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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
2. Does your protocol include software usage? (Y/N) 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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
3.4, 3.10 & 3.11, 4.2, 4.3, 4.4
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.)
3.4- Separating the layers as cleanly as possible can be difficult.  I would recommend isolating the cloudy white interface layer into Tube B2 (added to script) to assist DNA isolation.
3.10 & 3.11- DNA isolation can be variable. I will precipitate it in both Tube B2 (this will be a big pellet that will be used in the next steps) and Tube B (this is to precipitate the DNA out of the protein-containing phase. This DNA pellet, if any, will just be discarded.)
5. Will the filming need to take place in multiple locations? (Y/N) N



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

1. REQUIRED Interview Statements: (Said by you on camera)  

1.1. Joslyn Mills: Using this protocol to remove the inter-sample variation can offer insights into the differential regulation of macromolecules based on the intra-sample discrepancies between mRNA and protein levels [1].

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

1.2. Joslyn Mills: Using the same sample to isolate DNA, RNA, and protein is an effort to reduce variation, improve reproducibility, and facilitate interpretations. Benefits include saved time and resources at time of sample collection and cross-sectional analysis of valuable and limited samples [1].

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







Section - Protocol
2. Sample Collection 
2.1. To begin, seed 1,000 worm eggs in one 10-centimeter plate with appropriate growth conditions [1] [2]. Incubate at 20 degrees Celsius for 72 hours [3].
2.1.1. CU: Talent seeds the worm eggs in a 10-cm plate. 
2.1.2. LM (to be provided by the authors): Image of what the worm eggs look like. Authors, please upload this screen capture to your project page.  [Author Note]: A shot of what the worm eggs look like after bleaching may be helpful.  We can do this through our dissecting microscope that has a camera attached to a computer, or we can supply an image that can be shown as a screenshot.	Comment by  : Added to our project page as “Worm eggs in M9”. Image taken at 
2.1.3. MED: Talent transfers the plate to an incubator.
2.2. Then, wash the plate with 5 milliliters of M9 buffer [1-TXT], and transfer 1,000 adult worms into a tube [2] [3]. Centrifuge the worms at 3,000 x g for 1 minute [4], discard the supernatant, and transfer the pelleted worms with 1 milliliter of M9 buffer to a 1.5-milliliter microcentrifuge tube [5].
2.2.1. CU: Talent washes the plate with 5-ml M9 buffer. TEXT: See manuscript for media composition Video editor: Please show text overlay when VO says: “M9 buffer”	Comment by  : These shots were combined as 2.2.1 + 2.2.2
2.2.2. CU: Talent transfers adult worms into a tube.
2.2.3. LM (to be provided by the authors): Image of adult worms. Authors, please upload this image to your project page.  [Author Note]: we can supply an image of adult worms.	Comment by  : Added to our project page as “Young adult worms”. Image taken at 
2.2.4. MED: Talent closes the centrifuge lid and presses the start button. 
2.2.5. CU: Talent discards the supernatant and adds 1-ml of M9 buffer and transfers the worms into a microcentrifuge tube. 
2.3. Centrifuge again at 3,000 x g for 1 minute [1], and discard most of the supernatant [2-TXT]. Store the pelleted worms at minus 80 degrees Celsius for more than 4 hours [3-TXT]. 
2.3.1. MED: Talent closes the centrifuge lid and presses the start button. Videographer: Please obtain multiple takes, this is repeated. 
2.3.2. CU: Talent discards most of the supernatant. TEXT: Small amount of M9 helps to break the cuticle when freezing
