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Abstract: The understanding of the relationship of a gene with other genes in its neighbourhood and the implication of this 

relationship on the biochemical activities of the entire genome need an efficient computational tool to unfold the relationship. 

GENAVIS: (GENe Adjacency VIsualization Software) is an open source, platform independent web-based software for 

modeling neighborhood genes as binary codes. We also incorporated the feature of having an interactive visual representation 

of patterns of the binary code for a specific gene family in multiple microbial genomes. The concept of using binary code for 

representation is derived from computational thinking techniques which models problems using computer logic of applying 

abstraction and pattern matching to extract hidden patterns aimed at knowledge discovery. The result provides an insight into 

the analysis of transcriptional unit with more than one gene and genes encoding for universal stress protein, which also allows 

for a comparative analysis of multiple genomes as the basis for biosynthetic pathways and multi-gene function prediction. 
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1. Introduction 

The availability of computational tools for Knowledge-

building, sense-making and decision making on gene 

neighborhood in post genomics era remains a challenge to 

Biomedical scientist. Several studies have been conducted to 

understand the effect of location of genes in the entire 

genome on their biochemical activities. Gene-to-Gene 

analysis has shown that the biochemical activities within a 

region in DNA sequence are functions of contributions of 

individual gene within the neighbourhood. As disclosed that 

neighboring genes are often expressed in similar patterns 

suggests the involvement of chromatin domains in the control 

of genes within a genomic neighborhood [10]. That is, the 

genomic location has some impact on gene expression which 

generally has influence on the gene function within a 

framework of expression defined by that neighbourhood. In a 

theoretical study, gene neighbourhood was listed as one of 

the factors that affect gene expression but was quick to 

assume that the existence of gene expression neighbourhoods 

is not necessary for the correct and coordinated expression of 

genes that have the same expression profiles [6]. Hence, it is 

suggested that gene neighbourhood await the creation of 

more powerful tools to reveal their purpose. 

The understanding of gene neighbourhood has been 

applied in several studies; it was used as entropy measure 

under the frame of neighborhood rough sets to develop a 

novel gene selection method for tackling the uncertainty and 

noisy of gene expression data [3]. Their gene selection model 

was applied on tumor classification for the discovery of 

compact gene subsets with improved accuracy. Besides, a 

novel gene-ranking method based on neighborhood rough set 

reduction for molecular cancer classification based on gene 

expression profile was developed [4].  

They claimed that the method shows that only few top-

ranked genes could achieve higher tumor classification 

accuracy, which are found to play a crucial role in the 

occurrence of tumor. Similar direction to gene 

neighbourhood is in the area of genome integrity where 

orientation and localization of the genome constituents affect 

the biochemical activities they are involved in, [8] and [11].  

The search for appropriate computational tools for this 

biomedical knowledge discovery in genes for Universal 

Stress Protein (USP) led to the development of a software for 

the analysis of neighborhood genes and modeling them as 

binary codes. Universal stress proteins are proteins of interest 
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since they are widely spread in nature and in stress conditions 

such as heat shock, nutrient starvation, the presence of 

oxidants or DNA-damaging agents which may arrest cell 

growth, they constitute a natural biological defense 

mechanism. The three-dimensional (3D) structure of USP 

using a combined proteomic and bioinformatics approach 

was predicted [12]. The concept of gene neighbourhood to 

investigate the improvement of plant performance under 

abiotic stress conditions by studying the effects of 

transcription directions of transgenes and the gypsy 

insulators on the transcript levels of transgenes in transgenic 

Arabidopsis is now used [5]. Knowledge of the mechanisms 

of mycobacterium tuberculosis is still poor and insights 

provided by genome sequence data enables a better 

understanding of this mechanism. 

The binary representation enables easy pattern matching of 

the different gene component and the comparative analysis of 

multiple genomes and the prediction of transcriptional units 

which are the basis of biomolecular network or biosynthetic 

pathways. Users also have opportunities of analyzing a large 

genome at the same time providing an opportunity for 

comparative genome analysis using the binary coded gene 

adjacency. 

