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Efficiency of Method for Biological Sequence
Alignment

Hristo Stoev

Abstract — Bioinformatics is one of the most rapidly devel-
oping and promising sciences in recent years, which makes it
possible to carry out scientific experiments using computer
models and simulations based on effective methods, algorithms
and means of storage, management, analysis and interpretation
of a huge amount of biological data. A challenge in data analy-
sis in bioinformatics is to offer integrated and modern access to
the progressively increasing volume of data, as well as efficient
algorithms for their processing. Considering the vast databases
of biological data available, it is extremely important to devel-
op efficient methods for processing those data.

Index Terms — bioinformatics, biological data sequences,
sequences alignment, trilateration.

I. INTRODUCTION

A major problem in biological data processing is the
search for similar sequences in a database. Algorithms such
as Needleman-Wunsch [1] and Smith-Waterman [2], which
accurately determine the degree of similarity between two
sequences, take a long time to process all entries in large
datasets. For faster searches in large databases, scientists use
heuristic methods and algorithms that significantly speed up
the search time, but reduce the quality of the results ob-
tained. FASTA is a software package for DNA and protein
sequence alignment that introduces heuristic methods for
sequence alignment - querying the entire database. BLAST
is one of the most widely used sequence search tools [3, 4].
The heuristic algorithm it uses is much faster than other
approaches, such as computing an optimal arrangement. The
BLAST algorithm is more time-efficient than FASTA,
searching only the most significant sequences, but with
comparable sensitivity. Even the parallel execution of the
above algorithms is limited by the hardware systems [5-13].
The metaheuristic method for multiple sequence ordering
adopts the idea of generating a favorite sequence, after
which all other sequences from the database are compared
with the favorite sequence [14]. In this way, the favorite
sequence becomes a benchmark for the rest of the sequences
in the database. Some problems arise when using this ap-
proach, such as insertion of new records or removing any of
the existing one.

Since the favorite sequence is generated based on the ex-
isting records: (1) Change of the data set requires the favor-
ite sequence to be recalculated. (2) Each of the sequences in
the database must be compared again with the newly gener-
ated favorite sequence to obtain a new result, which con-
sumes computational time and resources. (3) Each database
computes own favorite sequence, and this can lead to prob-
lems when merging different databases, especially in big
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data, where there is a collection of many different database
structures and access methods.

Evaluation of biological sequence alignment algorithms
mainly considers algorithm efficiency and sensitivity to
obtain the best alignment results. The Smith-Waterman
algorithm for sequence pair alignment is highly sensitive,
but its complexity is very high. The FASTA and BLAST
methods decrease the predicted sensitivity in exchange for
an increase in speed. The ClustalW algorithm is the most
common and efficient among multiple sequence alignment
algorithms. The main issue in sequence alignment is wheth-
er the sensitivity of the alignment and the efficiency of the
algorithm are improved for sequences with large differ-
ences.

To improve the idea of the existing heuristic algorithms,
an attempt will be made to propose improvements in the
directions:

1. Constant favorite sequence — i.e. independent of the
data set in the database and remaining the same when
data set is changed;

2. Avoiding comparisons or reducing the number of com-
parisons with the favorite sequence in searching of the
database (for each sequence a complex comparison al-
gorithm is applied against the favorite sequence)

3. Unification/standardization of sequence favorites for
all databases.

The purpose of the research in this chapter is to propose a
new efficient and unified method for arranging DNA se-
quences based on the trilateration method. This method
offers a solution for the three main problems in biological
sequence alignment: (1) creating a constant favorite se-
quence, (2) reducing the number of comparisons with the
favorite sequence, and (3) unifying / standardizing the fa-
vorite sequence by defining benchmark sequences.

