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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  28
Number of Shots:  55 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

2. Identification and Experimental Verification of RNA Editing Sites

Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. After preparing the Chelidonium majus plantlet for RT-PCR experiments, open the NCBI (N-C-B-I) website [1]. Enter the species name in the search box, select Nucleotide, and go to search [2]. From the results, select the list of chloroplast genomes and find and download the sequence with accession number [3].
2.1.1. WIDE: Talent at the computer screen opening the NCBI homepage.
2.1.2. SCREEN: Enter Species in the search box. Select Nucleotide from the search category options. Click to run the search.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=21579713

2.1.3. SCREEN: Show the search results and select the list of chloroplast genomes. Show the correct sequence with accession number and download it.
2.1.4. SCREEN: Show the correct sequence with accession number and download it.
2.2. Log on to the PREPACT (Pre-Pact) online computational platform. Enter the project name as RNA editing and select the analysis type as BLASTX alignmentprediction (Blast-X-Alignment-Prediction) [1]. Enable both forward editing of cytosine to Uracil and reverse editing of Uracil to Cytosine [2].
2.2.1.  SCREEN: Show the PREPACT homepage. Enter RNA editing in the project name field. Select BLASTX alignmentprediction from the analysis type options.
2.2.2. SCREEN: Enable both forward editing C to U and reverse editing U to C options.
2.3. Now, select the protein reference of plastid chloroplast with NC_000932.1 (N-C-Zero-zero-Zero-Nine-Thirty-Two-Point-One) Arabidopsis thaliana and upload the DNA prediction sequences [1].
2.3.1. SCREEN: Select plastid chloroplast with NC_000932.1 Arabidopsis thaliana as the protein reference. Upload the DNA prediction sequence.
2.4. Set the E-value cutoff below 0.001. Then, set the minimum amino acid extension and filtration threshold to 2 amino acids with at least 30 percent similarity [1]. Use BLAST options to predict RNA editing sites and associated protein variations [2].
2.4.1. SCREEN: Enter the E-value cutoff value below 0.001.Set the minimum amino acid extension and filtration threshold to 2 amino acids with 30 percent similarity.
2.4.2. SCREEN: Enable BLAST options to run the prediction.
2.5. Observe the screen output showing statistics and editing sites [1]. Download the output file containing the editing matrix and editing sites [2].
2.5.1. SCREEN: Display the results page showing statistics and editing sites.
2.5.2. SCREEN: Download the output files for editing matrix and editing sites.
2.6. Next, using the Plant Genomic DNA Extraction Kit and RNA Extraction Kit, extract total genomic DNA and RNA of Chelidonium majus from fresh young leaves of three plantlets [1].
2.6.1. Talent at the working bench with all the required reagents in the frame.
2.7. Using the cDNA Synthesis Mix, perform cDNA synthesis from the RNA solution with the presented reverse transcription PCR conditions [1].
2.7.1. TEXT ON A PLAIN BACKGROUND
 30.0 oC, 10 s
 42.0 oC, 20 s
 70.0 oC, 15 s
 4.0 oC forever
2.8. Next, determine the purity and concentrations of DNA, RNA, and cDNA using agarose gel electrophoresis [1]. Measure the concentrations using a Nanodrop spectrophotometer [2]. Confirm that the quality meets the detection standard for continuing study [3].
2.8.1. Talent loading samples onto an agarose gel for electrophoresis.
2.8.2. Talent measuring sample concentration using a Nanodrop spectrophotometer.
2.8.3. Talent reviewing the results to confirm acceptable quality.
2.9. Using BioXM (Bio-X-M) software, design primer pairs for PCR amplification and amplify the target sequences using the specified forward and reverse primers [2].
2.9.1. SCREEN: Design primer pairs in BioXM software version 2.7.1.
2.10. Next, prepare the PCR mixture by adding 25.0 microliters PowerPol 2× PCR Mix with Dye V2 to a reaction tube [1]. Add 0.5 microliters of template DNA or complementary DNA [2]. Add 1.0 microliter of forward primer and reverse primer [3] and add double-distilled water to reach a total volume of 50 microliters [4].
2.10.1.  Talent pipetting PowerPol 2× polymerase chain reaction Mix with Dye V2 into a reaction tube.
2.10.2. Talent adding template DNA or complementary DNA into the reaction tube.
2.10.3. Talent adding forward primer and reverse primer into the reaction tube.
2.10.4. Talent adding double distilled water to adjust the total volume.
2.11. Then perform the PCR using the presented conditions [1].
2.11.1. TEXT ON A PLAIN BACKGROUND.
Predenaturation step: 98 oC, 3 min
Denaturation: 98 oC, 10 sec 
Primer annealing: 60 oC, 30 sec 
Extension:  72 oC, 1 min, 30 cycles
Final extension:  72 oC, 5 min
2.12. Store the amplification products at 4 degrees Celsius [1]. Include a negative control in each PCR to ensure there is no contamination [2].
2.12.1. Talent placing the amplification products into storage at 4 degrees Celsius.
2.12.2. Talent shows the vial labelled as a negative control reaction.
2.13. Now, analyze 5.0 microliters of the PCR product using agarose gel electrophoresis [1]. Stain the gel with ethidium bromide to confirm the presence of amplification products [2].
2.13.1. Talent loading 5.0 microliters of the polymerase chain reaction product onto an agarose gel.
2.13.2. Talent staining the gel with ethidium bromide and visualizing the amplification products.
2.14. Sequence the DNA amplification products, ensuring at least one forward and one reverse read with the specified primers [1].
2.14.1. SCREEN: Submit sequencing request on the platform and specify forward and reverse reads.
2.15. Analyze the peak graphs and sequence comparisons using Chromas and BioXM software [1].
2.15.1. SCREEN: Display peak graphs and show sequence comparison analysis in Chromas and BioXM software.

