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Abstract

Bioinformatics as a recent improvement of knowledge has made an interest for
scientist to collect and analyze data to provide the best estimate of the true
phylogeny. The objective of this research is to construct and compare the
phylogenetic tree of Neighbour Joining (NJ) based on different models (Kimura
2-Parameters and Jukes-Cantor) and to find out which model is more reliable on
constructing NJ’s tree. In order to build the tree, reliable set of data is
conducted from D-loop mtDNA sequences that is available in Gen Bank. The
nucleotide sequences come from Bison bison (American bison), Bos taurus
(European cow such as Shorthorn), Bos indicus (zebu breeds), Bos grunniens
mutus (one of subspecies of cow), and Capra hircus (species of goat). The
reliability of each models was measured using the Felsentein’s bootstrap
method. The whole bootstrap process for each models was repeated 1.000,
5.000, and 10.000 times to detect its reliability. The performance was measured
on the basis of the consistency of the topology relationship, the stability of nodes,
the consistency of bootstrap confidence level (Pg), standard error of distance,
change of Pg from (1.000-5.000) to (5.000-1.000), computational time, and BIC
score. NJ's phylogenetic tree with kimura 2-parameters and jukes cantor model
have a good node stability and is also generally successful in representing
topological relationships between taxa. The increasing of bootstrap replication
number in common will increase the consistency of bootstrap confidence value
(. It means both models have a good reliability. But, when the number of
sequences is large and the extent of sequence divergence is low, it is generally
difficult to construct the tree by any models. In conclusion, Kimura 2-Parameters
has a better performance than Jukes-Cantor.

Key words: phylogenetic tree, Neighbour Joining, Kimura 2-Parameters, Jukes-
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INTRODUCTION

Bioinformatics as a recent improvement of
knowledge has made an interest for scientist to
collect and analyze data to provide the best
estimate of the true phylogeny. Phylogenetics
construction methods attempt to find the
evolutionary history of a given set of species
(Elfaizi et al. 2004). A phylogenetic or
evolutionary tree elucidates functional relationship
within living cells. It is constructed by using all

kinds from molecular data in the form of individual
protein or nucleic acid sequences.

Nowadays there are three major methods for
performing a phylogenetic analysis: Distance-
Based method (UPGMA, ME, and NJ), Maximum
Parsimony, and Maximum Likelihood (Otu et al.
2003). If spesifically we would like to have the
information about the evolutionary distance among
sequences, a distance-based method should be
used. A previous research had shown that NJ
(Neighbour Joining) method is better than ME
(Minimum Evolution) and UPGMA (Unweighted
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Pair-Group Method using Arithmetic Average)
(Putri 2010). The Neighbour Joining method is a
greedy algorithm because it has high accuracy on
measuring a distance between two mMtDNA
sequences. Then, NJ method itself can be used to
construct evolutionary tree by some models, such
as Kimura 2-Parameters and Jukes-Cantor. Each
model has its own formulation to calculate the
distance matrix, so the resulted phylogenetic tree
will tend to have different performance. Therefore,
one of the challenges is to choose a model of DNA
substitution that excellently describes the data in
hand by statistical approach. Generally speaking,
the aim is to pick a model that adequately explains
the data (in this case an alignment of DNA
sequences).

With the increasing emphasis on tree
construction, questions arose as to how confident
one should be in a given phylogenetic tree and how
support for phylogenetic tree should be measured.
Felsenstein (1985, refers to Soltis & Soltis 2003)
formally proposed bootstrapping as a method for
obtaining confidence limits on phylogenies.

In this paper, we used a whole D-loop mtDNA
sequences. Its variations have been widely applied
in population genetics study of creatures such as
animals due to the maternal inheritance and high
substitutions of this organelle genome. At last, in
order to compare the performance of NJ’s tree for
each model, D-loop mtDNA sequences of five
different species were used to compare the
performance. They were Bison bison, Bos taurus,
Bos indicus, Bos grunniens mutus, and Capra
hircus. The performance was measured using some
aspects: the representing of topologies relationship,
computational times, consistency, the node
stability, and some criterias. Otherwise, the
consistency was  measured using bootstrap
procedure.

The objectives of this research are:

1. to construct and compare the phylogenetic tree
of NJ based on different models (Kimura 2-
Parameters and Jukes-Cantor),

2. to find out which model is more reliable on
constructing NJ’s tree in which case.

