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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. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? 

☒ 	Interview Statements are read by JoVE’s voiceover talent. 

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


Current Protocol Length
Number of Steps: 16
Number of Shots: 49

Introduction

1. Introductory Interview Statements

1.1. Long non-coding RNAs play crucial roles in pathophysiology and carry out their function through complementary base pairing to mRNAs. This procedure allows identification of RNAs engaged in direct RNA/RNA interaction with long non-coding RNA. 

1.1.1. LAB MEDIA: Figure 1

1.2. This technique is easy and cost-effective. It uses psoralen as a fixative to cross-link RNA/RNA interactions [1] and uses an RNA pull-down protocol in which anti-sense DNA oligonucleotide probes are designed according to long non-coding RNA secondary structure [2].    

1.2.1. 2.2.2
1.2.2. LAB MEDIA: Figure 2A

Introduction of Demonstrator on Camera

1.3. Demonstrating the procedure will be Audrey JACQ, a PhD student at the Institute of Neuropathophysiology, and Benedicte BOYER and Severine GUILLEN, technicians in the team entitled "Genes, Rhythms and Neuropathophysiology". 	Comment by Shehnaz Lokhandwala: Authors: Please confirm that this is correct.

1.3.1. The named demonstrators look up from workbench or desk or microscope and acknowledge the camera.
1.4. 

Protocol

2. Cross-Linking and Cell Lysis

2.1. To begin, grow GH4C1 (G-H-Four-see-one) cells in 78.5 square centimeter cell culture dishes [1]. 
2.1.1. WIDE: Establishing shot of talent with cells in a 78.5 cm2 cell culture dish placed on a sterile platform

2.2. Once the cells reach confluence, remove the cell culture medium [1] and rinse the cell layer with 5 milliliters of cold PBS plus [2-TXT]. Then, add 3 milliliters of psoralen-derived molecule solution prepared in PBS plus at a 0.1-milligram per milliliter concentration [3-TXT]. 
2.2.1. Talent removing the cell culture medium. 
2.2.2. Talent rinsing the cell layer with PBS. TEXT: PBS+: PBS enriched with Ca2+ and Mg2+
2.2.3. Talent adding psoralen-derived molecule solution. TEXT: Psoralen-derived molecule: 4′‑Aminomethyltrioxsalen hydrochloride

2.3. Next, place the culture plates in a mammalian cell culture incubator at 37 degrees Celsius with 5% carbon dioxide [1]. After 30 minutes, remove the lid [2] and place the culture dishes on ice at 2.5 centimeters from 365-nanometer UV tubes in a UV crosslinker for 10 minutes [3]. 
2.3.1. Talent placing the culture dish in an incubator
2.3.2. Talent removing the lid
2.3.3. Talent placing the culture dish in a UV crosslinker Videographer: This step is important

2.4. Agitate the dishes delicately [1] and restore the UV exposure for an additional 10 minutes [2]. 
2.4.1. Shot of dish agitation
2.4.2. Talent placing the dishes back in the UV crosslinker.	Comment by Shehnaz Lokhandwala: Authors: I have assumed that after agitation, the dishes are placed back into the crosslinker to restore UV exposure. Please confirm that this is correct.

2.5. Next, discard media by aspiration [1], then add 1 milliliter of PBS plus [2] to collect cells with a cell scraper [3] and transfer them to a micro-tube [4]. After centrifugation [5-TXT], remove the supernatant [6] and store the pellets at – (minus) 80-degree Celsius [7].
2.5.1. Talent removing the media
2.5.2. Talent adding PBS plus to the dish
2.5.3. Talent collecting cells with a cell scraper
2.5.4. Talent transferring the content to a micro-tube
2.5.5. Talent placing the tube in centrifuge TEXT: 5 min, 400 x g, 4 °C
2.5.6. Talent removing the supernatant
2.5.7. Talent storing the pellet at -80 °C

2.6. [bookmark: _Hlk75443624]For cell lysis, resuspend the cell pellets in proteinase K buffer [1-TXT]. Next, add proteinase K to the resuspended cell pellets [2-TXT] and incubate for 45 minutes at 50 degrees Celsius [3]. Then, incubate for 10 minutes at 95 degrees Celsius to inactivate the proteinase K [4].
2.6.1. Talent resuspending the pellets in Proteinase K buffer TEXT: See text for proteinase K buffer preparation details; use 200 μL per 1 x 107 cells
2.6.2. Talent adding proteinase K to the cell pellets TEXT: Final concentration 0.1 μg/μL
2.6.3. Talent placing the tubes for incubation at 50 °C
2.6.4. Talent placing the tubes for incubation at 95 °C to inactivate proteinase K