3. Structural and Functional Analysis of Chloroplast Proteins Derived from RNA Editing
Demonstrator: Click here to enter name of demonstrator(s)
3.1. Log on to the CPGAVAS2 (C-P-G-A-Vas-Two) online platform and select the annotation option [1]. Submit the chloroplast genome sequences in FASTA file format to extract and analyze protein-coding sequences [2].
3.1.1. SCREEN: Show the CPGAVAS2 homepage. Select the annotation option on the platform.
3.1.2. SCREEN: Upload FASTA file format chloroplast genome sequences and submit for analysis.
3.2. Next, log on to the Expasy ProtParam (Prot-Param) website and enter the studied protein sequences into the input field [1]. Run the analysis to obtain physicochemical properties, including the number of amino acids, theoretical isoelectric point, molecular weight, extinction coefficients, and grand average of hydropathicity [3].
3.2.1. SCREEN: Show the Expasy ProtParam homepage and enter protein sequences into the input field.
3.2.2. SCREEN: Submit the sequences and display the results page with physicochemical properties.
3.3. Log on to the SOPMA (Sopma) website and enter the protein name and sequence into the input fields [1]. Set the output width to 70, number of conformational states to four helix sheet turns and coil, similarity threshold to 8, and window width to 17, then run the prediction [2].
3.3.1. SCREEN: Show the SOPMA homepage. Enter protein name and sequence into the input fields.
3.3.2. SCREEN: Set parameters and submit the prediction for secondary structure analysis.
3.4. Now, log on to the NCBI Conserved Domain Database and select the CD-search option [1]. Enter the accession, GI, or FASTA sequence of nucleotide [2]. Set the search against the database to Pfam 19638 (One-Nine-Six-Three-Eight) PSSMs (P-S-S-M-S), expect value cutoff below 0.01, maximum number of hits to 500, and result mode to concise, then submit the search [3].
3.4.1. SCREEN: Show the NCBI Conserved Domain Database homepage and click on CD-search option,
3.4.2. SCREEN: Enter accession, GI, or FASTA nucleotide sequence.
3.4.3. SCREEN: Set parameters and submit the conserved domain search.
3.5. Log on to the SignalP 6.0 (Signal-P-Six-Point-zero) website and enter the protein sequence into the input field [1]. Select organism as eukarya, output format as long output, and model mode as fast, then click Submit to obtain the results [3].
3.5.1. SCREEN: Show the SignalP 6.0 homepage and enter the protein sequence into the input field.
3.5.2. SCREEN: Set organism to eukarya, output format to long output, model mode to fast, and click Submit to display results.
3.6. Next, log on to the DeepTMHMM (Deep-T-M-H-M-M) website [1]. Enter the protein sequence in FASTA format and click Submit to predict transmembrane topology and regions [2]. Then log on to the Transmembrane Prediction Server [3]. Enter the protein sequence in FASTA format and click Submit to obtain results from TOPCONS (Top-Cons), OCTOPUS (Octopus), PHILIUS (Philius), PolyPhobius (Poly-Phobius), SCAMPI (Scampi), and SPOCTOPUS (Spoctopus) methods [4].
3.6.1. SCREEN: Show the DeepTMHMM homepage.
3.6.2. SCREEN: Enter FASTA format protein sequence and click Submit to display prediction results.
3.6.3. SCREEN: Show the Transmembrane Prediction Server homepage.
3.6.4. SCREEN: Enter FASTA format protein sequence and click Submit to display results from multiple methods.
3.7. Log on to the SWISS-MODEL website and click on Start modeling [1]. Paste the protein sequence in FASTA format and provide the project title and email to build the model for tertiary structures before and after RNA editing [2].
3.7.1. SCREEN: Show the SWISS-MODEL homepage. Click on Start modeling.
3.7.2. SCREEN: Paste FASTA sequence, enter project title and email, and submit to build the model.
3.8. Analyze and visualize protein mutations resulting from RNA editing using PyMOL software [1].
3.8.1. SCREEN: Display protein structure visualization and comparative mutation analysis in PyMOL software.

