: highlight the 7th and 8th bars from the left in panels A, B, C). Plants inoculated with an exoY::Tn5 null mutant that does not produce any succinoglycan had similar shoot lengths and fresh weight to uninoculated plants (Video editor: highlight 9th and 10th bars from the left in panels A and B), and produced only white, ineffective nodules (Video editor: highlight 9th bar from the left in panel C)

Shots:
7.9.1. LAB MEDIA: 008_Jones_Figure6A.tif, 009_Jones_Figure6B.tif, 010_Jones_Figure6C.tif

7.10. (Figure 7A-C) At the time that the microcosm is disassembled and shoot fresh weights are measured, roots can also be removed for imaging. Representative views of M. truncatula A17 roots after removal from microcosms are shown in this figure. Panels A and B are images at 10 days post-inoculation, and panel C is an image at 14 days post-inoculation. The bar in each image corresponds to 100 m.

Shots:
7.10.1. LAB MEDIA: 011_Jones_Figure7A.tif, 012_Jones_Figure7B.tif, 013_Jones_Figure7C.tif

7.11. (Figure 7A-C) The roots shown here were inoculated with S. meliloti 1021 wild type (Video editor: highlight panel A), an S. meliloti strain carrying an eglC::GUS fusion (Video editor: highlight panel B), and an S. meliloti strain carrying an SMc00911::GUS fusion (Video editor: highlight panel C). In panel C, GUS staining of S. meliloti cells carrying the SMc00911::GUS fusion is visible on the root hairs and the root surface. 

Shots:
7.11.1. LAB MEDIA: 011_Jones_Figure7A.tif, 012_Jones_Figure7B.tif, 013_Jones_Figure7C.tif

8. Conclusion (said by authors on camera)

8.1. Hajeewaka Mendis: While attempting this procedure, it’s important to remember to keep the seedling roots wet or in contact with the agar at all times.

8.2. Clothilde Queiroux: Following this procedure, other methods like dissection and staining of nodules, or preparation of total RNA from roots and nodules, can be performed in order to analyze the differences in anatomy, physiology and gene expression that are associated with each symbiotic phenotype.

8.3. Kathryn Jones: After watching this video, you should have a good understanding of how to set up single-plant, sterile microcosms for observation of the M. truncatula/S. meliloti symbiosis, including seed germination, microcosm preparation and seedling inoculation.

     
Provided Media

1A. Schematic overview graphics: 
graphics of acid scarification (to be provided by author); Jones_Procedure_Schematic_Overview_P1.tif; 
Jones_Procedure_Schematic_Overview_P2.tif; 
panel 3B from Representative_Figures_JOVE5_5_3_13_Figure3.jpg; Jones_Procedure_Schematic_Overview_P3.tif; 
Jones_Procedure_Schematic_Overview_P4.tif;
left panel only from Jones_Procedure_Schematic_Overview_Intro_P5.tif;
right panel only from Jones_Procedure_Schematic_Overview_Intro_P5.tif; 
Figure 5; Figure 7
6.1. 001_Jones_Figure1A.tif
7.1. 001_Jones_Figure1A.tif--color image of plants in incubator
7.2-7.3. 002_Jones_Figure1B.tif—color image of plants growing out of microcosms
7.2-7.3. 003_Jones_Figure1C.tif—color image of plants growing out of microcosms
7.2-7.3. 004_Jones_Figure1D.tif—color image of plant root nodules observed through the lid of the microcosm
7.2-7.3. 005_Jones_Figure1E.tif—color image of plant growing out of microcosm
7.4. 006_Jones_Figure5A.tif—b/w image of graph
7.5. 007_Jones_Figure5B.tif--b/w image of graph
7.6 – 7.9. 008_Jones_Figure6A.tif—b/w image of graph
7.6 -7.9. 009_Jones_Figure6B.tif—b/w image of graph
7.6.-7.9. 010_Jones_Figure6C.tif—color image of graph
7.10-7.11. 011_Jones_Figure7A.tif-- color image of plant root
7.10-7.11. 012_Jones_Figure7B.tif-- color image of plant root
7.10-7.11. 013_Jones_Figure7C.tif-- color image of plant root


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, as well as an introduction to your videographer, closer to your filming date.
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