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A.  Will you require JoVE to record video microscopy through a microscope? N 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Y/N
The automated system can be operated through a touch screen panel that facilitates the proper system set-up and eliminates error-free operation. Software usage can be filmed during the setup of the automated experiment by having the researcher showing how to operate the automated system
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document:  2.2, 2.3, 2.4, 2.9, 2.10 and 2.13.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Having a good chromatin preparation, a good antibody and selecting the optimal automated protocol for the experiment
E. Will the filming need to take place in multiple locations? N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to provide researchers with an automated platform capable of performing chromatin immunoprecipitation experiments on just 10,000 cells. (Intro) This is accomplished by first preparing high quality sheared chromatin for the chromatin immunoprecipitation. (P1) In the second step, an automated chromatin immunoprecipitation protocol is created,  (P2) which facilitates the generation of a library prep protocol for the sheared chromatin. (P3) Ultimately, the success of the automated technology can be validated through the comparison of the chromatin immunoprecipitation-sequence profiles generated on the original 10,000 cell sample with experiments performed on 100,000 cells and existing datasets for reference. (P4) 

(P1) 2.1.1. Talent adding sheared chromatin to tube
(P2) 2.2.2. 200 microliter protocol being set
(P3) 2.11.1. library prep protocol being set
(P4) Figure 7.jpg
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Teodora Ribarska: This method can help answer key questions in the epigenetic field to further our understanding of the functions of specific biomarkers in various tissues, stages of development, and disease states.

1.2. Rini Saxena: This technique has implications toward the diagnosis of multiple diseases, as it will help to identify epigenetic biomarkers in health and disease 

1.3. Geoffrey Berguet: Accurate and reliable automated technologies are important tools for researchers in the epigenetic analysis of specific cell types, sub-populations and small biopsies.
Protocol (read by voice talent at JoVE):
2. Chromatin immunoprecipitation and library preparation assays
2.1. For a standard automated chromatin immunoprecipitation experiment, begin by adding 120 microliters of chromatin immunoprecipitation Buffer H to 100 microliters of sheared chromatin from 1-2 million cells, reserving 2-20 microliters of chromatin for the input sample. 
2.1.1. WIDE: Few seconds Talent adding ChIP buffer H to cells (TEXT: See text for all reagent preparation) 
2.1.2. MED: Talent dispensing input sample into separate tube, with tube of cells/buffer H visible in frame if possible (use take 2)
2.2. Then, to set up the automated experiment on the IP-Star Compact, select “Protocols”, and click on the “chromatin immunoprecipitation” icon. 
2.2.1. MED - over the shoulder: Few seconds Talent at instrument, setting protocol

2.2.2. CU: “Protocols” being selected, then “ChIP” icon being selected

2.3. Choose the “chromatin immunoprecipitation direct method” and, then in the next screen, choose the “chromatin immunoprecipitation 200 microliter” protocol and specify the sample number.
2.3.1. CU: Shot of “ChIP direct method” being selected, then “ChIP 200 microliter” protocol being selected (Shot may be used again)

2.3.2. [combined with 2.3.1] CU: Few seconds sample number and a few experimental parameters being entered

2.6
[moved] Set the chromatin immunoprecipitation experimental parameters to 4 hours for the antibody coating step, 15 hours for the immunoprecipitation step and 5 min for each washing step.

2.6.1
CU: Shot of antibody coating step being set to 4 hours on touch screen (Videographer: Combine 2.6.1. and 2.6.2. as appropriate)

2.6.2
[combined with 2.6.1] CU: Shot of immunopreciptation step being set to 15 hours on touch screen (Videographer: Combine 2.6.1. and 2.6.2. as appropriate)

