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Abstract— The process of gene tracing of specific gene or
of all genome in species is very important for biologist.
Sometimes the aim of gene tracing process is to know the
genetic evolution that occurs in a certain protein sequence
in specific organisms and also to know the genetic
evolution that occurs in a conserved domain in this protein
sequence. This process is very difficult one for biologists,
but using computer algorithms makes this problem easier.
In this paper we introduce a comprehensive study by using
different alignment algorithms through which we
demonstrate the genetic evolution that occurs in heat shock
factor protein 1 (HSF1) in some eukaryotic organisms such
as human, Danio rerio, Taurus, mouse, plant (Arabidopsis)
and yeast. In addition, this study will illustrate the
molecular evolution in the conserved domains of HSF1
(HSF_DNA-bind) throughout the different eukaryotic
organisms.
Keywords— Pairwise global alignment, multiple sequence
alignment, pairwise local alignment, gene tracer algorithm,
heat shock factor protein 1 (HSF1), phylogenetic tree.
I.

T

INTRODUCTION

he focus of much recent biological evolution research has
been on the detection of similarities and dissimilarities
among living species. As the study of nature continues, human
knowledge of variations among species has grown gradually
both in all directions. This knowledge is used to give names to
species we know. Identifying, naming, and organizing species
into groups is a science called Taxonomy. Up till now,
millions of species have been identified [1], demonstrating the
current vast knowledge about species.

Scientists go further to think about the cause and evolution of
the observed similarities and dissimilarities between different
organisms. Many biologists including Charles Darwin's and
many others have suggested that all living organisms share a
common ancestor .Meanwhile, the differences among species
are partly caused by mutations accumulated over generations
during the course of evolution . Thus, Phylogenetic is a
science that study of the evolutionary relatedness among
species. Researchers have established the links among
seemingly different life forms, from bacteria, to animals and
plants using [2].
Pairwise global alignment algorithms are intended for
comparing two sequences that are entirely similar. A dynamic
programming (DP) algorithm called Needleman and Wunsch
[3] was proposed for pairwise global alignment. Those
methods are very useful in analysis of DNA and protein
sequences. There are other dynamic programming algorithms
for pairwise global alignment such as Huang and Chao [4] and
NGILA [5]. There are another algorithms for making pairwise
local alignment such as the algorithm introduced by Smith and
Michael Waterman [6]. Another algorithm is used to make
multiple sequence alignment MSA, it introduced by
Thompson et al [7]. The algorithm which introduced by
Thompson et al to make multiple sequence alignment depend
on the progressive alignment. This works by constructing a
succession of pairwise alignment . Initially, two sequences are
chosen and aligned by standard pairwise alignment; this
alignment is fixed. Then, a third sequence is chosen and
aligned to the first alignment ,and this process is iterated until
all sequences have been aligned.
Progressive alignment is heuristic: it does not separate the
process of scoring an alignment from the optimization
algorithm. It does not directly optimize any global scoring
function of alignment correctness. The advantage of
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progressive alignment is that it is fast and efficient, and in
many cases the resulting alignments are reasonable. General
results are illustrated in conclusion.
Sudden increases in temperature promote Heat shock (HS)
response in diverse organisms (e.g yeast, plants and animals).
HS is characterized by elevated synthesis of a set of proteins
called heat shock proteins (hsps) which provide resistance
against a subsequent usual lethal dose of heat stress. The
enhanced expression of hsps is regulated by heat shock
transcription factors (HSFs).
This study outlines our current knowledge of the functions of
regulation of Heat shock factors HSF1, and offers a
comparative view of it structure in yeast, plants and animals
using different alignments algorithms. HSF1 structure
observations indicate that HSF1 in different organisms
overlaps.

6. The score for the best global alignment of A with B is S (A,
B) = Sn,m, and it corresponds to the highest-scoring path
through the matrix and ending at element (n, m). It is
determined by tracing back element by element along the path
that yielded the maximum score into each matrix element.
This algorithm has time complexity O(nm).
This algorithm can be briefly summarized as in the following
pseudocode:
Global alignment
Input sequences A, B
Set S i ,0 ← −δ i for all i

Set S 0, j ← −δ j for all j
For i=1 to n
J=1 to m
S i , j ← max S

{

PAIRWISE GLOBAL ALIGNMENT
(NEEDLEMAN AND CHRISTIAN WUNSCH
ALGORITHM)
II.

