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Abstract- Big data has attracted a broad spectrum of attention 

from researchers and data scientists. Huge batches of data 

when adequately processed using appropriate algorithms in 

accordance with the required output prove to be very fruitful 

in the process of distilling information related to business, 

health, mechanics and various other domains. Data, when 

provided with an interface in an interpretable form, is the key 

to acquiring knowledge from that data. In literature, graph 

visualization analysis is one of the appropriate techniques for 

data interpretation, especially in the case of genomics 

because genomic sequences are comprised of motifs, which 

can be best, understood and analyzed in graphical form. 

Research shows that previously graph motif detection has 

been performed via graph partitioning detection algorithms 

to retrieve recommendations for binding sites in case of DNA 

sequences and active site for enzymes in case of protein 

sequences. Motif detection in protein and DNA sequences, 

using a partitioned approach is intricate. This paper is based 

on the protein sequences of p53 known as the guardian of 

DNA and the RHAG gene sequence responsible for the 

mutation found in the Rh null system. Detection of the motif 

in the protein and DNA sequences is discovered by using the 

MM algorithm implemented in the Multiple EM for Motif 

Elicitation (MEME) tool for both protein and DNA 

sequences, and matches are found using the TOMTOM 

comparison technique. The desired motif is searched across 

the available thirteen databases like JASPER, Homo Sapiens, 

and so on. The shortest motif of width was found in all 

databases except the DAP database. The calculated results 

have an e-value of 2.05e. The mixture model used for the 

algorithm showed different processing times for DNA and 

Protein sequence analysis. 

 

Keywords- Motifs Detection, PPI, Big data analytics, graph 

analytics 

I.  INTRODUCTION  

Data analysts are considered as the mine diggers of data. This 

big data can be visualized and interpreted and understood by 

following the correct sequence as well as the correct 

algorithms and tools. Data are increasing exponentially by its 

volume. It means some drastic changes need to be made in 

the methods of management of big data. As it becomes more 

worthy and more valuable, it requires more effort and 

attention to be managed. Making the biological data available 

for humans to interpret and for computers to analyze is called 

biocuration [1]. The field of biocuration has opened up new 

career pathways for data scientists as well as bioscientists. 

Biological databases have proved to be very resourceful in 

the detection and analysis of different biological entities for 

example proteins, chemicals, genomes, and species. The 

heterogeneous nature of data requires more efficient working 

algorithms for processing and retrieving information, for 

example in genomics, 500,000 microarrays are publicly 

available [2]. This heterogeneity of data is considered as a 

challenge for data scientists, and it demands some specific 

approach for manipulation of data and as proposed by a 

particular community of researchers who demand an efficient 

platform for Minimum Information for Protein Functionality 

Evaluation (MIPFE) [3]. Different protein annotations 

proved to be very resourceful and useful for identification of 

functional traits of proteins. Annotations are descriptions of 

the significant part of the genome that describes the region of 

coding its structures and traits, for this purpose many 

proteinpedia are available [4]. All of this rich data needs 

analysis so that some conclusive results can be derived. Data 

interpretation is an essential part of data analysis. 

Visualization tools have proved themselves as the sailors in 

the huge sea of data. Researchers ultimately had to embrace 

the tools supporting visualization.  
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Figure 1: Motif expression in the real network and randomized network 

 

 

The question that rose was that “Only visualization can prove 

to be useful?” What if! Visualization could not meet the 

expectation of the analyst. For this purpose, more 

visualization techniques were used upon existing graph 

visualization techniques for detection and interpretation of 

graph data [5] like visual graph motif detection, where motifs 

are the repetitive patterns in a graph usually formed in 

protein-protein interaction networks (PPI) [6]. A view of 

network motifs can be shown in Fig 1. 

Motifs can be found in a single network or different networks, 

in case of multiple networks, a set of different graph act as 

the input upon which then similar patterns or motifs are 

detected. The term “motif” actually has great significance in 

the world of genomics. Gene structure can be represented in 

the form of visual graphs due to the repetition of protein 

sequences in a genome that causes the motifs to form. 

Mutation in the genome and exome sequence is the cause of 

many diseases [7]. One such rare genetic mutation in the 

absence of antigens from the bloodstream. The red blood 

cells in our blood are covered with 342 antigens. A 

combination of these is responsible for the decision of 

different blood types people have. The unique factor occurs 

when some amount of antigens are missing from the 

bloodstream, for example, a rare blood type that is the cause 

of mutation is the absence of 62 antigens from the Rh system 

thus forming the rarest blood type known as Rh null or 

hematologists call it “The Golden blood” [8]. This phenotype 

is further classified into regulator and amorph [9, 10]. This 

rare genetic mutation is highly significant as it causes an 

individual to have a rare blood type. Another mutant protein 

p53 is responsible for the extensive growth of cells thus 

causing cancer. The p53 protein is found in almost every 

living organism.  

