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


Current Protocol Length

Number of Steps:  19
Number of Shots:  47

Introduction

1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

REQUIRED: 
1.1. Sophia Zheng: This protocol aims to obtain high-quality cell-type-specific RNAs from a small number of cells in a complex tissue without cell sorting. It employs a recently available mouse model that allows researchers to isolate ribosome-bound RNAs using GFP-pull down. 

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


1.2. Sophia Zheng: The method is also suitable for isolating ribosome-bound RNAs from any EGFP-expressing cells.

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







Ethics Title Card
1.1. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Auburn University.


Protocol
2. Tissue Lysis and Homogenization
2.1. To begin, add 2 milliliters of ice-cold homogenization working buffer to a glass tissue grinder set [1]. Quickly place the frozen sample into the grinder [2] and homogenize the tissue with 30 strokes on ice using a loose pestle [3]. Videographer: This step is important!
2.1.1. WIDE: Establishing shot of talent adding buffer to the grinder set.
2.1.2. Talent placing sample into the grinder.
2.1.3. Talent grinding the tissue.
2.2. Transfer the homogenate to a 2-milliliter round-bottom tube [1] and centrifuge at 12,000 x g for 10 minutes at 4 degrees Celsius [2]. Then, transfer the supernatant to a new 2-milliliter tube without disturbing the pellet [3-TXT], reserving 100 microliters as the “input” [4].
2.2.1. Talent transferring the homogenate to the round-bottom tube. 
2.2.2. Talent placing the tube in the centrifuge and closing the lid. 
2.2.3. Talent transferring supernatant to a 2 mL tube. TEXT: Supernatant Only
2.2.4. Talent transferring “input” sample to another 1.5 mL tube. 
2.3. Incubate the supernatant with the anti-GFP antibody [1-TXT] at 4 degrees Celsius on an end-over-end rotator overnight [2]. Videographer: This step is important!
2.3.1. Talent adding antibody to the tube. TEXT: anti-GFP antibody (final concentration: 5 μg/mL)
2.3.2. Sample incubating on a rotator in fridge.
3. Immunoprecipitation
3.1. Transfer the homogenate and antibody mixture to a new 2-milliliter round-bottom tube containing washed protein G beads [1] and incubate at 4 degrees Celsius on a rotator at 24 rpm for 2 hours [2]. Videographer: This step is important!
3.1.1. Talent transferring the homogenate to a new tube with beads. 
3.1.2. Talent placing the tube on a rotator. 
3.2. Separate the magnetic beads from the supernatant using a magnet rack [1]. Save the supernatant as the “negative fraction”, which contains the RNAs in EGFP-negative cells and the RNAs in EGFP-positive cells that are not bound to ribosomes [2].
3.2.1. Magnetic beads are moving to the side of the tube on a magnetic rack. The solution becomes clear.
3.2.2. Talent aspirating the supernatant. 
3.3. Add 1 milliliter of high-salt wash buffer to the beads [1] and briefly vortex the tube to wash the beads [2], then place the tube in a magnet rack [3].
3.3.1. Talent adding wash buffer to the beads. 
3.3.2. Talent vortexing the beads. 
3.3.3. Talent placing the tube on the magnetic rack.
3.4. Remove the wash buffer and repeat the washing step two more times to obtain the beads-ribosome-RNA complex from EGFP-positive cells [1].
3.4.1. Talent removing the wash buffer.
4. RNA Extraction
4.1. Incubate the beads with 50 microliters of Extraction Buffer from the RNA isolation kit [1] in a thermomixer for 30 minutes to release RNAs from the beads [2-TXT]. Videographer: This step is important!
4.1.1. Talent adding extraction buffer to the beads. 
4.1.2. Talent placing the sample in the thermomixer and turning on the thermomixer. TEXT: 42 °C, 500 rpm
4.2. Separate the beads with a magnetic rack [1] and transfer the supernatant to a 1.5-milliliter tube [2]. Centrifuge the tube at 3000 x g for 2 minutes [3], then pipette the supernatant to a new 1.5-milliliter tube [4-TXT]. 
4.2.1. Magnetic beads are moving to the side of the tube on a magnetic rack. (re-use Shot 3.2.1).
4.2.2. Talent transferring the supernatant to a new tube. 