LITERATURE REVIEW

Phylogenetic tree

Phylogenetics  describes the  relationship
between genes, proteins, or species. In
phylogenics, the objects are being assumed to be
evolutionary related. The evolutionary or
phylogenetic tree is used to show the evolutionary
relationship among organisms. To build the correct
evolutionary tree, we also need a correct and
proper data. The correct and proper data could be
(Li 2001): (1) taxa: the groups of organisms that
we are interested to know the evolutionary
relationship, (2) characters: a list of organism
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phenotype characteristics and some groups of
organisms that have different phenotype
characteristics.  The  components of the
evolutionary tree are mentioned in Figure 1.
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Figurel Phylogenetic Tree Components

There are numerous methods for constructing
phylogenetic trees from molecular data (Nei et al.
2000). They can be classified into Distance
methods, Parsimony methods, and Likelihood
methods. The distance matrix are computed for all
pairs of taxa, and a phylogenetic tree is constructed
by considering the relationships among these
distance values.

Mitochondrion DNA

Mitochondrion DNA (mtDNA) is the DNA
constituting an organelle called mitochondria,
structures within cells that convert the energy from
food into a form which cells can use. The organelle
is located in the cytoplasm of the cell. D-loop
occurs in the main non-coding area of the mtDNA
molecule, a segment called the control region. The
region has proven to be useful for the study of the
evolutionary history of vertebrates (Larizza A et al.
2002). In constructing phylogenetic tree, we use
part of D-loop mtDNA sequences available in gene
bank for all organisms.

Neighbour Joining Method

This method (Saitou et al. 1987) is a simplified
version of the minimum evolution (ME) method.
Construction of a tree by the NJ method begins
with a ‘star’ tree, which is produced under the
assumption that there is no clustering of taxa. We
then estimate the branch lengths of the ‘star’ tree
and compute the sum of all branches ( ). This
sum should be greater than the sum for the final
NJ’stree ().

where is the total number of sequence used,
is the branch length estimate between nodes and
,and .

In practice, since we do not know which pairs
of taxa are true neighbours, we consider all pairs of
taxa as a potential pair of taxa are true. We then
choose the taxa and that show the smallest
value. This procedure is repeated until the final tree
is produced.
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where and .

Once the smallest  determined, we can create
a new node ( ) that connects taxa and . The
branch lengths ( ) is given by the following
formula:

The next following step is to compute the distance
between the new node ( ) and the remaining taxa.

A complete algorithm is given below:
1. We start off with a star tree (Figure 2).

1

[a1]

2 (root)

3
Figure 2 Example of Star Tree with Five Taxon

2. We define some kind of distance parameter
between our nodes (1 through 5) and enter this
parameter into a distance matrix (see following
paragraphs). The columns and rows of the
matrix represent nodes and the value i and j of
the matrix represent the distance between node
i and node j. Note that the matrix is symmetric
and the diagonal is irrelevant. Therefore, only
the top half (or lower half) are enough.

3. We pick the two nodes with the lowest value in
the matrix defined in step 2 as neighbours. For
example, assuming nodes 1 and 2 are the
nearest, we define them as neighbours (Figure
3).

Figure 3 Example of Nodes Neighbours

The new node we have added as node X.

We now define the distance between node X

and the rest of the nodes, and enter these

distances into our distance matrix. We remove
nodes 1 and 2 from our distance matrix.

6. We compute the branch lengths for the
branches that have been joined (for figure 2(b),
these are branches 1-X and 2-X) .

7. We repeat the process from stage 2 — once

again we look for the 2 nearest nodes, and so

on.

ok
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Kimura 2-Parameters Model

Kimura 2-Parameters model corrects for
multiple hits, taking into account transitional and
transversional substitution rates, while assuming
that the four nucleotide frequencies are the same
and that rates of substitution do not vary among
sites. The rate of transition is symbolized as o,
whereas the rate of transversion is as B (Kimura
1980). The Table 1 shows the composition of
nucleotide substitution.

The matrix distance between two mtDNA
sequences are computed based on the number of
nucleotide substitutions (transition and
transversion) per site (d), the number of transitional
substitutions per site (s), and the number of
transversional substitutions per site (v). We can
also compute the value of transition/transversions
ratio (R).

Table 1 The Nucleotide Substitution Composition
of Kimura 2-Parameters

A T c G
A - B B a
T B - o B
C B a - B
G o B B -

Formulas for computing these quantities are as
follows:

R =slv,
where P and Q are the proportion of sites with
transitional and  transversional  differences
respectively, and

Jukes-Cantor Model

In the Jukes-Cantor model, the rate of
nucleotide substitution is the same for all pairs of
four nucleotides A, T, C, and G. As is shown
below, the multiple hit correction equation for this
model produces a maximum likelihood estimate of
the number of nucleotide substitutions between two
sequences. It assumes an equality of substitution
rates among sites, equal nucleotide frequencies,
and it does not correct for higher rate of transitional
substitutions as compared to transversional
substitutions. The rate of transition is symbolized
as o (Jukes et al. 1969). The Table 2 shows the
composition of nucleotide substitution. Formulas
for computing the distance between two mtDNA
sequences are:
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where p is the proportion of sites with different
nucleotides.