2.3.3. MED: Talent transfers the worms to a -80°C freezer.
3. Nucleotide and Protein Isolation 
3.1. Next, remove any supernatant from the thawed pellet. Add 1 milliliter of cold GTCp (pronounced: “g•t•c•p”) reagent, mix well by pipetting up and down, and place the sample on ice for 10 minutes [1].
3.1.1. CU: Talent removes the supernatant from the thawed pellet, and adds 1-ml of the reagent, pipettes up and down a few times, and places the tube on ice. Show a timer set to count down from 10 minutes in the shot. TEXT: Turn the tube upside down occasionally Video editor: Please show text overlay when VO says: “place the sample on ice for 10 minutes
3.2. Then, add 200 microliters of cold chloroform, shake the tube vigorously for 15 seconds, and leave it at the room temperature for 3 minutes [1].
3.2.1. CU: Talent adds 200 µL of chloroform (from the container placed on ice) to the tube, holds the tube between fingers and shakes vigorously, and then places it on a tube rack at the room temperature. Show a timer set to count down from 3 minutes in the shot.
3.3. Next, centrifuge the tube at 12,000 x g at 4 degrees Celsius for 15 minutes.
3.3.1. Reuse 2.3.1.
3.4. With a micropipette, transfer the clear top layer into a new RNase-free 1.5-milliliter microcentrifuge tube [1-TXT]. Transfer the cloudy white interface layer to a new tube labeled B2, and transfer the pink layer, from the remaining pellet into a new tube labeled B and place both on ice [2-TXT].
3.4.1. 3.4.0: ECU of layers in tube, with pointing to each layer. ECU: Talent transfers the clear top layer into a 1.5-ml tube marked “Tube A”. TEXT: Aqueous phase Video editor: Please show text overlay when VO says: “the clear top layer” TEXT: Tube A Video editor: Please show text overlay when VO says: “1.5-milliliter microcentrifuge tube”.	Comment by  : A shot of just the layers was added to point out the distinct phases.
3.4.2. ECU: Talent transfers the white layer into a 1.5-ml tube marked “Tube B2” 	Comment by  : This shot (3.4.2) was split into two.
3.4.3. and then transfers the pink layer into a 1.5-ml tube marked “Tube B”. TEXT: Organic phase Video editor: Please show text overlay when VO says: “the pink layer”  TEXT: Tube B Video editor: Please show text overlay when VO says: “a new tube”.
3.5. To isolate RNA, first add 500 microliters of 100 percent isopropanol to tube A to precipitate the RNA. Then, incubate the tube at the room temperature for 10 minutes [1].  After incubation, centrifuge the tube at 12,000 x g at 4 degrees Celsius for 10 minutes [2].
3.5.1. CU: Talent adds 500 l of 100% isopropanol to tube A, and places the tube on a tube rack at the room temperature. Show a timer set to count down from 10 minutes in the shot.
3.5.2. Reuse 2.3.1.
3.6. Next, discard the supernatant, and add 1 milliliter of 75 percent ethanol to tube A to wash the pellet [1-TXT]. Centrifuge the tube at 7,500 x g at 4 degrees Celsius for 5 minutes [2].
3.6.1. 3.6.0. CU to show pellet CU: Talent uses a 1-milliliter syringe with a high needle gauge to discard the supernatant and adds 1 mL of 75% ethanol. TEXT: use 1 mL syringe with a high needle gauge, or a micropipette. Video editor: Please show text overlay when VO says: “discard the supernatant”	Comment by  : Shot 3.6.0 was added to show a close up of the RNA pellet.
3.6.2. Reuse 2.3.1.
3.7. Then, add 1 milliliter of 75 percent ethanol to tube A to wash the pellet [1], and centrifuge the tube at 7,500 x g at 4 degrees Celsius for 5 minutes [2].	Comment by  : This is step 3.6 repeated and should not be included. 
3.7.1. CU: Talent adds 1 mL of 75% ethanol to the pellet. 
3.7.2. Reuse 2.3.1.
3.8. Discard the supernatant, and let the pellet air-dry for 5 to 10 minutes [1-TXT]. Add 50 microliters of RNase-free water to reconstitute the pellet of RNA, and incubate the pellet at 55 to 60 degrees Celsius for 10 minutes to dissolve it [2].
