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Abstract: Next generation sequence technique that is Chromatin immunoprecipitation 

(ChIP) on the ChIP–Seq of Myelofibrosis. Myelofibrosis is a type of blood cancer which is 

also considered as a form of chronic leukemia. It is two types primary myelofibrosis and second-

ary myelofibrosis its leads to complication of an autoimmune disease, additional disease features 

include hepatosplenomegaly, extramedullary hematopoiesis (EMH) etc., In this work, I have re-

trieved its chip-Seq from SRA database, removed the PCR duplicates and finally identified the 

genome enriched region using the MAC2 call peak tool This annotated peak table was used to 

identify the motifs present in the chip-Seq of Myelofibrosis. Peak table was annotated to identify 

the genes and the corresponding pathways was identified from the KEGG pathway. 
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1 INTRODUCTION 

ChIP sequencing (ChIP-Seq) is a powerful method for identifying genome-wide DNA 

binding sites for transcription factors and other proteins. “Next generation” genome se-

quences technology can provide one – two orders of magnitude increase in the amount 

of sequence that will be cost effective and new technology ChIP – Seq directly provide 

whole genome of mammalian Protein – DNA interactions [1, 2]. It starts with crosslink-

ing of DNA-protein complexes and then fragmented, they are treated with an exonuclease 

to cut unbound oligonucleotides. Protein-specific antibodies are used to immunoprecipita-

tion the DNA-protein complex.  DNA is extracted and sequenced, giving high-resolution 

sequences of the protein-binding sites. ChIP Seq has many advantages such as, it captures 

DNA targets for transcription factors or histone modifications across the entire genome of 

any organism and also it defines transcription factor binding sites [3]. ChIP–Seq could 

be the way for genome-wide profiling of DNA-binding proteins, or nucleosomes 

and attributable to the tremendous progress in next-generation sequencing tech-

nology [4]. 

 Myelofibrosis is a type of blood cancer which is also considered as a form of chronic 

leukemia [5, 6]. In this disease, the bone marrow is replaced by fibrous scar tissue. It is 

two types primary myelofibrosis (occurs on its own) and secondary myelofibrosis (oc-
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curs as the result of separate disease) its leads to complication of an autoimmune dis-

ease. The bone marrow develops three types of cells white blood cells, red blood cells 

and platelets [7]. When mutation occurs in a single cell of DNA, it passes on to new 

cells and leading to defective of cell divides. Characteristic of myelofibrosis like 

megakaryocytes (over production of giant cells) [8], decreases production of red blood 

cells – may occur anemia and thrombocytopenia (deficiency of platelet production). 

Overall world in about 12% cases, primary myelofibrosis will progress to acute myeloid 

leukemia fastly growing of blood cancer [9, 10]. 

2. MATERIALS AND METHODS 

The primary aim of the current research is to provide a detailed overview of epige-

netic regulations of Myelofibrosis and throw a light on the pathways involved [11]. 

Galaxy tutorial by Lauren Mills, Analyzing ChIP-Seq Data in Galaxy is used to analyze 

Mus musculus Myelofibrosis fastq sequences having SRA accession number 

DRR311742 and DRR311743 were retrived from SRA database. We mapped the reads 

using Bowtie2 [12]. Using Collect Alignment Summary Metrics tool we take the sum-

mary of our alignment. Next using RmDup we remove PCR duplicates [13] and Collect 

Alignment Summary Metrics tool was re-run. Finally, using MACS2 Callpeak we iden-

tify peaks from alignment results [14, 15]. Using Peak calling we identify areas in our 

genome that have been enriched with our aligned reads, these areas are those where 

protein interacts with DNA.  

Next, we annotate our peaks table to take top 100 most significant peaks and identify 

the genes overlapping with these peaks and Genes were selected model using Swiss 

prot with Ramachandran plot [16,17,18] was done. We identify the motifs using SeqPos 

motif analysis tool. Biological sequence motifs are short conserved sequence pattern 

associated with distinct functions that usually represents important structural or func-

tional features [19]. Finally, the pathways of these genes were identified from KEGG 

pathways [20, 21]. 