Bootstrap

One of the most commonly used tests of the
reliability of an inferred tree is Felsentein’s
bootstrap test (refers to Soltis & Soltis 2003). A
bootstrap data matrix x* is formed by randomly
selecting n columns from the original matrix Xx.
Then the original tree-building algorithm is applied
to x*, giving a bootstrap tree as :

Table 2 The Nucleotide Substitution Composition
of Jukes-Cantor

A T C G
A - o o o
T o - o o
C o o - o
G o o o -

Then, the proportions of bootstrap trees
‘agreeing’ with the original tree are calculated.
These proportions are the bootstrap confidence
values (Pg). When the bootstrap resampled data set
is obtained, an estimate of distance is computed
for each sequence. This procedure is repeated B
times.

One assumption often made for the bootstrap is
that all sites evolve independently. This assumption
of course does not hold in the present case.
However, if the number of sites examined is large
(n >100) as in the present case, the effect of
violation of the assumption is not important
because most sites with different evolutionary rates
will be represented in each bootstrap sample.

The result of bootstrap method gives
information about the number of nodes formed
from B replication of bootstrap. Boostrapping
measures how consistently the data support given
taxon bipartitions (Hedges 1992). This is not a test
of how accurate your tree is; it only gives
information about the stability of the tree topology
(the branching order), and it helps assess whether
the sequence data is adequate to validate the
topology (Berry et al. 1996).

High bootstrap values mean uniform supportif
the bootstrap value for a certain clade is close to
100%, nearly all of the characters informative for
this group agree that it is a group (Berry et al.
1996). A node is stable if it has minimally a %
ofsample size conducted. This bootstrap method
measure the node stability from dendogram (Soltis
2003).
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METHODOLOGY

Data Sources

For this research, the dataset of D-loop mtDNA
sequences was obtained from Gen Bank
(www.ncbi.nlm.nih.gov) for free. The data was
accessed on March, 20" 2011. The nucleotide
sequences come from some organisms as taxon

Bison bison is well known as American bison.
On the other hand, Bos grunniens mutus is one of
subspecies of cow and Capra hircus is a species of
goat. While Bos taurus is European cow such as
Shorthorn and Jersey, Bos indicus is a zebu breeds
such as Brahman.

Methods
The procedures to conduct this research are:

1. Access the complete D-loop mtDNA sequence
which consists of five spesies, from Gen Bank.
Then, copy and paste it into notepad, and save
it in format .txt. The available data sets were:

a. Bison bison [3]

b. Bos taurus [8]

¢. Bos indicus [16]

d. Bos grunniens mutus [4]

e. Capra hircus [7]

The number in parenthesis shows the amount of

sequences. List of organisms, sequence length

(base), and accession number will be displayed

in Table 3.

2. Build the cases by making some groups of
taxon which are:

a. Group A consists of: Bison bison [3], Bos
taurus [8], Bos indicus [16], Bos grunniens
mutus [4], Capra hircus [7].

b. Group B consists of: Bison bison [3], Bos
taurus [3], Bos indicus [3], Bos grunniens
mutus [3], Capra hircus [3].

c. Group C consists of: Bison bison [3], Bos
taurus [1], Bos indicus [1], Bos grunniens
mutus [1], Capra hircus [1].

d. Group D consists of: Bison bison [1], Bos
taurus [8], Bos indicus [1], Bos grunniens
mutus [1], Capra hircus [1].

e. Group E consists of: Bison bison [1], Bos
taurus [1], Bos indicus[16], Bos grunniens
mutus [1], Capra hircus [1].

f. Group F consists of: Bison bison [1], Bos
taurus [1], Bos indicus [1], Bos grunniens
mutus [4], Capra hircus [1].

g. Group G consists of: Bison bison [1], Bos
taurus [1], Bos indicus [1], Bos grunniens
mutus [1], Capra hircus [7].

Numbers in the brackets show the amount of

sequences that was used to build the cases. The

sample of species used in a group was selected
randomly from available sequences.

3. Convert the .txt file of each taxon group into
format fasta by using Clustal X2 software.

10


javascript:BSSCPopup('RH_Inferred_Tree.htm');
http://www.ncbi.nlm.nih.gov/

Performance Comparison Between Kimura 2-Parameters
and Jukes-Cantor Model in Constructing Phylogenetic
Tree of Neighbour Joining

4. Align all data sets by using MEGA 5 software.
It is necessary to make the numbers of
nucleotide of the sequences compared to be the
same. The total number of the D-loop mtDNA
sequence here is around 1.223 base-pairs length
(before the gaps edited). Both insertions and
deletions introduce gaps in the DNA sequence
alignment due to the alignment procedure, so
we need to delete all gaps in the data sets. The
total length of the D-loop mtDNA sequence
here already been reduced to 395,46 base-pairs
length.

