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Abstract 
The Whole Genome Sequencing Project developed enormous amount of data about the genetic 
architecture of organisms. But mere structural characterization of genome will ultimately not be the 
concluding stage; a functional characterization is essentially required for the complete understanding of 
genome biology. The temporal and spatial regulation of gene expression though occurs at several levels 
of central dogma process but regulation at transcriptional level is most important in vertebrates. 
Identification of transcription factors controlling gene expressions is becoming utmost important for 
understanding the regulation of gene expression. The Chromatin Immunoprecipiation (ChIP) assay 
provides a powerful technique for identifying the in vivo association of transcription factors with 
regulatory elements of a gene. ChIP allows enrichment of genomic regions which are associated with 
specific transcription factors, histone modifications, and indeed any other epitopes which are present on 
chromatin. The original ChIP methods used site-specific PCR and Southern blotting to confirm which 
regions of the genome were enriched, on a candidate basis. The combination of ChIP with genomic tiling 
arrays (ChIP-chip) and next generation sequencing now allowed a more unbiased approach to map ChIP-
enriched sites. 
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Introduction 
Gene expression is a very complex process, regulated at different stages (i.e. transcription, 
translation and post-translational stage). Transcriptional stage of regulation of gene expression 
is principally important in vertebrates which is controlled by different proteins (transcription 
factors) binding to specific regions of genes (Rhee and Pugh, 2011) [39]. The incessant 
approach to spot the specific binding sites of different transcription factors in a genome is 
always going on. Some recent techniques, such as SAGE and DNA microarrays, allow large 
numbers of possible target genes to be screened at once (Duggan et al., 1999) [10]. However, 
these techniques identify both direct and indirect targets genes. Because these techniques 
usually require over expression or deletion of the transcription factor of interest, they do not 
necessarily identify genes that are targets under unperturbed, physiological conditions. In 
silico motif searches are insufficient to identify all in vivo binding locations for a protein 
because putatively bound locations either lack an obvious motif or contain multiple degenerate 
versions of the motif (Cawley et al., 2004; Walter and Biggin, 1994) [7, 48]. Protein-binding 
microarrays have been a proven method to identify intrinsic specificity of DNA-binding 
domains of proteins in vitro. However, in vivo, such specificity may be altered, vetoed, or 
guarded due to presence of thousands of other proteins (Li et al., 2008) [25]. Other methods, 
such as electrophoretic gel mobility shift assay (EMSA) have been developed to study 
different aspects of protein-DNA interactions. But such methods do not take into account of 
the in vivo DNA-protein interactions and requires a priori knowledge of identified sequence to 
which protein binds (Jothi et al., 2008) [21]. Additional problem may arise when different 
proteins bind to the same sequence and some low-occupancy binding sites become available in 
genomes with significant physiological importance (Li et al., 2008) [25].  
Chromatin immunoprecipitation (ChIP) is a method designed to analyze the protein–DNA 
interactions in vivo (Solomon and Varshavsky, 1985) [45]. In the ChIP assay, proteins are 
crosslinked to their DNA-binding sites in vivo and then immunopurified from fragmented 
chromatin. Subsequently, the bound DNA is identified genome-wide by microarray 
hybridization (ChIP-chip) was explained by Ji et al., 2008 [18] or deep sequencing (ChIP seq) 
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by Albert et al., 2008; Johnson et al., 2008; Ren et al., 2000 [2, 

20, 36]. This method has its own limitations. In particular, it 
requires antibodies of a quality that is sufficient for a specific 
interaction and at the same time can tolerate stringent binding 
and washing conditions. Because unbound DNA contaminates 
the immunoprecipitate, ChIP only provides a set of 
statistically enriched high-occupancy binding regions, rather 
than a complete and precise set of bound locations (Zang et 
al., 2009; Rozowsky et al., 2009; Tuteja et al., 2009) [51, 42, 47]. 
A sizeable fraction of this DNA may represent false positives 
(erroneous calls), and many other lower-affinity sites may be 
missed (false negatives). Moreover, size heterogeneity of 
randomly sheared ChIP DNA technically limits mapping 
resolution, and thus cannot distinguish binding among clusters 
of neighboring sites. 
 
