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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) Y
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? 
Step 3.1.1 (understanding how the REMOTE-control system works via Figure 1), as well as 3.10, 3.11.1, 3.14-3.16
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Designing a DNA template in Step 3.23 is likely the most challenging step. Following the example in the supplementary material and understanding how CRISPR/Cas9 works will ensure successful design of the DNA template.
5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? 
Possibly. If so, they are all within the Van Andel Research Institute, so they are just a few minutes of indoor walking apart.



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

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

1.1. Kwang-Ho Lee: The significance of our method is its versatility and potency. Our method allows researchers to have robust control over endogenous gene expression in ways that have been challenging to achieve using existing methods [1]. 

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

1.2. Nicole Vander Schaaf: It allows researchers to investigate a gene’s function at various expression levels and in a spatio-temporal manner. Thus, it allows for testing the reversibility of a phenotype, which is useful when studying disease-related genes [1].

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


Ethics title card: (for human subjects or animal work, does not count toward word length total)

Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) of the University of Southern California and the Van Andel Research Institute and in compliance with the Guide for the Care and Use of Laboratory Animals from the National Institutes of Health.


Section - Protocol
2. Overview of the REMOTE-control System
2.1. To accomplish repression, the target gene intron is engineered to contain a Repron, R, which contains 12 symmetric lac (pronounced: “lack”) operators. When the LacIGY (pronounced: “lack·i·g·y”) repressor is expressed from the desired tissue-specific promoter, the target gene is repressed. Repression of the target gene can be reversed or adjusted to the desired expression level by administration of IPTG (pronounced: “i·p·t·g”), an antagonist of the LacIGY repressor [1].
2.1.1. LM: Video editor: Please use Intro…Animation.mov: (00.00-00.31), OR Intro…animation PP.pptx, Slide 1-4. 
2.2. To accomplish upregulation, the target gene promoter is engineered to contain tet (pronounced: “tet”) operators, T, for the rtTA-M2 (pronounced: “r·t·t·a·m·two”) activator. When the activator is expressed from the desired tissue-specific promoter in the presence of Doxycycline (pronounced: “dok·see·sigh·klin”), upregulation of the target gene is induced. Upregulation of the target gene can be reversed or adjusted to the desired expression level by withdrawing or altering the concentration of Doxycycline [1-TXT].
2.2.1. LM: Video editor: Please use Intro…Animation.mov: (00.32-01.08), OR Intro…animation PP.pptx, Slide 5-8. TEXT: Dox: Doxycycline
2.3. To accomplish both repression and activation, the lac repressor and tet activator systems may be combined [1-TXT]. 
2.3.1. LM: Intro…animation PP.pptx, Slide 9. TEXT: See manuscript for more details
3. Modify the Gene of Interest for Repression by REMOTE-control
3.1. To modify the gene of interest for repression, a transcriptionally inert intron toward the 5-prime end of the gene of interest should be identified for insertion of the Repron sequence [1-TXT].   
3.1.1. LM: Figure 1. Upper panel, figure on the right. TEXT: Repron sequence: Repression intron; 12 symmetric lac operators + a partial rabbit beta-globin intron Video editor: Please emphasize “Target Gene” section when VO says: “the gene of interest”. Also, please emphasize the “Repron” section when VO says:” Repron sequence”.
3.2. To obtain the genomic sequence for the gene of interest, navigate the UCSC Genome Browser [1], and select the latest draft of the mouse genome, under the Genomes tab [2-TXT]. 
3.2.1. SCREEN/MED: Show the “Genomes” tab on the: Genome Browser”. 
3.2.2. SCREEN/MED: Talent selects the latest draft of the mouse genome. TEXT: Mouse GRCm38/mm10 at time of publication Video editor: Please show text overlay when VO says, “latest draft of the mouse genome”.
3.3. Enter the name or symbol of the gene of interest into the search bar to view the transcripts for the gene, and then click GO [1]. Then, select the desired transcript variant for the gene of interest, and click on the gene symbol next to the transcript variant of interest [2-TXT].
3.3.1.  SCREEN/MED: Talent types the name of the gene and clicks “GO”.
3.3.2. SCREEN/MED: Talent selects the desired transcript and clicks on the gene symbol next to it. TEXT: Symbol of previously selected transcript will be in a black box
3.4. Next, under the Sequence and Links to Tools and Databases banner, click the Genomic Sequence link [1].
3.4.1. SCREEN/MED: Show the “Sequence and Links to Tools and Databases” banner with the mouse pointer and clicks the “Genomic Sequence” link.
3.5. For Sequence Retrieval Region Options, select only Exons, Introns, and the default One FASTA record per gene [1-TXT]. For Sequence Formatting Options, select Exons in upper case, everything else in lower case and Mask Repeats to N [2-TXT]. Then click submit [3].
3.5.1. SCREEN/MED: Show the required steps. TEXT: 5’ UTR, CDS, and 3’ UTR Video editor: Please show text overlay when VO says, “Exons”.
3.5.2. SCREEN/MED: Show the required steps. TEXT: To conceal repetitive sequences Video editor: Please show text overlay when VO says, “Mask Repeats to N”.
3.5.3. SCREEN/MED: Talent clicks “submit”.
3.6. Finally, save this sequence, preserving the upper- and lowercase formatting, in a document or program that can be annotated [1].
3.6.1. SCREEN/MED: Talent saves the sequence in a document. Videographer: If it is possible, please show the upper- and lowercase letters.
3.7. To avoid interruption of CpG (pronounced: “c·p·g”) islands, select show for the CpG Islands track under the Expression and Regulation banner of the UCSC Genome Browser, and click refresh.
3.7.1. SCREEN/MED: Talent selects “show” for the “CpG Islands” track under the “Expression and Regulation” banner of the UCSC Genome Browser and clicks “refresh”. TEXT: CpG islands may indicate regions with gene regulatory function 