Table 3 List of Organisms, Accession Number and
Sequence Length of D-loop mtDNA

5.

Accession Organism Name Sequence
Number (number) Length (base)
DQ452030.1 Bisonbison(1) 408
DQ452026.1 Bisonbison(2) 415
DQ452027.1 Bisonbison(3) 411
FJ548840.1 Bos grunniens mutus (1) 893
FJ548841.1 Bos grunniens mutus (2) 894
FJ548842.1 Bos grunniens mutus (3) 892
FJ548843.1 Bos grunniens mutus (4) 892
EU233343.1 Bos indicus (1) 455
EU233344.1 Bos indicus (2) 455
EU233345.1 Bos indicus (3) 455
EU233346.1 Bos indicus (4) 455
EU233347.1 Bos indicus (5) 455
EU233348.1 Bos indicus (6) 455
EU233349.1 Bos indicus (7) 455
EU233350.1 Bos indicus (8) 455
EU233351.1 Bos indicus (9) 455
EU233352.1 Bos indicus (10) 455
EU233353.1 Bos indicus (11) 455
EU233354.1 Bos indicus (12) 455
EU233355.1 Bos indicus (13) 455
EU233356.1 Bos indicus (14) 455
EU233357.1 Bos indicus (15) 455
EU233358.1 Bos indicus (16) 455
HM448437.1 Bos taurus (1) 240
HM448434.1 Bos taurus (2) 240
HM448433.1 Bos taurus (3) 240
HM448435.1 Bos taurus (4) 240
HM448438.1 Bos taurus (5) 240
HM448436.1 Bos taurus (6) 240
HM448439.1 Bos taurus (7) 240
HM448440.1 Bos taurus (8) 240
DQ121577.1 Capra hircus (1) 1212
DQ121578.1 Capra hircus (2) 1212
DQ121579.1 Capra hircus (3) 1212
DQ121580.1 Capra hircus (4) 1212
DQ121581.1 Capra hircus (5) 1212
DQ121582.1 Capra hircus (6) 1212
DQ121583.1 Capra hircus (7) 1212
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5. Do the molecular data exploration, such as:

nucleotide  composition, the transition/
transversion rate ratios, nucleotide pair
frequency, and the overall transition/

transversion bias (R). The aim is to know the
characteristics of data.

6. Construct the original phylogenetic tree of NJ
with Kimura 2-Parameters and Jukes-Cantor
model. The mean and its standard errors of
estimated distance for all groups were also
counted.

7. Then, compare the perfomance of each model
by checking the reliability of each model using
the bootstrap procedure with 1.000, 5.000, and
10.000 repeated times. In addition, we also
compute some values such as
missedclassification to see the consistency of
the topology relationship, proportion of stable
nodes (%), consistency of bootstrap confident
value (Pg), change of Py from (1.000-5.000) to
(5.000-1.000), computational time, and BIC
score to see the performance each method.

Note that to conduct the alignment, tree

construction, and analysis (point 4-7), we use the

open-sourced software, MEGA 5.

RESULT AND DISCUSSION

Molecular Data Exploration

A sequnces of mtDNA for each species in this
research have a different sequence lengths. The
length of sequence points out the number of
nucleotide for a particular sequence. In this case,
organism with the longest length is Capra hircus
number 1-7 (1.212 nucleotides). Otherwise,
organism with the shortest length is Bos taurus
number 1-8 (240 nucleotides).

The average of sequence length of each group
after alignment and gap deletion could be taken a
look in Tabel 5(a) and 5(b). Total nucleotides in
Group A is as much as 396 with a focus of analysis
is the topological relationships of all species.
Group B, C, E, F, and G, respectively, have the
number of nucleotides of (423), (371), (261), (423),
(540), and (748). Each group is a case that has been
built to see the topology or taxa relationship: all
species (A), captured three individuals (B), the
species of Bison bison (C), the species of Bos
taurus (D), the species of Bos indicus (E), the
species of Bos grunniens mutus (F), and the species
of Capra hircus (G).

The proportion of nucleotide is a relative
frequency of four nucleotides (T, C, A, G) which
can be calculated for one or all of the chain in
percentage unit. Overall, the proportion of the four
nucleotides of each organism is not much different.
To the average of nucleotide number from the
mtDNA chains within each group can be seen in
Table 4. The proportion value of nucleotides for
each group shows the same composition where the
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highest proportion is in the nucleotide A. Then, it is
followed by nucleotide T and C. The lowest
proportion is owned by nucleotide G.

