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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? NA
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? N
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Steps 4.2, 4.4, 5.1, 5.2, 6.2, and 7.1.
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. (Please do not list entire sections.)
Steps 5.1 and 5.2. Several pairs of divergent primers and DNA polymerase may be necessary to amplify the target transcripts. 
5. Will the filming need to take place in multiple locations? N
If yes, how far apart are the locations? 


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. Yafeng Zhang: This protocol is used for mapping and discrimination of the primary and processed transcripts in maize mitochondria. 

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

1.2. Yafeng Zhang: This technique includes an RNA normalization step, and it minimizes the influence of unstable 5’ triphosphate that hinders a clear discrimination between the primary and processed transcripts.

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. Xun Liao: Besides maize mitochondrion, this method could be applied to plastids and other plant mitochondria. 

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









Section - Protocol
2. Preparation of Crude Mitochondrion from Maize Developing Kernels
2.1. Start by collecting 20 grams of developing kernels into a 50-milliliter tube on ice [1-TXT]. Transfer the kernels to a pre-cooled mortar [2] and add 10 to 20 milliliters of ice-cold extraction buffer [3]. 
2.1.1. WIDE: Establishing shot of talent at the lab bench collecting kernels. TEXT: 11- 20 days after pollination
2.1.2. Talent transferring kernels into mortar. 
2.1.3. Talent adding extraction buffer to the mortar.
2.2. Grind the kernels completely [1], add more extraction buffer [2], and filter the ground tissue through 2 layers of filter cloth [3]. Centrifuge the filtrate at 8,000 x g for 10 minutes [4], then transfer the supernatant to a new tube and discard the filtrate [5]. 
2.2.1. Talent grinding the kernels.
2.2.2. Talent adding more extraction buffer. 
2.2.3. Talent filtering kernels. 
2.2.4. Talent putting filtrate in centrifuge and starting it. 
2.2.5. Talent transferring supernatant to a new tube.
2.3. Centrifuge the tube at 20,000 x g for 10 minutes [1], pour off the supernatant, and resuspend the pellet in 6 milliliters of wash buffer [2]. Aliquot the suspension into five 1.5-milliliter RNase-free tubes [3] and centrifuge them at 14,000 x g for 5 minutes [4]. 
2.3.1. Centrifuge running. 
2.3.2. Talent pouring off supernatant and resuspending the pellet. 
2.3.3. Talent aliquoting suspension. 
2.3.4. Talent placing tubes in centrifuge and closing the lid.

2.4. Discard the supernatant [1] and freeze the mitochondrial pellet in liquid nitrogen [2-TXT].

2.4.1. Talent discarding supernatant.
2.4.2. Talent freezing pellet. TEXT: Store at -80C

3. RNA 5’ Polyphosphatase Treatment and Circularization
3.1. Extract mitochondrial RNA using commercial reagents according to manufacturer’s instructions [1] and set up an RNA 5-prime polyphosphatase treatment [2-TXT]. Then, recover the RNA with an RNA purification kit [3]. 
3.1.1. Talent extracting mitochondrial RNA. 
3.1.2. Talent preparing the polyphosphatase treatment, and incubate it at 37 C.putting the sample to incubate for polyphosphatase treatment. TEXT: 37 C for 30 – 60 min 
3.1.3. Talent using an RNA purification kit. Videographer: Obtain multiple usable takes of this shot, it will be reused.
3.2. Xun Liao: The reagent used for RNA extraction is hazardous. Always work with it in a fume hood, and always wear a lab coat and gloves.

3.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot. Videographer: Since this is a warning statement, have the talent look more directly at the camera compared to other interview shots.
3.3. Prepare 2 circularization reactions using the same amounts of 5-prime polyphosphatase-treated and non-treated mitochondrial RNAs [1]. Incubate both reactions at 16 C for 12 to 16 hours [2] and then recover the self-ligated RNAs with the previously used RNA purification kit [3].
3.3.1. Talent preparing circularization reactions.
3.3.2. Use 3.1.3.
4. Reverse Transcription and Normalization 
4.1. Start by preparing a primer mixture with an equal ratio of 26S-CRT and up to 7 other reverse transcription primers [1]. Assemble two reverse transcription reaction systems according to manuscript directions and incubate them at 42 C for 50 minutes [2]. 
4.1.1. Talent mixing primers.
4.1.2. Talent preparing reverse transcription reaction mixtures.
4.2. To normalize the cDNA, prepare 2 PCR reactions with the same volume of cDNAs from the 5-prime polyphosphatase-treated or non-treated RNAs [1] and run the reaction under thermocycling conditions described in the manuscript [2]. Videographer: This step is important!
4.2.1. Talent mixing PCR reagents. Videographer: Obtain multiple usable takes of this shot, it will be reused.
4.2.2. Talent putting PCR tubes in thermocycler and starting PCR. Videographer: Obtain multiple usable takes of this shot, it will be reused.

4.3. Yafeng Zhang: Normalization by 26S mature rRNA is a key step to discriminate between the primary and processed transcripts. 

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

4.4. Compare the abundance of the two PCR products and [1], if necessary, optimize the normalization by adjusting the amounts of template cDNAs [2]. Videographer: This step is important!

