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Abstract
ChIP-Sequencing (ChIP-Seq) combines chromatin immunoprecipitation (ChIP) with DNA sequencing and has been highly used for studying DNA-protein interactions.  Yet, most implementations of ChIP-seq are inefficient and slow requiring 2 to 3 days for 

completion of the complicated and often manual workflow.  To overcome these issues, we combined our validated automated ChIP-seq (Busby et al., Epigenetics & Chromatin, 2016) with the Covaris Adaptive Focused Acoustics (AFA) technology to streamline 

and significantly reduce the overall workflow time for ChIP-seq.  In our study, we tested the ability of AFA to enhance the binding kinetics of antibody-epitope association, improve signal-to-noise ratios, and decrease total processing time.  We evaluated a 

range of epitopes including major histone modifications such as H3K4me3 which is associated with open chromatin and forms narrow peaks, H3K27me3 which is linked to repressed chromatin and binds to wide regions, and H3K9ac associated with open 

chromatin, and both wide enhancer loci as well as narrow promoter regions.  Additionally, we also studied the capacity of the AFA to augment the IP step of DNA associated proteins such as CTCF and validated our test conditions using two cell types.
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 • Cells (HEK293T and HepG2) were crosslinked for 10 minutes at 37 °C with 1% Formaldehyde-PBS and quenched  
  with 0.125M Glycine.

 • ChIP was performed with Dynabeads conjugated with antibodies for at least 2 hours at 4 °C.  Cells were lysed in a  
  buffer containing 1% SDS, and chromatin shearing was performed using the Covaris E220 Focused-ultrasonicator.  
  Sheared chromatin and the conjugated Dynabeads were either incubated overnight in a rotator at 4 °C or in a
  Covaris 96 AFA-TUBE TPX Plate treated with AFA in the Covaris LE220-plus Focused-ultrasonicator.

 • Sequencing of the ChIP samples was performed with the Illumina Nextseq 500. 

Data Analysis
 • Alignment and visualization: FASTQ files were aligned to the hg19 using bowtie2 [2].  Duplicates are removed using  
  picard [3] MarkDuplicates.  Aligned bam files are used to generate TDF files for IGV visualization using igvtools  
  count and samtools [4]. 

 • Downsampling: Aligned BAM files were then randomly downsampled using the shuf command. 

 • Plotting: Read densities are generated using HOMER [5]makeTagDirectory and annotatePeaks.pl in tss mode with  
  parameters -size 8000 -hist 10 and genome hg19.  The hg19 was divided into 1kb, non-overlapping bins using  
  bedtools [6] makewindows.  The read counts of the downsampled bam files in all bins was calculated using  
  bedtools intersect -c with all other parameters remained as default.

Conclusions
Our preliminary results demonstrate that AFA expedites the immunoprecipitation process to an hour or less while improving 
or maintaining the ChIP-seq signal to noise ratio. Altogether, we have developed a novel use of AFA for enhancing and 
simplifying ChIP-seq processes that we expect would be highly useful for both research and clinical diagnostic applications.

Figure 1 Depiction of the ChIP-seq process, from cells to sequencing analysis highlighting all the steps that are automated using Agilent Bravo liquid 
handler by grey shading of the textboxes. 

Figure 2 Example genomic views for the different datasets. Integrative Genomics Viewer (IGV) [1] plots for overnight incubation (red), 1h AFA 
incubation (blue) and when available, ENCODE data (black) at the chromosomal regions depicted above each plot.
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Figure 3. Scatter plots of samples incubated for 1h with AFA treatment or overnight without AFA using the relevant downsampled BAM files 
(Methods) and 1 kb bins across the genome.  Axes are set in log scale with base 10.  Vertical axes represent the overnight incubated samples and 
the horizontal axes depict the 1h AFA treated samples.
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Figure 4 Read density plots of samples treated for 1h with AFA or incubated overnight using the relevant downsampled BAM files (Methods).  The 
overnight incubation is depicted in blue while AFA treated samples are in red.  The data in (a), (b) and (c) is from HEK293T cells, while data depiceted 
in e (which will become (d) after removing H3K27ac data are derived from HepG2 cells.   
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