 
Figure 2: mutant p53 cell cycle 

 

Fig 2 represents a generic representation of the mutation 

caused in p53 responsible for the origination of different 

types of cancer in living organisms. This mutation is 

responsible for various diseases in different living organisms, 

and its genetic sequence carries significant importance. 

 A large number of tools like DAVID [11, 12], are used for 

the functional analysis of such mutated genes. The tools work 

on the principal and algorithms of Data Science. One such 
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tool is DNA motif identification and analyses (DMINDA), or 

now can say DMINDA2 [13]. De-novo motif identification 

and associated computational analyses have a great 

significance in motif identification. The uniqueness of 

DMINDA is that it contains 5 motif analysis algorithms. 

Previously tools were focused on the identification of motifs 

but missing the analysis, for example, MEME suite [14], 

Motif Finder, PATLOC, AIMIE and so on. DNA motif 

identification and analyses (DMINDA) provides. 

II. RELATED WORK 

Gene mapping has been considered as one of the challenging 

tasks for researchers who belong to the field of bioinformatics 

and data analysis. Previously such tools are developed, which 

are used for gene analysis and gene mapping, for example, 

MAPMAKER [15]. MAPMAKER has been applied to the 

construction of linkage maps in some organisms; including 

the human. E. S. Lander et al. [16] proposed this efficient 

algorithm for constructing linkage maps in Humans and other 

species. A limitation regarding the linkage map in the past 

was that it was only possible to determine the linkage maps 

of the most widely studied organisms due to the prominent 

mutations found in their genetic markers. For comparing 

these mutations with mutations found in other organisms, a 

large number of knowledge bases are available. More than 

one order of marker is known as a sequence. For example: 

Sequence (1 2) 3 4 5. Now the MAPMAKER maps it 

accordingly with (1 2) 3 (4 5) which is also considered as a 

sequence. A variety of tools is available for data 

visualizations depending on the size and type of data. A very 

concentrated area for visual analysis is protein simulation 

using molecular dynamics. Proteins are considered as the 

essential building blocks for the human body; they are 

involved in muscular development. Mutations in its 

structures can cause various diseases for this purpose 

simulation in proteins can reveal many new structures. 

 

One of the techniques introduced for protein unfolding is 

Steering MD [18]. The reduced glycoprotein in the Rh 

systems can result in the mutation of the RHCE gene 

mentioned in the introduction section. Several tools for 

detecting motifs in the graphs are available like FANMOD 

[19], MAVISTO, PAJEK, MFINDER, and so on. MAVISTO 

uses the force directed graph layout. The uniqueness of 

FANMOD is that it helps the detection of large motifs in 

complex graphs. Another algorithm known as NemoFinder 

helps to find size-12 motifs in PPI (protein-protein 

interaction) networks [20]. Graph visual motifs are also 

helpful for distinguish between applications protocol and to 

determine the known behavior of unlabeled traffic [21]. The 

most widely used algorithm for motif discovery is the 

MEME. MEME is a complete suite and performs a series of 

operations on the dataset thus discovering, analyzing, finding 

enrichment and comparison with the existing motif databases 

[22]. Some other tools like DMINDA2, Ensemble genome 

browser also performs a sequence of operations [23].  Rest of 

the paper is organized as: 

Section II describes the Relate Work, section III contains the 

Methodology used for carrying out the analysis, results are 

discussed in section IV, and finally, section V sums up the 

paper with Conclusion. 

III. PROPOSED METHODOLOGY 

This section has explained the proposed method used for the 

analysis of sequences performed by using Multiple EM for 

Motif Elicitation (MEME) and DMINDA2. Sequence clusters 

are downloaded from the UniProt database. The sequences 

were of p53 and Rh null gene. Both sequences have their 

significance in genomics. They were selected due to the 

unique feature of being the “guardian of the DNA,” an 

example of mutation caused in Homo sapiens.  

Sequence selection

Sequence Download

Sequences are 
downloaded using 

UnitProt database and 
aligned by the ALIN 
tool of the UnitProt 

database

Analsis

Analysis is done using 
the MEME suite

Analsis

Analysis is done using 
the DMINDA

Motif identification
Motif identification 
and location in the 

sequence

Comparison by 
TOMTOM

Resultant table

 
Figure 3: Methodology for Motif elicitation in the desired 

sequence 
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MEME discovery algorithm is used for finding the motif 

within the sequences. 10 such motifs are discovered, and the 

shortest motif found is then compared using TOMTOM, and 

a resultant table is derived according to the number of 

matches along with the DNA motifs that are found using 

DMINDA. The motif which is found in a maximum number 

of sequences is compared with the existing database and 

results are derived. The methodology is given in fig 3. 

