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 

Abstract— In the field of computational biology, protein and 

DNA sequence data analysis is one of the most active research 

areas. When two protein sequences that have similar substring, 

their functional properties are also similar. Therefore, similar 

sequences searching process is required in biological 

applications. This paper presents the pattern searching 

algorithm which searches by matching a pattern and a sequence 

using the fuzzy logic based generated rules. In this way, a motif 

pattern can be searched in a sequence. As a case study, three 

protein families are used in this system, the families are Leucine 

Zipper family, TGF-Beta family, and Integrins Beta Chain 

Cysteine-rich Domain family. This motif pattern searching 

system is implemented by using Visual C#. 

 
Index Terms—Computational biology, Motif pattern, Protein 

and DNA sequence,  

I. INTRODUCTION 

  Biologists often perform pattern searches due to the fact that 

sequences, which have similar pattern usually, have similar 

functional properties. There are two approaches related to 

motif pattern in proteins: motif pattern searching and motif 

pattern discovery. Motif pattern searching technique 

identifies the existence of motifs within an unknown protein 

sequence. A protein motif pattern is a short sequence that is 

found within sequences of a same protein family [1]. It is 

therefore useful to search sequences using fuzzy set theory. 

Discrete fuzzy sets for fuzzy expert systems may be numeric 

or non-numeric. Members of a numeric discrete fuzzy set 

always describe a numeric quantity. Such discrete fuzzy sets 

are called linguistic variables, with member linguistic terms 

[2]. In this study, the motif pattern of three families; Leucine 

Zipper family, TGF-Beta family, and Integrins Beta Chain 

Cysteine-rich Domain family are used to search the pattern. 

The motif patterns for these families are obtained from 

PROSITE [3] protein motif database. This work intends to 

realize the basic understanding and knowledge about 

bioinformatics and to know the family of an unknown protein 

sequence. The remainder of the paper is organized as follows. 

Section II explores how to search the motif pattern using 

fuzzy rule based approach. In section III, we test the motif 

pattern searching system by applying the data of three 

families as a case study. Finally, we conclude the paper in 

section IV and further extension is pointed out. 

 
 

II. RULE BASED MOTIF PATTERN SEARCHING 

Protein motif patterns can contain ambiguous characters, 

wildcards and flexible gaps. Three protein families used in 

this system and corresponding motif patterns are described in 

the following section. 

A. Leucine Zipper Family 

The leucine zipper consists of a periodic repetition of 

leucine residues at every seventh position over a distance 

covering eight helical turns. The localization of the leucines 

are critical for the DNA binding to the proteins. Leucine 

zippers are present in both eukaryotic and prokaryotic 

regulatory proteins, but are mainly a feature of eukaryotes. 

They can also be annotated simply as ZIPs, and ZIP-like 

motifs have been found in proteins other than transcription 

factors and are thought to be one of the general protein 

modules for protein–protein interactions [4]. The motif 

pattern for leucine zipper family is L – x(6) – L – x(6) – L – 

x(6) – L in [5]. 

B. TGF-Beta Family 

Transforming growth factor beta (TGF-β) is a protein that 

controls proliferation, cellular differentiation, embryonal 

development, hormone secretion and other functions in most 

cells. It plays a role in immunity, cancer, heart disease, 

diabetes, and Marfan syndrome. TGF-β acts as an 

antiproliferative factor in normal epithelial cells and at early 

stages of oncogenesis [6]. The motif pattern for TGF-beta 

family is [LIVM]-x(2)-P-x(2)-[FY]-x(4)-C-x-G-x-C in [7]. 

C. Integrins Beta Chain Cysteine-Rich Domain Family 

Integrins are receptors that mediate attachment between a 

cell and the tissues surrounding it, which may be other cells 

or the extracellular matrix (ECM) [8]. The motif pattern for 

Integrins beta chain cysteine-rich domain signature is 

C-x-[GNQ]-x(1,3)-G-x-C-x-C- x(2)-C-x-C in [9]. 

D. Fuzzy Pattern Searching 

In motif pattern searching, we follow the idea of fuzzy 

pattern searching algorithm [10].The algorithm aims to find a 

substring,   , within a text,  , that is “most similar” to a 

searching pattern,  . A sequence data can be interpreted as a 

series of events,   , separated by their event intervals,    . 
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 Separation of the pattern 

The searching pattern   is separated into events and event 

intervals. 

