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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? (Y/N)___N_
C.  Which steps of your protocol will viewers benefit most from having filmed? 
Highlight the steps as listed here. 3.4 to 3.11, Determination of Relative Water Content.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
Please re-list the step number using the current numbering. 3.4 to 3.11, Determination of Relative Water Content. Need to be careful to avoid mistakes.
E.  Will the filming need to take place in multiple locations? (Y/N) ___N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE)
The overall goal of this procedure is to screen a large number of lettuce varieties for drought tolerance. (Intro)  This is accomplished by first determining the Relative Water Content of the plant leaves. (P1)  The second step is to observe the percentage of wilted plants. (P2)  The final step is to find out the growth differential due to drought stress. (P3)  Ultimately, these diagnostic measurements are used to screen thousands of plants to identify a small fraction of draught resistant candidates for field trials. (P4)

Authors, graphics for P1 – P3 are needed.   Here's what I suggest.  They can be very simple cartoons opf leaves and plants. For P1 draw fresh hydrated leaves next to dried leaves and include the formula.  In P2 plants with different amounts of wilt are show side-by-side.  In P3 plants of different sizes across several wells in a tray can be shown.  P4 can be covered with the graphic prepared for the last results section statement.
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Beiquan Mou: By using this method, we can screen a large number of lettuce varieties to identify drought-tolerant candidates for physiological, molecular, genetic, and breeding studies.
Protocol (read by voice talent at JoVE):
2. Planting, Growth and Plant Care
2.1. Begin with planting the lettuce seeds.  Loosely fill the plug trays with a plug soil mix.   Don't use any compression yet. (TEXT: 128 cells, 28 x 54 cm; cells: 3 cm2 and 5 cm deep) 

2.1.1. WID: establish talent at workbench

2.1.2. MED: loading plug trays with soil

2.2. Once the tray is filled, then compress the soil using an empty plug tray.

2.2.1. MED: no comment (NC) – just film the described action

2.3. Next, plant two or three seeds into each cell, about one quarter inch deep.   

2.3.1. CU: planing in one cell

2.4. Plant all of the experimental lines in replicated trays to provide both an experimental and control condition for each trial. 

2.4.1. MED: planting in several more cells

2.5. Next, place plug trays into a base tray that has no holes.

2.5.1. MED: while filming action, show that plug tray has holes, but base does not

2.6. Water the trays and cover them with an inverted tray or plastic dome.  Germination will occur in 48 to 72 hours.  

2.6.1. CU: watering, show saturation

2.6.2. MED: covering 

2.7. Once the seeds germinate, remove the covers and move the trays into a greenhouse or to a growth chamber. 

2.7.1. ECU: germination stage plants in tray

2.7.2. WIDFOL: taking off cover and moving a tray out of room or to chamber

2.8. To maintain the seedlings, water the trays as needed during the first four weeks after germination by filling the lower tray and allowing the soil to saturate over about an hour and then draining the excess water.  Usually this is needed two or three times per week.

2.8.1. WID: watering tray in chamber

2.8.2. CU: show the depth of water in lower chamber

2.8.3. MED: draining lower chamber
2.9. Beiquan Mou:  It’s important to not over-water the plants or allow plug trays to sit for extended periods in water.  This can impair the plant’s health and root development which may affect the drought screen.

2.9.1. WID: interview near growth chamber

2.10. It is also necessary to fertilize the trays once a week with a commercial, soluble 20-20-20 fertilizer mixed into water at 1.5 teaspoons per gallon. 

2.10.1. CU: taking spoonful of fert, showing label

2.10.2. MED: mixing fert into water

2.11. One or two weeks after the plants germinate, remove all but one plant from each cell. 

2.11.1. CU: picking all but one plate from a few chambers
3. Initiating Drought Stress
3.1. When the plants are four weeks old, separate the trays into two replicate groups.

3.1.1. WID: removing trays from chamber, or just getting oriented to all the trays in incubator (removal may not be needed)

3.2. One group is the control group.  Water this group as previously described through the length of the experiment, but suspend the use of fertilizer.

3.2.1. MED: separating half of trays, labeling these trays “CONTROL”

3.2.2. reuse shots for 2.8

3.3. The other group receives severe water stress over one week.  On the first day of the stress trial, which is day zero, water the stress group as usual.  This minimizes variation in soil moisture between cells at the onset. 

3.3.1. MED: labeling other half of trays “STRESS”

3.3.2. WID: watering the stress trays (add returning stress tray to incubator if needed)

3.3.3. MED: completing watering of stress trays 

3.4. Three physiological measurements are made over the course of the drought screen.   On days 0, 2 and 4, measure the leaf relative water content, or RWC.