Table 4 The Average of Nucleotide Composition

Nucleotide Composition (%)

T C A G

A 29,66 24,28 3164 1442
2895 2505 32,00 13,99
28,89 2482 3223 14,06
29,06 2490 31,21 14,83
30,36 2341 3164 1459
28,86 25,06 3241 13,66
28,83 2562 31,63 1391

Group

O M mOO®

The frequency of nucleotide pairs describes the
number of nucleotides which are identical and have
the substitution of a comparison chain. In this
analysis there are four indicators which are
identical pairs (i), transitional pairs (si),
transversional pairs (sv), and the ratio of transition
to transversion (R).

This analysis gives a result that the propotion
value ii to nucleotide pairs is very high, exactly
always more than 84% for all groups. Group with
the highest ii value is Group C (95,70%), while
Group E is a group with the lowest value (84,53%).
It indicates that all D-loop mtDNA sequences
havea good similarity level. On the cotrary, the
proportion value of si and sv to total nucleotide
pairs for each group is less than 10% for si and 6%
for sv. The highest and lowest percentage of si is
respectly owned by Group C (9,99%) and E
(3,08%). On the other hand, the highest and lowest
percentage of sv is respectly owned by Group B
(5,92%) and E (1,18%).

In common the si value is always higher than
the sv value. The si value represents the average of
transition appears, while the sv value represents the
avarage of tranversion apperas in the sequences
compared. A rasio from transition to tranversion is
given as the R value. The R value for Group A, B,
D, E, F, and G successively is as many as (1,68),
(1,58), (1,85), (3,19), (2,66), (2,08), and (1,82). In
other word, it can be stated that the tranversion
happens in Group A, B, C, D, E, F, and G is (0,59),
(0,63), (0,54), (0,31), (0,38), (0,48), and (0,55)
times more of the transition frequency. More
complete data has been performed in Table 5.

Distance Matrix

In Table 6, we can see the overall mean of
estimated distance for all groups. The standard
error of both Kimura 2-Parameters model and
Jukes-Cantor are relatively small and almost same
for each group. Efron B et al. (1996) mentioned
that the S.E of 0,052 in their research precisely
could be stated as a small value. The standard error
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is computed using bootstrap procedure with 1.000
repeated times or replications.

Table 5 The Proportion of Nucleotides Pairs

Group  %ii R % si % sv
A 88,76 1,68 7,08 4,30
B 85,01 1,58 9,23 5,92
C 84,53 1,85 9,99 5,40
D 90,99 3,19 6,91 2,30
E 95,70 2,66 3,08 1,18
F 87,94 2,08 8,16 3,90
G 90,71 1,82 6,02 3,34

avg 89,09 2,13 7,21 3,76

Table 6 Overall Mean and Standard Error for

Each Group
Group Mean S.E
K 2-P J-K K2-P J-K
A 0,121 0,118 0,014 0,014
B 0,140 0,136 0,017 0,016
C 0,128 0,125 0,016 0,015
D 0,088 0,085 0,012 0,011
E 0,056 0,064 0,007 0,007
F 0,136 0,132 0,018 0,016
G 0,137 0,134 0,017 0,017

This result shows that the two models are good
enough to be used in constructing the phylogenetic
tree. However, Kimura 2-Parameters model always
has higher standard error than Jukes-Cantor for all
groups. For more detail information of distance
matrix for both models.

Performance of NJ’s Phylogenetic Tree with
Kimura 2-Parameters Model

NJ’s phylogenetic tree with Kimura 2-
Parameters model is generally successful in
representing topological relationships between
taxa. They are only Group A, B, C, and D which
have a missedclassification in the original tree.
However, the missedclassification rate are really
small {2,63% (A), 6,67% (B), 14,29% (C), 8,33%
(D)}. For those four groups, the taxa of Bison bison
2 is classified wrongly. Based on the taxonomy
knowledge, it should be in a cluster of Bison bison.
In the phylogenetic tree, it shows an information
that Bison bison 2 is always closer to group of Bos
taurus.

In addition, NJ’s tree with this model has a
consistent topological relationship among taxa. It is
indicated with a clade position which is identic in
phylogenetic tree in the bootstrap phylogenetic tree
of 1.000, 5.000, and 10.000 replications. There are
five groups from seven groups that have a stable
phylogenetic tree in describing the topological
relationships for all taxa. They are Group B, C, D,
E, and F. Conversely, Group A and G show
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varying results (inconsistent) or there are
topologies changing the sequences.

In Group A some of consistent topological
relationships are only clade (Bison bison 1-Bison
bion 3); taxon (Bos taurus 3-(Bos taurus 6-(Bos
taurus 1-(Bison bison 2-(Bos taurus 7-(Bos taurus
4-(Bos taurus 5))))); taxon Bos indicus 3-Bos
indicus 7-Bos indicus 1-Bos indicus 2; taxon (((Bos
indicus 9-Bos indicus 11)-Bos indicus 9)-Bos
indicus 9); and taxon (Bos grunniens mutus 2-(Bos
grunniens mutus 3-(Bos grunniens mutus 4))). In
Group G some consistent topological relationship
is only valid in describing the taxon (((Bison bison
2-Bos taurus 1)-Bos indicus 14)-Bos grunniens
mutus 4).