2. Scoring matrix of size (n+1)*(m+1) is constructed and
initialized using a substitution matrix, e.g., PAM (Percent
Accepted Mutations) [8], or BLOSUM (Blocks Substitution
Matrix) [9].
3. S (ai , bj) = score of aligning ai with bj
(=+1if ai = bj , µ ≤ 0 if ai ≠ bj , for example)
S (ai , )= S ( , bj) = δ ≤ 0 (for indels).
(1)
µ and – δ refer to the score of mismatch and indel
respectively.
Indel means insertions or deletions and it can be represented
by using the symbol" ".
4. The best alignment is that produces the largest score for
Si,j :
(2)

S 0, j = − j δ

III.

}

PAIRWISE LOCAL ALIGNMENT (SMITH AND
WATERMAN ALGORITHM)

Sometimes we need to look for local regions of similarity that
suggest shared structural of functional subunits. In this case
we need to make pairwise local alignment.
A local alignment of strings s and t is an alignment of a
substring of s with a substring of t. A dynamic programing
algorithm (DP) called Smith and Waterman [6] was proposed
for pairwise local alignment. The equation used for calculation
of the scoring matrix is:

⎧sim ( i − 1, j − i ) ± 1⎫
⎪
⎪
⎪sim ( i − 1, j ) − p ⎪
sim ( i , j ) = max ⎨
⎬
⎪sim ( i , j − 1) − p ⎪
⎪
⎪
⎩0
⎭

(3)

(4)

Where sim (i, j) is an (m+1) x (n+1) matrix the sign for the
first case is chosen as follow:
We choose +1 in the last term if s(i)=t(i); otherwise we choose
-1. p is the gap penalty. The time complexity of this algorithm
is O (nm).
IV.

5. The score for elements in the first row and column of the
alignment matrix are given by

S i ,0 = −i δ ,

)

end

1. First we consider any two strings such as
A =a1 a2 a3…an,
B =b1 b2 b3…bm

Si,j

(

− δ , S i −1, j −1 + s ai ,b j , S i , j −1 − δ

end

In our work we use Needleman and Christian Wunsch
algorithm to make pairwise global alignment. This algorithm
can be summarized as follows:

⎧S i −1, j −1 + s (ai , b j ) ⎫
⎪
⎪
= max ⎨S i −1, j − δ
⎬
⎪
⎪
⎩S i , j −1 − δ
⎭

i −1, j

RESULTS AND DISCUSSIONS

A. First, we have made a code by using MATLAB program
to make pairwise global alignment among the common
conserved domains (HSF_DNA-bind) that is a part of the heat
shock factor protein1 sequence (HSF1) in all sequences of
eukaryotic organisms and also we made pairwise global
alignment among the entire sequences of HSF1 protein .
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In our work we use the following scoring matrices:1- Blosum50
2- Blosum30

B.

The results were as follows:1) In case of the conserved domains (HSF_DNA-bind) in
HSF1 protein sequences
Table 1: This table shows the score of the pairwise global
alignment and also the percentage of similarity in the case of
the pairwise global alignment among the conserved domains
in HSF1 protein sequence of all previous organisms.
Conserved
domains(HSF_DNA‐bind)
Human & Danio rerio
Human &Yeast
Human & Plant
Human & Mouse
Human & Taurus
Danio rerio & Mouse
Danio rerio & Taurus
Danio rerio & Plant
Danio rerio & Yeast
Mouse & Taurus
Mouse & Yeast
Mouse & Plant
Taurus & Yeast
Taurus & Plant
Yeast & Plant

Score by
using
Blosum50
210.667
114.333
91.6667
244.667
240.333
210.667
206.333
92
103.667
240.333
114.333
91.667
116
88.6667
71.6667

Identities
89%
46%
51%
100%
98%
89%
87%
51%
46%
98%
46%
51%
47%
50%
43%

Score by
using
Blosum30
135.2
74
60.8
156.8
153.6
135.2
132
61.2
66.6
153.6
74
60.8
75.2
58.6
51

