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Abstract  
GlcNAcylation is a dynamic post-translational 

modification that is involved in human diseases and a 

wide range of biological processes. There is evidence 

that GlcNAcylation modifies some tumor-associated 

proteins, but in tumor progression, the role of 

GlcNAcylation remains unclear. The decrease in cell 

surface E-cadherin is the molecular mechanism 

underlying GlcNAcylation-induced breast cancer 

metastasis. p120 and β-catenin, but not E-cadherin, are 

GlcNAcylated; the GlcNAcylation of p120 and β-

catenin might play roles in the decrease of cell surface 

E-cadherin. Moreover, immunohistochemistry analysis 

indicated that the global GlcNAcylation level in breast 

tumor tissues is elevated significantly as compared to 

corresponding adjacent tissues; further, 

GlcNAcylation was significantly enhanced in 

metastatic lymph nodes compared to their 

corresponding primary tumor tissues.  

 

This study shows that GlcNAcylation enhances the 

migration/invasion of tumor cells through the analysis 

of O-GlcNAc protein-bound chromatin loci in human 

breast cancer cells. This is an important step towards 

understanding the role of this protein in inducing 

breast cancer. The main aim of this study is to examine 

the O-GlcNAc protein-bound chromatin loci in the 

human breast cancer cells MCF-7 and MCF-7/ADR 

through differential ChIP-Seq analysis. Also, the 

prediction and identification of overall binding sites of 

MCF-7 and MCF-7/ADR cells were performed by the 

ChIP-seq strategy. 
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Introduction 
Breast cancer is the most prevalent cancer type and the 

second-leading cancer-related cause of death in women.15 O-

linked β-N-Acetylglucosamine (O-GlcNAc), the 

monosaccharide modification of serines and threonines in 

nuclear and cytosolic proteins, was first reported more than 

30 years ago.16 O-GlcNAcylation is the only type of 

glycosylation that occurs in the nucleus and cytosol and is 

catalyzed by O-GlcNAc transferase (Ogt), using uridine 

diphosphate (UDP)-GlcNAc as a donor of the GlcNAc 

moiety.10 Animals contain a single Ogt enzyme and also a 

single enzyme, O-GlcNAcase (Oga), that removes the 

modification from nucleocytosolic proteins.6  

 

O-GlcNAc has been proposed to be linked to thousands of 

proteins that are involved in various distinct cellular 

processes. Structural studies on Ogt provided insight into 

how this enzyme modifies this baffling diversity of 

substrates: Ogt primarily binds to the peptide backbone of 

substrates and shows no clear specificity for the modification 

of specific serines or threonines.8 Several previous studies 

have implicated protein O-GlcNAcylation in the promotion 

of cancer hallmarks by sustaining growth and invasion7, 

regulating DNA damage- and stress-responses3,21 and 

controlling cell cycle progression.2,12,19 O-GlcNAcylation is 

increased in most malignant tumors including breast cancer 

where it positively correlates with tumor progression.2,17  

 

It has been shown that both ER4,9 and PR18 are O-

GlcNAcylated. ChIP-seq (Chromatin immunoprecipitation 

followed by sequencing) is widely used in studying protein-

DNA binding on a genome-wide scale. After cross-linking, 

immunoprecipitation and shearing, millions of sequenced 

DNA fragments (reads) are mapped to a reference genome 

and sites with over-abundant reads are declared putative 

binding sites. We focus on an important class of binding sites 

that have similar read profiles throughout the genome.  

 

Specifically, the lengths of the binding sites are similar 

across the genome and their centers are well defined. These 

binding sites tend to have read profiles that look like sharp 

peaks. Adriamycin is commonly used to treat both early-

stage and metastatic breast cancer, usually in combination 

with other drugs. This class includes transcription factor 

binding and some histone modifications measured by ChIP-

seq. Thus, a program that can detect differential binding of 

transcription factors across multiple conditions is much 

needed. The main aim of this study is to examine the O-

GlcNAc protein-bound chromatin loci in human breast 

cancer cells MCF-7 and adriamycin treated MCF-7/ADR 

cells through ChIP-Seq analysis.  

 

Adriamycin is a chemotherapy drug that can slow or stop the 

growth of cancer cells. Also, the prediction and 

identification of overall and differential binding sites of 

MCF-7 and MCF-7/ADR cells were performed by the ChIP-

seq strategy. To study the differential binding sites of O-

GlcNAcylated protein and adriamycin linked to breast 

cancer chromatin, this hypothesis will identify the binding 

site location of this protein and the adriamycin drug. This 
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research can help us to identify the function of this protein 

and drug in sustaining the growth of tumors in breast cancer 

and in further invasion of healthy cells. 

