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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (NO)_________  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (No)________ 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.

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. ____ step 4, 5, 7, 8, 9, 10

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document._ 9:  While the step itself is not difficult it determines the success of the entire prep and appropriateness for sequencing).

E.  Will the filming need to take place in multiple locations? (No) _______ If yes, how far apart are the locations? 
______________________________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

· Procedural Narrative:
· The overall goal of this procedure is to generate sequencing libraries for base pair resolution DNA CpG methylation analysis based on restriction enzyme digestion combined with cytosine bisulfite conversion.. (Intro)

This is accomplished by first performing MspI restriction enzyme digest of high quality DNA followed by end repair, A-tailing and ligation of methylated adapters. (P1)

The next step is to perform bisulfite conversion on size selected fragments (P2)

Next, the fragments are amplified using PCR. (P3)

The final step is performing quality control and  sequencing followed and data visualization and analysis (P4)

· Ultimately, Enhanced Reduced Representation of Bisulfite Sequencing detects quantitative base pair resolution cytosine methylation patterns at CG-rich genomic loci. (P5)


Conceptual Narrative:
The overall goal of the following experiment is to __(insert overall goal here; e.g. observe the effect of your treatment on cell migration using wound healing assays)____. (Intro)

This is achieved by (1st step of protocol e.g. adding NGF to cells) to _(goal of 1st step - e.g. induce cell differentiation)__. (P1)

As a second step, _(insert 2nd step)__, which __(insert goal of 2nd step)_________ . (P2)  

Next, __(insert 3rd step)_____in order to___(insert goal of 3rd step)_________. (P3)

The results show _(effect of treatment - e.g.  differences in protein expression in NGF treated cells_ based on  ___(method of analysis - e.g. Western blotting analysis)__. (P4)


Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

Only one statement should be chosen and completed per author
1.1 Author name Francine Garrett-Bakelman_: The main advantage of this technique over other DNA methylation methods, such as microarrays, is that it can utilize small input material quantities to generate high coverage DNA CpG methylation data at base-pair resolution at biologically relevant sites.
2.1 Author name _Alicia Alonso_: This method can help answer key questions in the field of epigenetics, such as _epigenetic patterning and heterogeneity in biological samples compared to normal controls or other disease states 
3.1 Author name _Caroline Sheridan_: Generally, individuals new to this method will find it challenging due to the length of the procedure, the numerous specific requirements, and the unique sequencing characteristics of the libraries generated.
4.1  Author name _Doron Betel_: We first had the idea for this method, when we _were interested in exploring epigenetic patterning beyond regions covered in traditional assays.
5.1 Author name: Jennifer Ishii:  We were interested in developing this technique to transition to the generation of base-pair resolution DNA methylation data that could be integrated with data from other next generation-based techniques.
6.1 **Author name _Alicia Alonso_: Mame Fall, a technician in our laboratory, assisted the authors in demonstrating the procedure.	
6.1.1 Interview style: Author saying the above 
6.1.2 The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.



Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Adapter ligation and DNA size-selection via gel purification
2.1. To begin this protocol, first prepare purified aliquots of genomic DNA samples that have undergone an MspI restriction enzyme digest…, a blunt-end repair reaction…,  and a single-A nucleotide addition at the 3’ (pronounced 3 - prime) ends.  Transfer 10 L of the A-tailed DNA sample into a 0.2 mL PCR tube, and place the tube on ice.  In addition, place an aliquot of the adapter molecules on ice.	Comment by Andy Fan: Authors:  Ellipses (…) are pauses in the video narrative (for video shot transitions)
2.1.1. (TEXT:  Restriction enzyme used = MspI)
2.2. Next, prepare the ligation reagent mix.  Add both the ligation reagent and the adapter molecules to the DNA sample, and pipette up and down a few times to mix.  Place the PCR tube into a thermal cycler and allow the ligation reaction to proceed overnight at 16o C.
2.2.1. (TEXT:  Ligation reagent master mix /  adapter recipes:  Tables 3 and 4)
2.3. On the following day, purify the ligation products using a magnetic bead or silica column-based solid phase DNA extraction kit.  At the last step of the purification process, elute the DNA by adding 30 L of DNase-free (pronounced D –N - Ace) water. The purified DNA products can be stored at -20oC until it is needed.
2.4. For samples which started with a total DNA of 25 ng (pronounced nanograms) or greater, use an automated gel-extraction apparatus, such as the Pippin Prep, to select for ligated products with lengths between 135 bp (pronounced basepairs) and 410 bp. Be sure to exclude DNA-visualization dyes, such as ethidium bromide or sybr green (pronounced Cyber-green), from the agarose cassette because they can alter the DNA migration properties of the forked-adapter bound fragments.  
2.5. To set up DNA electrophoresis on a Pippin 2% dye free agarose cassette, create a new protocol in the Pippin Prep console… and select the “2% DF Marker L” option as the cassette of choice.  Then, enable the “use internal standards” option and verify that the “Reference lane” number matches with the lane numbers.
** (Authors:  In matching the “Reference lane” number to the “lane numbers,” are we matching the lane numbers that’s labeled on the actual cassette itself, or is this a software comparison done on a computer?  I’ve never used Pippin for gel extractions before, and I’m not exactly sure how the “apply reference to all lanes” and “use internal standards” buttons on the screenshot in Figure 2 works.   Thanks !)	Comment by Francine Garrett-Bakelman: Yes, this statement is correct
2.6. For isolating DNA fragments ranging from 135 bp and 410 bp, select the “Range” option as the collection mode and enter the following limit parameters:  135 for “BP Start,” 410 for “BP End,” and 240 for “BP pause.”  This instructs the apparatus to align the electrophoretic field to the electro-elution output port when DNA fragments within that range are travelling near the vicinity of the outlet.  
2.7. After saving the protocol file, prepare the gel cassette and the sample-loading wells of the instrument by following the standard operating procedures from Pippin Prep.  Upon instrument setup, prepare the DNA samples for electrophoresis by adding 10 L of the DNA marker to a 30 L aliquot of a given post-ligation sample.
2.8. To load the resulting mixtures onto the gel cassette, first remove 40 L of the electrophoresis buffer from each sample well.  Then, replace the volume by pipetting each 40 L sample-marker mixtures into individual wells.  Be sure to exclude DNA-visualization dyes, such as ethidium bromide or sybr green (pronounced Cyber-green), from the agarose cassette because they can alter the DNA migration properties of the forked-adapter bound fragments.  	Comment by Francine Garrett-Bakelman: We recommend removing this statement or moving it to section 2.5 where the dye free 2% cassettes are refereneced
2.9. Returning to the console, load the saved protocol and press start to begin electrophoresis.  When the program reaches the 240 bp pause step, manually collect 40 L of the eluate from each output port with a pipette.  Label these fractions as the “lower library fraction.”  
2.9.1. (TEXT:  Lower library fraction:  135 – 240 bps)
2.10. After collecting the lower library fractions, immediately wash the outlet ports by adding 40 L of fresh electrophoresis buffer…   pipetting the buffer up and down at least 3 times…  and then aspirating the supernatant.  Repeat this wash 2 more times to remove all traces of short-length DNA species from the outlets. 
2.11. Now, add 40 L of electrophoresis buffer to the sample well, seal the elution ports, and press the run button to resume the elution process.  Collect another 40 L of the eluate from all outlet ports, and label these fractions as the “upper library fraction.”  At this point, both library fractions are gel-purified and are ready for bisulfite conversion.
2.11.1. (TEXT:  Upper  library fraction:  240 - 410 bps)
3. Bisulfite conversion, enrichment PCR, and DNA purification
3.1. Using a commercially-available kit, perform the bisulfite conversion assay on both library fractions.  At the final step of the conversion process, elute the DNA samples in 40 L of DNase-free water.  As a quick quality control check, perform a Sanger sequencing run on the control DNA included in the assay to confirm if greater than 99% of all non-methylated cytosines have been converted to uracils.
3.2. After bisulfite conversion, the resulting DNA library fragments will undergo an enrichment PCR amplification using primers that hybridizes at the double-adapter ends of each DNA molecule.  To prepare for enrichment PCR, first add 160 L of the PCR master mix to every 40 L aliquot of a given bisulfite-converted sample.  Then, divide the resulting 200 L mixture into four, 50 L aliquots in separate PCR tubes.  Place the tubes in a thermal cycler and amplify the converted DNA template.
