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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
3.1, 3.2.2, 4.1.1, 4.2.1, 4.3.1, 4.4.1, 5.2
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. 
Transfection (step 3). The following activities ensure successful transfection: (i) proper preparation of the mTP-DNA nano-complexes (step 3.1), (ii) gentle handling of microspores during aliquoting and during mixing with the peptide-DNA mixture (step 3.2), (iii) regular, gentle mixing/tapping during incubation (step 3.3) and (iv) addition of NPB-99 medium prior the next incubation (step 3.3) to reduce stress on cells caused by the transfection procedure.
5. Will the filming need to take place in multiple locations? N
If yes, how far apart are the locations?
Filming will take place in one building but various steps/sub-steps will be filmed in several locations within the building (walking distance):
Step 1 and 7: conference room
Step 2, 3, 4.1, 4.2.1, 4.2.2, 4.3.1, 4.4.1, 5.1.1, 5.1.2, 5.2.1: lab 1418
Step 4.2.3: lab 1412
Step 4.3.2 and 4.4.2: walk-in growth room B0510
Step 5.1.3: room B0516
Step 5.2.2: lab 1414
Step: 5.2.3 and 5.3: lab 1428 



Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Trevor MacMillan: This protocol allows for gene delivery into plant cell mitochondria. This new method utilizes cell penetrating peptides with mitochondria targeting properties and a mitochondria-optimized aadA:gfp reporter cassette. It is suitable for transient and stable, organelle-specific gene expression in somatic and germ cells.

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

1.2. Trevor MacMillan: The main advantage of this technique is the ease of use and its ability to generate plants with engineered mitochondrial genomes.

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


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.3. Alicja Ziemienowicz: This technology can be used in basic science for studying mitochondrial genetics and gene expression in vivo. It may also hold the key to crop improvement through plant organelle biotechnology.

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

1.4. Alicja Ziemienowicz: This method was developed for wheat and triticale, but it can be potentially applied to any plant species, for which protocols of cell isolation and plant regeneration exist.

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

1.5. Fengying Jiang: When attempting this procedure for the first time, break each part of the protocol into its individual steps and validate each step to ensure it is working before putting all the steps together.

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








Section - Protocol
2. Preparation of DNA and Peptides 
2.1. Begin by preparing DNA working stock solution in a volume proportional to the number of transfections. For 10 transfections, pipette 120 microliters of the 150 nanograms per microliter DNA stock solution into a sterile 1.5-milliliter tube [1]. Add 480 microliters of nuclease and protease-free water, then mix the contents of the tube by gently pipetting up and down [2]. 
2.1.1. Talent putting DNA into a tube. 
2.1.2. Talent adding water to the tube and pipetting it up and down. 
2.2. To prepare the mTP peptide carrier, pipette the nuclease and protease-free water into a sterile 1.5-milliliter tube [1] and add the appropriate volume of the 1 milligram per milliliter peptide stock [2]. Gently pipette up and down to mix [3]. 
2.2.1. Talent adding water to a tube (340 microliters for mTP1).
2.2.2. Talent adding peptide stock to the tube (260 microliters of mTP1 stock). 
2.2.3. Talent pipetting the contents of the tube up and down. 