This NJ’s tree has a good node stability. A
stable node has a bootstrap confidence value (
at least 0.5 or 50% (Lesvian 2010). From the seven
groups have been built as the case, only one group
that has a proportion of low nodes stability, namely
Group E (Figure 4) as many as 35,29% for 1.000
replications of bootstrap and 29,41% for the
replication of 5.000 and 10.000. While the six other
groups have a proportion greater than or equal to
50%. This can happen because in general the
evolutionary distance in Group E, especially
between organisms Bos indicus, are very small and
close to 0.

Bos indicus 12
Bos indicus 15
Bos indicus 14
Bos indicus 8
Bos indicus 13
Bos indicus 4
Bos indicus 5
Bos indicus 16
Bos indicus 1
Bos indicus 2
Bos indicus 3

Bos indicus 7

Bos indicus 10
—Bos indicus 9
65— Bos indicus 11

Bos indicus 6

Bos taurus 8

— Bison bison 3

sl Bos grunniens mutus 4

Capra hircus 7

Figure 4 Phylogenetic Tree with Kimura 2-
Parameters Model for Group E

The bootstrap confidence value ( for
Kimura 2-Parameters model is not always stable or
always experience a change for every increase of
bootstrap replications. Sometimes it went up and
down. In addition, a changes in the consistency of
bootstrap confidence value ( from (1.000-
5.000) to (5.000-10.000) also decreases, but only
happened in Group B (from 91,67% to 66,67%), C
(from 75% to 50%), and G (from 62,5% to 12,5%).

Nevertheless, the consistency of bootstrap
confidence value ( , both on changes in the
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bootstrap replications of 1.000-5.000 and 5.000-
1.000 show the proportion of consistency is more
than 50%. Moreover, the percentage of consistency
change for bootstrap confidence value ( moves
up when the repeated times raises from 1.000-
5.000 to 5.000-10.000. It means that when the
variation among the used sequence is high, the
increase of bootstrap repeated times will increase
the percentage of consistency change for bootstrap
confidence value (. Therefore, the reability of
NJ’s tree with Kimura 2-Parameters model
averagely is fine.

Performance of NJ’s Phylogenetic Tree with
Jukes-Cantor Model

As with Kimura 2-Parameters, NIJ’s
phylogenetic tree with Jukes-Cantor model is also
generally successful in representing topological
relationships between taxa. They are only Group A,
B, C, and D which have a missedclassification in
the original tree. However, the missedclassification
rate are really small {2,63% (A), 6,67% (B),
14,29% (C), 8,33% (D)}. For those four groups,
the taxa of Bison bison 2 is classified wrongly.
Based on the taxonomy knowledge, it should be in
a cluster of Bison bison. In the phylogenetic tree, it
shows an information that Bison bison 2 is always
closer to group of Bos taurus.

NJ’s phylogenetic tree with Jukes-Cantor
model has a high nodes stability too because the
value of bootstrap confidence value ( is more
than 50% in seven groups, namely A, B, C, D, F,
and G. Only Group E (same with Figure 2) has a
lower proportion of stable nodes, that is equal to
35,29% for 1.000 times of bootstrap replication and
29,41% for 5.000 and 10.000 replication. In
general it is due to the evolutionary distances that
develops in Group E, in particular among
organisms Bos indicus, are very small and close to
0.

In addition, NJ’s tree with Jukes-Cantor model
is also generally successful in representing
topological relationships  between taxa. A
consistent topological relationship among taxa is
indicated with a clade position which is identic in
phylogenetic tree in the bootstrap phylogenetic tree
of 1.000, 5.000, and 10.000 replications. There are
only three from seven groups that have a stable
phylogenetic tree in describing the topological
relationships for all taxa. They are Group B, C, and
F. Conversely, Group A, D, E, and G show varying
results (inconsistent) or there are topologies
changing the sequences.

In Group A some of consistent topological
relationships are only clade (Bison bison 1-Bison
bion 3); taxon (Bos taurus 3-(Bos taurus 6-(Bos
taurus 1-(Bison bison 2-(Bos taurus 7-(Bos taurus
4-(Bos taurus 5))))); taxon Bos indicus 3-Bos
indicus 7-Bos indicus 1-Bos indicus 2; taxon (((Bos
indicus 9-Bos indicus 11)-Bos indicus 9)-Bos
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indicus 9); and taxon (Bos grunniens mutus 2-(Bos
grunniens mutus 3-(Bos grunniens mutus 4))).