3. RESULTS AND DISCUSSION 

3.1 FASTQC quality reports 

FASTQC quality reports was given quality control to Mus musculus chip-sequences 

with SRA accession number DRR311742 and DRR311743. FASTQC results were 

given in fig. 2 DRR311742 and fig.3 DRR311743. 
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3.2 Bowtie2 

 Mus musculus chip-sequences with SRA accession number DRR311742 and 

DRR311743 were mapped using Mus musculus ref Seq using Bowtie2. 

 

Mapping output of DRR311742: 

(Fig. 1) FASTQC DRR311742 

(Fig. 2) FASTQC DRR311743 
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Mapping output of DRR311743: 

 

 

3.3 Collect alignment before: 

             We use the tool Collect Alignment Summary Metrics tool take the summary of 

our mapping done above. Table 1 contains the alignment summary for DRR311742and 

Table 2 for DRR311743.  

         Table: 1 Alignment summary for DRR311742 
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Table: 2 Alignment summary for DRR311743 

 

 
 

Next, we removed the PCR duplicates using RmDup. Table 3 & 4 contains the Align-

ment summary for DRR311742 and DRR311743 and removing PCR duplicates.  

 

Table: 3 Alignment summary for DRR311742 post RmDup 

 

 
 

Table: 4 Alignment summary for DRR311743 post RmDup 
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3.4 MACS2 Callpeak: 

As per the alignment summary (Table 3, 4), we see that the reads are less post 

RmDup which implies that the duplicate reads are removed. Next, we use MAC2 call 

peak tool to identify areas in the genome that are enriched with the aligned reads. 

Model-based Analysis of ChIP-Seq (MACS) is a commonly used tool for identifying 

transcription factor binding sites. The algorithm confines the influence of genome com-

plexity to evaluate the significance of enriched ChIP regions. This tool improves the 

spatial resolution of binding sites by combining the information of both sequencing tag 

position and orientation. Here, MACS is used along with a control sample 

(DRR311742) which increases specificity of the peak calls (Fig. iii). MACS2 models 

the distance between the paired forward and reverse strand peaks and uses 1000 en-

riched regions to model the distance between the forward and reverse strand peaks. 

 

                (Fig. 4) peak model in graphical format 

      (Fig. 5) Correlation metric of Peak 

3.5 Motif analysis: 

We identify the motifs present in our Myelofibrosis genome ChIP-Seq. We used 

SeqPos motif analysis tool. The file, top 100 most significant peaks in bed format was 

selected for motif identification (Table 5).  
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Table – 5 Motif Analysis: 

 
3.6 SWISS PORT 

Genes were selected from the Myelofibrosis genome, model using Swiss prot with 

Ramachandran plot.  

Table: 6 Genes are involved in Myelofibrosis with Accession number:   

 
Abbreviations of genes: 

1. Rap1gap2:  Rap1 GTPase activating protein-2 

2. Lrrc1:  Leucine rich repeat containing 1 

3. Antxr1: Anthrax toxin receptor – like 

4. Smarca2: Sw1/SNF related, matrix associated actin depended of chromatin 

subfamily 

5. Lnx1: Ligand of numb protein x1 

The receptor model and corresponding Ramachandran plot results are given in 

Fig.6.   Accession number used for modeling is given in table 6. 

 

 

 

 

Rap1 gap2  
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  (Fig.6) Swiss-model generated receptor models with their Ramachandran plot. 
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4. KEGG pathway analysis: 

Finally, from the annotation results our peaks table by taking top 100 most signifi-

cant peaks, we identify the genes overlapping with these peaks which are given in Table 

7. The pathways of these genes were identified from KEGG pathways names in Table: 

7  

Table: 7 Identified Genes and pathways 

 

 
 

4.1 Tight Junctions (TJs) Pathway: 

 

Tight junctions (TJs) are essential for establishing a selectively permeable barrier to 

diffusion through the paracellular space between neighboring cells. TJs are composed 

of at least three types of transmembrane protein -occluding, claudin and junctional ad-

hesion molecules (JAMs)- and a cytoplasmic 'plaque' consisting of many different pro-

teins that form large complexes. These are proposed to be involved in junction assem-

bly, barrier regulation, cell polarity, gene transcription, and other pathways. 