3. Transfection of Triticale Microspores with mTP-DNA Nano-complexes
3.1. To form peptide-DNA complexes, aliquot 50 microliters of the DNA working stock solution into sterile 1.5-milliliter tubes [1], then add 50 microliters of the peptide working stock solution into each tube and mix gently [2]. Incubate the mixtures for 10 minutes at room temperature, tapping the tube bottom every 5 minutes [3-TXT]. Videographer: This step is difficult and important!
3.1.1. Talent adding the DNA to a few tubes. 
3.1.2. Talent adding peptide solution to one tube and pipetting up and down. 
3.1.3. Tube incubating at room temperature, then talent picking it up and tapping its bottom. TEXT: Do NOT exceed 15 minutes 
3.2. During preparation of peptide-DNA complexes, aliquot 500 microliters of the 2 x 105 cells per milliliter microspore suspension into sterile 2 milliliter tubes [1], add 100 microliters of the peptide-DNA mixture, and mix gently by tapping [2]. Include control treatments by omitting the peptide or DNA component [3]. Videographer: This step is difficult and important!
3.2.1. Talent aliquoting the cells to a few tubes. 
3.2.2. Talent adding the peptide-DNA mix to one tube and mixing. 
3.2.3. Tubes with controls, clearly labeled.
3.3. Incubate the peptide-DNA-microspores transfection mixture for 1 hour at room temperature, gently tapping the bottom of the tube every 5 minutes to mix [1]. Then, add 400 microliters of NPB-99 medium [2] and continue the incubation for 24 hours for confocal microscopy, 48 hours for qRT-PCR, or 1 hour for microspore culture [3-TXT]. 
3.3.1. Transfection mixture incubating, then talent picking up a tube and tapping it. 
3.3.2. Talent adding medium to a few tubes.
3.3.3. Figure 1B. Video Editor: Emphasize the first section with microscope image (left) while showing this text overlay TEXT: Incubate in the dark for confocal microscopy, then the section with RT-PCR machine image (right), and then the microspore culture scheme (bottom).

3.4. Trevor MacMillan or Fengying Jiang: To ensure successful transfection, it is important to properly prepare the peptide-DNA mixture, handle microspores gently during aliquoting and mixing, and to not forget to add medium during incubation to reduce stress on cells caused by the transfection procedure.

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


4. Selection and Regeneration of Putative Transformants
4.1. To proceed with microspore embryogenesis, transfer the transfected and control microspores to 35-millimeter Petri dishes containing 2.5 milliliters of NBP-99 medium and 4 ovaries [1]. Add streptomycin to the final concentration of 100 milligrams per liter [2] and seal the plates with semi-transparent flexible film [3]. Videographer: This step is important!	Comment by Ziemienowicz, Alicja: We could use the commercial name, parafilm, if it’s OK?	Comment by Anastasia Gomez: Per journal guidelines, we try to avoid commercial names when possible.
4.1.1. Talent transferring the microspores to a Petri dish. 
4.1.2. Talent adding streptomycin (7 microliters of the 50 mg/mL streptomycin stock).
4.1.3. Talent sealing the plate.
4.2. Place the plates in a 150-millimeter dish with a 60-millimeter dish containing distilled water [1], then seal the 150-millimeter dish with the flexible film [2]. Culture the cells in the dark at 27 °C to induce embryogenesis, making sure to include microspore control cultures with and without streptomycin [3]. Videographer: This step is important!
4.2.1. Talent putting the smaller dish in the larger dish. 
4.2.2. Talent sealing the large dish. 
4.2.3. Talent putting dishes in the incubator. 
4.3. After 4 weeks of culture, transfer the developing embryos onto GEM (pronounce ‘G-E-M’) plates supplemented with 200 milligrams per liter streptomycin [1]. Culture the embryos at 16 °C beneath wide spectrum 40-watt bulbs for embryo germination [2-TXT]. Videographer: This step is important!
4.3.1. Talent transferring embryos. 
4.3.2. Talent putting the embryos plates on a shelf in the culture room. TEXT: Temperature: 16 °C, light: 80 µM m-2 s-1; photoperiod: 16 hours light/8 hours dark

4.4. After 3 to 4 weeks, transfer the green plantlets into magenta vessels containing the rooting medium with 400 milligrams per liter streptomycin [1] and continue plantlet cultivation as previously described [2].  Videographer: This step is important!

4.4.1. Talent transferring a plantlet into a magenta vessel. 
4.4.2. Talent putting the plantlet on a shelf in the culture room. 

5. PCR Screening of Putative Transformants

5.1. Collect about 100 milligrams of leaf samples from the generated plants [1], freeze the tissue in liquid nitrogen [2], and store it at -80 °C until ready to use [3]. 

5.1.1. Talent collecting samples. 
5.1.2. Talent freezing samples. 
5.1.3. Talent putting frozen samples into freezer. 

5.2. Disrupt the frozen cells with ceramic or metal beads [1] by shaking in a cell disrupting machine [2-TXT]. Alternatively, crush the leaf tissue with a pestle in tubes frozen in liquid nitrogen [3].  Videographer: This step is important!

