[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #:  62287
Scriptwriter Name: Mithila Boche
Supervisor Name: Anastasia Gomez
Project Page Link: https://www.jove.com/account/file-uploader?src=18997583

Title:   An easy and flexible inoculation method for accurately assessing powdery mildew-infection phenotypes of Arabidopsis and other plants

Authors and Affiliations: 
Ying Wu1, Darwin Diaz1, Jian Yin1, David Bloodgood1, William Sexton1, Cheng-I Wei2, Shunyuan Xiao1,3 *

1Institute for Bioscience and Biotechnology Research, University of Maryland
2Department of Nutrition and Food Science, University of Maryland College Park
3Department of Plant Sciences and Landscape Architecture, University of Maryland College Park


Corresponding Authors: 
[bookmark: _Hlk25233958]Shunyuan Xiao          xiao@umd.edu 
 

Email Addresses for All Authors: 
wuying1984.nju@gmail.com
diaz@umd.edu
jianyin@umd.edu 
dbloodgood216@gmail.com
wkylesexton9@gmail.com
wei@umd.edu
xiao@umd.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?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations?   No



Current Protocol Length

Number of Steps:  15
Number of Shots:  41

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. David Bloodgood: Powdery mildew is an important plant disease. Accurate determination of the disease phenotypes requires even inoculation of the pathogen.  Existing methods are inefficient for various reasons, which is why we developed this protocol.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. David Bloodgood: Our spore-inoculation method can easily achieve even inoculation, and is simple and scalable, so it could be easily adopted by any laboratory working with powdery mildew.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL: 
1.3. David Bloodgood: A cardboard box with a mesh can be used as an alternative to making an inoculation box and a chamber, as described in this protocol.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Introduction of Demonstrator on Camera
1.4. David Bloodgood: Demonstrating the procedure will be Ying Wu, a senior research associate from the Xiao laboratory. 

1.4.1. INTERVIEW: Author saying the above. 
1.4.2. The named demonstrator looks up from workbench or desk or microscope and acknowledges the camera.
1.5. 

Protocol
2. [bookmark: _Hlk64562119]Inoculating Plants in Flats
2.1. To prepare fresh powdery mildew spores as inocula, grow clean Arabidopsis (a-ra-buh-dawp-suhs) immune-compromised pad4-1 (pad 4 dash 1) mutant plants in a growth chamber at 22 degrees Celsius and 65% relative humidity for 6 to 8 weeks. Inoculate one or half flat of pad4-1 plants to build up sufficient fresh powdery mildew spores [1-TXT]. 
2.1.1. Shot of plants in a growth chamber. TEXT: Arabidopsis powdery mildew Golovinomyces cichoracearum UCSC1
2.2. Grow the plants for determining infection phenotypes in standard flats [1-TXT]. When fresh spores from infected plants are available, move a flat of plants into the inoculation box inside the inoculation chamber for an infection test [2].
2.2.1. Shot of plants in flats. TEXT: 11 in x 21 in x 2.5 flats
2.2.2. Talent moving flat of plants to the inoculation box.
2.3. Cut 15 to 20 heavily infected Arabidopsis (a-ra-buh-dawp-suhs) leaves [1] and let them dry if there is condensed water [2]. Hold 1 to 2 leaves upside down in one hand with a pair of long forceps [3]. Videographer: This step is important!
2.3.1. Talent cutting plant’s leaves.
2.3.2. Shot of leaves kept for drying.
2.3.3. Talent holding leaves with forceps.
2.4. Then, put both hands through the opening of the chamber [1] and gently hit the arm of the forceps with a pair of scissors while slowly moving the leaves above the mesh mounted on the inoculation box [2]. Videographer: This step is difficult and important!
2.4.1. Talent putting hands in the opening of the chamber.
2.4.2. Talent hitting the hand with a pair of scissors.
2.5. Brush the spores with fine fan-blender brushes, through the entire mesh surface in different directions to maximize even distribution of spores onto the plants [1]. Gently pat the mesh a few times with the brushes to shake off the spores that are stuck in the mesh [2]. Videographer: This step is difficult and important!
2.5.1. Talent brushing spores through the mesh.
2.5.2. Talent patting the mesh.
2.6. Once the spores settle, move out the flat containing the inoculated plants from the inoculation box [1]. Cover the flat with a plastic dome [2] and place it in a growth chamber at 22 degrees Celsius and 65% relative humidity [3]. Perform disease phenotyping at 5 or 8 to 12 days post inoculation [4].
2.6.1. Talent moving out the flat from the box.
2.6.2. Talent covering the flat with a plastic dome.
2.6.3. Talent placing the flat in growth chamber.
2.6.4. Talent removing the flat from growth chamber.
3. Inoculate Plants with Smaller Inoculation Boxes
3.1. Convert cardboard boxes to an inoculation box by removing the top and bottom sides of the box [1], taping the corner to firm it [2] and mounting a 50-micrometer mesh on top with glue [3]. Videographer: This step is important!
3.1.1. Talent removing sides of a box.
3.1.2. Talent taping the corners of box.
3.1.3. Talent placing a mesh on top of box.
3.2. Move the flat containing the plants inside the inoculation chamber [1] and place the smaller inoculation box on top of the flat to cover the plants [2], then dislodge and brush the spores [3].
3.2.1. Talent moving the flat in inoculation chamber.
3.2.2. Talent placing box on the flat.
3.2.3. Talent brushing spores on mesh.
4. Inoculate Detached Leaves in Petri Dishes
4.1. Make a mini-inoculation box that is only slightly bigger than a Petri dish [1]. Prepare half strength Murashige and Skoog (pronounce like this) medium 1.5 % agar plates [2] supplemented with 40 milligrams per liter of thiabendazole to reduce mold contamination [3]. Store the plates at 4 degrees Celsius in a fridge until use [4]. 