3. Sonication
 
3.1. For sonication, distribute 100 microliters of the cell lysate in two micro-tubes [1-TXT] and add 200 microliters of hybridization buffer to each tube [2]. 
3.1.1. Talent adding lysate to the two micro-tubes TEXT: Corresponding to 5 x 106 cells
3.1.2. Talent adding hybridization buffer to the tube 

3.2. Place the tubes in the 4-degree Celsius water bath of a sonicator [1] and start the sonication with two series of 30-second pulses separated by 30 seconds [2]. 
3.2.1. Talent placing the tubes in the sonicator water bath Videographer: This step is important
3.2.2. Talent starting the sonication 

3.3. After sonication, collect 20 microliters of samples to serve as input control samples [1] and store them at –(minus) 80 degrees Celsius [2].
3.3.1. Talent collecting the input control samples
3.3.2. Talent storing the samples at -80 °C

4. RNA Pull-Down

4.1. On day 1, perform hybridization by adding 150 picomoles of a biotinylated specific or non-specific probe to each sample tube [1] and incubating for 4 hours under agitation on a tube rotator at room temperature [2].  
4.1.1. Talent adding probe to each sample tube
4.1.2. Talent placing the tubes for incubation on a tube rotator/shot of tubes incubating on the rotator Videographer: This step is important

4.2. Next, take the necessary volume of magnetic beads [1-TXT], then using a magnet support, separate the beads from the commercial media [2] and discard the supernatant [3]. After washing the beads with 900 microliters of the Hybridization buffer [4], resuspend the beads in the same volume of the Hybridization buffer [5].
4.2.1. Talent removing the required amount of beads TEXT: 40 μL of beads per 150 pmol of the probe’s hybridization reaction
4.2.2. Talent separating the beads from the commercial media using a magnet support 
4.2.3. Talent removing the supernatant
4.2.4. Talent performing buffer wash on the beads
4.2.5. Talent resuspending the beads in hybridization buffer

4.3. Then, add the magnetic beads to each sample tube [1] and incubate overnight under agitation on a tube rotator [2-TXT]. 
4.3.1. Talent adding magnetic beads to the tube
4.3.2. Talent placing the tubes on a tube rotator. TEXT: RT, ~30 rpm

4.4. On the next day, to isolate the RNA, separate the beads from the cell lysate using the magnet support for 2 to 3 minutes [1]. After discarding the supernatant, wash the beads five times with 900 microliters of the Wash buffer [2-TXT] with a 5-minute incubation on the rotator during each wash [3]. 
4.4.1. Talent separating beads from the cell lysate using a magnet support Videographer: This step is important 
4.4.2. Talent adding wash buffer to the beads TEXT: Wash buffer: 0.5% SDS, 2x SSC 
4.4.3. Shot of tubes incubating on the rotator during the wash

4.5. After the last wash, add 95 microliters of Proteinase K buffer to the beads [1]. Next, defrost the input samples [2] and add 75 microliters of Proteinase K buffer [3]. Then, add 5 microliters of proteinase K to the tubes containing the beads [4-TXT] as well as those containing the input samples [5]. 
4.5.1. Talent adding Proteinase K buffer to the beads
4.5.2. Talent leaving the input samples for thawing
4.5.3. Talent adding Proteinase K buffer in the input samples
4.5.4. Talent adding proteinase K to tubes with beads. TEXT:  Final concentration 1 μg/μL
4.5.5. Talent adding proteinase K to input samples 

4.6. After a 45-minute incubation at 45 degrees Celsius [1] followed by a 10-minute incubation at 95 degrees Celsius [2], place the sample on ice [3]. Then, using a magnetic support, separate the beads from the RNAs present in the supernatant [4]. 
4.6.1. Shot of tubes incubating at 45 °C
4.6.2. Shot of tubes incubating at 95 °C
4.6.3. Talent placing the sample on ice
4.6.4. Talent separating the beads with a magnetic support.

