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Abstract:  
Topic: MSA and phylogenetic relationship of 16s rRNA sequence in bacteria causing infective endocarditis  
Aim: To estimate the phylogenetic between the organisms in question.  
Objective: To analyze the 16s rRNA nucleotide sequence and establish a relationship among these species which cause 
infective endocarditis 
Background: Endocarditis is an inflamation of the inner layer of the heart, the endocardium. It usually involves the heart 
valves.There are several ways to classify endocarditis. The simplest classification is based on cause: either infective or non-
infective, depending on whether a microorganisms is the source of the inflammation or not. To name a few bacteria which 
cause endocarditis are Haemophilus segnis , Aggregatibacter actinomycetemcomitans , Cardiobacterium hominis , Eikenella 
corrodens and  Kingella kingae, these organisms are together grouped as HACEK organisms which are being used as part of 
the study  
Reason: Infective endocarditis is a growing risk factor and the breakthrough with a broad spectrum cure would be helpful for 
which a phylogenetic analysis would assist in the process 
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INTRODUCTION: 
Endocarditis is an inflammation of the inner layer of the 
heart, the endocardium[1]. It usually involves the heart 
valves.There are several ways to classify endocarditis. The 
simplest classification is based on cause: either infective or 
non-infective, depending on whether a microorganisms is 
the source of the inflammation or not. Endocarditis is a 
growing risk among people of greater age. Bacteria are a 
major cause for infective endocarditis (IE) as given by the 
AHA (American Heart Association) [2][3][4]. But it is to be 
noted that no specifc bacteria has been found to cause IE. 
To name a few bacteria which cause endocarditis are 
Haemophilus segnis , Aggregatibacter 
actinomycetemcomitans , Cardiobacterium hominis , 
Eikenella corrodens and    Kingella kingae. Although the 
exact treatment plan which works for all these is yet to be 
observed.  Even with the latest advancements in the 
medical field, a few relations still remain a mystery. The 
relation has not yet been proved statistically but bacterial 
endocarditis is common with people who have had their 
tooth extracted between the ages of 20 and 40, As 
published by Brian E D Cooke in Proceedings of the royal 
society of medicine in 1970. Recent literature suggests that 
these HACEK organisms are only responsible for about 5-
10% of all cases of infective endocarditis[5].They have been 
a frequent cause of culture-negative endocarditis. [6]Culture 
negative refers to an inability to produce a colony on 
regular agar plates; this is because these bacteria are 
fastidious (requiring a specific nutrient).However the many 
organisms of HACEK ( Haemophilus segnis , 

Aggregatibacter actinomycetemcomitans , Cardiobacterium 
hominis , Eikenella corrodens and Kingella kingae which 
live in the oral cavity) can be treated equally if a 
phylogenetic relationship can be established [7]. MSA 
(Multiple Sequence Alignment) helps in obtaining a 
similarity or relationship among the organisms and hence 
this article could provide of use while drug designing for 
the same. 

MATERIALS AND METHODS: 
Sequence Analysis:  
The initial step in obtaining the MSA and obtaining the 
phylogenetic analysis of any species or specimen is 
obtaining the nucleotide sequence for the organism in 
question.The species which were included in the study 
were Haemophilus segnis , Aggregatibacter 
actinomycetemcomitans , Cardiobacterium hominis , 
Eikenella corrodens and Kingella kingae, all of which have 
been proven to be potentially causes of acute infective 
endocarditis. These organisms are collectively called as 
HACEK organisms which are a normal part of the human 
microbitis, living in the oral-pharyngeal region. The 
nucleotide sequences were retrieved from the NCBI data 
case using the access codes AF516947.1 for Haemophilus 
segnis, AH003513.2 for Aggregatibacter 
actinomycetemcomitans, AY360343.1 for Cardiobacterium 
hominis, NR118696.1 for Eikenella corrodens and 
KJ557363.1 for Kingella kingae. For all the above species 
the nucleotide partial sequence of 16s rRNA was obtained 
in the FASTA format.  
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Multiple Sequence Alignment: 
Then the multiple sequence alignment was done for the 
same using the online software called, Clustal Omega. In 
Clustal Omega the conserved symbol(*) denoted that the 
particular gene was same for all the nucleotide sequences 
which were used as a part of the study. In the same Clustal 
Omega the phylogenetic relationship was observed which 
is distance based. Each branch is the tree is called a Clade 
and each unit is called a taxon.Once the MSA is done, the 
phylogenetic analysis has to be done.  
 
Phylogenetic Analysis: 
Prior to 1990, phylogenetic inferences were generally 
presented as narrative scenarios. Such methods are often 
ambiguous and lack explicit criteria for evaluating 
alternative hypotheses.[8][9][10].The phylogenetic analysis as 
a whole can be classified into distance based and character 
based analysis. However, MSA is the raw material for 
both.[11]. Once entering MEGA and a new alignment has 
been chosen, the FASTA format of the same genes which 
are to be used are retrieved. The retrieved format is not 
completely aligned. Hence the alignment is done using the 
same MEGA software. The alignment is then saved in the 
MEGA format. The final file is completely aligned and 
shows the similar nucleotide sequences that has been taken. 
The tree is generated by combining ClustalW [12]and 
TreeDyn [13]using either all sites of the BLAST-
reconstructed multiple-alignment or gap-free sites 
only.Then the phylogenetic tree is constructed for the same 
set of given data and accordingly the phylogenetic 
relationship can be analysed and used for further usage, the 
length of each clade is in correlation with the time units 
which is given in the phylogenetic tree. 
 

RESULTS AND DISCUSSION: 
The multiple sequence alignment obtained by using the 
FASTA format of the nucleotide sequence was analysed 
and so was the phylogenetic tree which was obtained 
through the MEGA5 software. In this study the method 
used is the maximum likelihood method which is part of 
the character based phylogenetic analysis. The 
phylogenetic analysis was done using a software known as 
MEGA. Lesser the distance in the phylogenetic tree closer 
the homologue.Genes which are similar are known as 
Homologues. Any gene which occurs in different forms 
due to gene duplication are known as paralogs. Since only 
the 16s rRNA is used no paralogs are observed.Through 
analysis of the phylogenetic tree one can obtained how 

evolved one organism is from another. Through 
phylogenetic analysis we can also establish an evolutionary 
relationship among the HACEK organisms. It is observed 
that through the phylogenetic tree that the organism 
Kingella kingae split into a separate lane through the road 
of evolution. It is also noted that Cardiobacterium hominis 
and Eikenella corrodens are the most closely related 
organisms among all the five organisms. It is also a 
significant distance between Aggregatibacter 
actinomycetemcomitans and the rest of the organisms 
which implies that the organism is not as evolved as the 
rest of the organisms which are a part of the HACEK ( 
Haemophilus segnis , Aggregatibacter 
actinomycetemcomitans , Cardiobacterium hominis , 
Eikenella corrodens and Kingella kingae). Thus as a 
conclusive analysis, since Cardiobacterium hominis and 
Eikenella corrodens are so closely related, a similar 
treatment would work most of the time once the causative 
organism has been identified. 

 
CONCLUSION: 

As a conclusive statement due to the close relationship 
between Cardiobacterium and Eikenella, these causative 
agents can be treated in a similar manner.[14]. Thus, this 
would in turn help to cure the disease 
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