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Abstract

Phylogenetic analysis is an integral part of bioinformatics as it determines evolutionary relationship between molecules or
organisms. The aim of this study is to determine phylogenetic analysis of 5 bacteria ( Campylobacter jejuni ,
Fusobacteriumnucleatum , Streptococcus mutants , Treponema denticola and Porphyromonasgingivalis ) which are found in
apical periodontitis using sequences of their ABC transporters. After obtaining the sequences from the database , multiple
sequence analysis was done using Clustal Omega program and this is used to generate a phylogenetic tree using Mega 5
software. The phylogenetic tree shows that Campylobacterjejuni and Fusobacteriumnucleatum, and Streptococcus mutans and
Treponema denticolaevolved from a common ancestor where as Porphyromonasgingivalisunderwent no changes during the

course of evolution.
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INTRODUCTION

Apical periodontitis is the inflammatory condition
of periodontal tissues apical to a tooth caused by
microorganism (mainly bacteria) invading the periapical
area from a necrotic infected root canal*2.Necrosis of pulp
can occur as a sequele to caries , trauma or due to
iatrogenic causes®. The microbiota of endodontic infection
is mixed and as the pulp becomes necrotic, the ecology
shifts and are dominated by anaerobic microorganism?®.
The pathogenesis of apical periodontitis is complex and
involves host-tooth factors and their interrelationship.

ATP-binding  cassette  transporters  (ABC
transporters) are members of a transport system present in
prokaryotes and eukaryotes and often consist of multiple
subunits, one or two of which are transmembrane proteins
and one or two of which are membrane-associated
ATPases®®’. The energy released during ATP binding and
hydrolysis is used by ATPase for translocation of various
substrates across membranes, either for uptake or for export
of the substrate®. ABC transporters are important for the
pathogenic bacteria to maintain their cell viability,
virulence, and pathogenicity’. The ABC transporters helps
the bacteria to overcome any undesirable change occurring
in the cell and plays an important role in maintaining cell
viability’. Other than functioning in transport, some

bacterial ABC proteins are also involved in the regulation
of several physiological processes’.

Phylogenetic analysis is a way of inferring or
estimating the evolutionary relationships among molecules
(‘“‘gene trees’’), organisms, or both using branching,
treelike diagrams that represent an estimated pedigree of
the inherited relationships™.

The aim of this study is to determine the
phylogenetic analysis of 5 bacterial species seen in apical
periodontitis —Campylobacter jejuni ,
Fusobacteriumnucleatum , Streptococcus mutants
Treponema denticola and Porphyromonasgingivalis.

METHODOLOGY

1) Collection of ABC transporter sequence
Amino acid sequence of ABC transporter of the 5
bacterial species
(Campylobacter jejuni , Fusobacteriumnucleatum ,
Streptococcus mutants , Treponema denticola and
Porphyromonasgingivalis) was obtained from
NCBI (National Centre for Biotechnology
Information) database.

2) Multiple sequence alignment
After obtaining the ABC transporter sequence of
these 5 bacterial species , the sequences are
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subjected to alignment. Since alignment has to be
done for 5 bacterial species , multiple sequence
alignment was done using Clustal Omega
program.
3) Phylogenetic analysis

The phylogenetic analysis was done using the
software MEGADS. The phylogenetic analysis as a
whole can be classified into distance based and
character based analysis. However, MSA is the
raw material for both. The various types of
grouping under distance based are UPGMA,
neighbor — joining method and Fisch Margoliash
method. In this study, a phylogenetic tree was
constructed and accordingly the phylogenetic
relationship was analysed.

RESULTS

The phylogenetic tree generated through the MEGAS
software has been studied. Figure 1 shows the
phylogenetic tree representing the evolutionary relationship
between the various species such as Campylobacter jejuni,
Fusobacterium  nucleatum,  Streptococcus  mutans,
Tryponema denticola and Porphyromonas gingivalis using
the ABC transporter sequence.

DiscussioN

Multiple sequence alignments (MSA) are an essential and
widely used computational procedure for biological
sequence analysis in molecular biology, computational
biology, and bioinformatics. MSA are completed where
homologous sequences are compared in order to perform
phylogenetic reconstruction, protein secondary and tertiary
structure analysis, and protein function prediction
analysis'>. Different methods for producing multiple
sequence alignment exist, and their use depends on user
preferences and sequencelength and type™.

