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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 3.1, 3.2, 3.3, 3.4 and 3.5. Also see Figure 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 3.2 and 3.3
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. Video Editor: Note that Ozgur Oksuz was a graduate student in Danny Reinberg’s lab, but he is a post doc in Richard Young’s lab at the moment.

1.1. Ozgur Oksuz: We outline a system to assess the dynamic formation of chromatin domains. We utilized this system to follow the recruitment and spreading of PRC2-mediated repressive domains in cells. The process can be paused at any time to analyze the events in progress. 

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

1.2. Ozgur Oksuz: This system could be geared to monitor dynamic changes in any given cellular process, and hence is not limited to tracking chromatin domain formation.

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. Author NOTE: did not shoot the optional interview statements.

1.3. Ozgur Oksuz: This method provides insights into how chromatin domains establish in cells. It can be adapted to monitor dynamic changes in any given cellular process. 

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

1.4. [bookmark: _GoBack]Ozgur Oksuz: The most critical and time-consuming step is the accurate design of DNA constructs to re-express the desired proteins after their respective deletion from the cells. One should carefully consider the downstream applications such as various mutations, affinity tags, and fluorescent markers before designing this system.

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


1.5. Ozgur Oksuz: Visual demonstration of makes it easier to understand the purpose of each step. Thus, the readers could easily modify it for their purpose.

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









Section - Protocol
2. Generation of Clonal EED Knockout Mouse Embryonic Stem Cells 

2.1. Start by designing guide RNAs to delete Exon 10 and 11 of an endogenous copy of embryonic ectoderm development, or EED, in mouse embryonic stem cells using a CRISPR design tool [1]. Clone the guide RNAs into the CRISPR-Cas9 (pronounce ‘crisper-cas-9’) plasmid according to manuscript directions [2]. 

2.1.1. WIDE: Establishing shot of talent at the computer designing guide RNAs.
2.1.2. Talent at the lab bench performing the cloning procedure. 
2.2. In a 6-well plate format, transfect 200,000 mouse embryonic stem cells, or mESCs (pronounce ‘mouse-E-S-Cs’), with 1 microgram of each guide RNA using transfection reagents according to manufacturer’s instructions [1]. Change the media 24 hours after transfection [2]. 
2.2.1. Talent performing transfection. 
2.2.2. Talent changing media.  
2.3. Two days after the transfection, isolate GFP-positive cells using FACS [1]. Transfection efficiency ranges from about 10 to 30%, so sort around 500,000 cells to capture sufficient GFP-positive cells for plating [2]. 
2.3.1. Talent carrying cells to FACS machine. 
2.3.2. Talent using FACS machine. Videographer: Obtain multiple reusable takes of this shot because it will be reused. 

2.4. Plate the isolated GFP-positive cells into 15-centimeter plates that are pre-coated with 0.1% gelatin for colony picking [1-TXT]. Grow the cells in ESC medium for about one week until single colonies are visible, making sure to change the media every 2 days [2]. 

2.4.1. Talent plating the cells. TEXT: 10 – 20 x 103 cells per plate
2.4.2. Cells inside incubator. 

2.5. Pick a minimum of 48 colonies by using a 20-microliter pipette tip to scrape over the colony while aspirating [1]. Without breaking up the colony into single cells, transfer it to an accutase-containing 96-well plate [2]. 

2.5.1. Talent picking up a colony. 
2.5.2. Talent transferring the colony to the 96-well plate.

2.6. Incubate the colonies at 37 C for 10 minutes to dissociate the cells [1]. Then, add 200 microliters of ESC media to each well with a multichannel pipette [2]. Mix well and plate the cells into 2 separate 96-well plates [3].

2.6.1. Cells incubating. 
2.6.2. Talent adding media to plate. 
2.6.3. Talent mixing and then transferring the cells to separate plates.

2.7. Use one of the plates for genotyping and keep the other growing until genotyping is concluded [1]. Extract DNA from the plate using commercial reagents and following manufacturer’s directions [2].

2.7.1. Talent placing one plate in incubator. 
2.7.2. Talent at the lab bench extracting DNA. 

2.8. Use genotyping primers that span the deleted site to perform genotyping PCR with Taq DNA polymerase [1]. Observe a DNA product of lower molecular weight in cells with a homozygous deletion relative to the wild-type cells [2]. 

2.8.1. Talent putting plate into PCR machine and closing the lid. 
2.8.2. Talent imaging the gel with PCR products, with the gel image on the screen. 

3. Engineering Cre-ERT2 based inducible EED expression 
3.1. Design guide RNA to introduce a cut within the intron following exon 9 of EED using a CRISPR design tool and clone it into the CRISPR-Cas9 plasmid according to manuscript directions [1]. Videographer: This step is important!
3.1.1. Talent at the lab bench performing the cloning. 
3.2. Design a donor template DNA that includes the EED cDNA sequence after exon 9 and a C-terminal Flag-HA tag upstream of a T2A-GFP sequence, all in reverse orientation with respect to the endogenous gene sequence [1]. Videographer: This step is important and difficult!
3.2.1. SCREEN: Donor template DNA with the EED cDNA sequence and a C-terminal Flag-HA tag highlighted. Videographer: Film the screen as talent performs this step.
3.3. Flank the cassette with a splice-acceptor and a polyadenylation sequence nested between heterologous inverted loxP sites and include at least 500 base pairs of homology arms from each end [1]. Videographer: This step is important and difficult!
3.3.1. SCREEN: Cassette flanked with splice-acceptor and polyadenylation sequence. Videographer: Film the screen as talent performs this step.