 

Material and Methods 
ChIP-seq Data Retrieval from ENA database (European 
Nucleotide Archive database): In this research, ChIP-seq 

data was retrieved from ENA database 

(https://www.ebi.ac.uk/ena/browser/view/PRJNA594402) 

as shown in table 1. 

 
Tools and Software’s used: For ChIP-seq data analysis, 

Galaxy server (usegalaxy.org) was used. Table 2 shows the 

list of tools and packages that were used for different 

analysis steps. 

 
Overall binding sites prediction:  Galaxy is an open 

source, web-based platform for data intensive biomedical 

research. Following tools and packages were used from the 

usegalaxy.org as shown in figure 1. FastQC was performed 

using the four downloaded fastq.gz files of the raw sample 

data.1 It aims to provide a simple way to do some quality 

control checks on raw sequence data coming from high-

throughput sequencing pipelines. MultiQC aggregates result 

from FastQC analyses across our four samples into a single 

report.

 

Table 1 

ChIP-seq data samples Accession No. SRP235291 from ENA database 

S.N. Sample Accession Sample Name Treatment 

1. SAMN16054559 MCF-7/ADR_1 Adriamycin treated 

2. SAMN16054558 MCF-7/ADR_2 Adriamycin treated 

3. SAMN16054547 MCF-7_1 O-GlcNAc 

4. SAMN16054546 MCF-7_2 O-GlcNAc 

 

Table 2 

List of tools and databases used for differential ChIP-Seq analysis. 

S.N. Tools Version Description 

1. FastQC and MultiQC 0.72+galaxy1 quality control checks on raw sequence data, aggregates 

result from FastQC1 

3. Bowtie2 2.3.4.3+galaxy0 aligns sequencing reads to long reference sequences11 

4. MACS2 callpeak 2.1.1.20160309.6 enriched binding sites in ChIP-seq experiments5 

5. ChIPseeker 1.18.0+galaxy1 annotates ChIP-seq data analysis20 

6. MACS2 bdgdiff 2.1.1.20160309.1 performs differential peak detection5 

8. Motif Analysis of 

Large Nucleotide 

Datasets (MEME-

ChIP) 

5.3.2 performs motif discovery, motif enrichment analysis and 

clustering on large nucleotide datasets14 

9. Gene Ontology for 

Motifs (GOMo) 

5.3.2 determine if any motif is significantly associated with 

genes linked to one or more Genome Ontology (GO) 

terms13 

10. SeqMonk 1.47.1 enables the visualization and analysis of mapped 

sequence data20 

 

 
Figure 1: ChIP-seq analysis work flow to identify differential binding sites.  
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Bowtie2 was performed using the four downloaded fastq.gz 

files of the raw sample data. It is an ultrafast and memory-

efficient tool for aligning sequencing reads to long reference 

sequences. Galaxy wrapper for Bowtie2 outputs alignments 

in BAM format, enabling interoperation with a large number 

of other tools available at this site.11 Using these .bam files 

generated by Bowtie2 as input, MACS2 callpeak was 

performed. A MAC identifies enriched binding sites in 

ChIP-seq experiments. This generates the output in BED 

format.5 The .bed file of the narrow peak generated by 

MACS2 callpeak was taken as input for ChIPseeker.20  

 

It is a bioconductor package for annotating ChIP-seq data 

analysis. Peak annotation was performed by the 

annotatePeak function. It gives information about the 

positions of exons and introns in the detected narrow peaks. 

It requires an annotation source file in GTF format and in 

this case, comprehensive gene annotation on the reference 

chromosomes of humans was taken from gencodegenes.org.  

 

Again, the .bed file of the narrow peak generated by MACS2 

callpeak was taken as input for fetching genomic DNA in 

FASTA or interval format using the Extract Genomic DNA 

tool. This tool also requires a reference genome file in 

FASTA format and in this study, the reference taken was the 

human genome FASTA sequence (hg38.ga) 

from hgdownload.soe.ucsc.edu. Motif analysis of large 

nucleotide datasets (MEME-ChIP) used these FASTA files 

of extracted genomic DNA and performed motif discovery, 

motif enrichment analysis and clustering on large nucleotide 

datasets. MEME discovers novel, ungapped motifs 

(recurring, fixed-length patterns) in our sequences (sample 

output from sequences).17  

 

The motifs generated by MEME-ChIP were taken as input 

for GOMo. It scanned all promoters using nucleotide motifs, 

we provided to determine if any motif is significantly 

associated with genes linked to one or more genome 

ontology (GO) terms (sample output from motifs and the 

E. coli K12 database).13 The significant GO terms can 

suggest the biological roles of the motifs. Finally, all the 

results were visualized using SeqMonk, which is a program 

to enable the visualization and analysis of mapped sequence 

data.20  

 

Differential binding sites prediction: Two groups were 

made of samples as shown in table 3 for the prediction of 

differential binding sites. 

