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Metagenomic Data Analysis using Clustering 

Problem and Motivation: 

Recombinant DNA technology [2] and decrease in sequencing costs have revolutionized 

the area of genetics. Today, biologists can easily extract gene sequences of all organisms present 

in an environmental sample and create a fasta file [9]. One of the biggest challenges right now is 

to analyze these gene sequences, gene clusters and identify the differences in their cluster 

composition. There are two different approaches to measure diversity in gene clusters: a 

quantitative approach and a qualitative approach [8]. The quantitative approach measures the 

abundance of each taxon in a community and the qualitative approach measures only the 

presence or absence of the data in a community. The important parameters of the community are 

α-diversity that deals with the number of species found in an environment and ß-diversity which 

compares the structure of the community between two or more environmental samples, for 

instance healthy and diseased states [4]. 

  Although numerous algorithms and approaches have been designed to cluster gene 

sequences, very less focus has been given to analysis of the composition of these clusters 

formed. The outliers in gene clusters are considered as noise and often ignored. Therefore, we 

tried to look into the differences in composition of two similar clusters from different samples 

i.e. find the outliers in these two similar clusters taken from two different samples. If any 

differences in the cluster composition are found from this comparative study, biologist can 

further study the samples to determine the factors causing the change in cluster composition. 

Comparing the micro bacterial samples from healthy and diseased people to understand the 

potential impact of a particular microbial community is an example of this approach. The 

biologists can also take the samples from different environmental conditions and compare their 



gene clusters to study how the organisms reacted to this change. Comparing the microbial 

community in sea water sample with and without excess nutrient to study how their community 

responds to perturbation is another example of this approach. 

Background and Related Work: 

 Many algorithms have been proposed to study gene sequences using clustering method. 

K-means, hierarchical clustering, graph clustering theory are some popular clustering algorithms 

[6]. Best match algorithm, K-center method and interaction probability [5] are some cluster 

comparing algorithms. Jiang and Su proposed two-phased clustering process; modified k-means 

process (MKP) and Outlier-finding process (OFP) for outlier detection [6] in a cluster.  However, 

for our metagenomic study, we used two different algorithms: Pairwise global sequence 

alignment algorithm [10] and Greedy incremental approach [7]. We used pairwise global 

sequence alignment to align the gene sequences and determined their degree of similarity and 

greedy incremental approach to cluster these sequences based on their similarity and the 

threshold value given by the user as well as to compare clusters to determine outliers. Cd-hit [7] 

is another gene clustering program that uses greedy incremental approach. Pairwise sequence 

alignment reveals the relationship between sequences and determines the correspondence 

between substrings in the sequences such that their similarity score is maximized. In greedy 

incremental approach, score of the sequence alignment is compared with the threshold value 

provided by the user to determine the best matching clusters. 

Approach and Uniqueness: 

 Metagenomics is study of genetic material recovered directly from the environment. 

Biologists extract gene sequences from the given sample and create a ‘fasta file’ containing these 

sequences. Fasta file is the standard file format for gene sequences in genetics. It starts with ‘>’ 

sign which is followed by a unique description for the gene sequence. This description usually 

contains the name of the sequence, length and other additional information if it is available. The 

genetic information follows after this unique description. An example of a bacterial gene 

sequence is given below. 

>Axilla L_GPHQZAN04ILEVC rank=0031796 x=3407.0 y=1014.0 length=278 

ACTCAAATGAATTGACGGGGACCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAA

CCTTACCAAATCTTGACATCCTCTGACCCCCTCTAGAGATAGTAGTTTTCCCCCGTTTCCGGGGGACGAG

AGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGC

CAACCCTTAAGCTTAGTTGCCACTCATTAAGTTGGGCACTCTAAGTTGACTGCCGGTGAC 

We used 16S gene sequences for both clustering and cluster comparison purposes. 16S 

gene sequences are highly conserved gene sequences. These gene sequences are also involved in 

production of protein. As the protein synthesis mechanism is similar in all the organisms, we can 

say that the RNA sequences that assist in protein synthesis do not vary either. These sequences 

also mark the evolutionary distance and relatedness of organisms. Hence these 16s gene 



sequences act as finger print of an organism. We can compare these 16S gene sequences with a 

database of known organisms to identify the organism and other closely related organisms. If 

these sequences do not match with any of the known sequences then we can conclude that 

something is new in this gene sequence and possibly an evolution of new organism [3]. 

We divided our program into two phases for this metagenomic study. First phase includes 

separate clustering of gene sequences from two different samples and second phase includes 

comparison of the clusters formed in each sample to find the best matching pair. 

