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Constructing Evolutionary Free [Phylogeny] using BIRCH Algorithm
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ABSTRACT

As the ﬁumber of sequences in the GenBank database
has increased exponentially, biologists are scrambling to
place the information in meaningful context. Researchers
try to reconstruct the branching by looking at the
similarities and differences of the DNAs of the present
day individuals. Phylogeny is the study of the historical
pattern of relationships among organisms which has
resulted from the actions of many different evolutionary
processes. Phylogenetic relationships are depicted by
branching diagrams called cladograms or phylogenetic
trees. Mining biological data is an emerging area of
intersection between bioinformatics and data mining. The
data mining techniques are widely used in biology to
interpret the information underlying in the sequences.
Clustering is a useful data mining technique for the
discovery of data distribution and patterns in the data.
In this research work an attempt is made to find the
evolutionary relationship using a data mining hierarchal
agglomerative clustering technique. The BIRCH algorithm
is implemented to clusier DNA sequences to find the

phyiogeneﬁc refationship among the organisms.
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1. INTRODUCTION

Bioinformatics is an interdisciplinary field at the
intersection of biology, computer science, and
information technology[15]. Deoxyribonucleic Acid or
DNA is commonly known to be responsible for encoding
the information of life[4][5}. DNA is passed on as
hereditary material to offspring from parents. Through
many generations of reproductions, with mutations
going on between every generation, different species
emerge [28]. One of the most fundamental aspects of
bioinformatics in understanding sequence evolution and
relationships is molecular phylogenetics, in which the
evolutionary histories of living organisms are represented

by finite directed (weighted) trees.

A phylogenetic analysis of a family of related nucleic
acid or protein sequences is a determination of how the
family might have been derived during evolution. The
evolutionary relationships among the sequences are
depicted by placing the sequences as outer branches on
a tree. The branching relationships on the inner part of
the tree reflect the degree to which different sequences
are related, Two sequences that are very much alike is
located as neighboring outside branches and are joined

to a common branch beneath them[9].

A phylogeny or evolutionary tree, represents the
evolutionary relationships among a set of organisms or
groups of organisms, called taxa . The tips of the
treereprésent groups of descendent taxa {often species)

and the nodes on the tree represent the common
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ancestors of those descendents. Two descendents that

split from the same node are called sister groups.

. In Figure 1, species A & B are sister groups — they are
: each other’s closest relatives. A taxon outside the group
7' of interest is known as an outgroup. The outgroup stems
from the base of the tree. An outgroup gives a sense of
where on the bigger tree of life the main group of
organisms falls. It is also useful when constructing
cvolutionary treesj4].

Cis the outgroup
A and B are sister groops ta Aand B

["taxon B §

EE;:::TX? E taxon C |

fomman ancestor
of Aand B

Figure 1: Phylogenetic Tree

The aim of the researcher is to analyze the evolutionary
relationships among orgahisms by using a clustering
technique. Clustering is a technique in which similar items
are put together in a group. There are number of
clustering algorithms applied successfully for various
domains to infer knowledge. An atterapt is made in this
work to cluster the biological sequences to infer the
evolutionary relationships that exist among differgnt

sequences.

The paper is organized as follows. In Section 2 literature
review of phylogeny methods and literature review on
data mining clustering techniques are discussed. Section
3 describes methodology of phylogeny tree construction
using BIRCH algorithm and Section 5 describes the’
experimental results of BIRCH algorithm.

2. OvERVIEW OF PHYLOGENETIC METHODS

The most popular and frequently used methods of tree
building is classified into two major categories .Phenetic

methods based on distances and Cladistic methods based
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{ on characters. The phenetic methods are distance-based

methods that measure the pair-wise differences among
sequences under study and build the tree from the
resultant distance matrix. Distance methods compress
sequence information into a single number and the two
sequences with the shortest distance are considered as
closely related taxa. In the phenogram, taxa with the
shorter distances are classified as more closely related[9]
. The two different algorithms in distance based method
are Cluster-based and Optimality-based.