4.2.3. Talent putting the tube in the centrifuge and closing the lid. 
4.2.4. Talent transferring the supernatant to a new tube. TEXT: positive fraction of the TRAP
4.3. To pre-condition the RNA purification column, pipette 250 microliters of Conditioning Buffer onto the purification column and incubate for 5 minutes at room temperature [1], then centrifuge the column at 16,000 x g for 1 minute [2].
4.3.1. Talent adding conditioning buffer to the column.
4.3.2. Talent placing the column in the centrifuge.
4.4. Pipette an equal volume of 70% ethanol into the cell extract and mix well by pipetting [1-TXT]. 
4.4.1. Talent adding EtOH to the cell extract. TEXT: Positive fractions: 50 μL EtOH ; Inputs and negative fractions: 1 mL EtOH 
4.5. Pipette up to 200 microliters of the mixture into the pre-conditioned RNA purification column. To reduce the loss of samples, do not fill the column more than 80% of its capacity [1]. Repeat this step several times until all RNAs are collected in the same column of each fraction [2].
4.5.1. Talent pipetting the mixture into the purification column. 
4.5.2. Tube with collected RNAs.
4.6. Centrifuge the column for 2 minutes to bind RNA to the membrane in the column [1-TXT], then continue centrifugation for 30 seconds [2-TXT]. Discard the flow-through and pipette 100 microliters of Wash Buffer 1 into the column [3]. Centrifuge for 1 minute, then discard the flow-through [4-TXT].
4.6.1. Talent placing the column in the centrifuge and programming the centrifugation. TEXT: 100 x g, 2 min
4.6.2. Talent programming the centrifugation (16,000 x g for 1 minute) and re-centrifuge the same tubes. TEXT: 16,000 x g, 30 s
4.6.3. Talent discarding the flow-through and adding Wash Buffer 1. 
4.6.4. Talent placing the empty column in the centrifuge and programming the centrifugation. TEXT: 8,000 x g, 1 min 
4.7. Pipette 75 microliters of DNase solution mix directly into the purification column membrane [1]. Incubate at room temperature for 15 minutes, then pipette 40 microliters of Wash Buffer 1 into the column [2] and centrifuge for another 30 seconds. Discard the flow-through [3-TXT]. 
4.7.1. Talent adding DNase into the column. Videographer: Please focus on the inside of the column to show how the solution is directly added to the column membrane. 
4.7.2. Talent starting the 15-minute timer with tubes sitting on the rack. 
4.7.3. Talent programming the centrifugation (8,000 x g for 30 secs) and starting the centrifuge. TEXT: 8,000 x g, 30 s
4.8. Pipette 100 microliters of Wash Buffer 2 into the column and centrifuge at 8,000 x g for 1 minute [1]. Discard the flow-through [2].
4.8.1. Talent adding W2 to the column. 
4.8.2. Talent taking the sample out of the centrifuge and discarding the flow-through.
4.9. Pipette 100 microliters of Wash Buffer 2 into the column and centrifuge at 16,000 x g for 2 minutes [1]. Discard the flow-through [2] and re-centrifuge the same column at 16,000 x g for 1 minute to remove all traces of wash buffer [3].
4.9.1. Talent adding W2 to the column. 	Comment by Huifei Zheng: 4.9.1 use the same shot as in 4.8.1.
4.9.2. Talent taking the sample out of the centrifuge and discarding the flow-through.
4.9.3. Talent placing the column back in the centrifuge and starting the centrifuge. 
4.10. Transfer the column to a new 1.5-milliliter microcentrifuge tube [1]. Pipette 12 microliters of RNase-free water directly onto the membrane of the purification column, ensuring that the pipet tip does not touch the membrane [2].  
4.10.1. Talent transferring the column to a new tube. 
4.10.2. ECU: Talent adding water to the membrane. 
4.11. Incubate at room temperature for 1 minute and centrifuge at 1000 x g for 1 minute [1], then at 16,000 x g for 1 minute to elute the RNA [2]. 
4.11.1. Talent stopping the 1-minute timer and putting the column into the centrifuge. 
4.11.2. Talent programing the centrifuge. 
4.12. Use a bioanalyzer [1] to assess the quality and quantity of the extracted RNA [2]. Store the RNAs in a minus 80-degree freezer or send out for further analysis [3].
4.12.1. Talent manipulating 2100 Bioanalyzer Instrument.
4.12.2. RNA quality results on the monitor.
4.12.3. Talent putting the sample box in to a -80 freezer.