4.4.1. Talent at the computer analyzing PCR results.
4.4.2. LAB MEDIA: 60019_screenshot1.jpg. Video Editor: Zoom in on the gel.

5. PCR Amplification and Determination of Transcript Termini 

5.1. Prepare pairs of PCR reactions with appropriate volumes of normalized cDNAs and a pair of divergent primers flanking the 5-prime to 3-prime junction of the target transcripts [1] and perform PCR according to manuscript directions [2]. Videographer: This step is important and difficult!

5.1.1. Use 4.2.1. 
5.1.2. Use 4.2.2.

5.2. Then, use a gel DNA recovery kit to isolate the prominent bands that are amplified by nested PCR [1]. Videographer: This step is important and difficult!

5.2.1. Talent using a gel purification kit.

5.3. Clone the gel-purified PCR products into a vector using standard techniques [1] and perform colony PCR to select positive clones containing the target inserts [2]. 

5.3.1. Talent cloning the PCR products. 
5.3.2. Talent selecting colonies for PCR. 

5.4. Sequence the PCR products and align the sequencing data with the maize mitochondrial genome using the basic local alignment search tool, or BLAST. Choose the organism ‘maize’ and search database ‘Nucleotide collection’ [1]. 

5.4.1. LAB MEDIA: 60019_screenshot2.jpg. Video Editor: Emphasize ‘Organism’ entry (maize (taxid:4577)) when VO says “organism maize”, then emphasize ‘Database’ entry (Nucleotide Collection (nr/nt)) when VO says “database Nucleotide Collection”.

5.5. Find the 5-prime to 3-prime junction of the circularized transcript and determine the positions of the 5-prime and 3-prime transcript termini [1]. 

5.5.1. LAB MEDIA: 60019_screenshot3.jpg. Video Editor: Zoom in on the Graphic Summary as VO speaks.

6. Verification of the cRT-PCR Mapping Results by RNA Gel Blot Hybridization 

6.1. Amplify the DNA fragment used to prepare the RNA probe and clone it to the previously-used vector, which contains a T7 promoter 17 base pairs upstream of the insertion site [1]. 

6.1.1. [bookmark: _GoBack]Talent performing cloning procedure. 

6.2. Label the RNA probes with DIG-11-UTP (pronounce ‘dig-11-U-T-P’) [1] and perform RNA hybridization using commercial kits [2]. Videographer: This step is important!

6.2.1. Talent labeling the RNA probes. 
6.2.2. Talent performing RNA hybridization with the kit in the shot.

7. Discrimination of Primary and Processed 5’ Ends

7.1. Discriminate the primary and processed 5’ ends by comparing the circular RT-PCR products obtained from the normalized 5’ polyphosphatase-treated and non-treated RNAs [1]. Then, design quantitative RT-PCR primers based on the mapping results and verify the discrimination results with RT-PCR [2]. Videographer: This step is important!

7.1.1. Talent at the computer comparing results.
7.1.2. Talent setting up a quantitative RT-PCR reaction.





Section – Results
8. Determination of maize mRNA termini using the Circular RT-PCR-based strategy 
8.1. The cox2 gene was used as an example to demonstrate the mapping and discrimination of maize mitochondrial transcripts with the circular RT-PCR-based strategy [1]. The normalized cDNAs were used as templates for PCR, which resulted in 2 prominent bands amplified from the 5’ polyphsophatase-treated sample [2].

8.1.1. Figure 4. 
8.1.2. Figure 4 A. Video Editor: Emphasize the 1st and 3rd lanes on first gel (CF1 and CF2 +). 

8.2. The two bands were named cox2-1 and -2, recovered from the gel, and cloned into vectors. Colony PCR results showed that the positive clones contain inserts with variable size, which implies that the termini have heterogeneous 5-prime or 3-prime termini [1].

8.2.1. Figure 5 A.

8.3. The sequencing results showed that cox2-1 and -2 have the same 3-prime ends at 39 nucleotides downstream of the stop codon, while their 5-prime termini are located at 992 to 1030 and 1276 to 1283 nucleotides upstream of the start codon, respectively [1].

8.3.1. Figure 4 D.

8.4. RNA gel blot hybridization was performed to verify the circular RT-PCR mapping results and two major bands with sizes similar to cox2 -1 and -2 were detected [1].

8.4.1. Figure 4 C.

8.5. Another pair of divergent primers were designed to amplify the cox2 -3 and -4 bands detected with the RNA gel blot but not with first-time circular RT-PCR [1].

8.5.1. Figure 4 A. Video Editor: Emphasize the 1st lane on second gel (CF3 &CR2 +)

8.6. The quantitative RT-PCR results confirmed that cox2-1, -2, -3, and -4 were sensitive to 5-prime polyphosphatase and that they had primary 5-prime termini [1].

8.6.1. Figure 4 B.




Section - Conclusion
9. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
9.1. Yafeng Zhang: Primer extension analysis could be performed to verify the 5’ mapping results although it i’s not included in this protocol. 

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




 2018, Journal of Visualized Experiments	Page 9 of 9
image1.png