Identities
89%
46%
51%
100%
98%
89%
87%
51%
46%
98%
46%
51%
47%
50%
43%

The results in table (1) show that the highest similarity is
between human and mouse with percentage 100%, but the
least similarity is between yeast and plant (Arabidopsis) with
percentage 43%.
2) In case of the entire sequence of HSF1 protein
Table 2: This table shows the score of the pairwise global
alignment and also the percentage of similarity in case of the
pairwise global alignment among the entire of HSF1 protein
sequences of all previous species.
HSF1 protein sequence
Human & Danio rerio
Human &Yeast
Human & Plant
Human & Mouse
Human & Taurus
Danio rerio & Mouse
Danio rerio & Taurus
Danio rerio & Plant
Danio rerio & Yeast
Mouse & Taurus
Mouse & Yeast
Mouse & Plant
Taurus & Yeast
Taurus & Plant
Yeast & Plant

Score by
using
Blosum50
544.333
440.333
‐8
649.667
1017.33
415.333
565.333
‐7.6666
‐397.667
670
‐547
34.3333
‐427
‐5
‐450.333

Identities
56%
22%
27%
70%
89%
52%
56%
26%
22%
70%
22%
27%
23%
27%
24%

Score by
using
Blosum30
345.8
239.4
23.8
406.6
624.6
269.2
355.8
23.8
‐212.4
418.6
‐306.6
52.8
‐233.2
24.6
‐237

Second we have made a code by using MATLAB
program to create multiple sequence alignment (MSA) among
all the conserved domains (HSF_DNA-bind) in HSF1 protein
sequences of all previous organisms. We also have made MSA
among all the entire sequences of HSF1 protein sequence of
those organisms. The results are illustrated by using
phylogenetic trees.
In our work we use the following scoring matrices:1- Blosum60
2- Blosum80
3- PAM10

1) Comparative phylogenetic study of the conserved domains
(HSF_DNA-bind) in HSF1 protein sequences:An Eukaryotic organisms contain highly complex multigene
families encoding Heat Shock Factors (HSFs) which binds
specifically to heat shock promoter elements (HSE), which are
palindromic sequences rich with repetitive purine and
pyrimidine motifs [10], [11] and [12]. Promoters of eukaryotic
heat stress (hs)-inducible genes share common HSF
recognition elements (HSEs) with the palindromic consensus
sequence (AGAAn) (nTTCT) located within a few hundred
base pairs of the 5' flanking regions of heat shock genes [13],
[14], [15], [16] and [17]. Deletion analyses of plant sHSP
promoters initially pointed out that the cis-elements necessary
for the heat stress response (HSEs) were also required for
developmental regulation [17] and [18].
By blasting the DNA binding domain of some eukaryotic
HSFs1 with different cellular organism, similar conserved
domain was found among many of them discovered to date
(Fig. 1). These results suggest that similar function of HSFs
could be found in different organisms. That is explaining that
swapping HSFs between different families can do the same
effect as shown in [19].

Identities
55%
21%
24%
70%
89%
51%
56%
25%
20%
70%
23%
25%
23%
24%
23%

The results in table (2) show that the highest similarity is
between human and Taurus with percentage 89%, but the least
similarity is between human and yeast, Danio rerio and yeast,
and mouse and yeast with percentage 22%.

Fig.1: Graphical summary of the conserved domains of HSF1
in the different organisms human, Danio rerio, Taurus, mouse,
yeast, and plant.
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Comparative study of HSF1 sequences using different
matrices.
a) Matrix blosum60
A danderogram is constructed by using an HSF1 domain
(HSF_DNA-bind) of human, mouse, Taurus, Danio rerio,
plant (Arabidopsis), and yeast using the scoring matrix
blosum60. Based on this specific matrix the Human and
Mouse is the closet in the structure sequences of HSF1 domain
(HSF_DNA-bind). It is also shown that the plant
(Arabidopsis) and the yeast HSF1 domain (HSF_DNA-bind)
are closer to each other than to the other organisms.

c) Matrix PAM10
When we use the scoring matrix PAM10 the same results
obtained as when using blosum60 and blosum80.
MSA between( HSF-DNA-bind) domain by using the scoring matrix pam10
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Fig. 2:.This figure shows the similarity between the conserved
domains in HSF1 protein sequences in all the last species in
case of MSA by using the scoring matrix blosum60.
b) Matrix blosum80
When we use the scoring matrix blosum80 the same results are
obtained as when using blosum60.