 

Table 3 

Samples divided in two conditions. 

S.N. Conditions Cell lines 

1. Condition-1 MCF-7/ADR_1 

MCF-7/ADR_2 

2. Condition-2 MCF-7_1 

MCF-7_2 

 

For identifying the differential binding sites also, we used 

the same initial steps as in identifying the overall binding 

sites until MACS2 Callpeak, as shown in figure 2. After this 

step, we performed MACS2 bdgdiff using the already-

generated bedgraph files from MACS2 callpeak. MACS2 

bdgdiff was performed for both condition-1 and condition-

2. It performs differential peak detection based on paired 

four-bedgraph files.18 The interval data generated by 

MACS2 bgdiff was used for extracting genomic sequences. 

Finally, motif was done using MEME-ChIP for motif 

discovery and motif enrichment analysis.20 Further motifs 

generated by MEME-ChIP were used for gene ontology 

analysis using the GOMo tool. Visualization of all the files 

was also done using the SeqMonk tool.19 

 

Results and Discussion 
Identification of overall binding sites 
FASTQC result analysis: FASTQC tool gives the 

percentage of reads which were duplicate and also shows the 

total number of read sequences in our samples.  

 

 
Figure 2: ChIP-seq analysis work flow to identify differential binding sites.  
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The Box Whisker plot shows the distribution of probe values 

across our several data as shown in figure 3(b). 

 
Alignment to Reference Genome: Bowtie2 was done for 

the alignment of sequence reads with hg19 reference 

genome. The sequence alignment gave the percentage of 

alignment as shown in table 4. Sample MCF-7/ADR_1 gave 

the highest percentage 98.7% of alignment against a 

reference sequence. Visualization and analysis of mapped 

sequence data were performed using SeqMonk. The MA 

plots here allow us to look at the relationship between 

intensity and difference between two data stores at a time 

from our selected probe list of alignment outputs of overall 

binding sites as shown in figure 4. The X-axis represents the 

average quantitated value across the data stores and the Y-

axis shows the difference between them. 

 

MACS Peak Call: MACS2 callpeak was used here to 

identify enriched binding sites in ChIP-seq experiments for 

our 4 sample sequences.  

 

MACS2 tool identifies the enriched binding sites as peaks as 

shown in figure 5. For each studied sample, MACS Peak was 

annotated using ChIPseeker tool. ChIPseeker package was 

used here for annotating ChIP-seq data of our 4 samples. 

Annotation of the generated narrow peaks gave the 

information about the positions of exons and introns in them. 

Figure 6 shows the percentage of different types of introns 

and exons present on our sample sequences. 

 

    
    (a)                                                                          (b) 

Figure 3: (a) Quality scores per raw sequence data using FastQC  

(b) Box Whisker plot showing alignment for each sample. 

 

Table 4 

The percentage of aligned sequence reads for each sample. 

S.N. Sample Name %Aligned 

1. Bowtie2 MCF-7/ADR_1 98.7% 

2. Bowtie2 MCF-7/ADR_2 98.6% 

3. Bowtie2 MCF-7_1 98.5% 

4. Bowtie2 MCF-7_2 98.5% 

 

                 
                                                           (a)                                                                                  (b) 

Figure 4: Figures (a) and (b) showing MA plots for relationship between intensity and difference between two data 

stores at a time using SeqMonk 
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                              (a)                                                                       (b) 

Figure 5: (a) Narrow peaks in the MACS2 callpeak plot for MCF-7 cell line (b) Narrow peaks in the MACS2 callpeak 

plot for Adriamycin treated MCF-7 cell line 

 

 
Figure 6: Percentage of different annotations of peaks in the MACS2 callpeak plot for (a) MCF-7 cell line  

and (b) Adriamycin treated MCF-7 cell line 

 

 
Figure 7: Plot showing the trend of narrow peaks indicating the identified enriched binding sites. 

 

Probe Trend plot for Identified Enriched Binding Sites: 

The probe trend plot here as shown in figure 7 allows us to 

look at differences in read density over our probes. It has 

taken all the probes in our probe list and worked out how 

many reads overlap with each position in each probe and 

then plotted this out as an average over all of the probes 

showing the trend of narrow peaks indicating the identified 

enriched binding sites. 