4.7. After purifying the RNA from the supernatant with an RNA purification kit that includes a DNase (D-N-aise) digestion step [1], store the purified RNA at – (minus) 80 degrees Celsius [2].
4.7.1. Talent eluting the RNA, RNA purification kit and reagents in frame.	Comment by Shehnaz Lokhandwala: Authors: I edited this shot since the entire RNA purification protocol need not be shown here. Just the elution step with the kit placed in the background should be sufficient.
4.7.2. Talent storing the purified RNA at -80 °C








Results

5. Results: Identification of RNAs Engaged in Direct RNA-RNA Interaction with Neat1

5.1. [bookmark: _Hlk72855564]A schematic representation of the pull-down of 6 parts of Neat1 (Neat-One) [1] by 6 specific probes is shown [2]. To ensure the pull-down of the entire Neat1 long isoform, six Neat1-specific biotinylated probes [2] that can bind to six different Neat1 parts were designed [3].
5.1.1. LAB MEDIA: Figure 2A Video Editor: Please emphasize the 6 parts of Neat1
5.1.2. LAB MEDIA: Figure 2A Video Editor: Please emphasize the probes a-f on top of Neat1
5.1.3. LAB MEDIA: Table 1 Video Editor: Only show the six probes a-f from Specific pool 1 
5.1.4. LAB MEDIA: Figure 2A Video Editor: Please emphasize each part with its probe (probe a with part 1, b with part 2, etc.) successively

5.2. qPCR with specific primers targeting each of the six parts of Neat1 [1] showed that each probe was specific to the part of Neat1 against which it was designed [2]. 
5.2.1. LAB MEDIA: Table 1 Video Editor: Only show the qPCR primers (fwd and rev primers) for Neat1 Part_1 to Neat1 Part_6
5.2.2. LAB MEDIA: Figure 2B Video Editor: Please emphasize the black bars in each graph

5.3. To assess the specificity of the Neat1 RNA pull-down experiments, an additional pool of six probes were designed in adjacent corresponding regions of binding of the six a to f (A to F) probes.
5.3.1. LAB MEDIA: Table 1 Video Editor: Only show the six probes a-f from Specific pool 2 

5.4. The degree of recovery of each part of Neat1 was not the same with both pools of probes [1]. Furthermore, a non-specific probe recovered very low Neat1 [2] compared to the specific pools [3]. 
5.4.1. LAB MEDIA: Figure 3A Video Editor: Please emphasize the graphs for SP1 and SP2
5.4.2. LAB MEDIA: Figure 3A Video Editor: Please emphasize the graph for NSP
5.4.3. LAB MEDIA: Figure 3A Video Editor: Please emphasize the graphs for SP1 and SP2


5.5. The transcripts Cntn1 (contactin-one), Malat1 (malat-one), Pou1f1 (pou-one-F-one), and Rplp0 (R-P-L-P-zero) were directly associated with Neat1 [1]. In contrast, Tapbp (Tap-B-P), a transcript not included in the list of direct RNA targets as determined by RNA-Seq, was not found enriched after RT-qPCR analysis [2]. 
5.5.1. LAB MEDIA: Figure 3B Video Editor: Please successively emphasize the Cntn1, Malat1, Pou1f1, and Rplp0 bars when mentioned in the VO
5.5.2. LAB MEDIA: Figure 3B Video Editor: Please emphasize the Tapbp bars 

5.6. By using each specific probe separately, the 4 genes Contactin1, Malat1, Pou1f1, and Rplp0 were shown to bind the Neat1 5 prime end pulled down with the probe a (A) [1]. In contrast, Tapbp was not enriched by any of the 6 probes [2].
5.6.1. LAB MEDIA: Figure 4 Video Editor: Please emphasize the bar for probe ‘a’ from the graphs marked Cntn1, Malat1, Pou1f1 and Rplp0
5.6.2. LAB MEDIA: Figure 4 Video Editor: Please emphasize the Tapbp marked graph



Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Sonication for some long non-coding RNAs is indispensable. The size of the fragments generated, and the length of the long non-coding RNA determine the number of probes to be designed.
6.1.1. 3.2

6.2. Samples obtained with RNA pull-down procedure can be submitted to RT-qPCR analysis or to RNA sequencing when the objective is to establish a comprehensive list of RNAs engaged in direct RNA/RNA interaction with a long non-coding RNA.
6.2.1. 4.6, 4.7
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