Il. METHOD FOR DNA SEQUENCE ALIGNMENT
BASED ON TRILATERATION

At the heart of the idea of a favorite sequence is to find a
starting point - a benchmark against which the rest of the
data in the database can be analyzed. Or, looking at it math-
ematically, one could represent the sequence favorite as a
function of N unknowns (speaking of DNA the unknowns
are the 4 bases: adenine, thymine, guanine, and cytosine),
then represent the remaining base entries again as functions
of the same variables. In such a case, the similarity compari-
son would represent the distance of the individual sequence
to the favorite sequence. In other words, find the location of
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a point described by the sequence function relative to anoth-
er point defined by the favorite sequence function. When
comparing to a sequence favorite, there is a set of points (the
database entries) and since there is no coordinate system, a
point is generated somewhere around the center of the cloud
of points that is used as a reference (sequence favorite). But
if some kind of coordinate system is introduced, or three or
more reference points are found, then it would be possible,
by means of elementary analytical geometry, or in particular
trilateration, to determine the positions of the points relative
to each other, which will reflect the degree of similarity
between the records in the database. Also, to eliminate the
need of calculation of the sequence favorite.

A new method for aligning DNA sequences, called CAT,
based on the trilateration method, was proposed [15, 16].
Three constant benchmarks have been established for the
application of trilateration, which creates a constant favorite
sequence - i.e. it does not depend on data set in the database
and remains the same when it changes.

Since the reference sequences established are constant
(i.e. they do not depend on either the data set or their num-
ber), this allows calculations to be made at the very begin-
ning - when the sequences are entered into the database and
this is useful information accompanying each sequence.
This way, sequences will not have to be compared to favor-
ite sequence during lookup (which is the slowest operation),
but instead only the utility information generated during the
data entering will be compared.

By establishing the benchmark sequences, problem (3)
unification/standardization of favorite sequences for all
databases is also solved. There are now unified sequences
that are standardized for all databases using the described
alignment algorithm.

The calculations proposed in the presented method are
relatively simple and fast to implement, which makes it
suitable for application as a first step in biological sequence
alignment algorithms such as FASTA, as well as for multi-
ple alignments such as ClustalW.

I1l. EXPERIMENTAL RESULTS

After further analysis of the results, it was found that the
greatest deviation in the accuracy of the CAT method occurs
when comparing sequences with a relatively large difference
in lengths. For example, a sequence of length 20 to be
searched in a sequence of length 150. The length of the
shorter sequence is several times shorter than the length of
the sequence in which it is searched.

After analyzing the results and the main idea of the meth-
od (to represent an entire sequence as a point of a coordinate
system, based on statistical information about the bases,
more abstractly expressed - to represent a polynomial with n
number of terms as a point in space), we can infer why this
difference occurs.

When calculating the statistical information for the two
sequences, since they are of different lengths (n and k in
number of members, where n is many times greater than k),
for the longer one there is an accumulation of very redun-
dant statistical information, which results on the final result.

That is, in the longer sequence there are many bases that,
when compared with a precise algorithm, will not be rele-
vant to the alignment of the sequences.

An example

AGDTDDTTGAG and DTG would be aligned
AGDTDTTGAG, after alignment it is not AGTD relevant to
the result, but it is involved in representation of the se-
quence as a point of the coordinate system and leads to
deviations when applying the CAT method.

We could improve the accuracy of the method in such
situation, if we could reduce the length of the longer se-
quences so as to isolate the bases that would not be involved
in the final result anyway, we would get more accurate re-
sults. An improvement direction is to find the error accumu-
lation factor as the ratio of the lengths of the two sequences
and apply it to the calculation of the similarity value of the
sequences.

delat_x = pl.Length / p2.Length
pl,p2 profiles of the compared sequences

We can apply this coefficient directly in the formula:

5152 = \/lADl.deltax - AD2|2 + |h1.delta_x - hzlz

To further research of the CAT method, the following ex-
periments were performed, generating sequences of differ-
ent lengths:

1. A comparison of the generated sequence with itself
was made — WI (Table V).

2. It is taken sub sequence from the beginning of the gen-
erated and compared with the generated — FH (Table

).

3. It is taken sub sequence from the end of the generated
and compared with the generated — SH (Table I1).

4. It is taken sub sequence from the environment of the
generated and compared to the generated — M (Table
)}

5. A second sequence of shorter length than the generated
is generated — R (Table V).

When the second sequence is many times shorter (over 6
times and more) than the first, the Needleman-Wunsch algo-
rithm makes an optimal alignment so that after the align-
ment the bases of the shorter sequence correspond to posi-
tions in the longer one. In other words, we get 1 when we
count the matches in the ordered sequences. Which is totally
expected for this algorithm. While for the CAT method we
get values from 0.99-0.63, and with the improved CAT
method values 0.5 - 0.1. This is due to multiple length over-
runs in both sequences, resulting in the accumulation of a lot
of redundant statistical information in the CAT method. But
from a speed point of view in Needleman-Wunsch as the
length of either of the two compared sequences increases,
the execution time increases. It starts from 0.06 milliseconds
for the shortest sequences to 7.89 milliseconds for the long-
est. In the CAT method, it oscillates around 0.002 millisec-
onds.
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TABLE |

