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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.

☒ 	Interview Statements are read by JoVE’s voiceover talent. 

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


Current Protocol Length

Number of Steps:  11
Number of Shots:  20

Introduction
1. Introductory Interview Statements

REQUIRED: 
1.1. This protocol allows the inoculation of viral vectors directly into maize plants that can be readily applied in most lab settings without the need for any expensive, specialized equipment.

1.1.1. 3.1.1

1.2. Direct inoculation eliminates the use of an alternative host as an inoculum source, both saving time and resources.

1.2.1. 3.2.1


OPTIONAL: 

1.3. This method could be applied to additional viral vectors, maize lines, and potentially other monocot species.

1.3.1. 2.2.2



1.1. 

Protocol
2. Preparation of Seedling and Agrobacterium
2.1. Begin by planting 1 to 2 maize seeds in the peat-based growing medium in small inserts placed inside trays [1]. Place the trays in a growth chamber under 16-hour days at 25 degrees Celsius and 8-hour nights at 22 to 25 degrees Celsius [2] or in a greenhouse at 22 to 25 degrees Celsius with 16-hour days and 8-hour nights [3]. 
2.1.1. WIDE: Talent planting seeds in trays.
2.1.2. Talent placing trays in a growth chamber. 
2.1.3. Talent placing trays in a greenhouse.
2.2. Regularly water plants [1] and fertilize once a week with 15-5-15 (Fifteen-five-fifteen) liquid fertilizer at 330 parts per million concentration [2].
2.2.1. Talent watering plants.
2.2.2. Talent adding fertilizer to plants.
2.3. Prepare Agrobacterium for injection by inoculating the Agrobacterium strain carrying the desired viral construct in LB media with antibiotics [1-TXT]. Then, incubate the flask at 28 degrees Celsius while shaking at 225 rpm for 24 hours [2]. Videographer: This step is important!
2.3.1. Talent inoculating the Agrobacterium strain in LB media. TEXT: 20 μL glycerol stock in 50 mL LB for inoculating >100 plants.
2.3.2. Talent putting flask in an incubator. 
2.4. On the next day, pellet the bacteria by centrifugation at 4,000 x g for 10 minutes at room temperature [1] and discard the supernatant [2], then wash the pellet with 1 milliliter of deionized water [3]. Videographer: This step is important!
2.4.1. Talent putting vials in a centrifuge. 
2.4.2. Talent discarding supernatant.
2.4.3. Talent washing pellet by pipetting or vortexing.
2.5. Resuspend the pellet in 1 milliliter of 10 millimolar magnesium sulfate solution [1] and measure the optical density at 600 nanometers, then adjust it to 1.0 [2]. Videographer: This step is important!
2.5.1. Talent resuspending pellet in deionized water.
2.5.2. Talent measuring OD in the spectrophotometer.

3. Injection of Agrobacterium and Infection Detection. 
3.1. Use 4 to 7-day-old maize seedlings for injecting Agrobacterium. Gently inject the bacterial suspension 2 to 3 millimeters above the coleoptilar node until it fills up the coleoptile or is visible in the whorl, depending on the growth stage of the plants [1-TXT]. Videographer: This step is important!
3.1.1. Talent injecting bacterial suspension in the seedling. TEXT: Needle - 25G x 5/8”, 1 mL syringe
3.2. Inject all seedlings and change the syringe and needles for injecting each construct [1].
3.2.1. Talent changing needle and syringe for injecting construct in the plant.
3.3. Confirm phenotypic infection by observing lesions from silencing the control genes, lesion mimic 22, or phytoene desaturase on the leaves [1]. Use fluorescence microscopy to detect the presence of the construct [2]. Videographer: This step is important!
3.3.1. Lesions on infected leaves.
3.3.2. Talent doing microscopy of uninfected (control) and infected leaves.
3.4. Perform gene expression analysis for molecular detection of infection. Extract total RNA from leaves of infected plants 14 to 21 days after infection [1] and synthesize first-strand cDNA (pronounce ‘c-DNA) as described in the text manuscript [2].
3.4.1. Tube with extracted RNA.
3.4.2. Talent adding reagents to a tube for cDNA synthesis with the kit in shot.
3.5. Perform quantitative real-time PCR to confirm infection and determine the gene's integrity or gene fragment of interest using specific primers designed for different viral constructs [1]. 
3.5.1. Talent placing the plate in a real-time PCR machine.
3.6. Visualize the PCR product on a 1% agarose gel containing a nucleic acid stain to determine the presence or absence of virus and gene or gene fragment [1].
3.6.1. Talent loading samples on the agarose gel.

Results
4. Results: Detection of Infection Lesion and Gene Suppression Analysis
4.1. This protocol was used to insert recombinant viruses engineered for gene silencing into maize seedlings. At approximately 12 days after injection, silencing phenotypes were observed on leaves as necrosis [1] and photobleaching [2].
4.1.1. LAB MEDIA: Figure 4 A
4.1.2. LAB MEDIA: Figure 4 B
4.2. The presence of construct in leaves after infection was detected by observing green fluorescent protein expression under a fluorescence microscope using a different GFP filter [1]. 
4.2.1. LAB MEDIA: Figure 6 A
4.3. Green fluorescent protein expression in foxtail mosaic virus-infected leaves was visualized as small, punctate areas of fluorescence distributed across the leaves [1] and as large patches in sugarcane mosaic virus-infected leaves [2].
4.3.1. LAB MEDIA: Figure 6 A Video Editor: Emphasize on FoMV-GFP image column.
4.3.2. LAB MEDIA: Figure 6 A Video Editor: Emphasize on SCMV-GFP image column.
4.4. Using the gene expression analysis, systemic foxtail mosaic virus infection was confirmed, and gene silencing or suppression of phytoene desaturase [1] and lesion mimic 22 was observed [2]. 
4.4.1. LAB MEDIA: Figure 5 A Video Editor: Emphasize FoMV-PDS Bars.
4.4.2. LAB MEDIA: Figure 5 B Video Editor: Emphasize FoMV-LES22 Bars.
4.5. The construct used also influenced infection efficiency. In the case of foxtail mosaic virus infection, foxtail mosaic virus-empty vector and foxtail mosaic virus- lesion mimic 22 typically had the highest infection efficiencies at 53% and 54%, respectively [1]. 
4.5.1. LAB MEDIA: Table 3 Video Editor: Emphasize or highlight FoMV-EV and FoMV-LES22 rows in the Combined Total column
4.6. Foxtail mosaic virus-phytoene desaturase had a slightly lower efficiency at 38%, and Foxtail mosaic virus-green fluorescent protein had the lowest efficiency at 17% [1]. Meanwhile, the infection efficiency of sugarcane mosaic virus-green fluorescent protein was 8% [2].
4.6.1. LAB MEDIA: Table 3 Video Editor: Emphasize or highlight FoMV-pds and FoMV-GFP rows in the Combined Total column.
4.6.2. LAB MEDIA: Table 3 Video Editor: Emphasize or highlight SCMV-GFP row in Combined Total column.
Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Timing and symptoms will vary based on the viral vector and maize line used. A lack of a visual phenotype may not mean a lack of silencing or expression.

5.1.1. 3.3.1


5.2. This method can also be applied to gene-editing technologies by improving delivery methods for guide RNAs. 

1.1.1. 3.4.2






 2021, Journal of Visualized Experiments	                        May 20, 2021	Page 5 of 11
image1.png