3.2.1. (TEXT:  Enrichment PCR master mix :  Tables 5)
3.2.2. (TEXT:  Enrichment PCR conditions :  Protocol step 7.3)
3.3. After enrichment, pool the 4 post-PCR products into a single 1.5 mL tube and purify the DNA with a commercial PCR-cleanup kit.  If a magnetic-bead solid extraction kit was used to purify the PCR products, modify the standard operating procedures by first adding 1.7 times the volume of beads to the lower library fractions and 1.1 times the volume of beads to the upper library fractions.  
3.3.1. (TEXT:  Purification kit:  SPRI magnetic beads)
3.4. Then, follow the manufacturer’s protocol until the 70% ethanol wash steps, where each of the wash volumes should be changed to 800 L.  At the last step of the purification protocol, elute the DNA with 50 L of DNase-free elution buffer.  Store the purified libraries at -20oC until they are needed.
3.4.1. (TEXT:  Elution buffer = 10 mM Tris-HCl, pH 8.5)
4. Library preparation for sequencing
4.1. Using either a spectrophotometer or a plate reader assay such as Pico Greena fluorescence-based assay selective for double-stranded DNA, quantitate the amount of post-enrichment DNA content for each library fraction.  
4.2. Furthermore, assess the post-enrichment library size and quality with a bioanalyzer.  Calculate the effective DNA molarity of a particular library fraction by using the average DNA length, expressed in base pairs…, and the effective DNA concentration, expressed in nanograms per microliter…, from the bioanalyzer
4.2.1. (TEXT:       # of nM DNA =    [ concentration * 109 ] / [ 1000 * bp * 660 ]          )
** (Authors:  In the protocol PDF that I received from JOVE, I believe this formula contained a slight error.  The number “660” should remain the denominator (ie.  There should be a parenthesis covering (bp*660) ), or else the 660 grams per mol per bp units do not cancel out correctly in the end.  The final baseline unit should be  (# of moles / L), or Molars.	Comment by Francine Garrett-Bakelman: This is correct – thank you for noticing; we will update the paper accordingly.
4.3. Once the molarity is known, use DNase-free water to dilute each corresponding upper and lower library fractions down to 2 nM final, and at a total volume of 10 L.  Combine the lower and upper library pair into a single tube to create a 2 nM whole library mixture at 20 L each.  The pooled sample is now ready for a sequencing run.
5. Results:  ERRBS yields tighter library distributions and higher resolution CpG methylation data
5.1. In sequencing-related assays, the quality and size distribution of the upper and lower library molecules are key factors in determining the quality of the final sequencing data.  When compared to traditional manual gel extraction protocols… the automated gel extraction apparatus used in the ERRBS (pronounced E-R-R-B-S), protocol will consistently produce a consistent size distribution and minimize the potential for cross-sample contamination.
5.1.1. LABMEDIA: Figure 3 (Video Editor:  Please remove Panel G from Figure 2.  When the words “upper and lower library molecules” are spoken, highlight the “2” and “3” labels in both Panels A and D.
	**(Authors: Since the y-axis scaling in Panels B, C, E, F in Figure 2 were not equalized, I am not going to emphasize the absolute quantitation from the bioanalyzer graphs in this section.	Comment by Francine Garrett-Bakelman: We agree; we do not use this as a quantitative measure of yield.
5.2. Next, upon sending the bisulfite-converted library molecules for sequencing, the raw ensemble data from all DNA strands show that, for any given strand, the data quality for each nucleotide position increases dramatically right after the of first 3 nucleotides.  Since the consensus sequence for this 3 nucleotide set was C-G-G for the vast majority of library molecules, the data suggest the ERRBS protocol has produced a library collection that contains a desirable set of genomic fragments that are predominantly flanked with MspI (pronounced M-S-P-one), restriction digest ends.  Moreover, the overall under-representation of guanines is a direct result of an efficient bisulfite conversion process, where most of the un-methylated complementary cytosines have been reduced to uracil.  This fact remains true across of most bases read by the Illumina sequencing run.	Comment by Francine Garrett-Bakelman: We prefer to remove this statement – since every genome will contain different amounts of methylated DNA this information may or may not follow in every case
5.2.1. LABMEDIA: Figure 4 (Video Editor:  Please remove Panel A from Figure 4.  When the words “data quality for each nucleotide increases” are spoken, highlight the first 20 left-most box-plot data in Panel C.  When the words “3 nucleotide set was C-G-G” are spoken, highlight the red “C” and blue “G” traces in panel B, but only from Cycle 0 to Cycle 3.  When the words “desirable set of genomic fragments” are spoken, draw a halo or a box that encompasses the red, black, and green traces between cycles 10 – 30 in panel B to signify equal contribution among A/G/T’s, or in other words, an uniform random distribution of nucleotide composition exists in that region of interest.  Then, when the words “an overall under-representations of guanines” are spoken, highlight the entire blue “G” trace in panel B.  Finally, when the words “true across most bases read” are spoken, highlight the green bars in Panel B.
5.3. From a bird’s-eye point of view, the ERRBS protocol can yield high-resolution data of cytosine methylation sites across the entire genome, or in this example, for human chromosome number 12. The protocol covers a reduced representation of genome-wide  CpGs (pronounced C-P-G).
5.3.1. LABMEDIA: Figure 6 (Video Editor:  Please keep only Panel A, E, and F, and remove all other panels from Figure 6.  When the words “genome-wide CpGs” are spoken, highlight panel E and F.