In Group D the inconsistent topology
relationship is only valid in describing the taxon
Bison bison 2, Bos taurus 7, and Bos indicus 1. On
the other hand, in Group E the consistent topology
relationship is the relationship between the taxon
(Capra hircus 7-((Bos grunniens mutus 4-Bison
bison 3)-(Bos taurus 8-(Bos indicus 6-((Bos indicus
11-Bos indicus 9)-Bos indicus 10)))). In Group G
the consistent topology relationship just happens in
describing the taxon (((Bison bison 2-Bos taurus
1)-Bos indicus 14)-Bos grunniens mutus 4).

The bootstrap confidence value ( of Jukes-
Cantor model is slightly different with Kimura 2-
Parameters model. In this model, not all groups
have an unstablevalue of (. Group E was the
only group that has a stable value of ( or 100%.
It occurs in the increase of bootstrap replications
from 5.000 to 10.000 times. Therefore, on an
increase of bootstrap replications from 5.000 to
10.000 times, the phylogenetic tree of Group E
actually is unique due to it's low proportion of
nodes stability, but the value of is extremely
stable (100%).

The consistency of bootstrap confidence value
( in the 1.000-5.000 and 5.000-1.000 bootstrap
replications change for the model shows a
consistency proportion more than 50%. In addition,
changes in consistency of bootstrap confidence
value ( in general also experiences an increase
when the repeated times raises from 1.000-5.000 to
5.000-10.000. A decrease in consistency changes
of bootstrap confidence value ( from (1.000-
5.000) to (5.000-10.000) happens in Group B (from
83.33% to 75%) and G (from 50% to 75%). It
means that when the variation among the used
sequence is high, the increase of bootstrap repeated
times will be increasing the percentage of
consistency change for bootstrap confidence value
(. Therefore, the reability of NJ’s tree with
Jukes-Cantor model averagelly is fine.

Performance Comparison Both Models in
Constructing NJ’s Tree

Kimura 2-Parameters model has longer
computational time if compared with Jukes-Cantor.
It is caused by the distance calculation between
two mtDNA sequences in Kimura 2-Parameters
which involve even more computation steps
campared to Jukes-Cantor. Formulation to compute
the distance of Kimura 2-Parameters is

{ }
with and , where P
and Q are the frequencies of sites with transitional
and transversional differences respectively, while
Jukes-Cantor has a rather simpler formulation

{ 2
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NJ’s phylogenetic trees with Kimura 2-
Parameters and Jukes-Cantor model are also
successful in representing topological relationships
between taxa. For both models, there are only
Group A, B, C, and D which have a
missedclassification in the original tree. However,
the missedclassification rate are really small (Table
7). For those four groups, the taxa of Bison bison 2
is classified wrongly. Based on the taxonomy
knowledge, it should be in a cluster of Bison bison.
In the phylogenetic tree, it shows an information
that Bison bison 2 is always closer to group of Bos
taurus. The distance between Bison bison 2 and
Bos taurus is so close and near to 0. For example is
in the case of Group B where the distances between
Bison bison 2 with Bos taurus 4, 6, and 7 are
(0,004), (0,004), (0,009) for both models. They are
relatively small if we compare to other distances.
This taxa from its cluster need to be learned more
by biologist.

Table 7 Missedclassification Between Taxa in
NJ’s Tree for Both Models

Missedclassification

Group  Kimura 2-Parameters Jukes-Cantor
% Taxa % Taxa

A 2,63 Bison bison 2 2,63 Bison bison 2
B 6,67 Bison bison 2 6,67 Bison bison 2
C 14,29 Bison bison 2 14,29 Bison bison 2
D 8,33 Bison bison 2 8,33 Bison bison 2
E 0 No 0 No
F 0 No 0 No
G 0 No 0 No

The result shows the consistence comparison
among the two models, Kimura 2-Paramaters and
Jukes-Cantor, through the changing of repeated
times from 1.000 to 5.000 and from 5.000 to
10.000 that has been applied to all built cases.
Kimura 2-Parameters has more consistence value
compared to Jukes-Cantor for almost every group
eventhough actually sometimes it went up and
went down for a particular group or in unstable
condition. In overall replication change from 1.000
to 5.000 Kimura 2-Paramaters, bootstrap
confidence value ( is above 50%. While for
Jukes-Cantor, it is below 50%. When the
replication change was added up into 5.000-10.000,
the value tended to increase for both models. The
NJ phylogenetic tree in the repeated times of
5.000-10.000 shows higher consistency than in the
repeated times of 1.000-5.000. So, generally it can
be concluded that Kimura 2-Parameters performs a
better consistency.