 

   
 

Fig. 7 Tight Junction Pathway 
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4.2 RAP1 signaling Pathway: 

Rap1 is a small GTPase that controls diverse processes, such as cell adhesion, cell-

cell junction formation and cell polarity. Like all G proteins, Rap1 cycles between an 

inactive GDP-bound and an active GTP-bound conformation. A variety of extracellular 

signals control this cycle through the regulation of several unique guanine nucleotide 

exchange factors (GEFs) and GTPase activating proteins (GAPs). Rap1 plays a domi-

nant role in the control of cell-cell and cell-matrix interactions by regulating the func-

tion of integrin’s and other adhesion molecules in various cell types. Rap1 also regu-

lates MAP kinase (MAPK) activity in a manner highly dependent on the context of cell 

types. 

       
 

                                    Fig.8 RAP1 signaling Pathway 

 

4.3 cGMP - PKG signaling Pathway: 

Cyclic GMP (cGMP) is the intracellular second messenger that mediates the action 

of nitric oxide (NO) and natriuretic peptides (NPs), regulating a broad array of physio-

logic processes. The elevated intracellular cGMP level exerts its physiological action 

through two forms of cGMP-dependent protein kinase (PKG), cGMP-regulated phos-

phodiesterase’s (PDE2, PDE3) and cGMP-gated cation channels, among which PKGs 

might be the primary mediator. PKG1 isoform-specific activation of established sub-

strates leads to reduction of cytosolic calcium concentration and/or decrease in the sen-

sitivity of myofilaments to Ca2+ (Ca2+-desensitization), resulting in smooth muscle 

relaxation. In cardiac myocyte, PKG directly phosphorylates a member of the transient 

potential receptor canonical channel family, TRPC6, suppressing this nonselective ion 

channel's Ca2+ conductance, G-alpha-q agonist-induced NFAT activation, and myo-

cyte hypertrophic responses. PKG also opens mitochondrial ATP-sensitive K+ (mito-

KATP) channels and subsequent release of ROS triggers cardio protection. 
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                          Fig. 10 cGMP - PKG signaling Pathway 

 

4.4 Thermogenesis Pathway: 

Thermogenesis is essential for warm-blooded animals, ensuring normal cellular and 

physiological function under conditions of environmental challenge. Thermogenesis in 

brown and beige adipose tissue is mainly controlled by norepinephrine, which is re-

leased from sympathetic nervous system in response to cold or dietary stimuli. The 

mitochondrial uncoupling protein 1 (UCP1) is responsible for the process whereby 

chemical energy is converted into heat in these adipocytes. Activation of these adipo-

cytes leads to an increase in calorie consumption and is expected to improve overweight 

conditions, providing a potential strategy for treating obesity and its related metabolic 

disorders 

                                      Fig. 10 Thermogenesis Pathway  
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4.5 Tight Junction (TJs) Pathway: 

Tight junctions (TJs) are essential for establishing a selectively permeable barrier to 

diffusion through the paracellular space between neighboring cells. TJs are composed 

of at least three types of transmembrane protein -occluding, claudin and junctional ad-

hesion molecules (JAMs)- and a cytoplasmic 'plaque' consisting of many different pro-

teins that form large complexes. These are proposed to be involved in junction assem-

bly, barrier regulation, cell polarity, gene transcription, and other pathways. 
    

                Fig.12 Tight Junction Pathway 

1. CONCLUSION 

A high-quality immunoprecipitation ChIP peak is detected in our results which im-

ply high concentration of DNA binding proteins. Further, motifs were detected from 

the ChIP peak.  Further, top DNA binding protein genes were identified and corre-

sponding pathways was identified from KEGG pathway. Tight junctions (TJs) path-

way, RAP1 signaling pathway, cGMP - PKG signaling pathway, Thermogenesis path-

way and Tight junctions (TJs). 
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