4.1.1. Talent making inoculation box.
4.1.2. Talent preparing agar plates.
4.1.3. Talent adding thiabendazole to plates.
4.1.4. Talent placing plates in a fridge.
4.2. Cut one or two fully expanded leaves from the base of the petiole for each individual plant to be tested [1]. Insert the petiole of the detached leaves into agar medium at an angle of 30 degrees [2]. Videographer: This step is important!
4.2.1. Talent cutting leaves from plant.
4.2.2. Talent inserting petiole in agar medium.
4.3. Inoculate the leaves inside the inoculation chamber [1] and move the plate with the lid to a growth chamber [2].
4.3.1. Talent inoculating the leaves.
4.3.2. Talent moving plates into the growth chamber.
4.4. For assessing infection phenotypes, transfer the leaves to a fresh aseptic MS-agar plate at 4 or 5-days post inoculation [1]. Cut the base of the petiole before inserting the leaves into the fresh agar medium [2]. Assess the disease phenotypes at 8 or 9-days post inoculation [3].
4.4.1. Talent transferring leaves to fresh agar plates.
4.4.2. Talent cutting the base of petiole and inserting them into agar medium.
4.4.3. Talent carrying leaves for assessment.
4.4.4. 

Results
5. Results: Assessment of Inoculation Evenness  
5.1. Microscopic analysis of slides displayed an even distribution of spores on the bottom of the flat [1]. 
5.1.1. LAB MEDIA:  Figure 5 A. Video Editor: Emphasize on a photomicrograph on the right.
5.2. The density of spores distributed in six different locations after light inoculations showed no significant differences [1]. Similar results were achieved following heavy inoculations with spores [2].
5.2.1. LAB MEDIA: Figure 5 B. Video Editor: Emphasize on light grey bars.
5.2.2. LAB MEDIA: Figure 5 B. Video Editor: Emphasize on black bars.
5.3. The inoculation evenness among different plant genotypes at 12 days after heavy inoculation [1] showed enhanced disease susceptibility in the pad4-1 (pad 4 dash 1) plants compared to Col-0 (Columbia zero) plants [2]. 
5.3.1. LAB MEDIA: Figure 5 C. 
5.3.2. LAB MEDIA: Figure 5 C. Video Editor: Emphasize on middle rows of plants labelled as pad4-1.




Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements
6.1. [bookmark: _Hlk66188827][bookmark: _Hlk66182813]David Bloodgood: Using adequate fresh spores produced around 10 days after inoculation in susceptible plants is very important. This is because fresh spores are easier to dislodge and more likely to establish colonization.  

6.1.1. [bookmark: _Hlk64545289][bookmark: _Hlk66188839]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.3.1 for adequate fresh spores.

6.2. David Bloodgood: Powdery mildew only colonizes plant epidermal cells. Isolation of powdery mildew-infected cells by peeling the epidermis or laser microdissection would enable more targeted transcriptomic and proteomic studies of host responses.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

6.3. David Bloodgood: This method will help researchers to determine powdery mildew infection phenotypes more efficiently and therefore should facilitate more effective functional studies on plant-powdery mildew interaction. 

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
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