3.8.1. CU: Talent discards the supernatant with a syringe and places the tube (with cap off) on a tube rack. Show a timer set to count down from 10 minutes in the shot. TEXT: Do not let it overdry Videographer: Please obtain multiple takes, this is repeated.
3.8.2. MED: Talent adds 50 l of RNase-free water to the pellet, and transfers the tube to an incubator. Show a timer set to count down from 10 minutes in the shot.
3.9. Finally, use a spectrophotometer to measure the concentration of the isolated RNA at 260 nanometers… and to identify any impurities at 230 and 280 nanometers [1]. 
3.9.1. MED:  Talent loads the sample into the spectrophotometer. Videographer: Please obtain multiple takes, this is repeated.
3.10. To isolate the DNA, first add 300 microliters of 100 percent ethanol to the organic phase in tube B and the cloudy white layer in tube B2 to precipitate the DNA. Mix by inversion, and leave the tubes at room temperature for 2 to 3 minutes [1]. 
3.10.1. CU: Talent adds ethanol to tube B and B2, and inverts the tubes a couple of times and places the tube on a tube rack at room temperature. Show a timer set to count down from 3 minutes in the shot.
3.11. Then, Centrifuge tubes B and B2 at 2,000 x g at 4 degrees Celsius for 5 minutes to pellet DNA [1]. Combine the supernatant from Tubes B and B2 in a new 2-milliliter tube and leave it on ice for subsequent protein isolation [2-TXT].
3.11.1. Reuse 2.3.1.
3.11.2. CU: Talent transfers the supernatant to a 2-mL tube and places it on ice. TEXT: Tube C Video editor: Please show text overlay when VO says: “a new 2-milliliter tube”.
3.12. Next, wash the DNA pellet in tube B2 with 1 milliliter of 0.1 molar sodium citrate in 10 percent ethanol for 30 minutes [1-TXT]. Centrifuge tube B at 2,000 x g at 4 degrees Celsius for 5 minutes [2].
3.12.1. CU: Talent washes the pellet with 1 ml of 0.1M sodium citrate-ethanol solution and shows a timer set to count down from 30 minutes. TEXT: Sodium makes DNA precipitate more readily Video editor: Please show text overlay when VO says: “sodium citrate”.
3.12.2. Reuse 2.3.1.
3.13. Repeat the wash step, and then re-suspend the pellet in 1.5 milliliter of 75 percent ethanol and leave it at the room temperature for 20 minutes [1-TXT].
3.13.1. CU: Talent adds 75% ethanol, and places the tube on a tube rack at the room temperature. Show a timer set to count down from 20 minutes in the shot. TEXT: Turn the tube upside down occasionally Video editor: Please show text overlay when VO says: “leave it at the room temperature for 20 minutes”.
3.14. Next, centrifuge tube B at 2,000 x g at 4 degrees Celsius for 5 minutes [1], and then, discard the supernatant and allow the pellet to dry for 5 to 10 minutes.
3.14.1. Reuse 2.3.1.
3.14.2. Reuse 3.8.1.
3.15. Dissolve the pellet in 150 microliters of 8 millimolar sodium hydroxide [1-TXT]. Then, centrifuge the sample at 2,000 x g at 4 degrees Celsius for 5 minutes [2].
3.15.1. CU: Talent adds sodium hydroxide. TEXT: Adjust pH with HEPES 
3.15.2. Reuse 2.3.1.
3.16. Finally, with a micropipette, transfer the supernatant containing the DNA to a new tube [1]. Use a spectrophotometer to measure the concentration of the isolated DNA at 260 nanometers… and to identify any impurities at 230 and 280 nanometers [2].
3.16.1. ECU: Talent transfers the supernatant to a new tube. 	Comment by  : Close up only. Extreme close up not necessary.
3.16.2. Reuse 3.9.1.
3.17. To precipitate the protein, first add, up to 1.5 milliliter of 100 percent isopropanol to the pink supernatant in tube C, mix by inverting several times, and incubate at the room temperature for 10 minutes [1].
3.17.1. MED: Talent adds 100% isopropanol to the tube (marked C), inverts it a couple of time, and places the tube on a tube rack at the room temperature. Show a timer set to count down from 10 minutes in the shot.