ChIP Assay Preparation 
ChIP assay is a popular technique for fine-mapping the 
location of modified histones, transcription factors, and 
nonhistone chromosomal proteins (Robyr et al., 2002) [40] In 
step wise manner the assay involves DNA-protein 
crosslinking, sonication, immunoprecipitation (IP) of the 
crosslinked DNA-protein complexes, capture of these 
complexes, DNA recovery from the precipitated product and 
DNA analysis by polymerase chain reaction (PCR), 
quantitative real-time PCR (Q-PCR), hybridization on 
microarrays (ChIP-ChIP), or direct sequencing (ChIP-seq). 
 
Crosslinking of DNA-Protein 
DNA-bound proteins can be crosslinked to DNA by 
treatments with UV light, dimethyl sulfate or a variety of 
other agents (Gilmour and Lis, 1984) [14]. But the use of these 
treatments damage DNA extensively upon prolonged 
exposure. On the other hand, formaldehyde produces DNA-
protein (Dedon et al., 1991) [9] as well as RNA-protein 
(Niranjanakumari et al., 2002) [30], protein-protein (Kurdistani 
et al., 2003) [24] crosslink both in vitro and in vivo (Yamanaka 
et al., 1993) [49] preventing any large-scale redistribution of 
cellular components upon prolonged fixation and at the same 
time displays virtually no reactivity toward free double-
stranded DNA (McGhee and Hippel, 1975; Trifonov et al., 
1967) [27]. Formaldehyde reacts simultaneously with arginine 
and lysine side chains of proteins and purine and pyrimidine 
moieties of DNA. Formaldehyde-induced crosslinks, in 
particular DNA-protein crosslinks, can be reversed under 
relatively mild conditions (Jackson and Chalkley, 1981) [17]. 
DNA is typically digested with micrococcal nuclease before 
isolating protein bound DNA fragments that are then 
sequenced. Sonication is an alternative method to it (Orlando, 
2000) [32]. 
 
Sonication 
Sonication is the act of applying sound energy (usually 
ultrasound energy) to stir up particles in a sample through a 
sonicator. During sonication, DNA samples are subjected to 
shearing of size less than 300-500 bp (Reneker et al., 1991) 
[37]. The sonication condition is dependent upon the types of 
sonicators, degree sonication (length of desired DNA 
fragments) and location of the target DNA sequence which 
can be determined by conducting sonication experiments for 
assorted time lengths and the size of the DNA fragments is 
determined by agarose gel electrophoresis (Hendrickson, 
1985) [15]. The efficiency of sonication is reliant on the extent 
of crosslinking, the volume of a sample and the depth to 
which the sonication probe is placed in the sample affect. 

Cooling the sample between sonication pulses and placing the 
sample in an ice water bath during sonication decrease the 
incidence of foaming. 
 
Immunoprecipitation of the crosslinked DNA-protein 
complexes 
Krig et al., 2007 [23] described that immunoprecipitation (IP) 
is the technique of precipitating an antigen using an antibody 
that specifically binds to it. Several types of 
immunoprecipitation techniques have been developed which 
includes Individual protein Immunoprecipitation (IP), Protein 
complex immunoprecipitation (Co-IP), Chromatin 
immunoprecipitation (ChIP) and RNA immunoprecipitation 
(RIP). Out of them Chromatin immunoprecipitation is the 
desired method of choice for analysis of DNA sequence of 
regulatory region (Spencer et al., 2003) [46]. The protein of our 
interest (i.e. transcription factors) along with the DNA 
associated with it can be isolated by using an antibody 
specific to that protein. The cleared lysate obtained after 
sonication can be incubated with a primary antibody and the 
antibody-antigen complexes can be captured with protein A- 
or protein G-Sepharose depending on the nature of the 
antibody (Egelhofer et al., 2011) [11]. The Sepharose is 
washed several times with buffers containing different salt 
and detergent concentrations and the antibody-antigen 
complexes can be eluted from the protein A/G with a high 
detergent elution buffer (Egelhofer et al., 2011) [11]. The 
protein complement of the immune complexes can be 
digested away and the DNA can be isolated by phenol-
chloroform-isoamyl alcohol followed by ethanol precipitation. 
 
