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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _N____
B.   Does your protocol include detailed, step-by-step, descriptions of software usage?  No
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document, not your original document:
2.8; 2.9; 2.10; 3.2; 3.3;3.8
D.  Will the filming need to take place in multiple locations? (Y/N) ___Yes; Greenhouse and Turner Hall labs are less than 100 feet apart.
1. Introduction (Schematic Overview and Interview)
A. The Schematic Overview (read by voice talent at JoVE):
The overall goal of this procedure is to measure herbicide metabolism in a dicot weed using an excised leaf assay. (Intro)  This is accomplished by first planting and cloning waterhemp populations in the greenhouse and growth chamber. (P1)  The second step is to incubate excised waterhemp leaves with radio-labeled herbicide and conduct a time-course study. (P2) Next, the herbicide and its metabolites are extracted from the incubated leaves. (P3) The final step is the analysis of herbicide and its metabolites by reversed-phase high performance liquid chromatography. (P4) Ultimately, this excised leaf assay is used to determine accurate rates of herbicide metabolism in different weed populations or species. (P5)
Video editor: 
P1 – seen below, begin with animating the removal a twig from the large plant.  Then, remove a leaf from the twig.  Finally plant twig into new, small pot.
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P2 – seen below. Fade the small plant into the large plant on the left (growing).  Then, animate the removal of a twig from that plant and moving it into a tube.  Change the tube slightly (see liquid level) slightly while changing the text below the tube from 1. … to 3. … End with removal of twig from the tube.
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P3 – seen below. Continue with with moving the twig into the tall conical tube.  Then animate the ball/stick entering and mashing about.  Fade to the dots and remove the ball/stick.  Then add the title “Centrifuge” and move all the ball to the bottom.
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P4 – seen below.  Tilt the tube, insert the pipette tip from above and add the label “Radiolabeled supernatant”.  Animate some solution entering the pipette by lowering the solution level and raising one from the bottom of the pipette into the piptte.  Then, retract the pipette and move it away and onto the photo, which should slide in from the side.

P5 – Fade ot the three graphs on the right of the graphic seen below.
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B.  Introductory Interview (said by you on camera -- don’t forget to smile!)  
1.1. Rong Ma: The main advantage of this technique over existing methods, like spotting radiolabeled herbicide on leaves of whole plants, is that genetically-identical waterhemp seedlings are analyzed independent of whole-plant translocation.

1.2. Dean Riechers: This method can help answer key questions in the plant biochemistry field, such as determining herbicide resistance mechanisms in weeds or herbicide tolerance mechanisms in crops.  Last take is probably the best one. 

1.3. Rong Ma: Demonstrating the HPLC procedure will be Josh Skelton, a graduate student from our lab.

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.
C. The Protocol Section (read by voice talent at JoVE)
2. Plant Material, Growth Conditions, and Vegetative Cloning
2.1. In preparation, collect and suspend waterhemp seeds in an aqueous agar medium. [MED/TEXT]

2.1.1. preparing agar medium in containers and adding seeds to it, TEXT: 0.1 g agar  / L

2.2. Then, store the seeds in the medium at 4 ºC [2.2.1 - WIDFOL] for at least 30 days to get them out of their dormancy and, thus, improve their germination. [2.2.2 – MED]

2.2.1. taking seeds to fridge

2.2.2. loading seeds into fridge

2.3. When the seeds are ready, germinate them in the greenhouse [2.3.1 - WIDFOL] with a 16/8 photoperiod, a 28 ºC day temperature and a 22 ºC night temperature.  [2.3.2 – WID]

2.3.1. removing seeds from fridge and taking them to greenhouse

2.3.2. arriving at greenhouse, pan around greenhouse

2.4. Plant the seeds in 12 x 12 centimeter trays.  [MED]

2.4.1. film as written

2.5. Provide supplementary light from a mercury halide lamp for a photon flux [2.5.1 – MED] of 500 micromols per square-meter per second, at the canopy level. [2.5.2 – MED]

2.5.1. setting up halide lamp and light measuring tool near by

2.5.2. measuring light with a meter at the level of the “canopy”

2.6. Prepare to clone out six seedlings from each population to neutralize experimental variability. [MED]

2.6.1. planting seeds for 2nd population, setting up lamp

2.7. When the seedlings are 2 cm tall, transplant them into 80-cc pots.  [MED]

2.7.1. seedling being moved to 80-cc pot, repeating

2.8. When the seedlings are 4 cm tall, prepare a 3:1:1:1 mixture of potting mix, soil, peat and sand.  [MED]

2.8.1. show 4 cm seedlings on bench, where talent is mixing up medium

2.9. Load the mixture into 950-cc pots and add five grams of slow-release fertilizer granules to each pot.  [MED]

2.9.1. loading medium into 950 pots, weighing ferts and adding ferts to pot

2.10. Then, transplant the seedlings, one seedling per pot. [CU]

2.10.1. loading seedling into prepared 950 pot 2nd take best
2.11. When the plants are seven centimeters tall, [2.11.1 - MED] cut and remove the shoot apical meristem containing the three youngest leaves [2.11.2 - CU] to prevent apical dominancy and guarantee enough axillary shoots for cloning purposes.  [2.11.3 – MED]