5.2.1. Talent adding metal beads to frozen tubes.
5.2.2. Talent putting the frozen sample in the cell disrupting machine and starting it. TEXT: 2 times 2 pulses for 60 s at 4,000 x g
5.2.3. Talent crushing the leaves with a pestle. 

5.3. Isolate the genomic DNA from young leaves of the primary transformants using a kit as described in the text manuscript [1] and proceed with PCR using GFP1L and GFP1R primers [2]. Then, separate the products with 1% agarose gel electrophoresis containing ethidium bromide in 1 X TAE buffer [3].

5.3.1. Talent in front of the lab bench with the sample and DNA Isolation kit reagents.	Comment by Ziemienowicz, Alicja: gDNA isolation using the kit takes about 1.5 to 2 hours. I guess we will be filming only one or two steps?	Comment by Anastasia Gomez: I should have been more specific here. We can just film the talent in front of a lab bench with the kit reagents set up and ready to use. No need to start the isolation for the sake of filming.
5.3.2. Talent programming a thermocycler. 
5.3.3. Gel running. 
5.4. Fengying Jiang: Caution needs to be taken when working with ethidium bromide and liquid nitrogen, and while operating cell lyzer machine and running electrophoresis, to avoid exposure to chemical, mechanical and electrical hazards.

5.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot. Videographer: Have talent look at the camera more directly because this is a warning statement. 





Section – Results
6. Results: Microspore Transfection with mTP-DNA Nano-complexes
6.1. In preparation for microspore transfection, the minimum mTP peptide amount needed to bind and completely saturate the linearized double-stranded DNA was determined in gel mobility shift and nuclease protection assays [1].
6.1.1. Figure 2. 
6.2. All five mTPs caused a shift in the DNA mobility during electrophoresis [1] and a complete shift was observed for peptide to DNA ratios greater than 3.6 to 1 [2]. All peptides were also able to protect the DNA from nuclease degradation at ratios ranging from 8 to 25 micrograms of peptide per 1 microgram of DNA [3].
6.2.1. Figure 2 A.
6.2.2. Figure 2 A. Video Editor: Emphasize the last 4 lanes on the gel, starting with the asterisk. 
6.2.3. Figure 2 B. 
6.3. Two transient expression assays were used to test the mTP-mediated delivery of the reporter gene construct into mitochondria of triticale somatic cells and germ cells [1]. 
6.3.1. Figure 3. 
6.4. GFP protein was produced in aadA:gfp-transfected (pronounce ‘A-A-D-A-G-F-P-transfected’) mitochondria, as demonstrated by co-localization of green and orange fluorescence in transfected protoplasts stained with mitochondria-specific orange dye [2]. 
6.4.1. Figure 3 A. Video Editor: Zoom in on A

6.5. Real time PCR was used to quantify the aadA:gfp transcripts in protoplasts and microspores [1]. The number of transcripts in protoplasts ranged between 32 and 159-fold compared to the house keeping control but was lower in microspores [2].

6.5.1. Figure 3 B and C. 
6.5.2. Figure 3 B and C. Video Editor: Emphasize the y-axis on both graphs. 

6.6. Microspores transfected with the aadA:gfp reporter construct were subjected to streptomycin selection upon regeneration into embryos, green plantlets, and green rooted plants [1]. 

6.6.1. Figure 4 A. 

6.7. Using PCR screening, 8 out of the 10 plants were found to carry the aadA:gfp reporter gene [1] while no PCR product was detected in plants regenerated from control microspores 

6.7.1. Figure 4 B. Video Editor: Emphasize lanes 5, 6, 7, 8, 9, 10, 11, and 12.



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. Trevor Macmillan: When attempting this procedure, make sure that the quality of cells is good, the peptide-DNA mixture is prepared properly, and cells are handled gently throughout the entire procedure.

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.1.
7.2. [bookmark: _GoBack]Alicja Ziemienowicz: Following this procedure, Southern blotting and PCR amplification of the insertion junctions can be performed to confirm gene integration into the mitochondrial genome, whereas colchicine treatment can be applied to generate doubled haploid fertile plants.

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