3.18. Then, centrifuge tube C at 12,000 x g at 4 degrees Celsius for 10 minutes [1]. Discard the supernatant and wash the pellet with 2 milliliters of 0.3 molar guanidine (pronounced: “gua·​ni·​dine”) hydrochloride in 95 percent ethanol …for 20 minutes at the room temperature [2]. 
3.18.1. Reuse 2.3.1.
3.18.2. MED: Talent discards the supernatant and washes the pellet with 2 mL guanidine hydrochloride. Show a timer set to count down from 20 minutes in the shot.
3.19. Centrifuge the tube again at 7,500 x g at 4 degrees Celsius for 5 minutes [1], and repeat the wash step as before.
3.19.1. Reuse 2.3.1.
3.20. Transfer the protein pellet to a new 1.5-milliliter tube and add, up to 1.5-milliliter of 95 percent ethanol [1]. Vortex and let it sit at room temperature for 20 minutes [2].
3.20.1. CU: Talent transfers the pellet to a 1.5-ml tube and adds 95% ethanol. 	Comment by  : These shots were combined as 3.20.1 + 3.20.2
3.20.2. MED: Talent vortex the tube and places the tube on a tube rack. Show a timer set to count down from 20 minutes in the shot.
3.21. Centrifuge the tube at 7,500 x g at 4 degrees Celsius for 5 minutes [1]. Discard the supernatant, and let the pellet dry at room temperature for 10 minutes [2]. Then, dissolve the pellet in 300 microliters of 5 percent SDS at 50 degrees Celsius for 60 minutes [3]. 
3.21.1. Reuse 2.3.1.
3.21.2. Reuse 3.8.1.
3.21.3. MED: Talent adds 300 l of 5% SDS to the tube and transfers the tube to an incubator. Show a timer set to count down from 60 minutes in the shot.
3.22. Finally, centrifuge the tube at 10,000 x g at 17 degrees Celsius for 10 minutes [1], and transfer the supernatant containing the protein to a new tube [2-TXT]. 
3.22.1. Reuse 2.3.1.
3.22.2. ECU: Talent transfers the supernatant to a new tube. TEXT: Measure the concentration using a preferred protein quantification assay 	Comment by  : Close up only. Extreme close up not necessary.
4. Evaluating mRNA with RT-qPCR 
4.1. To perform quantitative reverse transcription PCR, first use 1 nanogram of the isolated RNA, to prepare cDNA by reverse transcription [1-TXT].
4.1.1. CU: Talent does few actions to start the reverse transcription. TEXT: See manuscript for the thermocycler program	Comment by  : RNA and reagents were combined.  Thermocycler was not shown.
4.2. To make a stock plate of cDNA, add 100 microliters of 1 to 100 dilutions of each cDNA sample to individual wells of a 96-well plate [1]. Include appropriate controls, such as water-only wells, and serially diluted samples… to establish primer efficiency for each gene [2-TXT].
4.2.1. CU: Talent adds dilutions to few wells.	Comment by  : These shots were combined as 4.2.1 + 4.2.2. Control was loaded first, followed by 5 dilutions. 
4.2.2. CU: Talent adds controls to few wells. TEXT: 1:25 to 1:400, originated with pooled cDNAs from all samples Video editor: Please show text overlay when VO says: “serially diluted samples”.
4.3. To make a master mix for each set of primers, add a DNA-intercalating cyanine (pronounced: “cy•a•nine”) dye, 5-micromolar each of forward and reverse primers, and up to 7 microliters water [1]. 
4.3.1. CU: Talent adds all the reagents to a sterile reservoir.
4.4. Add 7 microliters of the master mix to the appropriate wells of an RT-qPCR plate [1]. Then, add 3 microliters of the cDNA from the stock plate, agitate lightly to mix [2], and run the plate using an RT-qPCR protocol suitable for the primers being used [3]. 
4.4.1. CU: Talent uses a multichannel pipette to add the mister mix to few wells of the RT-qPCR plate. 
4.4.2. CU: Talent adds cDNAs from the stock plate to the wells of the RT-qPCR plate using the 96-well microdispenser and agitates the plate lightly.
4.4.3. MED: Talent loads the plate into the machine, closes the plate drawer and starts the run.