Controls for ChIP 
To ensure the reliability of ChIP data, two control samples 
specific for the ChIP experiment should be included: the input 
sample and the 'no-antibody' (NoAb) control sample. The 
input sample, an aliquot taken from the chromatin before 
preclearing will be indicative for the presence and amount of 
chromatin used in the ChIP reaction. The chromatin aliquot is 
decrosslinked and DNA is isolated. This DNA serves as a 
positive control (Nowak et al., 2005) [31]. 
 
Optimizing the signal to noise ratio 
Several options are available to optimize the signal-to-noise 
ratio. To prevent non-specific binding of chromatin to the 
protein A/G agarose beads, the beads are blocked with BSA 
and non-specific blocking DNA before they are used in ChIP 
assays. To further reduce background, BSA, non-specific 
serum and unrelated DNA can be added to the pre-incubation 
step of chromatin with beads (Bernstein et al., 2005) [5]. 
Options for preventing chromatin from binding to plastic 
tubes are pre-incubation of the tubes with BSA and unrelated 
DNA (e.g. salmon sperm DNA), or the use of siliconized 
tubes. The background can also be reduced by lowering the 
amount of input chromatin, the amount of protein A/G 
agarose beads or the amount of antibody, but this may lower 
signal levels as well. 
 
Analysis of precipitated material  
The detection of specific DNA fragments can be done by 
conventional PCR, quantitative PCR, microarray analysis and 
slot blotting. Microarray analysis is useful when studying the 
genome wide distribution of histone modifications (Rozowsky 
et al., 2009) [42]. Analysis by slot blotting is feasible when 
dealing with highly repetitive sequences (Day et al., 2010) [8], 
but appears not sensitive enough to detect single copy 
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sequences in ChIP samples. Earlier ChIP precipitates were 
analyzed by conventional PCR which requires lots of testing 
per individual primer set to ensure that measurements are 
taken in the linear range of amplification (Rozowsky et al., 
2009) [42]. If this condition is not fulfilled, the resulting data 
cannot be considered quantitative, impeding data 
interpretation. Analyzing ChIP precipitates by quantitative 
real-time PCR (QPCR) has several advantages over 
conventional PCR. The QPCR technique quantifies the initial 
amount of template DNA is calculated from the kinetics of the 
PCR reaction (Day et al., 2010) [8]. 
 
Types of Chip Assay 
ChIP-chip 
The cells are fixed with formaldehyde, harvested, and 
disrupted by sonication. The DNA fragments cross-linked to a 
protein of interest are enriched by immunoprecipitation with a 
specific antibody (Egelhofer et al., 2011) [11]. After reversal of 
the cross-links, the enriched DNA is amplified and labeled 
with a fluorescent dye (Cy5) with the use of ligation-
mediated-polymerase chain reaction (LM-PCR). A sample of 
DNA that is not enriched by immunoprecipitation is subjected 
to LM-PCR in the presence of a different fluorophore (Cy3), 
and both immunoprecipitation (IP)-enriched and -unenriched 
pools of labeled DNA are hybridized to a single DNA 
microarray containing all intergenic sequences (Acevedo et 
al. 2007; Sikes et al., 2009) [1, 44]. Hybridization of the 
immunoprecipitated DNA to tiling or promoter microarrays 
(ChIP-chip) allowed extension of ChIP from single-gene 
studies to the whole genome (Ji et al., 2008) [18]. 
Due to their size and more repetitive nature, higher eukaryotic 
genomes are a challenge for tiling microarray design. Most of 
the repetitive sequence cannot be interrogated with high 
confidence, whereas direct sequencing can reveal binding 
events located in repetitive regions in the mammalian genome 
was demonstrated by Kaufmann et al., 2010 [22]. 
 