Our model encodes neighborhood genes in binary 

accession based on their transcription direction, this enables 

the prediction of stress response equipped biological 

functions such as the potential chromosomal encoded 

pathways. In Williams et al It was reported that the 

conservation of gene neighborhood of the 140 aa universal 

stress protein in the B. cereus genomes led to the 

identification of a predicted plasmid-encoded transcriptional 

unit that included a USP gene and a sulfate uptake gene in 

the soil-inhabiting Bacillus megaterium. In addition, Gene 

neighborhood analysis combined with visual analytics of 

chemical ligand binding sites data provided knowledge-

building biological insights on possible cellular functions of 

B. megaterium universal stress proteins. These functions 

included sulfate and potassium uptake, acid extrusion, 

cellular energy-level sensing, survival in high oxygen 

conditions and acetate utilization [2]. 

The information deduced that gene neighborhood can be 

modeled in terms of transcription direction and function of 

adjacent gene led to the development of GENAVIS, a 

software, encompassing an algorithm for searching through 

the genome file, encoding the transcription direction in 

binary and generating an interactive visualization. 

2. Materials and Methods 

The Gene Adjacency Software is designed to determine the 

transcription direction of neighboring genes in an organism 

using binary encoding. Comparing a gene with its two 

adjacent neighbors, the binary digit of 1 is assigned if the 

transcription direction of the two genes is the same and the 

digit 0 is assigned otherwise. USP column is the reference 

gene used in the comparison. The output from the algorithm 

is a three-digit binary code with each digit representing the 

reference gene and each of the two adjacent neighbors. 

The architecture of our software is depicted in figure 2. 

The processes involved in the algorithm are as stated: 

i Input Genome file are downloaded from 

http://brcdownloads.patricbrc.org/patric2/genomes for 

the organism of interest. The files with RefSeq.cds.tab 

extension are used because they are information on 

transcription direction; 

ii The transcription direction is stored in the 

identifier ’STRAND’ which is either a positive or negative; 

iii A linear search module searches through the file 

comparing the value of STRAND identifier; 

iv It encodes the USP of interest with a 1 and the adjacent 

gene to it a 1 if it is the same direction and 0 otherwise; 

v Generate a visual representation of the binary output 

file for all the genome analyzed. 

The genomic file containing the transcription information 

of the organism contains a column under the heading Strand 

with records of either a + sign or a – sign representing the 

transcription direction of the corresponding gene. A change 

in sign from + to – indicates a change in the direction of 

transcription between the two genes. This change thus results 

in a switch in the binary code from 0 to 1 or otherwise.  

The binary accession allows the prediction of stress 

response equipped biological functions. A binary accession of 

111, 110, 011 are potential chromosomal encoded pathways. 

The potential pathways are further verified using 

transcriptional units provided by the BioCyc Collection of 

Pathway and Genome Databases. In BioCyc 

(http://biocyc.org/), a transcription unit is defined as a set of 

one or more genes that are transcribed to produce a single 

messenger RNA. We were interested in a transcriptional unit 

with more than one gene and included a gene encoding at 

least a universal stress protein. 

 
Figure 1. Architecture of GENAVIS Program. 

2.1. The GENAVIS Algorithm 

Input: The set of input Files refseq.cds.tab. 

i For each file in Files 

ii For each genomes in file 
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iii Extract GeneObjects (Genomename, locustag and 

strand) from file 

iv Compare current geneobject with previous and next 

geneobject (based on strand) 

v Return any of 111, 011, 110, 010 based on comparison 

conditions 

vi Generate a graphical visualization of the binary output 

2.2. Analysis of the GENAVIS Algorithm 

Depending on the number of input files, we could have a 

best case and worst case scenario. 

2.2.1. Best Case Scenario 

When only one input file is supplied: The outer loop runs 

only once and while the inner loop goes through each 

genome objects in the input file. The inner loop depends on 

the number of genomes in the input file. This could run to 

over 2500 or more. In the best case scenario, the algorithm 

runs n times, therefore the growth is O(n). Note that 

Extraction of Geneobjects, and Comparison are constant. 