The cluster-based method algorithms build a
phylogenetic tree based on a distance matrix[9] .The
algorithms of cluster-based include, Unweighted pair
group method using arithmetic average (UPGMA) ,
Neighbor joining (NJ) method. The optimality-based
method algorithms compare numerous different tree
topologies and select the one which is believed to best
fit between computed distances in the trees and the
desired evolutionary distances which is often referred as
actual evolutionary distances [10].Algorithms of
optimality based include, Fitch-Margoliash , Minimum

evolution method ,
3. RELATED WORKS O~ PHYLOGENY TREE CONSTRUCTION

The literature study carried out it was found that the
distance is used as a measure to construct phylogeny
tree for the sequences. The aim of the researcher is to
cluster the sequence based on their evolutionary distance
using an unsupervised hierarchal clustering technique.
‘The various reviews related to the work are given below
Kimura M (1980) [23], has developed formulae which is
used to estimate evolutionary distances in terms of the
number of nucleotide substitutions, The two nucleotide
substitutions types allowed are those between transitions

and transversions. Saitou N, Nei M (1987) 8], has




Karpagam Jcs Vol. 3 Issue 4 May - June 2009

developed a new method called the neighbor-joining
method for reconstructing phylogenetic treés from
evolutionary distance data. John Sourdis, Masatoshi
Nei (1988) [24], has studied the relative efficiencies of the
maximum parsimony (MP) and distance-matrix methods
in obtaining the correct tree (topology) using computer
simulation. The results obtained indicates that if the
number of nucleotide substitutions per site is small and a
relatively small nurmber of nucleotides are used, then the
probability of obtaining the correct topology is generally
lower in the maximum parsimony method than in distance-
matrix methods. William J. Bruno, Nicholas D (1999} [20],
has developed a distance-based phylogeny
reconstruction rhethod called *weighted neighbor joining’
or “Weighbor’ for short. The results obtained indicate
that parsimony, NJ and Fitch had performed worser than
Weighbor on four-taxon trees with a short internal branch
and two long branches that are not joined. Stephane
Guindon , Oliver Gascuel (2003) [12] has developed a fast
reliable algorithm for Phylogeny tree reconstruction.
Algorithm is based on the maximum-likelihood
principle. The topological accuracy of this new method is
high as that of the existing maximum-likelihood programs
and much higher than the performance of distance-based
and parsimony approaches. Gerton Lunter , Istvan
Miklos {(2005) [25], has developed a fully Bayesian
Markov chain Monte Cajr.lo method for co-estimating
phylogeny and sequence alignment, under the Thorme-
Kishino-Felsenstein model of substitution and single
nucleotide insertion-deletion (indel) events Benjamin
D.Redelings, Marc A .Suchard (2005) [10], has developed
a novel model and algorithm for simuktaneously estimating
multiple alignments for biological sequences and the
phylogenetic irees that relate the sequences. Bayesian

approach is used in this algorithm.

Issac Elias, Jens Lagergren (2007) [22], has developed a
model for estimating the rmutational distance between two

sequences. P.

A, Murty, M.N., Subramanian, D.X. and Subramanian
(2003) 1}, developed an algorithm for effective clustering
and prototype selection for pattern classification. The
main objective of this unsupervised learning technique
is to find a natural grouping or meaningful pariition by
using a distance or similarity function for finding the
subgroups/subclusters within each cluster which is used
to find the superfarnily, family and subfamily relationships
of protein sequences. E.Ramaraj, M.Punithavalli {2005)
[17], outlined a method for taxonomical clustering of
species of the organisms based on the genetic profile
using Principal Component Analysis and Self Organizing
Neural Network. In this work, Principal Component
Analysis is used for reducing the dimension of the data.
Kmeans algorithm is used for clustering. The initial
partitioning is randomly generated and it randomly
initializes the centroids to some points in the region of
the space. In each iteration step, a new set of centroids 15
generated using the exigting set of centroids Recent field
of molecular phylogenetics uses nucleotide sequences
encoding genes or amino acid sequences encoding
proteins as the basis for classification. Many forms of
molecular phylogenetics are closely related and make
extensive use of sequence alignment in constructing
and refining phylogenetic trees, which are used to
classify the evolutionary relationships between
homologous genes represented in the genomes of

divergent species[6] [7].