3.4. Split the donor template into 2 segments of g-Blocks gene fragments and assemble them into a PCR Blunt vector using Gibson cloning following manufacturer’s instructions [1]. Videographer: This step is important!

3.4.1. Talent at the lab bench performing Gibson cloning. 

3.5. In a 6-well plate format, transfect 200,000 mESCs with 1 microgram of the guide RNA and 1 microgram of the Donor templates [1]. Then, isolate GFP-positive cells using FACS [2]. Isolate individual colonies for genotyping according to manuscript directions [3]. Videographer: This step is important!

3.5.1. Talent transfecting cells. 
3.5.2. Use 2.3.2.
3.5.3. Plate with colonies. 

4. Following nucleation and spreading of PRC2 activity on chromatin
4.1. Use flow cytometry to confirm that the mESCs do not have leaky expression of GFP, and, if they do, isolate GFP-negative cells by FACS before starting the experiment [1]. 
4.1.1. Use 2.3.2.
4.2. Expand the cells into five 15-centimeter plates [1-TXT] and induce expression of wild type or cage-mutant EED by administering 0.5 micromolar 4 hydroxy tamoxifen for 5 different time durations ranging from 0 hours to 8 days [2]. Change the media after 12 hours for treatments lasting longer than that [3]. 
4.2.1. Talent expanding cells into plates. TEXT: 5 x 106 cells per plate 
4.2.2. Talent adding 4 hydroxy tamoxifen to cells. 
4.2.3. Talent changing media. 
4.3. Isolate the successfully recombined cells by FACS using GFP [1] and perform ChIP-seq (pronounce ‘chip-seek’) for H3K27me2 and H3K27me3 (pronounce ‘H-3-K-27-M-E-2 and 3’) to investigate their temporal deposition to chromatin in response to re-expression of wild type or cage-mutant EED [2-TXT]. 
4.3.1. Use 2.3.2.
4.3.2. Talent performing ChIP-seq. TEXT: See Manuscript for reference



Section – Results
5. Results: Validations and Representative Applications of Inducible EED Rescue Systems
5.1. To validate the inducible wild-type rescue and inducible mutant rescue systems, Western Blot was performed on whole extracts after induction of wild type or cage-mutant EED with 4 hydroxy tamoxifen treatment [1]. 
5.1.1. Figure 2 A. 
5.2. Flow cytometry analysis was used to confirm the efficiency of T2A-GFP expression in i-WT-r cells before and after the 4 hydroxy tamoxifen treatment, which demonstrates the successful flip of the inverted cassette [1].
5.2.1. Figure 2 B.
5.3. ChIP-seq of H3K27me3 (pronounce ‘H-3-K-27-M-E-3’) was performed after re-expression of wild type or cage-mutant EED [1]. The emergence of H3K27me3 is observed at 12 hours after wild type EED expression at discrete nucleation sites [2], and then at 24 hours at regions distant from the initial nucleation sites [3]. 
5.3.1. Figure 2 C. 
5.3.2. Figure 2 C. Video Editor: Emphasize the curve labeled ‘Early recruitment’. 
5.3.3. Figure 2 C. Video Editor: Emphasize the curve labeled ‘Delayed recruitment’.

5.4. ChIP-seq was also used to track the temporal deposition of H3K27me2 (pronounce ‘H-3-K-27-M-E-2’), which appears to precede H3K27me3 deposition [1]. 

5.4.1. Figure 2 D. 

5.5. The H3K27me3 foci and their growth have also been visualized with fluorescence microscopy [1]. After 12 hours of wild type EED expression there is evidence of H3K27me3 foci formation [2]. These foci increase in number and size by 24 hours [3], and eventually spread to large regions of the nucleus by 36 hours [4].

5.5.1. Figure 2 E. 
5.5.2. Figure 2 E. Video Editor: Emphasize the 12-hour images (2nd row). 
5.5.3. Figure 2 E. Video Editor: Emphasize the 24-hour images (3rd row).
5.5.4. Figure 2 E. Video Editor: Emphasize the 36-hour images (4th row).


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Ozgur Oksuz: The accurate design of DNA constructs is very important [1] to generate the desired inducible rescue system [2].

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.1.2. LAB MEDIA: Figure 1. 
6.2. Ozgur Oksuz: This method can provide a temporal and spatial control of the mutation of proteins in mice. In this way, one could determine the effect of mutations in a specific tissue or at a specific stage of development.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Ozgur Oksuz: We are currently using this system to monitor dynamic establishment of another chromatin domain: Polycomb repressive complex 1.

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