 

Motif Discovery performed using MEME-ChIP: The 

FASTA files of extracted genomic DNA were used to 

generate the exact common binding sites also known as 

motifs or consensus region. MEME discovered novel, 

ungapped motifs (recurring, fixed-length patterns) in our 4 

sample sequences as shown in figure 8. For the two samples 

(MCF-7_1 and MCF-7_2) of O-GlcNAc protein, motif 

identified are “GAGCAGGAATTGAATCCTACTTCT” 

and “GAATCTGCAAGTGGATATTTG” whereas for the 
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other two samples (MCF-7/ADR_1 and MCF-7/ADR_2), 

ADR drug motif sequence is “AGCTAGTTGGAAAC 

ACTTTTT” and “AAGGTAGACTTTGGAAATGGAGA 

TTTCCA”. 

 

Gene Ontology for Motifs: Gene ontology was performed 

for all four samples. Significant GO terms can be further 

studied to understand the biological roles of the identified 

motifs in all four samples. GO analysis shows that these O-

GlcNAc protein motifs have olfactory receptor activity 

(MF), sensory perception of smell (BP) and are involved in 

the G-protein-coupled receptor protein signalling pathway 

(BP). ADR bound chromatin motif has olfactory receptor 

activity (MF), sensory perception of smell (BP) and is 

involved in the G-protein-coupled receptor protein 

signalling pathway (BP), as well as a dense response to the 

bacterium and extracellular region (CC). 

 

Differential binding sites prediction using MACS2 

bdgdiff: MACS2 bdgdiff was used for differential peak 

detection based on paired four bedgraph files for both 

condition 1 and 2. BED file shows the chromosomal view of 

different reads of identified differential binding sites of our 

two condition samples. The probe trend plot here, as shown 

in figure 9, allows us to look at differences in read density 

over our probes for two different conditions. It shows the 

overlap between reads of all samples across each position 

and it shows the trend of narrow peaks identified as 

differential binding sites. 

 

Motif Discovery performed using MEME-ChIP: The 

FASTA files of extracted genomic DNA were used to 

generate the exact differential binding sites, also known as 

motifs or consensus regions for both conditions 1 and 2. 

MEME discovered novel, ungapped motifs (recurring, 

fixed-length patterns) in our two condition sequences as 

shown in figure 10. Condition 1 O-GlcNAc protein motif 

identified is “GGGAGGCCGAGACGG” and for condition 

2, ADR drug motif sequence is “TGTTGGCCAGGCTGG”. 

 

 

     
                                                      (a)                                                                                    (b) 

 
                                                      (c)                                                                                    (d) 

Figure 8: (a), (b), (c) and (d) showing the discovered motifs from each sample sequence respectively. 

 

 
Figure 9: The trend of narrow peaks indicating the identified enriched binding sites of condition 1 and 2 

 

     
                                                      (a)                                                                                    (b) 

Figure 10: Figures (a) and (b) showing the discovered motifs from conditions 1 and 2 sequences respectively. 
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Gene Ontology for Motifs: Gene ontology was performed 

for both conditions. Significant GO terms can be further 

studied to understand the biological roles of the identified 

motifs for conditions 1 and 2. GO analysis shows that this 

motif has transcription factor activity, sequence-specific 

DNA binding (MF), cell development, the BP pattern 

specification process (BP) and MF histone binding (MF). 

Functional analysis shows that the condition 1 O-GlcNAc 

motif has functions related to TFAP2A_DBD_4 

(Transcription factor AP-2-alpha) and KLF4 (Krueppel-like 

factor 4 protein).  

 

ADR-bound chromatin motif has function transcription 

factor activity, sequence-specific DNA binding (MF), 

positive regulation of transcription RNA polymerase II 

promoter, negative regulation of signal transduction (BP) 

and transcription activator activity (MF).  

 

Functional enrichment of the ADR binding site shows that 

the motif has functions related to Hic1_DBD 

(Hypermethylated in cancer 1 protein), TFAP2C_full_3 

(Transcription factor AP-2 gamma) and PLAG1 (Zinc finger 

protein PLAG1). 

 

Conclusion  
ChIP-Seq Analysis of O-GlcNAc protein bound chromatin 

loci in human breast cancer cells is an important step towards 

understanding the role of this protein in inducing breast 

cancer. The O-GlcNAc protein binding site motif 

“GGGAGGCCGAGACGG” shows that it has functions 

related to TFAP2A_DBD_4 and KLF4. ADR bound 

chromatin has the motif “TGTTGGCCAGGCTGG,” and 

functional enrichment of this motif shows that it has 

functions related to Hic1_DBD_1, TFAP2C_full_3 and 

PLAG1.  
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