0.1

0.2

0.3

0.4

0.5

Fig. 4: This figure shows the similarity between the conserved
domains in HSF1 protein sequences in all the last species in
case of MSA by using the scoring matrix PAM10.
2) Comparative phylogenetic study in case of the entire length
of HSF1 protein sequences are as in the following
phylogenetic trees:a) Matrix blosum60
A danderogram is constructed using the entire length of HSF1
protein sequences of human, mouse, Taurus, Danio rerio, plant
(Arabidopsis), and yeast using the scoring matrix blosum60.
Based on this specific matrix the human and Taurus are the
closest in the structure of the entire length of HSF1 protein
sequences. It is also shown that the plant (Arabidopsis) and the
yeast are much closer to each other than to the other
organisms.
MSA between HSF1 protein sequences by using the scoring matrix BLOSUM60

MSA between( HSF-DNA-bind) domain by using the scoring matrix blosum 80

human

human

taurus

taurus

Branch 3

Branch 4

human

human

mouse
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Branch 3
Branch 2
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Fig 5: This figure shows the similarity between all sequences
of the last species in case of HSF1 protein sequence by using
the scoring matrix blosum60.

Fig. 3: This figure shows the similarity between the conserved
domains in HSF1 protein sequences in all the last species in
case of MSA by using the scoring matrix blosum80.
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b) Matrix blosum80
When we use the scoring matrix blosum80 the same results are
obtained as when using blosum60.
MSA between HSF1 protein sequences by using the scoring matrix BLOSUM80

human

human

taurus
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Branch 3

Branch 4

Branch 2
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Branch 1

mouse

daniorerio
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Root

yeast
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0.8

1

plant

1.2

1.4

1.6

Fig. 6: This figure shows the similarity between all sequences
of the last species in case of HSF1 protein sequence by using
the scoring matrix blosum80.
c) Matrix PAM10
When we use the scoring matrix PAM10 the same results are
obtained as when using blosum60 and blosum80.
MSA between HSF1 protein sequences by using the scoring matrix PAM10

yeast

sequence, the second ancestor one and the offspring one. As
shown in table (1) and table (2) human and Taurus are more
closer than other organisms on the entire length of the HSF1
sequence, but the HSF1 conserved domain (HSF_DNA-bind)
sequence is more similar between human and mouse
comparing to others. So that we use Gene Tracer algorithm to
specify the related parts of each ancestor sequence in the
offspring one. Moreover, Gene Tracer is used to find precisely
the location of the ancestor sequences contribution inside the
offspring one and gives statistical results that express the
relationship between the two ancestor sequences and their
offspring one. We consider Taurus as ancestor1 and mouse as
ancestor2, and human as the offspring. We have coded Gene
Tracer algorithm in Perl and have applied it on both the
conserved domain sequences (HSF_DNA-bind) and the entire
sequence of HSF1 protein. The results were as follow:
Table 3: This table shows the match percentage of the pairwise
local alignment in the case of the entire sequence of HSF1
protein and also the conserved domain (HSF_DNA-bind) in
HSF1 protein sequence.
Conserved
domain
(HSF_DNA‐bind)
Human & Mouse
Human & Taurus

Match
percentage
100%
96.19%

The entire
sequence of HSF1
protein
Human & Mouse
Human & Taurus

Match
percentage
55.26%
100%

The results in table (3) show that the highest similarity in case
of the conserved domain sequence (HSF_DNA-bind) is
between human and mouse with percentage 100% but in case
of the entire sequence of HSF1 the highest similarity is
between human and taurus .
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Fig. 7: This figure shows the similarity between all sequences
of the last species in case of HSF1 protein sequence by using
the scoring matrix PAM10.

C. Third, we use an algorithm, called Gene Tracer algorithm
[20] which based on the pairwise local sequence alignment.
Gene Tracer algorithm gives two ancestor sequences and their
offspring one, tracks down genes modification in the ancestor
sequences, and finds related parts of each ancestor in the
offspring one. Gene Tracer algorithm is of complexity
O(max(M,N)*P) in computing time and memory space, where
M, N and P are respectively the lengths of the first ancestor

Fig. 8: Results of gene tracer program in the case of the
conserved domain sequence (HSF_DNA-bind).
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