Results
5. Results: Microarray and qPCR Analysis of TRAP Samples
5.1. Mice carrying both genetically engineered gene alleles, Gli1-CreER T2 (pronounce gli-one-cre-E-R-T-two) and NuTRAP (pronounce ‘new-trap’), were injected with tamoxifen once a day, every other day, for three injections [1]. Immunofluorescence analysis of collected tissues showed that the EGFP was expressed in interstitial cells in the testes [2]. 
5.1.1. LAB MEDIA: Result timeline for shotting.pdf
5.1.2. LAB MEDIA: Figure 1, Emphasize the testes images (top row).
5.2. EGFP was also found in adrenal capsular cells in Gli1-CreERT2;NuTRAP mice [1]. In Sonic hedgehog CreERT2(cre-E-R-2); NuTRAP mice, the EGFP-positive cell population resides in the outer cortex of the adrenal gland underneath the capsule, confirming the expression of EGFP in Cre-expressing cells [2]. 
5.2.1. LAB MEDIA: Figure 1, just the adrenal images (bottom row). Video Editor: Emphasize the Gli1-CreERT2;NuTRAP image.
5.2.2. LAB MEDIA: Figure 1, just the adrenal images (bottom row). Video Editor: Emphasize the Shh-CreERT2;NuTRAP image.
5.3. After the extraction of the cell-type-specific RNAs, the extracted RNA was sent for microarray analysis. The result showed that about 3,000 genes were enriched in the positive fraction compared to genes in the negative fraction, whereas about 4,000 genes were enriched in the negative fraction [1].
5.3.1. LAB MEDIA: Figure 3.
5.4. Among these differentially expressed genes, Leydig-cell-associated genes Hsd11b1 (pronounce ‘H-s-d-eleven-b-one’) and HSD3b6 (pronounce ‘H-s-d-three-b-six’) were enriched in the positive fraction [1]. In the negative fraction, the Sertoli-cell-associated genes desert hedgehog and GSTm6 (pronounce ‘G-s-t-m-six’) were enriched [2]. 
5.4.1. LAB MEDIA: Figure 3, just the first 2 plots. Video Editor: Emphasize the Hsd11b1 and Hsd3b6 labels. 
5.4.2. LAB MEDIA: Figure 3, just the first 2 plots. Video Editor: Emphasize the Dhh and Gstm6 labels.
5.5. Only a few differentially expressed genes were identified when comparing the negative fraction with the input [1].
5.5.1. LAB MEDIA: Figure 3, just the last plot.
5.6. Real-time quantitative RT-PCR was used to confirm the expression of key genes in the positive and negative fractions [1]. Similar to what was found in the microarray assay, steroidogenic enzymes 3-beta-Hydroxysteroid dehydrogenase [1] and cholesterol side-chain cleavage enzyme were enriched in the positive fraction [2].
5.6.1. LAB MEDIA: Figure 4. Video Editor: Emphasize Hsd3b data in the positive fraction part of the graph. 
5.6.2. LAB MEDIA: Figure 4. Video Editor: Emphasize Cyp11a1 data in the positive fraction part of the graph.
5.7. Meanwhile, the Sertoli cell marker S-R-Y-box Transcription Factor 9 [1] and the germ cell marker Synaptonemal Complex Protein 3 were enriched in the negative fraction [2].
5.7.1. LAB MEDIA: Figure 4. Video Editor: Emphasize Sox9 data in the negative fraction part of the graph. 
5.7.2. LAB MEDIA: Figure 4. Video Editor: Emphasize Sycp3 data in the negative fraction part of the graph. 









Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Sophia Zheng: When attempting this protocol, it is important to prepare fresh homogenization working buffer. Add DTT, cycloheximide, recombinant ribonuclease and protease inhibitor cocktail to the homogenization stock solution only before use.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.2

6.2. Sophia Zheng: It is also important to prepare fresh low-salt and the high-salt wash buffers before use.

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