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DragLine ( DL) method:a new algorithm to built phylogenetic tree

CHEN Zhao-bin
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Abstract; The DL. Method we will present in this paper is one kind of Greedy Algorithm . As Fitch-Margoliash
(FM), DL creates the phylogenetic tree based on distance matrix, but has lower computational complexity ( the
complexity of DL is O(nlgn) , the complexity of FM is O(n®)). It is much faster, more accurate and better fault-
tolerant. When bias exists, DL method increases the distance between two nodes not sharing the same parent node. ,
This results it a perfect method when it comes to the topological structure of phylogenetic tree. FM algorithm, by
contrast, uses the average distance of one node to all the other nodes, which may assign two nearest gene sequences
which share the same parent node into different branches.
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Built and analysis of phylogenetic tree is an
important branch of bioinformatics. Study phylogenetic
tree can rebuild ancestral sequence and estimate the
time differences. There are a lot of papers about the
methods of how to build phylogenetic tree,such as the
paper we have refered to in References [ 1-9 ]. These
methods have both their advantages and disadvantages.
It is still an open question whether there is a kind of

optimal solution.

1 Introduction to DL

DL is based on the fact that if two nucleotide

chains are the nearest in a distance matrix, they will

Wr#m B H3:2013-06-03 ; 15 H #3:2013-09-02.

have the same parent node in phylogenetic tree.

The steps are as follows
Step 1:

Find the nearest two points in a distance matrix
served as base points to build the phylogenetic tree.

Assume that the two points are P, and P,.(Fig.1)

P2

P:

Fig.1  Stepl
Step 2

Loop execute the following process;

Find the nearest distance between points that have
been added to phylogenetic tree and points that have
not yet been added to phylogenetic tree in the distance
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matrix. Assume that the two points making up the
nearest distance are Pi and P,,,.In order to add P,,, to
phylogenetic tree, we use P, to drag the line which

link Pi with the tree. Assume the drag point is O

i+l

then we get three new edges:[.1,1.2,1.3 (Fig.2).We use
three equations to work out the length of L1,12,L3.
(Fig.3)

Fig.2
are added
phylogenetic tree, then we will get the phylogenetic tree

Loop wuntil all the points into

just as we want.
L1+L2:P1Pj+1
L1+L3=Pi0i1
L24L3+P;10:=Ps-1Pisy

Fig.3
2 Anexample of how to use DL to build
the phylogenetic tree

three equations

Follow is a distance matrix( Fig.4) .

4 B ¢ Db E
A | 22 39 [33 |a1
B ' 41 |41 [43
c [ ; 18 |20
D [ ; i 10
E [

Fig.4 an example distance matrix

Step 1: Find the nearest two points in the distance
matrix served as base points to build the phylogenetic

tree.Then we get points D, E.DE=10.(Fig.5)

Fig.5 stepl

Step 2: Find the nearest distance between points
(D,E) that have been added to the phylogenetic tree
and points (A, B, C) that have not yet been added to
the phylogenetic tree in the distance matrix. The two
points are C and D, Use C to drag DE and assume the
drag point is pl,then we get three equations. We can

work out DP1=4 CP1=14 EP1=6(Fig.6)

DP1+EP1=DE

DP1+CP1=DC=18
EP1+CP1=EC=20

Fig.6 step2

Step 3: Find the nearest distance between points
(C,D,E) that have been added to the phylogenetic
tree and points( A,B) that have not yet been added to
phylogenetic tree in distance matrix.The two points are
A and C, Use A to drag CP1, assume the drag point is
P2 ,then we get three equations. We can work out CP2=
9 P1P2=5 AP2=30.(Fig.7)

5 ‘O
£
{CP2+AP2:CA—39

DP1+P1P2+AP2=AD=39
CP2+P1P2-CP1=14
Fig.7 step3

Step 4: Find the nearest distance between points
(A,C,D,E) that have been added to the phylogenetic
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tree and points(B) that have not yet been added to the
phylogenetic tree in the distance matrix.The two points
are B and A.Use B to drag AP2 and assume the drag
point is P3then we get three equations. We can work

out AP3=10 BP3=12 P3P2=20.(Fig.8)

AP3+P3P2+P2C=AC=39
BP3+P3P2+P2C-BC=41

Fig.8

{ AP3+BP3=AB=22

step4d
Finally we get a perfect phylogenetic tree (in this
case, the result is the same as FM).(Fig.9)

\\

Fig.9 the final result

3 State the inherent defects of algorithm
using distance matrix,and then analy-
sis which one is a better algorithm,DL
or FM?

There are a lot of papers focusing on the incom-

10 . ..
197 Distance matrix is

pleteness of distance measures
derived from the hamming distance between two DNA
stands. Due to that DNA has four types of bases( A, T,
G,C) and DNA mutation is random, if we have two
chains A,B,We cannot make sure every other chain C
promises (AC-BC) is a constant. But in a perfect phy-
logenetic tree, it must be a constant if they have the
same parent node.

For example, in the case below ( Fig. 10), we

cannot get a perfect phylogenetic tree matter we use FM

or DL.

A:CGAGGCATTTCATGAGCTCTAGGCTTAATATCGATCATCGGGATC
B:CGAGACATTCCAGGAGCTCTAGGCTTAATATCGATCATCGGGATC
C:CCAGGCATTTCA TGAACTCTAGACTTAATATTGATAATCGGGATA
D:CCAGGCATTTCAGGAACTCTAGACTTAATATTGTTCATAGGCATG

Fig.10

example sequence
Notes: Among the four chains, A is the original one.On base of A,B has
different 3 bases,and C further has other 6 bases not the same with B.On
Base of C,D has 6 different bases, but one base change is the same as B.

Table 1 is the Distance matrix for the question. We
can see AB=3. And AB is the nearest. As BC—AC=8-
5=3 not equals with BD-AD =1, then we cannot get a
perfect phylogenetic tree.Then which algorithm is more
accurate to the reality, FM or DL?

A lot people may think that because FM uses the
average distance, it may decrease the error. But the
reality is just the opposite.

We can see that when we use FM ( Fig.11) , we
may think A B have the same ancestor and C,D have
the same ancestor.This is not consistent with the actual
situation.

But when we use DL ( Fig.12), we can get the
information that C and B are evolved from A in two
different directions, and D is evolved based on C thus

farther to A and B. this fits perfect to the reality.

Table 1 The distance matrix for the question
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Fig. 12 The answer we use DL
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How comes this? After analysis, I find that it is 53 #k ( References)

just because DL use the nearest distance, by contrast
FM which uses the average distance. When bias exists,
DL method only increases the distance between two
nodes not sharing the same parent node. But when it
comes to the topological structure of the phylogenetic
tree , this method is perfect. FM algorithm, by contrast,
uses the average distance of one node to all the other
nodes, which may assign two nearest gene sequences

sharing the same parent node into different branches.

4 Conclusions and Discussions

Besides accuracy, DL has other advantages over
FM. DL has less

consumption and better fault-tolerant. DL is a better

operation steps, less memory
way to build the phylogenetic tree. But it still needs
more work to be done by biologists and computists
lovers to find out if this method really. works well in

practice.
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