2.4. Then set up the reagents following the instructions displayed on the layout information screen and add the appropriate reagents and highly validated ChIP-seq grade antibodies. 
2.4.1. CU: Shot of layout information screen
2.4.2. MED: Talent adding at least one antibody to strip tube AND placing at least one strip tube in robot OR MED: Talent holding strip tubes AND placing at least one strip tube into robot (TEXT: e.g., anti-H3K79me3, -H3K27me3, -H3K4me3, -H3K4me2, -H3K9ac, -H3K9/14ac, -H3K36me3 and -H3K9me3 ChIP-seq grade antibodies)
2.4.3. ZOOM IN: Talent placing at least one strip tube in robot (Either use 2.4.3 take 1 OR 2.4.3 WIDE: talent Talent placing at least one strip tube in robot (use take 3) AND 2.4.4 CU: Talent placing tubes in the robot (use 2.4.3 take 2))
2.5. Then add 20 microliters of Protein-A coated magnetic beads for each reaction and the chromatin samples. 
2.5.1. MED: Talent adding at least one aliquot of magnetic beads, with magnetic bead container label visible in frame if possible

2.5.2. CU: At least one chromatin sample being added (use 2.1.2 take 1)
2.6. [moved] Set the chromatin immunoprecipitation experimental parameters to 4 hours for the antibody coating step, 15 hours for the immunoprecipitation step and 5 min for each washing step. 

2.6.1. CU: Shot of antibody coating step being set to 4 hours on touch screen (Videographer: Combine 2.6.1. and 2.6.2. as appropriate)

2.6.2. CU: Shot of immunopreciptation step being set to 15 hours on touch screen (Videographer: Combine 2.6.1. and 2.6.2. as appropriate)

2.6.3. CU: Shot of touch screen/readout showing crosslinking step set to 65°C for 4 hours (or similar representative shot)

2.7. After the reverse-crosslinking, purify the DNA with a magnetic bead based DNA purification kit.
2.7.1. CU: Few seconds beads being mixed with DNA, with shot of DNA magnetic bead kit visible in frame if possible

2.7.2. MED: Few seconds Talent adding water to DNA 

2.8. Use a highly sensitive commercial fluorometric assay to quantify the immunoprecipitated  DNA.
2.8.1. CU: Shot of extracted DNA if visible OR CU: Extraction reagent being added to DNA

2.8.2. MED: Talent adding sample to Qubit
2.9. Next, using primers for at least one positive and one negative control genomic region, analyze the quality of the immunoprecipitated DNA by quantitative PCR according to the appropriate parameters of the materials for the analysis. The results are expressed as the percentage of the recovery of the input.
2.9.1. MED: Talent adding sample to thermal cycler (use take 2)
2.9.2. CU: Few seconds PCR protocol being set on touch screen/readout screen/buttons of thermal cycler (use take 2)
2.9.3. LAB MEDIA: figure3.jpg
Invert steps 2.10 and 2.11
2.10. Then begin the automated protocol compatible with the commercially available DNA library preparation kits on the chromatin immunoprecipitation DNA. 
2.10.1. MED: Talent adding DNA/reagents/samples to instrument
2.11. For the next generation sequencing, under protocols, now click on the “Library prep” icon. Then choose the library prep technology of preference and set up the reagents according to the instructions on the layout information screen.

2.11.1. CU: “Library prep” icon being selected, then “library technology” being selected

2.11.2. [combined with 2.11.1] CU: Shot of layout information screen

2.12. For example, in this experiment, six different histone modifications associated with gene expression were generated. The high peak correlation observed between these histone markers indicates the ability of the automated system to generate accurate and reliable data.

2.12.1. LAB MEDIA: Authors: please provide Figure 4A as its own individual .ai, .psd, or .tif file
2.13. Moreover, these graphs show the distribution of the peaks for the different histone modifications at specific genomic regions.

2.13.1. LAB MEDIA: Authors: please provide Figure 4B, C, and D together in one .ai, .psd, or .tif file
2.14. Finally, for an automated chromatin immunoprecipitation experiment for samples with low cell numbers, set the automated chromatin immunoprecipitation 200 microliter protocol on the automation system as just demonstrated. 