3.8. Zooming in on the 5-prime introns, click on each CpG island, shown in green, [1-TXT], and select View DNA for this feature. 
3.8.1. SCREEN/MED: Talent zooms in on the 5’ intron,  and records the range of the chromosomal coordinates clicks on a CpG island, and selects View DNA for this feature. 
3.9. After selecting Mask repeats to N, click get DNA to obtain the CpG island sequence.
3.9.1. SCREEN/MED: Talent clicks Mask repeats to N and selects “get DNA” in the “View” dropdown menu and clicks “Master repeats to N”. 
3.10. Finally, overlay these sequences with the original sequence file, and annotate these as intronic regions to avoid [1].
3.10.1. SCREEN/MED: Talent overlays these sequences with the original sequence file and annotates them as intronic regions to avoid. 
3.11. To avoid intronic regions with enhancer signatures in the tissues of interest, navigate to the ENCODE database, and select the Experiments icon [1].
3.11.1. SCREEN/MED: Talent opens the ENCODE database and selects the “Experiments” icon. TEXT: H3K4me1, H3K27ac, DNase I hypersensitivity, CTCF binding sites Video editor: Please show text overlay when VO says, “intronic regions with enhancer signatures in the tissues of interest”.
3.12. For the assay type, select ChIP-seq or DNase-seq and populate the other categories according to the cells to be engineered [1].
3.12.1. SCREEN/MED: Talent selects the appropriate assay and other categories.
3.13. After feature selection, select the left-most pictogram in blue for which View Results as List appears [1].
3.13.1. SCREEN/MED: Talent selects the “View Results as List”. Show the pictograms in blue. 
3.14. Then, select the datasets for the targets of H3K4me1(pronounced: “h·three·k·four·monomethylation”), H3K27ac (pronounced: “h·three·k·twenty·seven·acetylation”), DNase I (pronounced: “d·n·ace·one”), and CTCF(pronounced: “c·t·c·f”) that most closely match the cells to be engineered [1]. 
3.14.1. SCREEN/MED: Talent selects the datasets. 
3.15. Within each relevant dataset, scroll to the Files section, verify that mm10 and UCSC (pronounced: “m·m·ten and u·c·s·c”) are selected, and click the Visualize button.
3.15.1. SCREEN/MED: Talent scrolls to the “Files” section and clicks the “Visualize” button.
3.16. Now in the UCSC Genome Browser [1], zoom in on the 5-prime introns, and click on each peak in the annotated peak tracks [2].
3.16.1. SCREEN/MED: Talent selects the “mm10: UCSC”. 
3.16.2. SCREEN/MED: Talent zooms in on the 5’ intron and records the corresponding coordinates. clicks on a peak.
3.17. Obtain the DNA sequence for each peak region by clicking on the chromosomal coordinates for each peak [1]. 
3.17.1. SCREEN/MED: Talent types theclicks on the chromosomal coordinates. into the search bar and clicks “GO”.
3.18. In the View dropdown menu, select DNA, and click Mask repeats to N [1].
3.18.1. SCREEN/MED: Talent selects “DNA” and clicks “Mask repeats to N”. 
3.19. Finally, overlay these sequences with the original sequence file, and annotate these as intronic regions to avoid [1]. 
3.19.1. SCREEN/MED: Talent overlays these sequences with the original sequence file and annotates them as intronic regions to avoid.
3.20. To identify an sgRNA in the remaining intronic regions with high specificity and predicted efficiency scores, navigate to an online sgRNA design tool of choice, such as CRISPOR [1-TXT]. 
3.20.1. SCREEN/MED: Talent opens the CRISPOR design tool webpage. TEXT: sgRNA: single guide RNA
3.21. Enter the sequence of the intronic region of interest, specify the relevant reference genome, and select the desired Protospacer Adjacent Motif. Then, click Submit [1-TXT].
3.21.1. SCREEN/MED: Talent enters the sequence, specifies the reference genome, selects PAM and clicks “Submit”. TEXT: PAM: Protospacer Adjacent Motif
3.22. Next, sort the predicted sgRNAs by specificity score, and select one or more sgRNAs that also have a high predicted efficiency score [1].
3.22.1. SCREEN/MED: Talent sorts predicted sgRNAs and selects one with the highest score. Show the scores. 
3.23. Finally, design a DNA template containing a PITT landing pad sequence, flanked on both sides by 60-base homology arms that correspond to the sgRNA cut site [1-TXT].
3.23.1. SCREEN/MED: Talent designs the DNA template containing PITT. Show the flanked sequences. TEXT: PITT: Pronuclear Injection-based Targeted Transgenesis; See Supplementary Figure 1A, B 
4. Manipulate Gene Expression In Vivo
4.1. To repress the target gene, administer IPTG in the drinking water of the homozygous-bred mice with the modified allele of interest, by fully dissolving the desired amount of IPTG in sterile distilled water on the day of administration [1-TXT]. 
4.1.1. MED: Talent adds IPTG to distilled water. TEXT: See manuscript to breed mice with gene of interest with transgenic mice Video editor: Please show text overlay when VO says, “homozygous-bred mice”. TEXT: 0 to 400 mM IPTG Video editor: Please show text overlay when VO says, “desired amount of IPTG”.
4.2. Wrap the bottle with foil [1] and administer the IPTG water in a light-protected bottle to mice of the appropriate genotype and controls for at least one week. Proceed to analyzing the expression of the gene of interest in the target tissue [1-TXT] [Added shot-TXT]. 
4.2.1. MED: Talent wraps the light-protected bottle of IPTG water in foil [Note to video editor]: I am not sure how it is slated? 
[Added shot] Talent adds some of it to a light-protected bottle and treats the mice with the water. TEXT: Replace twice a week Video editor: Please show text overlay when VO says, “for at least one week”. TEXT: qRT-PCR, immunohistochemistry, western blotting Video editor: Please show text overlay when VO says, “analyzing the expression”. [Author Note]: This was filmed in two different locations and thus was two different video clips. (1) The IPTG water was prepared in the lab; the bottle was wrapped with foil immediately after step 4.1.1. (2) The administration to mice took place in the vivarium, so it was a separate video clip.
	[Note to video editor]: I am not sure how it is slated?
4.3. To induce the gene upregulation, administer Doxycycline in the diet for a week, and proceed to analyzing the expression of the gene of interest in the target tissue [1].
4.3.1. MED: Talent gives the mice Dox-containing food. Show the food with the label. 