COMPARISON RESULTS OF SUB SEQUENCE TAKEN FROM THE BEGINNING OF
THE GENERATED AND COMPARED WITH THE GENERATED. BOLDED ROWS
ARE AVERAGE OF THE BELOW ROWS SECTION. BOLDED SUB / SEQUENCE

LENGTH IS LENGTH OF THE ORIGINAL GENERATED SEQUENCE

FirstHalf
Sub/ Aver- Aver- Aver- Average  Average
Se- age of age of age of of CAT of NW
quence CAT NW + NW Elapsed Elapsed
length Gaps Time Time
100  0,9290 1 1 0,00517 0,81
10  0,7923 1 1 0,00064 0,17
30  0,9096 1 1 0,00050 0,44
50  0,9406 1 1 0,01379 0,67
70 09643 1 1 0,00817 0,91
90 09782 1 1 0,00062 1,24
97 09893 1 1 0,00727 1,43
1000  0,9812 1 1 0,00621 137,56
100  0,9488 1 1 0,00124 23,74
300 09740 1 1 0,00134 71,78
500 09841 1 1 0,00137 118,06
700  0,9893 1 1 0,01542 166,43
900  0,9941 1 1 0,01641 214,88
970  0,9969 1 1 0,00146 230,45
10000  0,9936 1 1 0,01046 15351,73
1000  0,9822 1 1 0,00673 2528,73
3000 0,9912 1 1 0,01494 8123,24
5000  0,9945 1 1 0,00875 13633,87
7000  0,9964 1 1 0,01492 18597,60
9000  0,9982 1 1 0,00199 23914,08
9700  0,9991 1 1 0,01541 25501,87
50000 0,9972 1 1 0,00126 67806,26
5000 0,9931 1 1 0,00111 11708,00
15000  0,9961 1 1 0,00097 35798,11
25000 0,9975 1 1 0,00128 58130,19
35000  0,9983 1 1 0,00173 84807,04
45000  0,9992 1 1 0,00127 105537,36
48500  0,9995 1 1 0,00123 116363,51

97
1000
100
300
500
700
900
970
10000
1000
3000
5000
7000
9000
9700
50000
5000
15000
25000
35000
45000
48500

0,9061
0,9766
0,9468
0,9749
0,9841
0,9888
0,9943
0,9705
0,9938
0,9837
0,9916
0,9945
0,9962
0,9980
0,9989
0,9972
0,9927
0,9959
0,9975
0,9983
0,9993
0,9996
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0,000642
0,006232
0,001273
0,001711
0,001356
0,017584
0,007782
0,007685
0,009993
0,029912
0,015799
0,001861
0,001881
0,008521
0,001890
0,001156
0,001200
0,001088
0,001000
0,001181
0,001381
0,001088

1,37
136,81
23,05
71,48
115,41
165,59
212,20
233,12
15416,21
2576,16
8217,27
14180,53
18392,94
23705,93
25611,14
68162,06
11773,05
35236,93
60064,42
84267,90
108520,13
114692,08

TABLE 11l

31

COMPARISON RESULTS OF SUB SEQUENCE TAKEN FROM THE MIDDLE OF THE
GENERATED AND COMPARED WITH THE GENERATED. BOLDED ROWS ARE
AVERAGE OF THE BELOW ROWS SECTION. BOLDED SUB / SEQUENCE LENGTH
IS LENGTH OF THE ORIGINAL GENERATED SEQUENCE

TABLE Il
COMPARISON RESULTS OF SUB SEQUENCE TAKEN FROM THE END OF THE
GENERATED AND COMPARED WITH THE GENERATED. BOLDED ROWS ARE
AVERAGE OF THE BELOW ROWS SECTION. BOLDED SUB / SEQUENCE LENGTH