Then, NJ’s phylogenetic tree with Kimura 2-
Parameters and the Jukes-Cantor model have a
good nodes stability. Both of them have the
bootstrap confidence value (  of at least 0,5 or
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50% for the six groups. A comparison of stable
nodes percentage for each group has been
displayed in Figure 5. There is only one group that
has a low proportion of stable nodes and it is
Group E. It has a proportion 35,29% (for 1.000
times of bootstrap replication) and 29,41% (for
5.000 and 10.000 times of bootstrap replication).
This is caused by the evolutionary distances that
are developed in Group E, both for Kimura 2-
Parameters or Jukes-Cantor, are small and close to
0, especially in a case ofdistances among Bos
indicus. If we compare with another groups (Group
A, B, C, D, F, dan G), Group E is involved in a
unique case.

100,00
90,00
80,00

70,00
60,00
50,00
40,00
30,00
20,00
10,00

0,00

A 8 C D E F G

m Replication of 1.000 Replication of 5.000  m Replication of 10.000

Proportion of stable nodes (%)

Figure 5 A Comparison of Stable Nodes
Percentage for Each Group

Both models failed in reconstructing a reliable
phylogenetic tree for Group A and for Kimura 2-
Parameters. Kimura 2-Parameters shows slightly
different topologies relationships with Jukes-
Cantor for Group D and E whereas Kimura 2-
Parameters model could give the constant
topologies relationship, while Jukes-Cantor give
the varied tolopogies relationship. In Group B, C,
and F the two models could represent the canstant
topologies relationship. In case of topologies
relationship, Kimura 2-Parameters models is able
to give more constant topologies relationship.

Relating to the condition of being failed in
giving a consistence for the topologies,
unfortunately, further understanding about this case
is needed. The results shows the nucleotide
composition’s means and variances for all built
cases. This information shows that compared to
other cases, the nucleotide variance for group A
and G was relatively small for each nucleotide
compositions. The nucleotide variance of Group A
for T(U), C, A, G respectively are (1,26), (1,31),
(0,82), and (0,47) whereas the composition for
Group G are (0,58), (1,32), (1,00), and (0,52).
Those are relatively small comparing to group B,
C, and F as a groups with constant topologies
relationship.

While in group D model Kimura 2-Paramaters
showed inconsistency in construct the topologies,
especially in describing the relationship between
Bison bison 2, Bos taurus 1, and Bos taurus 7.
When the repeated times are 1.000 and 5.000, Bos
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taurus 1 and Bos taurus 7 siblings into a clade and
result a small bootstrap confidence value ( as
many as 30% (for 1.000 replications) and 27% (for
5.000 replication). The clade of Bos taurus 1-Bos
taurus 7 then is connected with Bison bison 2 with
a small bootstrap confidence value ( , 47% (for
1.000 replications) and 45% (for 5.000
replication).

This conditions is caused by the nucleotide
composition between those three organisms. They
have a slight different between Adenines (A) and
Guanine (G) where the percentage of Adenines in
Bos taurus 1 and Bos taurus 7 is 30% while in
Bison bison 2 is 34%. Otherwise, the percentage of
Guanine in Bos taurus 1 and Bos taurus 7 is 15,8%
while in Bison bison 2 is 14,5%. In addition, the
percentage of Cytosines (C) and Timine (T) is
really different at all. The same thing also
happened in Group E where topology relationship
among Bos indicus couldn’t be explained well as
for Kimura 2-Parameters and Jukes-Cantor. In
theory, Jukes-Cantor is weaker to cover this
condition than Kimura 2-Paramaters because in the
reality the event of transversion is more often to
happened than transition.  Therefore, the
substitution rate of transversion should be different
with transition.

As an additional information, the value of BIC
also has been computed to compare the
performance of NJ’s tree. BIC has been widely
used to any set of maximum likelihood-based
models and developed by Gideon E.S. (Schwarz
1978). At commonly the formula for the BIC is:

where n = the number of observations or
equivalently, the sample size; k = the number of
free parameters to be estimated; L = the maximized
value of the likelihood function for the estimated
model. Kimura 2-Parameters always has the lower
value of BIC than Jukes-Cantor for each group as a
built cases. Model with the lower value of BIC is
better than those with higher value in the
substitution pattern.

CONCLUSION

NJ’s phylogenetic tree with Kimura 2-
Parameters and Jukes-Cantor model have a good
node stability and is also generally successful in
representing topological relationships between
taxa. The increasing of bootstrap replication
number in common will increase the consistency of
bootstrap confidence value (. It means that both
models have a good reliability.

When the number of sequences is large and the
extent of sequence divergence is low, the realized
tree may have many interior branches with zero
length unless a large number of nucleotides are
examined. Generally it will be difficult to construct
the tree by some models. However, phylogenetic
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tree with Kimura 2-Parameters has a better
performance than Jukes-Cantor.

RECOMMENDATION

In order to improve a better knowledge relating
to this research topic, some recommendations are
given as follow:

1. It would be nice if another distance model
could be applied for the next research.

2. Some built cases can be developed by
combining more various species with more
closeness level of various relationship.
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