Section – Results
5. Results: In vivo Repression and Activation Capability of the REMOTE-control System 
5.1. qRT-PCR analysis showed that Dnmt1 (pronounced: “d·n·m·t·one”) expression was repressed to 15% of the unregulated levels using the promoter-based approach [1]. The repression was reversed in a dose-dependent manner by treating mice with varying amounts of IPTG [2]. The observed Dnmt1 repression and the reversal of Dnmt1 repression by IPTG treatment was validated at the protein level by immunostaining [3].
5.1.1. LM: Figure 2A. Video editor: Please emphasize “No IPTG” bars.
5.1.2. LM: Figure 2A. Video editor: Please emphasize “20 mM IPTG, 80 mM IPTG, and 160 mM IPTG” bars.
5.1.3. LM: Figure 2B. Video editor: Please emphasize the middle panel when VO says: “Dnmt1 repression”. Please emphasize the panel on the right when VO says” reversal of Dnmt1 repression”.
5.2. qRT-PCR analysis of mKate2 (pronounced: “m·kate·two”) expression showed that the intron-based approach achieved more than 90% repression from operators located several kilobases downstream of the transcription start site by attenuating transcription elongation [1]. Confocal images of the mKate2 expression in the small intestine of mice with or without the LacIGY (pronounced: “lack·i·g·y”) repressor validated the intron-based approach [2]. 
5.2.1. LM: Figure 3A. 
5.2.2. LM: Figure 3B.
5.3. Robust upregulation and downregulation of Dnmt1 expression were achieved in embryonic stem cells containing the modified endogenous Dnmt1 allele with tet and lac operator sequences. Both regulations were fully reversible and inducible by IPTG and Dox treatments [1].
5.3.1. LM: Figure 4A. 
5.4. Strong upregulation of Dnmt1 was observed from the liver, spleen, and kidney [1]. However, no detectable upregulation in the heart was observed, suggesting that the cell cycle-dependent expression pattern of Dnmt1 and the scarcity of proliferative cells in the heart may underlie this observation [2].
5.4.1. LM: Figure 4B. Video editor: Please emphasize figures on the second row corresponding to “+Dox” of the “Liver, Spleen and Kidney” panels.
5.4.2. [bookmark: _GoBack]LM: Figure 4B. Video editor: Please emphasize figure on the second row corresponding to “+Dox” of the “Heart” panel, when VO says: “no detectable upregulation in the heart”.

Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) 
6.1. Nicole Vander Schaaf: Studying the in vivo function of a critical gene by manipulating its expression has often been challenging due to lethality. Our method allowed us to overcome the lethal phenotype in mouse models and enabled us to study its role in tumorigenesis. This technology will enable investigation of other essential genes that have been difficult to study [1].
  
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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