2.11.1. measuring 7-cm plant height

2.11.2. cutting shoots with 3 youngest leaves off one plant

2.11.3. cutting shoots with 3 youngest leaves off several other plants

2.12. Later, when the plants reach 14 cm, [2.12.1 - CU] excise five, 3-cm long axillary shoots from each waterhemp population in the study. [2.12.2 – CU]

2.12.1. measuring plant height, 14 cm

2.12.2. film as written

2.13. To minimize water loss, remove most of the leaves from the harvested shoots, [2.13.1 - MED] retaining the two youngest leaves to allow further growth upon transplanting. [2.13.2 – CU]

2.13.1. cutting leaves off shoots

2.13.2. pile of prepared shoots in detail, more are added to pile

2.14. Next, transplant each shoot into an 80-cc [2.14.1 - MED] pot with potting medium, the same medium used for germination.   [2.14.2 - CU]

2.14.1. loading 80cc pots with medium

2.14.2. transferring shoots to loaded pots

2.15. Ensure that potting medium is fully saturated until roots form in the growth chamber. [MED]

2.15.1. watering the potting medium with shoots
2.16. Rong Ma: The plants are very sensitive at this point and should not be stressed, so the potting medium should be fully saturated with water until roots form. [WID]

2.16.1. interview in greenhouse
2.17. Then, gently transfer the plants to a growth chamber, with environmental settings like the greenhouse. [WIDFOL]

2.17.1. taking plants to growth chamber and loading them in

2.18. There, keep the soil moist for seven days so the roots get established.

2.18.1. Watering the potted shoots in the growth chamber

2.19. Use a mix of lights for 550 micromol photons per square-meter per second. [CU]

2.19.1. adjusting the lights in the growth chamber

2.20. After the roots have formed and once the plants are 4 cm tall, [2.20.1 - ECU] transfer them to the greenhouse. [2.20.2 – MED]

2.20.1. roots formed from shoot in 80cc pot

2.20.2. transferring shoots to larger pots

2.21. Then transplant the seedlings into 950-cc pots with the 3:1:1:1 mixture and slow-release fertilizer granules, prepared as before, [WIDFOL]

2.21.1. moving plants from growth chamber to greenhouse

2.22. Then repeat the cloning cycle once to expand the populations.  [2.11.2] [2.13.1] [2.14.2] 
3. Metabolic Study of Waterhemp Leaves
3.1. For this experiment use cloned waterhemp plants that are 10 to 12 cm tall. [WID]

3.1.1. arrives to bench with needed plants, 10-12 cm tall

3.2. To begin, excise the third-youngest leaves - they are two to three centimeters long. [3.2.1 -CU] Include a half-centimeter of the attached petiole [pronounce: pet-EE-ole]. [3.2.2 -ECU]

3.2.1. selecting the correct leaves

3.2.2. cutting off leaf with ½-cm of petiole

3.3. Next, under water, cut the leaf petioles [3.3.1 – CU] from each waterhemp plant a second time, leaving about 0.3 cm of the petiole.  [3.3.2 – ECU]

3.3.1. placing excised leaf in watering

3.3.2. cutting leaf underwater, use transparent water vessel to view
3.4. Rong Ma: It is critical to make this cut under water so air bubbles do not form and plug the xylem vessels. [WID]

3.4.1. interview with Rong, at bench
3.5. Now, immerse the cut leaves into the pre-incubation buffer for an hour in the growth chamber. [MED]

3.5.1. moving cut leaves from water container to container of pre-incubation buffer

3.6. If desired, treat the leaves with a metabolic inhibitor at this point. [MED]

3.6.1. repeating 3.3.1, 3.3.2 and 3.3.5 combined

3.7. After an hour, transfer each leaf into a 1.5 mL plastic tube containing [3.7.1 - MED] 200 microliters of incubation buffer with radio-labeled herbicide.  [3.7.2 - CU]

3.7.1. loading leaves into tubes

3.7.2. detail of leaf being pushed into tube with incubation buffer

3.8. Incubate the leaves at 28 ºC, for an hour, so they absorb the herbicide. [MED]

3.8.1. Moving tubes to 28 ºC heat block or water bath

3.9. To complete the treatment, wash the leaves with deionized water … [MED]

3.9.1. film as written

3.10. … and transfer them to 1.5-milliliter tubes containing quarter-strength MS salts solution.  [MED]

3.10.1. film as written

3.11. Keep the tubes in the growth chamber. [WID]

3.11.1. loading baths tubes into growth chamber

3.12. Incubate the leaves for several different time-durations, sufficient to determine rates of metabolism. [MED/TEXT]

3.12.1. finishing loading of plants into chamber, closing door and starting a timer, TEXT: e.g. 0 h, 5 h, 11 h, 23 h,  35 h

3.13. Later, grind each leaf tissue in liquid nitrogen [3.13.1 - MED] using 15 mL polypropylene tubes and  glass pestles. [3.15.2 – CU]