ChIP Seq  
The combination of ChIP with high-throughput sequencing 
technology has allowed more comprehensive surveys of 
genome occupancy, greater resolution, and lower cost for 
whole genome coverage (Jothi et al., 2008) [21]. This approach 
was termed ChIP-seq and offers tremendous advantages over 
ChIP-chip, such as single-base pair resolution, much lower 
starting material requirements and the absence of DNA-
hybridization-related sensitivity issues (Park, 2009) [33]. A 
number of high-throughput sequencing technology platforms 
have been developed that are suitable for ChIP-seq, including 
the Genome Analyzer (Illumina, formerly Solexa), SOLiD 
(Applied Biosystems), 454-FLX (Roche) and HeliScope 
(Helicos) (Park, 2009) [33]. The Illumina Genome Analyzer 
and the ABI SOLiD sequencers produce shorter reads but 
give a higher number of sequencing reads per run, whereas 
the 454-FLX sequencer gives longer yet fewer sequencing 
reads per run (Jothi et al., 2008) [21]. Sequencing depth is a 
critical factor in identifying weaker binding positions and it 
has been shown that millions of mapped sequencing tags are 
needed to detect enrichments significantly higher than 
twofold (Bao et al., 2011) [4]. The conventional way of 
analyzing this data is to identify sequencing peaks along the 
chromosomes that are significantly higher than the read 
background. Mapping of the sequencing reads to the genome 
reveals positions where high numbers of reads pile up to 
create peaks, indicating protein binding sites (Bao et al., 
2011) [4]. For histone modifications and other epigenetic 

marks, it is often preferable to find a characteristic region of 
enrichment in sequencing reads relative to gene annotations. 
Peaks are often located far from loci or do not contain binding 
motifs and yet are clearly not artifactual. Because of this, 
accurate target gene assignment is currently one of the major 
problems with TF ChIP-seq. 
 
ChIP-Exo 
Chromatin immunoprecipitation (ChIP-chip and ChIP-seq) 
assays identify where proteins bind throughout a genome 
(Hong et al., 2005) [16]. However, DNA contamination and 
DNA fragmentation heterogeneity produce false positives 
(erroneous calls) and imprecision in mapping. Consequently, 
stringent data filtering produces false negatives (missed calls). 
ChIP-exo, involves an exonuclease trims ChIP DNA to a 
precise distance from the crosslinking site (Rhee and Pugh, 
2012) [38]. Bound locations are detectable as peak pairs by 
deep sequencing. Contaminating DNA is degraded or fails to 
form complementary peak pairs with the single bp accuracy 
provided by ChIP-exo. The binding sites become 
unambiguous and reveal diverse tendencies governing in vivo 
DNA-binding specificity that include sequence variants, 
functionally distinct motifs, motif clustering, secondary 
interactions, and combinatorial modules within a compound 
motif (Rozowsky et al., 2009) [42].  
This involves chromatin immunoprecipitation (ChIP) 
combined with lambda exonuclease digestion followed by 
high-throughput sequencing. ChIP-exo allows us to identify a 
nearly complete set of binding locations of DNA-bound 
proteins at near single nucleotide resolution with almost no 
background (Rhee and Pugh, 2011) [39]. The process is 
initiated by cross-linking DNA and associated proteins. 
Chromatin is then isolated from nuclei and subjected to 
sonication. Subsequently, an antibody against a specific 
protein is used to immunoprecipitate specific DNA-protein 
complexes. ChIP DNA is purified, sequencing adaptors are 
ligated, and digested by lambda exonuclease (Tuteja et al., 
2009) [47]. High-throughput sequencing generates 25 to 50 
nucleotides sequences. The sequence of the DNA fragments is 
mapped back to the reference genome for determination of the 
binding locations. 5′ ends of DNA fragments on the forward 
strand indicate the left border of DNA-protein boundaries and 
5′ ends of DNA fragments on the reverse strand indicate the 
right border of DNA-protein boundaries (Rhee and Pugh, 
2012) [38]. 
 
Double Chromatin Immunoprecipitation 
The conventional ChIP analysis for individual factors (single 
ChIP) does not provide information on co-occupancy of two 
interacting TFs on target genes, even if both bind to the same 
chromatin regions (Geisberg and Struhl, 2004 ) [12]. Double 
ChIP analysis involves sequential (double) 
immunoprecipitation of two chromatin-binding proteins and 
can be used to study co-occupancy of two or more factors on 
specific regions of the same DNA allele. Furthermore, by 
including a cell type-specific protein in double-ChIP, target 
co-occupancy in a specific cell type can be studied even if the 
other partner is more widely expressed (Peng and Chen, 2013) 
[34]. 
 