OPTIONAL – Critical Step Statement:

4.5. Joslyn Mills, Step 3.4. Cleanly separating the three layers can be difficult.  I would recommend transferring the cloudy interphase layer into its own tube rather than precipitating the DNA in this layer from the organic (pink) layer [1].

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


Section – Results
5. Results: Extractions of Different Macromolecules from the Same C. elegans Sample 
5.1. RT-qPCR analysis of isolated mRNAs from four independent samples of three worm strains were done to confirm the targets identified by RNAseq assay [1]. F07C4.12 (pronounced: “fzero•seven•c•4•point•12”) gene, was upregulated in both assays in eat-2 (pronounced: “eat•two”) worms, but its upregulation in rsks-1 (pronounced: “r•s•k•s•one”) worms was not detected by RT-qPCR assay [2-TXT]. Also, RNAseq detected expression changes of mrp-1 (pronounced: “m•r•p•one”) in eat-2 and rsks-1 worms were confirmed via RT-qPCR [3]. 
5.1.1. Figure 1. 
5.1.2. Figure 1. Video editor: Please emphasize the blue bar for F07C4.12 when VO says: “was upregulated in both assay in eat-2 worms”. Please emphasize the red bar for F07C4.12 when VO says: “was not detected in rsks-1 worms”. TEXT: a homolog to human neuroligin 3, isoform b Video editor: Please show text overlay when VO says: “F07C4.12 gene”.
5.1.3. Figure 1. Video editor: Please emphasize both blue and red bars for mrp-1 when VO says:” expression changes of mrp-1”.
5.2. Upregulation or downregulation of organelle marker genes in mutant worms were also detected by RT-qPCR analysis [1].
5.2.1. Figure 1. Video editor: Please emphasize the blue bars of “lmp-1” and “dlg-1” and red bars of “hsp-4”, “hsp-70”, and “lmp-1” when VO says: ”upregulation”. Please emphasize blue bars of “hsp-60” and “pas-7”, and red bars of “hsp-60” and “tac-1” when VO says: ” downregulation of”.
5.3. Comparison of GTCp- versus RIPA (pronounced: “rip•pah”) -extracted protein in worms, separated by SDS-PAGE, and stained with Coomassie blue, showed a similar quality, with better resolution of larger proteins for GTCp-extracted proteins [1].
5.3.1. Figure 2. Video editor: Please emphasize bands between 100 and 250 kDA of the first two lanes (GTCp and RIPA, worm) when VO says: “better resolution of larger proteins for GTCp-extracted proteins”. 
5.4. Western blot analysis showed similar protein levels in most cases. However, the proteins larger than 75 kilo dalton showed lower levels in the RIPA-extracted protein [1].
5.4.1. Figure 3A. Video editor: Please emphasize right lane for “MRP-1”, “F07C4.12”, “DLG-1”, “GRP78”, “TAC-1” and “PAS-7” proteins on Figure 3A and their yellow bars on Figure 3B when VO says: “larger than 75 kilo dalton showed lower levels in the RIPA-extracted protein”.
5.5. The comparison between targets mRNA and protein levels from four individual samples of three worm strains showed a low variability of the mRNA levels, with greater variability at the protein level [1].
5.5.1. Figure 4.
5.5.2. 

Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) 
6.1. Joslyn Mills: (Step: 3.4) In the context of DNA isolation, yield is highly dependent on the proficiency to recover the cloudy interphase layer from the organic (pink) layer. (Step 3.21) To improve solubilization of the proteins from the pellet, increasing the volume of resolubilization buffer or adding other detergents besides SDS may be necessary [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  
6.2. Joslyn Mills: Using this method can help correctly identify cases where translation of mRNA to protein is not correlative and can lead to deeper investigation of post-transcriptional and post-translational regulatory mechanisms under various conditions [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.   
6.3. Joslyn Mills: In our lab, this protocol has been used to conserve valuable and limited time-course samples, Furthermore, I could imagine this would be a useful protocol to adopt in the circadian rhythm field [1].
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.    
6.4. Joslyn Mills: The GTCp reagent and solvents used in the RNA isolation are hazards and should be used with caution [1].
6.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  


 2018, Journal of Visualized Experiments	Page 11 of 14
image1.png