The match threshold should definitely have an E-value of 10 

or smaller to be considered as a match. Following were the 

results when the given motif was searched in the mentioned 

knowledgebase. The sequence “CATACCCCG” got a few 

hits in the motif database. The TOMTOM algorithm provides 

the p-value and q-value which are the measures of false 

discovery rate of the match. 

 

IV. RESULT AND DISCUSSION 

In this section, the findings by DMINDA2 are discussed, as 

well as the results are evaluated. The UniProt database was 

used for downloading sequences of p53 and the Rh null 

syndrome of the species Homo sapiens and submitted for a 

job in two different tools MEME suite and DMINDA [24].  

A.  Motif Detection by, MAST output with similarity matrix:

 
Figure 4: Motif detection by MAST, 10 best Motifs, and similarity matrix. 

 

B. Motif detection in p53 protein sequence, MEME output: 

MEME showed the shortest motif found in the sequence with 

the minimum width 21, no motif in the sequence is found 

with a width less than 21 [25]. The sequence logo for the 

shortest is given in fig 4. The description of the logo is as 

shown in figure 5. The details are summarized in table 1. 

i. The height of the Letter ≈ fraction of the time that 

letter is observed at a specific position. 

ii. The height of all the letters in a column ≈ to which 

extent the amino acid is conserved. 

 

 

 
Figure 5: the Shortest motif found in the sequence, MEME output 
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Table 1: Parameters for shortest motif detection in sequences 

Name Start p-value Sites 

sp|Q9BTE6-

3|AASD1_HUM

AN 

360 2.97e-26 
DDPEVEQVSGRGLPDDHAGPI

RVVNIEGVDSNMCCGTHVSN 

sp|Q9BTE6-

2|AASD1_HUM

AN 

299 2.97e-26 
DDPEVEQVSGRGLPDDHAGPI

RVVNIEGVDSNMCCGTHVSN 

sp|Q9BTE6|AAS
D1_HUMAN 

186 2.97e-26 
DDPEVEQVSGRGLPDDHAGPI

RVVNIEGVDSNMCCGTHVSN 

 

C. Motif Detection in RHAG by, DMINDA2: 

The motif detection in DMINDA is performed upon the same 

sequence as in MEME; the unique functionality of DMINDA 

shows the occurrence of the motif in a sequence. 

 

 
Figure 6: Motif detection in RHAG by DMINDA2 

 

Motif 20 shown in fig 4 is the only overlapping motif that is 

repeated 3 times in 3 of the given sequences.  

D. Motif Detection in RHAG protein sequence by, MEME:  

Protein sequences of RHAG obtained by the UniProt 

database were analyzed by the MEME tool to determine the 

motifs present in the sequence [26]. The fig 6 shows the motif 

containing the minimum number of residues, the detected 

motifs can be used for determining the binding pockets [27]. 

E. Advantages of the MM algorithm, as per calculated 

Results 

The MM algorithm has two fundamental advantages: 

i. Advanced classification of input sequences is not 

required. It searches for the motif in a data set as 

well as the occurrence frequency. 

ii. The MM algorithm also allows the user to select 

various parameters for the motif discovery via the 

Opal interface. 

F. Comparison of the motif with JASPER, Eukaryotic, and 

Malaria database using TOMTOM algorithm : 

The match threshold should have an E-value of 10 or smaller 

to be considered as a match. The following were the results 

when the given motif was searched in the mentioned 

knowledgebase. The sequence CATACCCCG got a few hits 

in the motif database. The TOMTOM algorithm provides the 

p-value and q-value which are the measures of the false 

discovery rate of the match. 

G. TOMTOM Algorithmic Matches 

Motif discovery is indeed a vital biological activity, but after 

the discovery of the motifs, the next research question that 

pops up is whether the discovered motif is already known or 

has some genomic significance [28]. For this purpose, 

TOMTOM algorithm has been used to find the significance 

of the query motif. The TOMTOM algorithm is capable of 

finding relative offsets in case of protein motifs and reverse 

compliments in case of DNA motifs [29]. Moreover, the 

program also determines those motifs which are highly 

redundant in a motif database and also has the merging 

capability of those motifs as shown in fig 7. 