Limitations 
ChIP assays suffer from inherent problems that can often lead 
to misleading, or even erroneous, interpretation of the ChIP 
data (Machanick and Bailey, 2011) [26]. These problems arise 
during IP, the most crucial part in the ChIP assay. Two main 
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components of IP determine the quality and quantity of the 
ChIP DNA: the antibody and the solid support used for 
binding the antigen/antibody complex. The ChIP antibody 
may contribute to nonspecific background signal because of 
their possible cross-reactivity with other antigens. The ChIP 
antibody may also be responsible for a low yield of the 
recovered DNA due to a low affinity for the protein bound to 
the DNA (Pillai et al., 2009) [35]. However, the bulk of 
nonspecific binding to the solid support, in particular to 
agarose-based matrices such as Protein A Sepharose beads 
commonly used in IP and ChIP assays, is thought to be due to 
the DNA/protein complexes reacting with diverse chemical 
groups on the surface of the Sepharose. Some antibodies are 
sensitive to inhibitory factors present in the input chromatin 
sample, resulting in a decrease in binding efficiency of the 
antibody when increasing the amount of input (Li et al., 2008) 
[25].  
As, it is difficult to shear chromatin into fragments of less 
than several hundred base pairs, standard ChIP is not a 
suitable assay for high-resolution characterization of binding 
sites (Yan et al., 2004) [50]. At present, in vitro gel mobility 
shift analysis using cellular extract is the standard assay for 
determining which specific nucleotides within a region of 
DNA constitute a binding site for a particular factor. Although 
gel mobility shift analysis is a fast and easy method for 
identifying which nucleotides are required for binding under 
in vitro conditions, in vivo binding conditions are often 
difficult to recreate in vitro (Pillai et al., 2009) [35]. For 
example, binding of proteins that require DNA secondary 
structure, such as looping, to bring two distal binding sites 
into close proximity often cannot be studied using this 
method. Additionally, sites that require multiprotein complex 
formation to stabilize protein-DNA interactions are difficult 
to study in vitro due to dissolution of the complex during gel 
electrophoresis. Finally, if a transcription factor is recruited to 
DNA via interaction with another, perhaps unknown, DNA-
binding protein in vitro assay conditions may not be 
optimized for binding of the factor that actually contacts 
DNA. 
 
Softwares for ChIP Data analysis 
A massive and heterogeneous datasets were obtained from 
these studies and analyzing these data poses several 
challenges, including effective data visualization, seamless 
connection of low-level close to raw data and high-level close 
to answering biological questions analysis, integration of data 
from multiple technological platforms, and flexibility of the 
data to customize the analysis method so that specific 
biological concept can be solved. Although there are several 
recently developed programs that target some of the 
individual steps, an integrated tool that can satisfy all basic 
needs in ChIP data analyses (Nicol et al., 2009) [29]. 
 
CisGenome 
Genome-wide chromatin immunoprecipitation (ChIP) data 
can be analyzed by CisGenome software. CisGenome is 
designed to analyse all types of ChIP data including 
visualization, data normalization, peak detection, false 
discovery rate computation, gene-peak association, sequence 
and motif analysis (Giardine et al., 2005) [13]. Along with the 
ChIP-chip analysis methods, the software implemented with 
advanced statistical methods that especially designed to 
analyse ChIP-seq data (Bailey et al., 2011) [3]. The modular 
design of CisGenome enables it to support interactive 
analyses through a graphic user interface as well as 

customized batch-mode computation for advanced data 
mining. A built-in browser allows visualization of array 
images, signals, gene structure, conservation, and DNA 
sequence and motif information (Shim et al., 2008) [43]. 
 
Starr 
Starr is an extension of the Ringo package for the analysis of 
ChIP-chip projects. Whereas the latter is specialized to the 
processing of Nimblegen and Agilent arrays, the former 
provides all corresponding features for Affymetrix arrays 
(Buck and Lieb, 2004) [6]. Data can be read in from 
Affymetrix CEL-fles, or from text fles in gff format. Standard 
quality assessment and data normalization tools are available. 
Starr uses the Bioconductor Expression Set class for data 
storage. The probeAnno class from Ringo serves as a 
mapping of the ChIP signals onto the genomic position. 
Consequently, all functions from Ringo that operate on either 
ExpressinoSet or probeAnno can be used without 
modifcation. These include smoothing operations, peak-
fnding, and quality control plots. Starr adds new options for 
high-level analysis of ChIP-chip data (Nakato et al., 2013) 
[28]. Starr's facilitate an an experiment that compares DNA 
binding under two different conditions. Three chips have been 
produced, two contain the actual immunoprecipitated DNA, 
and the other one is a control experiment. 
 