The most popular heuristic used from which the
majority of multiple sequence alignments are generated is
that developed by Feng and Doolittle, which they referred
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to as “progressive alignment™***. Progressive alignment
works by building the full alignment progressively, firstly
completing pairwise alignments using methods such as the
Needleman-Wunsch algorithm, Smith-Waterman
algorithm, k-tuple algorithm , or k-mer algorithm , and then
the sequences are clustered together to show the
relationship between them using methods such as mBed
and k-means'®*8.  Similarity scores are normally
converted to distance scores and guide trees are constructed
using these scores by guide tree building methods such as
Neighbour-Joining (NJ) and Unweighted Pair Group
Method with Arithmetic Mean UPGMAM™?, Once the
guide tree is built, the multiple sequence alignment is
assembled by adding sequences to the alignment one by
one according to the guide tree, that is, the most similar
sequences added first and then gradually adding more
distant sequences. In this study, progressive alignment was
done using Clustal Omega to produce multiple sequence
alignment™®,

Clustal Omega is a package for performing fast
and accurate multiple sequence alignments (MSAs) of
potentially large numbers of protein or DNA/RNA
sequences®. It is the latest version of the popular and
widely used Clustal MSA package®®?. Clustal Omega
retains the basic progressive alignment MSA approach of
the older ClustalX and ClustalW implementations, where
the order of alignments is determined by a so called guide-
tree, which in turn is constructed from pairwise distances
amongst the sequences. The main improvements over
Clustalw?2 are use of the mBed algorithm for creating
guide trees of any size and a very accurate profile—profile
aligner, based on the HHalign package®*®. Sequence input
to Clustal Omega is handled by the Squid routines
(http://selab.janelia.org/software.html), and permissible
input formats are a2m (fasta/vienna), clustal, msf, phylip,
selex and stockholm. Output can be in the same formats.

AAC15954.1 ABC transporter Campylobacter jejuni

WP 060798193.1 ABC transporter Fusobacterium nucleatum
KZM63635.1 ABC transporter Streptococcus mutans

WP 002681347.1 ABC transporter Treponema denticola
KXC08249.1 ABC transporter Porphyromonas gingivalis

Phylogenetic tree

TaBLE 1: Types of multiple sequence alignment and corresponding algorithms.

Types of MSA alignment MSA algorithms
Pairwise alignment

Progressive alignment

Iterative progressive alignment
Homology search tools

Structure incorporating alignment
PHI-Blast, GLAM2.
Bowtie, Mag, and SOAP.

Motif alignment

Short-read alignment

Needleman-Wunsch, k-mer, k-tuple, and Smith-Waterman algorithms.

Clustal Omega, ClustalW, MAFFT, Kalign, Probalign, MUSCLE, Dialign, ProbCons, and MSAProbs.
PRRP, MUSCLE, DIALIGN, SAGA, and T-COFFEE.

BLAST, PSI-BLAST, and FASTA.

3D-COFFEE, EXPRESSO, and MICAlign.
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Obtaining the sequence alignment is the first step
of phylogenetic analysis which is the inferring of
evolutionary relationship between molecules , organisms or
both. Tree building from these sequences may be either
distance based or character based. In this study character
based method is been used. The character based methods
allows the assessment of the reliability of each base
position in an alignment on the basis of all other base
positions®®. The most common character-based methods
include maximum parsimony  and maximum
likelihood.Maximum parsimony tree is the shortest—the
one with the fewest changes—which, by definition, is also
the one with the fewest parallel changes.

The Molecular Evolutionary Genetics Analysis
(MEGA) software was developed with the goal of
providing a biologist centric, integrated suite of tools for
statistical analyses of DNA and protein sequence data from
an evolutionary standpoint. Over the years, it has grown to
include tools for sequence alignment, phylogenetic tree
reconstruction and visualization, testing an array of
evolutionary hypotheses, estimating sequence divergences,
web-based acquisition of sequence data, and expert systems
to generate natural language descriptions of the analysis
methods and data chosen by the user® . In this study ,
MEGADS software is used to generate the phylogenetic tree.

CLINICAL IMPLICATIONS
Closely evolved microrganisms may exhibit
similar characters like drug resistance, and mode of
inhibition.

CONCLUSION

Campylobacter jejuni , Fusobacteriumnucleatum ,
Streptococcus mutants , Treponema denticola and
Porphyromonasgingivalis are commonly seen in apical
periodontitis and as ABC transporters are important in
survival , virulence and drug resistance of these
microrganisms , these sequencesare compared to determine
the phylogeny.
There is strong evidence that Treponema denticola and
Streptococcus mutans are closely related. Campylobacter
jejuni and Fusobacterium nucleatum also evolved from a
common ancestor. Porphyromonas gingivalis evolved with
least changes when compared to other species.
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