3.13.1. loading tube with liquid nitrogen and leaf 

3.13.2. [combined with 3.13.1] grinding tube with liquid nitrogen and leaf 

3.14. Then, extract the radio-labeled herbicide and its metabolites from each leaf. Add 7 mL of 90% acetone to the tube, [3.14.1 -MED] and make a suspension using a tissue homogenizer.  [3.14.2 – CU]

3.14.1. adding acetone to tubes

3.14.2. making suspension with homogenizer

3.15. Homogenize the tissue until it is thoroughly pulverized.  Usually, this takes a few minutes. [3.15.1 – CU]  Then rinse off the tissue homogenizer with another 7 mL of acetone. [3.15.2 – ECU]

3.15.1. rinsing homogenizer, showing rinse stay in tube

3.15.2. completing the homogenization, showing finished homogenate

3.16. Store the homogenate for 16 hours at -4 ºC for added extraction. [MED]

3.16.1. loading homogenates into freezer

3.17. The next day, spin down the tubes at 5000 Gs for 10 minutes … [WID]

3.17.1. loading tubes into microcentrifuge, programming and running cycle

3.18. … and collect the supernatants. [ECU]

3.18.1.  drawing up supernatant into pipette, leaving pellet in tube, use a sideview of tube

3.19. Then, concentrate the supernatants using a rotovap at 40 ºC, [3.19.1 – MED] until a half-milliliter of solution remains.  [3.19.2 – CU]

3.19.1. loading rotovap and strarting

3.19.2. checking a tube in rotovap, has about ½ ml solution 

3.20. Increase the volume to 1.25 mL with 1-to-1 acetonitrile-water solution [3.20.1 - MED] and spin this down at ten thousand Gs for ten minutes to remove the particulates. [3.17.1]

3.20.1. loading 1:1 acetonitrile-water solution into tubes

3.21. Next, resolve the total extractable radioactivity using RP-HPLC.  [WID]

3.21.1. arriving to HPLC matching with samples

3.22. For most non-polar herbicide, use a C18 column at a flow rate of one milliliter per minute. [MED/TEXT]

3.22.1. preparing C18 column and flow rate, TEXT: 4.6 x 250 mm, 5 µm particle size for analytical HPLC

3.23. For eluent A use 0.1% formic acid.  For eluent B use HPLC-grade acetonitrile. [MED]

3.23.1. loading eluents A and B into HPLC

3.24. For further details on this and a statistical analysis method, consult the text protocol. [MED]

3.24.1. running the HPLC analysis after set up complete
4. Investigating Metabolism-based Resistance Mechanisms Towards Herbicides in MCR, ACR, and WCS Waterhemp Populations
4.1. Using the described protocol, large differences in rates of mesotrione (pronounce: “meeze-oh-TRY-own”) metabolism were detected between three populations of waterhemp.  For example, mesotrione metabolism in MCR was significantly faster than ACR or WCS, as indicated by its short DT-50 value.  

4.1.1. Table 1

4.2. As a specific example of the data, the time course for mesotrione metabolism in clonal line 5 is seen here.  

4.2.1. Figure 1

4.3. To investigate the resistance mechanism to ALS inhibitors, primisulfuron-(pronounce: “prim-ee-SULF-yur-on”) methyl, an ALS-inhibiting herbicide of the sulfonylurea family, was used to treat the leaves.  Typically, the amount of primisulfuron-methyl in MCR plants was lower than the other populations in the study.

4.3.1. Figure 2

4.4. Additionally, two polar metabolites with shorter retention times than primisulfuron-methyl were detected in the excised leaf extracts from all three populations.  Their forms are consistent with ring hydroxylation of primisulfuron-methyl followed by glucose conjugation.

4.4.1. Figure 2 – add arrowheads to point of the metabolites.  
4.5. Next, the amount of parent herbicide remaining at each time point was quantified and used to determine the DT-50 values for primisulfuron-methyl.  Shorter values were found in the MCR plants, as expected.

4.5.1. Figure 3

4.6. Curiously, the DT-50 values in the other plants were similar, despite each displaying a different response to primisulfuron-methyl.

4.6.1. Figure 3 – add arrowheads to point out primisulfuron values for ACR and WCS
5. Conclusion 
5.1. Dean Riechers: Following this procedure, other methods like RNA-sequencing can be performed in order to answer additional questions about the identification and expression of genes involved in herbicide detoxification in plants.

5.2. Rong Ma: After its development, this technique will pave the way for researchers in the field of plant physiology to determine accurate rates (check later edits for Rong’s pronunciation of the word ‘rates’ here] of herbicide metabolism. 
List of Provided Media (provided by you) 
4.2.1 –53236_Figure 1.tif- Time course of mesotrione metabolism in excised waterhemp leaves from vegetatively cloned populations.  


4.3.1 –53236_Figure 2.tif- Primisulfuron-methyl metabolism in MCR, ACR, and WCS at 12 HAT.  

4.5.1 –53236_Figure 3.tif- Time course of primisulfuron-methyl metabolism in excised leaves of MCR, ACR and WCS waterhemp populations.  

GENERAL PREPARATION NOTES
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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