ChIPOTle  
Analysing chromatin immunoprecipitation (ChIP) data with 
ChIPOTle creates several output sheets naming as summary 
sheet, significant regions, significant negative regions, 
chromosomes aveP, peaks, and description. The summary 
sheet entered with all the input data that used to run 
ChIPOTle, thereafter get sorted by chromosome and start 
coordinate. For each window specified by the user, the 
significant regions sheet contains the following function i.e., 
center coordinate, chromosome assignment, number of 
independent arrayed elements within each window, and 
names of the arrayed elements that comprise the window 
(Buck and Lieb, 2004) [6]. Similarly, a Significant Negative 
Regions is present which contains all of the windows that 
meet the significance criteria but are sign-flipped. The 
number of windows reported in this sheet can be used as an 
estimate of the number of false-positive findings expected for 
the selected or estimated cutoff. Moreover, Chromosome 
aveP carries the names of all the arrayed elements that 
encompass each window (with the chromosome, center 
coordinate and value of all windows) regardless of whether 
they satisfy the significance criterion or not. In Peaks sheet 
the data were reported similar to those in Significant Regions, 
except that all neighboring windows meeting the significance 
criteria are collapsed into a single peak (Bailey et al., 2011) 
[3]. Therefore, a peak is defined as any window with a P value 
that meets the significance criterion defined by the user and 
all neighboring windows that also meet the significance 
criteria (Buck and Lieb, 2004) [6]. So, in peak sheet, each peak 
is determined in order of its occurrence along the 
chromosome, the highest window for each peak, the highest 
raw log 2 ratio for any element within the peak, start 
coordinate of the peak, the width of portion of the peak above 
the significance cutoff, 'array density' of the peak, and the P 
value for that peak. The phenomenon array density value 
explains that the average number of arrayed elements used to 
calculate the window values for all windows that comprise the 
peak. Therefore, the array density value provides an estimate 
of the number of actual raw data measurements that underlie 
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in each peak. Lastly, the description sheet contains a summary 
of the ChIPOTle execution parameters, which includes date 
and time, the selected window size, the step size, the 
significance method chosen and corresponding parameters, 
the number of significantly enriched peaks, and the total 
number of windows. 
 
Database of ChIP 
hmChIP is a database of genome-wide chromatin 
immunoprecipitation (ChIP) data in human and mouse. 
Currently, the database contains more than 2000 samples 
from more than 500 ChIP-seq and ChIP-chip experiments, 
representing a total of more than 170 proteins and more than 
10,000,000 protein-DNA interactions (Ji, 2010) [19]. A web 
server provides interface for database query. Protein-DNA 
binding intensities can be retrieved from individual samples 
for user-provided genomic regions (Rosenbloom et al., 2015) 
[41]. The retrieved intensities can be used to cluster samples 
and genomic regions to facilitate exploration of combinatorial 
patterns, cell type dependencies, and cross-sample variability 
of protein-DNA interactions (Rosenbloom et al., 2015) [41]. 
 
Conclusion 
Chromatin immunoprecipitation (ChIP) is a well-established 
procedure to investigate interactions between proteins and 
DNA. Long-range chromatin interacts between specific DNA 
regulatory elements play an important role in gene expression 
regulation. These interactions are characterized by the 
formation of 3-dimensional chromatin structure which is 
pivotal in understanding signaling networks and cell states. 
Chromatin immunoprecipitation and digestion with 
deoxyribonuclease and micrococcal nuclease together 
combined with high-throughput sequencing to provide 
detailed nucleosome occupancy maps and chromosome 
conformation will get capture. Its variants have illustrated that 
higher-order chromatin structure involves with long-range 
loop formation between distant genomic elements. Coupled 
with whole-genome DNA microarrays, ChIP assay allow one 
to determine the entire spectrum of in-vivo DNA binding sites 
for any given protein. Chromatin immunoprecipitation 
followed by sequencing (ChIP-seq) is a high-throughput 
antibody-based method to study genome-wide protein–DNA 
binding interactions (Park, 2009) [33]. ChIP-seq technology 
allows obtaining more accurate data providing genome-wide 
coverage with less starting material and in shorter time 
compared to older ChIP-chip experiments. 
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