2.14.1. LAB MEDIA: figure 1.jpg OR CU: 2.3.1. 200 microliter protocol being set up
2.15. Next, load the system with the ChIP-seq grade antibodies and reagents optimized to work on chromatin quantities from between 1x104-1x105 cells using only 10 microliters of Protein-A coated magnetic beads for each reaction. 
2.15.1. MED: Talent adding at least one antibody/reagent to system, with antibody and/or reagent container labels visible in frame if possible (TEXT: See text for suggested anti-histone antibodies)

2.15.2. CU: Magnetic beads being added to system, with antibody container label visible in frame if possible OR LAB MEDIA: Authors: please submit embedded image from 51250_Saxena Mazon_Script 06102014-FINAL.doc if you prefer
2.16. Then run the library preparation.  Select the “MicroPlex library prep” protocol, and set up the reagents following the instructions displayed on the layout information screen.
Start with 2.16.3, then 2.16.2, then 2.16.1
2.16.1. CU: Shot of protocol being started on touch screen

2.16.2. MED: Talent adding at least one MicroPlex reagent to system, with reagent container labels visible if possible (use take 2)
2.16.3. CU: Shot of layout information screen
3. Results: Generation of chromatin epigenetic profiles with as few as 10,000 cells
3.1. In this representative quantitative PCR of a chromatin immunoprecipitation from a 10,000 cell starting sample, significant enrichments with the anti-histone antibodies in the positive control regions and negligible signals in the negative control regions were observed.
3.1.1. LAB MEDIA: figure 5A.jpg (Video Editor: with “significant … positive control regions” please highlight the red and blue data bars of the H3K clusters of data bars in each graph; with “and negligible … observed” please highlight the green and purple data bars in the H3K clusters of data bars in each graph)
3.2. Here a series of ten immunoprecipitation reactions that were reproducible and highly comparable with a manual chromatin immunoprecipitation experiment are shown, demonstrating the ability of the automated system to work with low cell quantities with no visible increase in experiment-to-experiment variability compared to manual immunoprecipitation.
3.2.1. LAB MEDIA: figure 5B and5C.jpg (Video Editor: with “Here … are shown” please highlight the left most graph; with “with no visible … immunoprecipitation” please highlight the two graphs on the right)
3.3. These data illustrate the bioinformatics analyses of the sequenced libraries of 10,000 and 100,000 HeLa-S3 cells after chromatin immunoprecipitation, demonstrating outstanding results from the low cell number chromatin immunoprecipitation samples. 
3.3.1. LAB MEDIA: figure 7.jpg (Video Editor: with “sequenced libraries of 10,000” please highlight the “10,000 reads” row of green peaks; with “and 100,000 HeLa-S3 cells” please highlight the “100,000 reads” row of blue peaks)
3.4. This dataset, which corresponds to the experiment with 10,000 cells of starting material, contains low background noise with highly reliable enrichment peaks that are confirmed by both the 100,000 cell dataset, and the Broad Institute reference dataset for the ENCODE project. 
3.4.1. LAB MEDIA: figure 7.jpg 
(Video Editor: with “This dataset  … highly reliable enrichment peaks” please highlight the “10,000 reads” row of green peaks; 

with “that are confirmed by both 100,000 cell dataset” please highlight the “100,000 reads” row of blue peaks; 

with “Broad Institute … project” please highlight the “100,000 cells Broad Inst Reads” row of red peaks)
3.5. It is important to note that the 10,000 cell data demonstrate almost identical peaks to the Broad Institute data, with a 98% overlap ratio of the best 40% of the peaks ranked by the significant score as used in the ENCODE project. 
3.5.1. LAB MEDIA: figure 7.jpg 
(Video Editor: with “It is important … identical peaks” please highlight the green 10,000 reads peaks row; 

with “Broad Institute … project” please add a highlight to the red 100,000 broad inst reads peaks row)

4. Conclusion (said by authors on camera)
4.1. Geoffrey Berguet: The IP-Star automated system requires minimal operator intervention, reducing the hands-on work of the chromatin immunoprecipitation to just 1-2 hours. In addition, the automated process replaces the numerous chromatin immunoprecipitation manual error-prone steps and delivers highly consistent results.
4.2. Teodora Ribarska: While attempting this procedure, it’s important to remember that a good chromatin preparation and good selection of highly specific and sensitive antibodies is key for the success of the experiment.
4.3. Teodora Ribarska: This technology paved the way for researchers in every field of biology to improve the accuracy, reproducibility and consistency of their epigenetic studies.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  
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Authors: please provide these files:

Figure 4A.jpg

Figure 4BCD.jpg
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