4, BIRCH ALGORITHM

- BIRCH( Balanced Iterative Reducing and Clustering

using Hierarchies): BIRCH is an integrated hierarchical
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clustering method that introduces two concepts , s

Branching Factor and Clustering Feature tree (CF tree);
which are used to summarize cluster Tepresentations [11]
.These structures help in achieving good speed and

scalability in large databases.

BIRCH is based on the principle of agglomerative
Aclu‘stering. At any given stage there are smaller sub
clusters and the decision at the current stage is to merge
the sub clusters based on some criteria[3]. Instead of
maintaining all the objects of a sub cluster, BIRCH

maintains a set of Cluster Features of the sub cluster.

The criteria for merging two sub clusters is taken from
the information provided by the set of CF’s of the
respective sub clusters. The Cluster Features of the
different subclusters are maintained in a tree called CF
Tree [11]. The nicety of the algorithm is that it requires
only one pass to construct the CF Tree, and the
subsequent stages works on this tree rather than the

actual database

The concepts of Clustering Feature and CF Tree are at
the core of BIRCH’S incremental clustering. A Clustering
Feature is a triple summarizing the information that the
user maintain about a cluster[36].Cluster Feature

vector(CF) is defined as, CF = (n,1s,s) where n is the number

of data objects in cluster C, Is is the linear sum of data -

objects and ss is the square sum of data objects. BIRCH

algorithm works in two phases:
4.1 Methodology for Phylogeny Tree Construction

The nucleotide sequences of organisms from the same
taxa are retrieved from National center for Biotechnology
Information (NCBI). The architecture given below is used
to cluster sequences to determining the evolutionary

relationship among orgamisms,
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4.1.1 Input

The nucleotide sequences for human taxa and bacteria

taxa are retrieved from GenBank database and saved in

Retrieve sequences from
NCBI Databases

h 4

Create the Distance
Matrix using Kimura
Two Parameter Model

Y

Cluster the Matrix
using BIRCH
Clusteting algorithm

Display the clusters

4

Create Phylogeny Tree
using the obtained
clusters

l

Comparison of results
with the ts with existing
tools.

Figure 2 : System Architecture

text format. Sequences are then converted to character
array to caleulate the distance matrix using Kimura Two

Parameter Model.

4.1.2 Construction of Distance Matrix

The Distance Matrix is created using Kimura Two
Parameter Model. On implementation the distance matrix
obtained using Kimura Two Parameter Model was found
to be symmeiric, the distance between same objects are

zero and there are no negative values. The pair wise
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distance of the sequences calculated using Kimura Two

Parameter Model. is given below in the equatior].

d=1/2* (log{1/(1-(2 * p-q) + 1/4 * (log(1{1-(2 * Q)) -

Equation 1

Where d is the pairwise evolutionary distance, p is the
transition count and q is the transversion count. The
output is a symmetric matrix. The distance matrix

generated is shown below in fig 2

x= [0 49633 40283 44M7 3846 3802 378
4533 0 93, 2] il 2R 4l48l
4m84  19% 1] 22 25 2857 35916
44147 B3 20 0 287 278 405
e 2641 2H6 287 C 8% 37T

W 27E 22’57 R s 9 4.2541
Porred Ald6l 34916 425 377 42 0 ]

4.1.3 Cluster Construction

The distance matrix constructed using Kimura Two
Parameter-Model is given as the input for the BIRCH
algorithm. A CF Tree construction is done in the first
phase. For constructing the CF Tree, CF vectors, centroid,
diameter and Euclidean distance of objects are calculated.
The second phase forms clusters by applying a
hierarchical clustering technique on the CF Tree.
Different clusters are obtained for different threshold
values. Correct tree is obtained by changing the ﬂue;hold
value. After a particular threshold value, the output

remains unchanged.

Centroid : Foracluster C= {01,02...0n} , the centroid

is calculated using the formula,

0 ZQifni=1l.n

centroid

Diameter : The diameter of a cluster C={01,02...0n} is

calculated using the formula,

D =Sqrt (X(0i - Oj)? /n(n-1)),
i=l.n,j=1.n

Euclidean Distance: For two clusters C1 and C2 with

and O

centroid, 1

centroid O the euclidean distance is

centroid,2?

calculated using the formula,
D(Cl’cz) = Sq[’t( z (OI centroid,l o icemroid,z)z) ’1 =Ln

4.1.4 Phylogeny Representation

Phylogeny tree is constructed using the clusters obtained
from BIRCH algorithm. The output clusters are converted
to Newick format the phylogeny tree is generated using

the matlab phylogeny tool.