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj


6. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.

6.1. Author name _Caroline Sheridan__: Once mastered, this technique can be done in _four days__ (hours/min) if it is performed properly. 
6.2. Author name: Jennifer Ishii: Don't forget that working with phenol and chloroform_can be extremely hazardous and precautions such as_working in a chemical hood and proper disposal_ should always be taken while performing this procedure.   
6.3     Author name Doron Betel: After watching this video, you should have a good understanding of how to prepare ERRBS libraries for the generation of base resolution DNA CpG methylation data. 
6.4     Author name Thadeous K. Kacmarczyk: While attempting this procedure, it’s important to remember to start with high quality DNA, include all steps described, validate the efficiency of bisulfite conversion and sequence using the recommended parameters.
6.5     Author name _Alicia Alonso_: Following this procedure, other methods such as  pyrosequencing or MassARRAY EpiTYPER can be performed to validate the findings and gene expression profiling  can be performed to determine the biological significance of the DNA methylation patterns detected.
6.6           Author name Francine Garrett-Bakelman: The ability to generate base-pair resolution DNA methylation patterns from limited amounts of input materials has enabled the profiling of rare cell populations never before possible and the feasibility of profiling large cohorts of clinical samples for the exploration of epigenetic-mediated regulation and heterogeneity of disease.  

       

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, .eps, 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.  

Insert your media filenames here.  
All figures can be included in the video. 

For file Figure_1_JoVE_04252014.ppt
In addition to the figures highlighted throughout the narrative, we recommend using Figure 1 from the paper throughout the video at the following phases:

Section 2.1: while narrative is being read or add the following narrative or test:  “First day […] “
Show the left most column of figure1

Before section 2.3: show column two from the figure and indicate (narrative or text): “Second day […]”

Before section 3.2: show third column from Figure 1 and indicate (narrative or text): “Third day […]”

Before section 3.3: show fourth column from Figure 1 and indicate (narrative or text): “Fourth day […]”

[bookmark: _GoBack]We have uploaded Animation_still.pptx to serve as a schematic for use in the overview description of the protocol.  We have also uploaded 10162014_animated_Jove_Graphics.pptx as a suggested animation approach to this overview. 


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.
 2013, Journal of Visualized Experiments