 We used greedy incremental approach [7] to cluster the gene sequences. The sequences 

from a fasta file are first sorted in descending order of the sequence length. The longest sequence 

becomes the representative sequence of the first cluster.  The remaining sequences in the file are 

compared against this representative sequence using pairwise global sequence alignment 

algorithm [10] to calculate their percent match. According to this algorithm, we set up the 

scoring scheme by providing match, mismatch value and gap penalty as user input. We also 

construct scoring matrix [10] corresponding to the length of the two sequences being compared. 

The first row and column of this matrix are initialized with the multiples of gap penalty as shown 

in the figure below. If the bases from two sequences match at a particular location, we add the 

match value to the score, mis-match value if they do not match as well as calculate the score 

when paired with the gap by adding the gap-penalty. We also keep track of the parent row and 

column of each cell that determined the score so that we can back track from the bottom right 

cell to the top left cell to find the sequence alignment. We obtain this sequence alignment from 

the scoring matrix using high road alignment. Thus, we calculate the score of the alignment and 

out of all the possible outcomes, we select the best alignment with highest score and least 

number of gaps.  

                    

Fig: Matrix initialization     Fig: calculating possible scores             Fig: complete score matrix         Fig: Best sequence Alignment 

 Next step is to calculate the percent match. We take this best sequence alignment to see if 

there are any bases aligned with gaps at both edges. If there are, then we cut off the edges until 

we find the first base-pair in the alignment and ignore this segment. As shown in the figure 

below once we chop off the ends, we count the total number of matched base pairs and divide it 

by the total base pairs in this sequence length that is being considered. This will be the percent 

match of the alignment and it is compared with the threshold value provided by the user to 

determine how closely related they are. 



 

Fig: Actual alignment segment for calculating the percent match 

 The threshold value is always between 0 and 1 inclusive and can vary depending on how 

user wants the clusters to be formed. Threshold value of 0.9 means clustering the gene sequences 

at family level i.e. all the sequences belonging to a family in the taxonomical hierarchy are 

clustered together, 0.95 means clustering at genus level and 0.99 means clustering at species 

level. If the percent match is greater or equal to the threshold value provided by the user, we 

conclude that the sequence being compared is similar to the representative sequence of the 

cluster and thus becomes the part of the first cluster. Otherwise a new cluster is formed and this 

sequence becomes the representative sequence of this new cluster. We continue to compare all 

the remaining sequences from the file with the representative sequence of all the clusters formed 

to find the matching cluster or start a new cluster if no matching cluster can be found. 

 Once all the sequences are clustered, we enter the second phase of this comparative 

study. These clusters are compared with the similar clusters from another sample. To find the 

similar cluster pair from two samples, we take the representative sequence of each cluster from 

first sample and compare it with representative sequence of each cluster from second sample. 

Using pairwise global alignment, we calculate the percent match for each of this alignment and 

compare it with the threshold value. If the percent match is greater or equal to the threshold 

value, we consider the cluster pair to be similar. Once we find the similar cluster pair, we 

compare all the other remaining sequence in cluster from second sample with the representative 

sequence of cluster from first sample. Any sequence with the percent match less than the 

threshold value is considered as outlier of the cluster pair. Thus we obtain two different sets of 

data from each corresponding pair of clusters, i.e. a set of similar sequences in both clusters and 

a set of dissimilar sequences that are considered outliers. We repeat this process by comparing all 

the other remaining sequences in the cluster from first sample with the representative sequence 

of the cluster from second sample. Pictorial representation of this comparative study is given 

below. 



 

Results and Contributions: 

Our project is an approach to design a simple gene clustering and comparing tool that can 

be used in classroom by the students and researchers. The users can cluster two fasta files from 

two samples at a time and view the results of cluster comparison. Our program first outputs all 

the clusters formed for each fasta file and then outputs sets of similar and dissimilar clusters for 

every pair of similar clusters from two samples. These sets of data are very useful to start 

exploring factors contributing to the presence and absence of the gene sequence in the particular 

sample. This cluster comparison tool is coded in Java. 

We ran test run with two small sets of bacteria sequences to obtain the sets of similar and 

dissimilar sequences in each matching cluster pairs. When our results were compared with the 

BLAST [1] results, the resulting percent match of the sequence alignment from both programs 

were somewhat similar. However we did not expect our results, percent match, to be exactly 

similar to the BLAST results as the algorithm used in both tools were completely different.  

In future, we plan to optimize our program so that it allows users to compare fasta files 

from multiple samples at a time. We also plan to work on optimizing our cluster comparison 

algorithm to improve its efficiency. We also plan to improve the graphical interface and format 

the results so that the output is easier to read. We plan to test our program with larger 

metagenomic data sets as well. 
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