Newick format: {{Dog,( Sheep,Cow), (Mouse,rat)),
{Chicken,Human));

8, EXPERIMENTAL RESULTS

In order to evaluate the performance of the BIRCH
Algorithm, it is tested with the nucleotide sequence
dataset. The training dataset consists of sequences from
human taxa and bacteria taxa. Nucleotide sequences in
the genomes from mitochondria are used for evaluation
of phylogeny. An example of the few sequences from the
dataset taken for implementation are German _Neanderthal
,Russian Neanderthal European Human
Mountain_Gorilla Rwanda Mountain_Gorilla_Rwanda
Chimp_Troglodytes Puti_Orangutan,Jari_Orangutan
Western_Lowland Gorilla ,Eastern_Lowland_Gorilla

Chimp_Schweinfurthii
Chimp_Vellerosus

Chimp_Vellerosus

The performance of the algorithim is essentially based on
the detection of correct phylogenetic tree of various
species and organisms, The branching factor of the tree
is fixed as 2. Threshold value is specified by the user.
Clustering of objects is based on the comparison between
diameter and threshold value. By changing the threshold

value correct clusters are obtained. The threshold is
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iterated continuously to find the correct value. For é( .

threshold value of 0.5 the algorithm frames good

clusters. The obtained clusters are saved in an amray.

: Accuracy of the algorithm is evaluated by comparing
the results with proven datasets fouri& ii; Journals
downloaded from the internet and using UPGMA
Methed. The comparison of the same dataset from
the journal ‘Neanderthal DNA sequences and the
origin of modern humans’ (1997) and from International
Journal of Systematic and Evolutionary Microbiolo gy
(2001) using NJ Method. is done .

R TR

Phiogont of BIRCH adgrnithon wsing 12 sueiscas

- I R s R TR

Huwidit zﬂ'mﬂ??ﬂ' hu W 2 WRRIETIRR
Figure 4 : Result of UPGMA Algorithm

minitmum. When the dataset size increases fabove 50] the

clusters found were not appropriate

Table 1: Comparison of Clusters Obtained with Other

Methods
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Figure 3 : Phylograms using BIRCH Algorithm

The following figures depict the results of using the
datasets of human and bacteria taxonomy. The figure

4 depicts the screen shot of UPGMA method.

The tablel show the accuracy of the results clustered
using birch algorithm with the other nearer methods. From
the results it is found a BIRCH algorithm has found
efficient clusters and is nearer to NJ method, The ajgorithm

predicts good clusters when the dataset size is

Cluster Analysis !

Clusiers

L (mbmer ]
BUPGMA|
it &1 {o PHYLIP
aN g

T2 T 5
MEIRCH 2 | 4 [ 7 9 13 18 19 17
OURGMA 2 i 4 & ] 8 111 23 3
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Figure 5 : Analysis of Clusters
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6. CoNCLUSION éf

Mining biological data is an emerging area of intersection
between bioinformatics and data mining. A phylogeny or
evolutionary tree, represents the evolutionary
relationships among a set of organisms or groups of
organisms, called taxa. Based on molecular sequences,
phylogenetic trees can be built to reconstruct the
evolutionary tree of species involved. Data mining is the
process of discovering meaningful, new correlation
patterns and trends by shifting through large amount of
data store in repositories, using patterns recognition
techniques as well as statistical and mathematical
techniques. [3].  Clustering is the process that groups
~ similar objects. Clustering sequential data has received a

significant attention recently.

Anideais to implement Clustering DNA sequences using
BIRCH algorithm to find the phylogenetic relationship
among various species or organisms. The algorithm was
and executed and tested with real datasets. The accuracy
of the results were tested with already proven results
from journal papers .In this work , it is observed that the
proposed method yields good performance for small size
of dataset, when the dataset size increases the clusters
found does not reveal correct evolutionary
relationship. The future work is to compare the same with

different other data mining clustering algorithms.
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