2.2.2. Worst Case Scenario 

When two or more input file is supplied: The outer loop 

runs at least twice, which is equally n times. The inner loop 

runs through each files stepped into by the outer loop, the 

inner loop also runs n times. The growth order in this 

scenario is therefore O(n
2
) 

2.3. Data Structure 

The algorithm uses the List data structure, which is an 

abstract data type to hold each record of the input file as an 

object. The list just like an array data structure holds a finite 

sequence of objects that can be manipulated using sequential 

access and can further be converted to an array for more 

flexibility with the operations. This data structure becomes 

the most suitable for this work since the number of items to 

be put in each list is unknown prior to the run of the program 

and the list size grows dynamically. 

3. Results 

The input to our tool is the genomic features of 

Mycobacterium tuberculosis BTB09-453 containing 

genome_name, accession_no, annotation, feature_type, 

na_feature_id, locus_tag, start_max, end_min, strand, 

na_length and the gene_product of individual gene in the 

genome. The gene adjacency investigation here is not a 

comparative study but an analysis of transcription direction 

of a single genome. The output of the program is a graphical 

visualization of the three-digit binary code showing the 

direction of transcription of a gene with respect to the gene 

preceding it and the one immediately after it – its adjacent 

genes. Being the pivot gene for comparison, the second digit 

in the binary code is always 1 while the first and third digits 

will be a 1 only if the transcription direction is the same as 

that of the pivot gene or 0 otherwise. 

Figures 2 and 3 shows the visualization of the transcription 

direction patterns of adjacent genes in Mycobacterium 

tuberculosis BTB09-453, where the number of genes having 

the same transcription direction with their adjacent genes is 

higher in this genome (i.e. 111=>1777). The number of the 

genes having transcription direction in either side of the 

adjacent genes is the same and lesser than that of the same 

direction (i.e. 110 => 829, 011 => 829), whereas genes that 

do not exhibit the same transcription direction with the two 

adjacent genes are few (i.e. 010 => 526). 

 
Figure 2. Genome Visualization of the Transcription Direction of Adjacent Genes in Mycobacterium tuberculosis BTB09-453. 

Comparing a gene with its two adjacent neighbors, the 

binary digit of 1 is assigned if the transcription direction of 

the same and the digit 0 is assigned otherwise. 

 
Figure 3. Visualization Result for Transcription Direction Patterns of 

Adjacent Genes in Mycobacterium tuberculosis BTB09-453. 

4. Discussion 

The prediction of transcription direction enabled us to 

identify functions of USP which are unknown using 

neighborhood gene information. Information about 

transcription direction of genes is useful in predicting gene 

functions. Our result shows that the genome has constituent 

that may encode more for universal stress protein because a 

transcription unit is defined as a set of one or more genes that 

are transcribed to produce a single messenger RNA. The 

result provides an insight into the analysis of transcriptional 

unit with more than one gene and genes encoding for 

universal stress protein.  

GENAVIS was used for the analysis of the transcription 

direction and its modeling using binary code. This can allow 

a comparative analysis of multiple genomes using their 

transcriptional units that further form the basis of bio-

molecular network or biosynthetic pathways and multi-gene 

function prediction. 

5. Conclusion 

The best case and worst-case scenarios of GENAVIS 

algorithm are dependent on the number of one or more input 
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files in use. These factors of one or more files triggers the 

number of outer loops to be performed on the algorithm 

operation. Hence, the number of genomes in the input file is 

related to the number of inner loops runs. The growth order is 

O(n) and O(n
2
) for the best- and worst-case scenarios of the 

algorithm respectively. In the GENAVIS algorithm, the data 

structure of unknown prior list of infinite sequence was 

adopted through manipulation of sequential access and 

conversion to flexible array operations. Thus, from the results 

obtained using the input of genomic features of 

Mycobacterium tuberculosis BTB09-453, the output is a 

graphical visualization aimed at extracting hiding patterns 

with a three-binary code each representing the transcription 

direction, gene preceding and adjacent genes. The 

transcription direction is vital for identifying functions of 

universal stress protein and predicting gene functions. 
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