IS LENGTH OF THE ORIGINAL GENERATED SEQUENCE

SecondHalf
Sub / Aver- Aver- Aver- Average  Average of
Se- age of age of age of of CAT NW
quence CAT NW + NW Elapsed Elapsed
length Gaps Time Time
100  0,8783 1 1 0,000570 0,81
10 10,7844 1 1 0,000497 0,09
30 08773 1 1 0,000533 0,36
50 0,8926 1 1 0,000543 0,80
70  0,9011 1 1  0,000586 0,98
90  0,9070 1 1 0,000616 1,25

Middle
Row Aver- Aver- Aver- Average  Average of
Labels ageof  ageof ageof  of CAT NW
CAT NW + NW Elapsed Elapsed
Gaps Time Time
100 0,8743 1 1 0,000726 0,82
10 0,7748 1 1 0,000488 0,13
30 08652 1 1 0,000538 0,58
50  0,8922 1 1 0,000624 0,69
70  0,9001 1 1 0,001486 0,99
90  0,9052 1 1 0,000614 1,23
97  0,9080 1 1 0,000605 1,32
1000  0,9621 1 1 0,004918 137,93
100  0,9392 1 1 0,001307 23,93
300 09598 1 1 0007767 70,20
500  0,9647 1 1 0,007967 118,39
700  0,9682 1 1 0,001635 170,74
900  0,9700 1 1 0,009309 214,29
970  0,9706 1 1 0,001521 230,02
10000  0,9925 1 1 0,009768 15130,27
1000  0,9847 1 1 0,007668 2627,08
3000 0,9911 1 1 0,018686 7942,96
5000  0,9943 1 1 0,001840 13419,71
7000  0,9963 1 1 0015638 18145,65
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9000 0,9981 1 1 0,001936 23498,57 300 0,9617 0,9937 0,9795 0,001457 71,17
9700 0,9908 1 1 0,012790 25335,28 500 0,9688 0,9212 0,8431 0,014828 117,70
50000 0,9963 1 1 0,001285 68099,07 700 0,9698 0,7978 0,7073 0,008580 161,56
5000 0,9916 1 1 0,001465 11569,67 900 0,9736 0,6708 0,6002 0,001563 206,55
15000 0,9958 1 1 0,001294 34961,92 970 0,9720 0,6430 0,5753 0,013244 222,55
25000 0,9973 1 1 0,001300 61926,51 1000 0,9742 0,6325 0,5655 0,008790 234,28
35000 0,9984 1 1 0,001269 83043,45 10000 0,9898 0,8137 0,7603  0,008312 16907,70
45000 0,9992 1 1 0,001125 107200,75 1000 0,9813 1,0000 1,0000 0,009414 2557,00
48500 0,9959 1 1 0,001244 115496,29 3000 0,9892 0,9957 0,9856 0,007863 7915,84
5000 0,9902 0,9271 0,8541 0,001912 13119,75
7000 0,9912 0,8039 0,7158 0,015851 18260,72
TABLE IV
COMPARISON RESULTS OF GENERATED SEQUENCE COMPARED WITH ITSELF. 9000 09925  0,6787 06090 0,012952  23842,70
BOLDED ROWS ARE AVERAGE OF THE BELOW ROWS SECTION. BOLDED SuB / 9700 0,9922 0,6496 0,5832 0,001897 26408,65
SEQUENCE LENGTH IS LENGTH OF THE ORIGINAL GENERATED SEQUENCE
K 10000 0,9920 0,6409 0,5743 0,008292 26249,21
Withltself
Sub/ Aver- Aver- Aver- Average Average 50000 0,9953 0,8146 0,7617 0,001344 78652,58
Se- ageof  ageof ageof of CAT ~ of NW 5000 09911 1,000  1,0000 0,001063  11904,96
quence CAT NW + NwW Elapsed Elapsed
length Gaps Time Time 15000 09943 09961 09871 0001169  38402,49
100 1 1 1 0.023699 1.59419 25000 0,9956  0,9282 0,8564  0,001369  61006,88
100 1 1 1 0.023699 1.59419 35000 0,9966 0,8055 0,7181  0,001400 85139,63
1000 1 1 1 0.000981  238.639932 45000 0995 06792 06099 0001600 P2
1 1 1 0.000981  238.639932
1000 48500 09964 06511 05848 000l4a4 1193408
10000 1 1 1 0.001189 26981.1444 124050.6
10000 1 1 1 0001189  26981.1444 50000 0,9965 0,6422 0,5758  0,001363 '2
50000 1 1 1 00174  116611.309
1 1 1 0.0174 116611.309