Pattern decomposition for   = C - x - [GNQ] - x (1,3) - G - x- 

C -x- C - x(2) - C - x- C  

Events: 
        [   ]                          

Event Intervals: 
                                           

 

Pattern decomposition for 

   = [LIVM]-x(2)-P-x(2)-[FY]-x(4)-C-x(1)-G-x(1)-C 

Events: 
    [    ]             [  ]                   

Event Intervals: 
                             
 

Pattern decomposition for P = L - x(6) - L - x(6) - L - x(6) – L  

Events:                           

Event Intervals:                   

 

 Fuzzification of the Pattern 

The searching pattern   is fuzzified by applying 

fuzzification techniques to the events and event intervals. The 

events for single character symbols are not fuzzified. 

Following figure represents the fuzzy membership functions 

for Integrins Beta Chain Cysteine-rich Domain signature, 

TBF-Beta protein family and Leucine Zipper family, 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 1. Membership Functions for Integrins Beta Chain 

Cysteine-Rich 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Membership Functions for TBF-Beta Family 

 

 

 

 

 

 

 

 

Fig 3. Membership Functions for Leucine Zipper Family 

 Inference Rule 

In the sequence inference step, the most common way to 

represent human knowledge is IF-THEN rule form expressed 

as [10]:  

IF event    occurs AND event   occurs AND event 

interval between   and   is    AND   … event     occurs 

AND event   occurs AND event interval between     and 

   is      ,THEN pattern   
  is similar to input pattern   with 

degree   , where,     (  )   (  )     (  )   (  )  
 (  )     (    ). 

The process of obtaining the overall consequent 

(conclusion) from the individual consequents contributed by 

each rule in the rule-based is known as aggregation of rules. 

For determining an aggregation strategy, two simple cases 

are Max-Min Inference method and Max-Product Inference 

method.  

 Searching the Pattern 

The array of similar sequences   
  obtained from the 

previous step is used for the determination of similarity 

between a protein sequence and a search pattern  . Each   
  is 

compared with protein sequence as an exact matching. If 

  
 exists in protein sequence, then  similarity between   and 

protein sequence is  . A protein sequence can match to many 

of the sequences in   
 . The similarity between protein 

sequence and searching pattern   is determined as:   

   (  )        
                              

 

III. INITIAL TESTING 

The data set for known protein sequences of three protein 

families are used in this system. Example data is shown in fig 

4. The system searches the motif patterns in an input protein 
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sequence. And, the system shows the match percentage and a 

portion of match sequence if input sequence is matched with 

one of three motif patterns. If there is no match motif pattern, 

the system shows the message box that there is no match 

pattern. Searched result for searching motif pattern with exact 

match is illustrated in fig 5. 

 

 
Fig 4. Data for TGF-Beta Protein Family 

 

 

 
Fig 5. Searching Motif Pattern with Exact Search 

 

After finding out the pattern in the input sequence, the user 

can get the information about the function of the input protein 

sequence. The protein sequence function for TGF-beta 

family is shown in fig 6. 

 

 
Fig 6. Function for TGF-Beta Protein Family 

 

At advanced search, the user can search one of three motif 

patterns with the extensible interval values. For TGF-beta 

pattern, the user can extend the five interval values. For 

Leucine Zipper pattern, the user can extend the three interval 

values. For Integrins Beta Chain Cysteine-Rich domain 

pattern, the user can extend the six interval values. The 

system shows the match percentage and a portion of match 

sequence if input sequence is matched with the pattern of 

extended interval values. If the match percentage is 50%, the 

sequence may have varied in one interval value with exact 

motif pattern. The above search is shown as an example in fig 

7. 

 

 
Fig 7. Searching Motif Pattern with Advanced Search 

 

If the match percentage is 25% at advanced search, the 

sequence may have changes in two intervals value with exact 

pattern. The above course can be seen as an example in fig 8. 

But the match percentage is below 25%, the sequence is 

impossible to perform the protein function of the pattern. By 

advanced search, the user can detect the sequences that 

already experimentally identified as the proteins of one 

family but not detected by exact motif pattern. 

 

 
Fig 8. Advanced Search Match with 25% 

IV. CONCLUSION 

The system applied the rule based pattern searching 

algorithm to search the three motif patterns in a protein 

sequence: TGF-Beta family, Integrins Beta Chain 

Cysteine-Rich Domain family and Leucine Zipper family. 

The system not only search the motif pattern with variable 
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length wild cards but also search the motif pattern with 

extended interval values. The searching system derived the 

similarity degree for three motif patterns. By searching motif 

patterns, the user can know the family and can predict the 

function of a new protein. An extension of the system is to 

search for motif patterns in a protein sequence of another 

family. 
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