4. ORF Prediction of RNA Editing-Induced Variations in Chloroplast Genes
Demonstrator: Click here to enter name of demonstrator(s)
4.1. Click on the EMBOSS (Emboss) Backtranseq (Back-Trans-seq) server and enter the protein sequence in FASTA format [1]. Select the codon table as Homo sapiens and enter the job title, then submit for reverse translation of nucleotide sequences [2].
4.1.1. SCREEN: Show the EMBOSS Backtranseq server homepage. Enter the protein sequence in FASTA format.
4.1.2. SCREEN: Select Homo sapiens codon table, enter job title, and click Submit.
4.2. Next, log on to the NCBI ORF Finder tool and enter the accession number, GI, or nucleotide sequence in FASTA format [1]. Set the minimal open reading frame length to 30 nucleotides, genetic code to standard within UniProtKB Swiss-Prot database, and start codon to ATG only, then submit the search [2].
4.2.1. SCREEN: Show the NCBI ORF Finder homepage. Enter accession number, GI, or FASTA nucleotide sequence.
4.2.2. SCREEN: Set parameters and click Submit to display ORF results.
4.3. Submit the sequences for eight pairs of nucleotides with multiple RNA editing sites in the Chelidonium majus chloroplast genome to predict open reading frames before and after RNA editing [1].
4.3.1. SCREEN: Upload or enter nucleotide sequence pairs and submit for ORF prediction.
4.4. Log on to the weishengxin (Wei-Sheng-Xin) online platform [1]. Enter the open reading frame results in table format and generate heatmap visualizations to compare open reading frame variations per gene [2].
4.4.1. SCREEN: Show the weishengxin platform homepage.
4.4.2. SCREEN: Enter ORF results in table format. Generate and display heatmap comparison results.
4.5. Assemble the heatmap results of each pair of open reading frames using Adobe Photoshop software [1]. Additionally, perform transcription factor binding site prediction and functional annotations using available online tools [2].
4.5.1. SCREEN: Arrange and assemble heatmap images in Adobe Photoshop.
4.5.2. SCREEN: Show the online platforms used for TF binding site prediction and functional annotation.




Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 228.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 
5.1. The chloroplast genomes of Chelidonium majus, Aegilops tauschii, and Gladiolus × gandavensis contained 590, 505, and 560 RNA editing sites, respectively, with the majority involving cytosine to uracil conversion [1].	Comment by Pallavi  Sharma: Authors: Please provide a pronunciation guide for Gladiolus × gandavensis 
5.1.1. LAB MEDIA: Figure 2. 
5.2. Nine genes had the same number of RNA editing sites across the three species [1].
5.2.1. LAB MEDIA: Figure 2A. Video editor: Highlight the bars for genes atpF, ndhJ, atpB, petB, petG, psaB, psbN, psbZ, and rpl16.
5.3. Forty genes showed different numbers of RNA editing sites among the three species [1], with four genes ycf2 (Y-C-F-two), matK (Mat-K), rpoC2 (R-P-O-C-two), and ndhB (N-D-H-B), having more than 19 editing sites [2].
5.3.1. LAB MEDIA: Figure 2B. 
5.3.2. LAB MEDIA: Figure 2B. Video editor: Zoom in on the bars labeled ycf2, matK, rpoC2, and ndhB that are visibly higher than others.
5.4. Four proteins, including ccsA (C-C-S-A), ndhB (N-D-H-B), rpoC2 (R-P-O-C-Two), and accD (A-C-C-D), showed notable domain transformations at 2 positions after RNA editing [1]. The predicted structures of proteins A0A5J4LQ17 (A-Zero-A-Five-J-Four-L-Q-One-Seven) and Q8X123 (Q-Eight-X-One-two-Three) showed a similar domain organization [1].
5.4.1. LAB MEDIA: Figure 3A and 3B.
5.4.2. LAB MEDIA: Figure 3C and 3D. 
5.5. RNA editing resulted in the formation of new transmembrane domains in two proteins, ndhD and rpoC2 [1].
5.5.1. LAB MEDIA: Figure 4. Video editor: Highlight the segment marked with “red star”in 4B
5.6. The petA protein showed differences in 1 to 2 transmembrane regions and contained a signal peptide region [1]. The signal peptide cleavage site of the petA protein was located between amino acids 35 and 36 [2].
5.6.1. LAB MEDIA: Figure 5A. 
5.6.2. LAB MEDIA: Figure 5B and 5C. Video editor: Zoom in on the marked cleavage site between positions 35 and 36 on the sequence plot.
5.7. RNA editing sites in matK, ndhB, ndhD, and accD genes were consistent with predicted variants [1]. The rpoB gene exhibited 5 new nucleotide variation sites and 2 new protein variation sites [2].
5.7.1. LAB MEDIA: Figure 6. 
5.7.2. LAB MEDIA: Figure 6. Video editor: Highlight the alignment for rpoB.
5.8. The root mean square deviation values between original and mutated structures were 0.176 for ndhB [1], 0.166 for ndhD [2], and 0.098 for rpoB [3].
5.8.1. LAB MEDIA: Figure 8A. .
5.8.2. LAB MEDIA: Figure 8B. .
5.8.3. LAB MEDIA: Figure 8C. 
5.9. The number of open reading frames decreased while their lengths increased after RNA editing [1].
5.9.1. LAB MEDIA: Figure 9. Video editor: Show the comparison between multiple shorter segments and fewer longer segments.
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