50000 TABLE VI

COMPARISON RESULTS OF RANDOM GENERATED SEQUENCE WITH ANOTHER
RANDOM GENERATED SEQUENCE WITH DIFFERENT LENGTH WITH

CALCULATED STANDARD DEVIATION. BOLDED ROWS ARE AVERAGE OF THE

When the ratio of the length of the sequences is above

0.8, we observe how values calculated by CAT approach 1, BELOW ROWS SECTION. BOLDED SUB / SEQUENCE LENGTH IS LENGTH OF
but no collisions are observed, i.e. we do not have values THE ORIGINAL GENERATED SEQUENCE
equal to 1. Approaching 1 is justified by the accumulation of Random
many statistics, and the fact that no collisions are observed - Sub / Aver-  Average Average StdDevp  StdDevp
that the method is sensitive to the different sequences and Se- ageof of NW  of NW  ofDelta  of Delta
hei q guence CAT + Gaps CAT/Ne  CAT/Nee
their arrangement. length edleman  dleman
Wunsch Wunsch
+ Gaps
TABLE V 100 10,7877 0,7270 0,7458 0,1298 0,1154
COMPARISON RESULTS OF RANDOM GENERATED SEQUENCE WITH ANOTHER
RANDOM GENERATED SEQUENCE WITH DIFFERENT LENGTH. BOLDED ROWS 10 1’0000 1’0000 0’5607 0’0912 0’0913
ARE AVERAGE OF THE BELOW ROWS SECTION. BOLDED SUB / SEQUENCE 30 0,845 0,9543 0,7657 0,0529 0,0519
LENGTH IS LENGTH OF THE ORIGINAL GENERATED SEQUENCE
Randorm 50 0,9001 0,8086 0,8153 0,0512 0,0264
Sub / Aver- Aver- Average  Average Average 70 07686 06717 0,7932 0,0545 0,0480
Se- ageof  ageof  of NW of CAT  of NW 90 06434 05712 0,7781 0,0540 0,0573
quence CAT NW + Elapsed Elapsed
length Gaps Time Time 97 06126 0,5454 0,7793 0,0541 0,0596
100 08903 07877 07270 0,008364 0,88 100 06049 05380 07283 0,0535 00581
10 07783 10000 10000 0.000669 018 1000 0,8084 0,7530 0,8756 0,1549 0,1310
30 08737 09845 09543 0.005990 052 100 1,0000 1,0000 0,8871 0,0244 0,0244
50 09096  0.9001 0.8086  0.010066 0.66 300 10,9937 0,9795 0,9337 0,0150 0,0170
70 09119 07686 06717  0.009359 102 500 0,9212 10,8431 0,9206 0,0156 0,0139
90 09169 06434 05712 0.026861 125 700 0,7978 0,7073 0,8907 0,0159 0,0146
97 09228 06126 05454  0.004950 125 900 0,6708 0,6002 0,8699 0,0166 0,0168
100 09187  0,6049 05380  0,000656 125 970 0,6430 0,5753 0,8574 0,0170 0,0189
1000 09661 08084  0,7530  0,009034 148,23 1000 06325 05655 07698 0,0148 00162

100 09427 10000 10000 0014773 2381 10000 08137 07603  0,9121 01677  0,1432
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1000 11,0000 1,0000 0,9643 0,0072 0,0072
3000 0,9957 0,9856 0,9814 0,0034 0,0047
5000 0,9271 0,8541 0,9522 0,0046 0,0043
7000 0,8039 0,7158 0,9201 0,0042 0,0041
9000 0,6787 0,6090 0,8952 0,0046 0,0050
9700 0,6496 0,5832 0,8871 0,0041 0,0045
10000 0,6409 0,5743 0,7842 0,0048 0,0056
50000 0,8146 0,7617 0,9193 0,1702 0,1464
5000 11,0000 1,0000 0,9833 0,0044 0,0044
15000 0,9961 0,9871 0,9895 0,0028 0,0020
25000 0,9282 0,8564 0,9589 0,0018 0,0017
35000 0,8055 0,7181 0,9257 0,0017 0,0016
45000 0,6792 0,6099 0,8993 0,0021 0,0024
48500 0,6511 0,5848 0,8923 0,0027 0,0030
50000 0,6422 0,5758 0,7861 0,0021 0,0023

From the Table VI it is clear that the standard deviation is
in the range of 0.1, which shows that the results obtained by
CAT are actually in a different dimension from those ob-
tained by Needleman-Wunsch.