P-values are calculated on the basis of Motif Score. A 

comparison between p values of both the motif scores is 

computed. Where a motif L of width w, a score function ŝ (L 

i,b) that produces a score which is a positive integer for the 

similarity of the ith column of L and the letter b ∈ A.For 
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computing the p-value of a motif TOMTOM identifies an 

offset as well and relative orientation for which the offset P 

value is minimal. The probability of observing a minimum P 

value of P* among a collection of M independent P values is:  

1 - (1 - P*) M . 

The expression the calculated p-value for a motif. The 

calculated p-values are shown in table 2. 

H. Calculation of p-values in MEME: 

Table 2: Calculated p-value for motif discovery in input 

sequences 

Sr. # p-value  2.04e-04 

1.  e-value  2.04e-04 

2.  q-value  2.04e-04 
3.  Overlap  7 

4.  Offset  0 
5.  orientation  Normal 

 

 
Figure 7: TOMTOM Motif comparison between Query and 

Target motif 

Table 3: No of matches found by the motif determined by 

DMINDA in different DNA databases 

Sr. # Knowledgebase 
No of 

Matches 

1.  Malaria (Plasmodium falciparum) 9 

2.  JASPER 4 

3.  Homo Sapiens 8 

4.  FLY (combined Drosophila database) 2 

5.  CIS-BP Single species 1 

6.  
Prokaryote DNA (CoLlecTF 

(bacterial TF motifs)) 
5 

7.  Ray 2013 all species (DNA Encoded) 3 

8.  YEASTRACT 3 

9.  SwissRegulon e coli  9 

10.  DAP Motifs 0 

11.  Vertebrates (in Vivo and in Silico) 1 

12.  MOUSE 3 

I. P-value calculation using DMINDA: 

DMINDA2 has the capability of finding motif co-occurrences 

in DNA sequences in order to identify joint regulation 

connections by multiple transcription factors. Calculation of 

P-value is done by using k as a variable where k is the 

representation of the regulatory regions containing common 

motifs. Further calculations are done using the BoBro 

algorithm of computational genomics as shown in fig 9. The 

details are given in table 3. 

The term methodology defines system of methods or basic 

rules to perform something in a systematic way. Furthermore, 

methodology described detailed systematic and theoretical 

analysis process by implementing techniques and methods of 

some field of study. In this study, the proposed methodology 

to empirically evaluate graph databases id discusses in detail.  

This proposed methodology consists of eight steps, starts 

from data collection and end on elevation processes. In first 

step a detail description of all collected data from biological 

data repositories are described. In second step, data 

transformation process performed due to data heterogeneity 

as data collected from different biological data sources. 

In the field of science, there are two rapidly changing 

phenomena. The first thing under consideration is increasing 

data volume (size) form terabytes to petabytes and beyond. 

The second one is the advancement of biological interaction 

networks which produced piles of highly throughput data 

regarding proteomes, interactomes, transcriptomes, 

metabolomes, genomes and much more. As field of biology 

has become increasingly important due to its data 

intensiveness, therefore biology and computer science have 

become complementary to each other bridged by other 

branches of science such as statistics, mathematics, physics, 

and chemistry. Hence, the emergence of knowledge 

versatility of these domains caused an advent of Network 

Biology, Big Data Biology or many other biology branches. 
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Figure 8: BobRo 2.0 Algorithmic Sequence 

 

 

Supposedly y be the random variable that represents the 

number of instances of a particular motif in a given set of 

sequences of RHAG gene. The distribution probability is 

expressed by p(x) which can be estimated by using a Poisson 

distribution. The p-value calculation is done by summing up 

all the probabilities. By denoting that a motif may have k 

occurrences, an enrichment score is calculated which is used 

to evaluate the statistical significance of a motif in input 

sequences. 

Z= (SR-(|R|*SC)/|C|) / (√(R│*SC) /|C|) 

Where SR and SC are the numbers of instances in R and C, 

respectively. 

To evaluate the graph analytic techniques over biological 

complex connected data of Protein-Protein Interaction 

Networks, Gene-Protein Interaction Network and Gene-Gene 

Interaction Networks. The data sets collected from 

heterogeneous data repositories are first evaluated on Data 

Volume, Total No. of Record in each dataset, Distinct No. of 

Interaction, there Interaction Detection Method and 

Experimental setup Used, Interaction Type, and many more.  

The process of evaluation involves critical analysis of the 

proposed method or a program. Thus, after defining and 

describing in the methodology detailed for graph databases 

(Neo4j, OrientDB, and Titan) in data storage, data querying, 

and analytics perspective by using biological complex 

connected interaction networks such Gene-Protein 

Interaction, Protein-Protein Interaction and Networks Gene-

Gene Interaction. 