3.4.1. LAB MEDIA: Table 1 – schedule of tests

3.5. To determine the RWC, first clip a lettuce plant from the tray and remove 2 leaves. 

3.5.1. CU: NC

3.6. Next, punch 3 discs from each leaf using a #9 cork borer, which is about 1.6 cm in diameter. The six punches make one sample.  

3.6.1. CU: NC

3.6.2. MED: collection of samples completed

3.7. Weigh the sample.  This is the fresh weight value.  

3.7.1. MED: NC

3.8. Then, place the discs in a petri plate …

3.8.1. MED: NC

3.9. … and add just enough Distilled water to allow all leaf discs to float.  

3.9.1. CU: NC

3.10. Over the next 24 hours, this fully hydrates the leaf discs.

3.10.1. CU: leaves in water after 24 hours, removes a leaf to dry

3.11. Gently dry the fully hydrated leaf discs with paper towels.  

3.11.1. CU: NC

3.12. Then, record their weight as the turgid weight value. 

3.12.1. MED: NC

3.13. Next, transfer the leaves to a paper lab wipe or filter paper disc on an open petri dish …

3.13.1. MED: moving from scale to prepared dish

3.14. ... and transfer the dish to a 55 ºC incubator for 24 hours.  The paper will prevent the leaf discs from adhering to the petri dish.

3.14.1. WIDFOL: taking dish to incubator

3.14.2. CU: setting up dish in incubator for 24 hour period

3.15. 24 hours later, weigh the dry leaf discs and record this as the dry weight.  

3.15.1. CU: dried leaves placed onto scale

3.16. Then, use the three weight values to calculate the RWC using Weatherley’s formula as described by Smart and Bingham.  (TEXT: RWC=(FW-DW/TW-DW)*100; FW=fresh weight, TW=turgid weight, DW=dry weight)

3.16.1. MED: talent inputing data into spread sheet

3.16.2. CU: screen showing column labels like those of formula, as data is entered

3.17. The next physiological measurement to record is plant wilt.  This is done once daily beginning on day 1 of the stress trial and ends when all the plants are wilted, which is normally by day 4 or 5 in summer, but can take longer in winter.

3.17.1. WID: talent investing plant in incubators

3.17.2. MED: plants at end of stress test, showing wilt

3.17.3. CU: detail of wilted leaves

3.18. On day 6 of the drought-stress period begin the recovery phase.  Fill the lower trays with water and allow the drought-stressed trays to soak for 24 hours before resuming the standard watering schedule, as used with the control trays.  

3.18.1. WID: talent arrives to incubator with water 

3.18.2. CU: filling lower tray of wilted plants

3.18.3. MED: completing the filling of the lower tray

3.19. Allow all the plants to recover for 10 days and then make the last physiological measurement.  Harvest the entire above ground portion of each plant and record its’ fresh weight.   

3.19.1. WID: removing plants from incubator, ten days into recovery

3.19.2. MED: harvesting the above-ground portion of plant and setting on scale

3.19.3. CU: harvesting the next plant, showing where plant is clipped in detail
4. Stress Response of Standard Cultivars and General Screen Results
4.1. Using the stress test as a screen can identify from very stress susceptible to likely drought-tolerant cultivars.  

4.1.1. LAB MEDIA: FIG 1a 

4.2. As an example of variability in wilting between standard types, romaine, crisphead and butterhead lettuce were compared.

4.2.1. LAB MEDIA: Fig 1b  Leaf relative water content of romaine, crisphead, and butterheae lettuces is measured on days 0, 2, and 4 for drought-stressed (D) and control (C) plants.
Authors, for this figure panel, please provide a color graph with the control and as solid and the drought as dashed and each cultivar in a different color.
4.3. Weight of plants after the drought-stress period and the 10 day recovery shows a growth differential due to drought-stress for romaine, crisphead, and butterhead lettuces. Error bars represent standard deviation.
4.3.1. LAB MEDIA: Fig 1c, panel 1

4.3.2. LAB MEDIA: Fig 1c, panel 2

4.3.3. LAB MEDIA: Fig 1c, panel 3

4.4. While data shown here represents the expected data of only three lettuce types, this protocol was developed to screen thousands of lettuce and spinach germplasm across most types.

4.4.1. LAB MEDIA: _______________
Authors, you will need to provide a graphic for this narrative.  The same is true for the narrative below.  The 4.5 graphic will also be useful to the schematic.
4.5. For example, in a screen that included red and green leaf and stem-type lettuce along with germplasm from the closely related Lactuca serriola species and the unrelated leafy green vegetable spinach, 4000 candidates were reduced to a pool of 200 for field trials.

4.5.1. LAB MEDIA: _______________
5. Conclusion (said by authors on camera)
5.1. Beiquan Mou: In summary, the nature of this method is based on the streamlined measurements of three water-stress indicators: leaf relative water content, wilt, and differential plant growth following drought-stress.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

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