To illustrate the trend of the CAT score curve versus the
Needleman-Wunsch ranking, we will need to compare the
dimensions of the two types of scores. To do this, we calcu-
lated the average of the two deltas CAT / Needleman-
Waunsch and CAT / Needleman-Wunsch + Gaps (gaps re-
sulting from Needleman-Wunsch sequencing are also taken
into consideration here) and used this value to transfer all in
one dimension. We subtracted this delta from the resulting
CAT values (Table VII).

TABLE VII
COMPARISON RESULTS OF RANDOM GENERATED SEQUENCE WITH ANOTHER
RANDOM GENERATED SEQUENCE WITH DIFFERENT LENGTH WITH
CORRECTION - AVERAGE OF THE DELTA PER GROUP. BOLDED ROWS ARE
AVERAGE OF THE BELOW ROWS SECTION. BOLDED SUB / SEQUENCE LENGTH
IS LENGTH OF THE ORIGINAL GENERATED SEQUENCE

Random
Sub / Aver- Aver- Aver- Average Average of
Se- age of age of age of of CAT - CAT -
quence CAT NW + NW Average Average
length Gaps Delat Delta +
Gaps
100 0,8903 0,7877  0,7270 0,74581 0,76046
10 0,7783  1,0000  1,0000 0,56072 0,56072
30 08737 09845  0,9543 0,76572 0,75905
50 0,909 09001 0,8086 0,81532 0,83196
70 09119 0,7686  0,6717 0,79321 0,81742
90 09169 06434 0,5712 0,77811 0,79616
97 09228 06126 0,5454 0,77929 0,79609
100 0,9187 0,6049  0,5380 0,72833 0,76179
1000 09661 08084  0,7530 0,87560 0,89093
100 0,9427 1,0000  1,0000 0,88708 0,88708
300 09617 09937 0,979 0,93375 0,93082
500 09688 09212  0,8431 0,92060 0,94012
700 0,9698 0,7978  0,7073 0,89075 0,91337

900 0,9736  0,6708  0,6002 0,86986 0,88750
970 0,9720 0,6430  0,5753 0,85738 0,87431
1000 0,9742  0,6325  0,5655 0,76981 0,80333
10000 10,9898  0,8137  0,7603 0,91208 0,92733
1000 10,9813  1,0000  1,0000 0,96425 0,96425
3000 10,9892 0,9957  0,9856 0,98139 0,98106
5000 0,9902 09271 0,8541 0,95222 0,97033
7000 0,9912 0,8039  0,7158 0,92013 0,94200
9000 10,9925 0,6787  0,6090 0,89520 0,91263
9700 10,9922 0,6496  0,5832 0,88713 0,90373
10000 10,9920 0,6409  0,5743 0,78422 0,81732
50000 0,9953 0,8146  0,7617 0,91930 0,93473
5000 0,9911  1,0000  1,0000 0,98329 0,98329
15000 10,9943 0,9961  0,9871 0,98946 0,99050
25000 0,9956 09282  0,8564 0,95890 0,97687
35000 0,9966  0,8055  0,7181 0,92573 0,94761
45000 10,9965 0,6792  0,6099 0,89931 0,91662
48500 0,9964  0,6511  0,5848 0,89230 0,90888
50000 0,9965 0,6422  0,5758 0,78612 0,81932

Fig. 1. Graphical representation of Table VIl results

The graph in Fig. 1 shows how the profiles calculated by
CAT start to follow the trend of the curve obtained after the
Needleman-Wunsch alignment.

IV. CONCLUSION

The paper presents the results of the developed program
implementation of the proposed method CAT for biological
sequences alignment. Experiments have been carried out
with different datasets for DNA sequence alignment using
the triplet-based CAT method. An analysis of the experi-
mental results was made.
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