Queries for Centrality Analysis are applied on the created 

graphs. The queries were targeted for viewing graphs by 

eliminating specific nodes and relating genes, proteins, and 

protein and gene sequences with their respective diseases 

with variations in their properties. 
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Figure 9: Calculated P-values of candidate sequences in DMINDA2 

 

J. Similarity Matrix, p53 DNA sequence using DMINDA: 

The similarity matrix for the motif detection in the given 

input DNA sequences of the RHAG gene is given in fig 8. 

K. Comparison of MEME and BobRo used in  DMINDA in 

Motif Identification: 

A comparative analysis is shown in table 4, representing the  

 
Figure 10: Similarity matrix calculation in DMINDA2 

 

tools and algorithms used in both for determining and 

evaluating motifs in candidate protein and DNA sequences. 
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Table 4: Comparison of Motif Detection in MEME and 

DMINDA2 

Sr. # Functions  MEME BoBro 2.0 

1.  
Motif 

Scanning 
Nill 

P-value assessment 

for all the scanned 

and input motifs  

2.  
Motif 

Refining 
FIFO 

Strong ability in 

filtering out noises at 

a genome-scale  

3.  
Motif 

Comparison 
TOMTOM 

A motif clustering 

algorithm 

L. Graph representation and clustering  of obtained Motifs:  

The detected motifs are further organized and clustered in the 

form of graphs. Minimal Spanning Tree is used to generate a 

graph of all candidate motifs. Initially, a full graph is 

generated, representing all the candidate motifs represented 

as a node and connected by edges.  

 

The MST is generated by using Kruskal's algorithm. A 

methodology for the generation of spanning tree is shown in 

fig 10. All the motifs are then compared to the Regulon. A 

resultant regulon tree is obtained describing the motif 

similarity. 

  

 

 
Figure 11: Minimal Spanning levels of clustering 

 

 
Figure 12: Cluster tree obtained by DMINDA2 of the candidate DNA sequences of RHAG gene  

 

Fig 11 and fig 12 illustrates the tree obtained after the 

identification and clustering of motifs in DNA sequences of 

the RHAG gene responsible for the rare mutation of Rh Null. 

V. CONCLUSION 

Visual graph motif analysis techniques have proved to be 

very useful for the determination of repetitive functional 

patterns in protein structure. We showed that different 

clusters of sequences could have a repetitive pattern in them, 

thus forming motifs and these motifs can be further grouped 

in the form of clusters. Clusters are generated based on the 

similarity matrix in both MEME and DMINDA2. We 

discovered the motifs between a specific range, i.e., 6 ≤x≤5, 

where x is the length of the motif. The shortest motif 

discovered in the candidate sequences in MEME was of 

length 21, which means that 21 is the threshold value for 

motif length in the sequence under consideration. MEME 

represents the motifs in the graphical form known as Motif 

Logo. All the motifs discovered were from the un-gapped 

sequences. Similarly, RHAG DNA sequences were analyzed 
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on DMINDA2 and the most repetitive motif found was then 

searched for the match in the existing knowledge bases using 

the TOMTOM algorithm. A different number of matches are 

derived across different databases. Only one database gave 0 

matches across the given motif, which concludes that the 

motif “CATACCCCG” is unique for the DAP motif 

database. 

Furthermore, the DMINDA discovered motifs were clustered 

in the tool using the Minimal Spanning tree. Based on this, a 

similarity matrix and tree were obtained. Our findings 

represented that among all the discovered motifs Motif-5 and 

Motif-20 showed the highest similarity and were clustered 

together, thus generating the required graph. Our analysis 

concluded that the algorithms used for identification and 

analysis of motifs have strengths in particular areas, but 

DMINDA2 outperforms MEME due to the integration of five 

robust algorithms and clustering algorithms which converts 

all the discovered motifs in the form of graph providing 

visualized results. Another critical aspect of DMINDA is the 

DOOR2 eukaryotic database. In both the analytic tools 

similarity is based upon the p-values of the discovered motifs. 

The method for p-value calculation is explained in Section III 

of the paper. The genomic importance of the sequences lies 

in the clustering of the input protein and DNA sequences. Our 

research shows that these integrated Graph analytic 

techniques and algorithms being used in MEME and 

DMINDA2 plays a vital role in the identification of repeated 

patterns known as “motifs.” These binding pockets play a 

vital role in DNA and protein development as they are 

responsible for the cell’s regulatory network. For future 

work, the discovered motifs can be analyzed by genomic 

experts in order to obtain their biological and genomic 

importance. The performed empirical evaluation is one of the 

novel approaches of visual graph analytic techniques. 
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