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Abstract—Sequence homology is widespread in the genetics
and evolution of organisms, and is especially evident in
families. Sequence homology is often a biological homology
between DNA, RNA or protein sequences, and through
homology studies, the relationship between two sequences
and the evolution and variation of a common ancestral
sequence can be demonstrated by their similarity. The edit
distance algorithm has a simple structure, high accuracy,
and low time complexity. In this paper, the distance between
two sequences is determined by a sequence comparison
method based on the edit distance algorithm. Subsequently,
the complexity and accuracy of the sequence distance
algorithm are analyzed, and based on the sequence distance
model, a sequence lineage model is designed to determine the
ancestral sequences and draw the lineage tree. The
algorithm structure of this method is simple, with high
accuracy and low time complexity, which has a positive
effect on solving the sequence comparison problem.

Keywords-sequence; matching; edit distance; genealogy
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I.  INTRODUCTION

Biological sequence alignment is the core task of
bioinformatics and is the main way to understand the
structure and function of biological macromolecules and
the connections and differences in the evolutionary history
of organisms [1]. The basic problem of sequence
alignment is to compare the similarity or dissimilarity of
two or more symbolic sequences, and the alignment of
DNA, RNA and protein sequences is an important research
element in bioinformatics [2] [3].

RNA is an important carrier of genetic information
present in biological cells as well as in some viruses and
virus-like organisms. It plays an important role in the
evolution of organisms, and the existing studies have
shown that the sequence alignment of RNA is a hot
research topic in biological sequence alignment. For
example, new long-stranded non-coding RNAs were
cloned and identified by sequence matching, Sanger
sequencing, protoplast transient expression and genetic
transformation of poplar [4]; RNA sequence matching
analysis was used to show that the three types of viruses
with apple discoloration symptoms have high homology in
different regions, respectively [5]; sequence matching and
other methods were used to understand the DNA
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sequences of paired pol regions of HIV-infected
individuals and RNA Sequence alignment and other
methods to understand the differences in the construction
of molecular transmission networks of HIV-infected pairs
of pol region DNA sequences and RNA sequences [6].

At present, sequence alignment of RNA can be divided
into two categories according to the number of selected
sequences, and these two types of sequence alignment are
pair-wise sequence alignment (PSA) and multiple
sequence alignment (MSA) [7]. The dual class sequence
alignment is mostly done mathematically, while the
multiple sequence alignment mostly uses heuristic
algorithms [8], mainly progressive alignment and iterative
alignment [9].

The main PSA algorithms are FASTA and BALST
algorithms. the FASTA algorithm (using candidate regions)
is used to store polymer sequence data in the FASTA file
format, which has been the standard for bioinformatics
files used for decades [10]. The BLAST algorithm is used
by biomedical researchers to classify their query sequences
by using the BLAST generated pairs [11]. Find matching
fragments between query and target sequences and filter
the extensions that are far apart. The high scoring regions
with scores above a certain threshold are selected and
output in descending order. These two algorithms trade the
decrease in the sensitivity of prediction for the increase in
speed [8], and the accuracy is not high enough.

The main MSA algorithms are ClustalW, YAMA and
MUSCLE algorithms [12].

The ClustalW adopts the progressive matching
algorithm, using ClustalW for multiple sequence matching
[13], which constructs a distance matrix based on the two-
pairs, and then constructs a guide tree, adding each
sequence in turn until all sequences are added, and outputs
the final matching results. YAMA also adopts a
progressive matching method to maximize the summation
value of two pairs at a time, pre-set a set of matching
patterns, and then select the results that match the
previously set patterns from the final high-scoring pairs.
The disadvantage of the asymptotic matching method
represented by the ClustalW algorithm and the YAMA
algorithm is that the algorithm tends to fall into local
optimal solutions [9].

The MUSCLE algorithm fine-tunes the sequence
comparison results by means of iteration [14], based on an
algorithm that produces the comparison, and refines the
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multiple sequence comparison results by iteration until the
comparison results are no longer improved. The iterative
matching algorithm does not guarantee optimal matching
results, but it is robust and insensitive to the number of
sequences. The algorithm has low time complexity but
high space complexity.

None of the currently available multiple sequence
matching tools is perfect; they all use an approximate
algorithm. Most of the existing conventional methods have
high spatio-temporal complexity, and the rest of them
improve the speed by sacrificing the sensitivity of the
comparison. To address the shortcomings of conventional
methods, we propose a sequence matching method based
on the edit distance algorithm, which has a simple
algorithmic structure, high accuracy, and low time
complexity. Firstly we quickly measure the distance
between two sufficiently long base sequences. Secondly,
the complexity and accuracy of the algorithm are analyzed
and examples are given to explain and illustrate. Finally
we determine the ancestral sequences and draw the
genealogical tree.

II.  BASIC THEORY

A. RNA Base Change Mode

RNA base sequence changes usually exist only in the
three cases of insert, modify, delete. In view of the small
probability of occurrence of the influence of other factors
on the way of base sequence change, it is not considered in
the process of the study. Figures 1-3 depict the schematics
of three types of gene transformations, respectively.

C U C A G

& u 5 U A G

Figure 1. Insert: insert a character

C u c u A G
c u C u A c
[
G

Figure 2. Modify: replace one of the characters with another character

those sequences analyzed and not others, due to the high
number of ancestral possibilities, in order to simplify the
model.
B. Editing Distance Algorithm Principle

Assume that d[i, j] steps can be used (a two-

dimensional array can be used to store this value) to
represent the minimum number of steps needed to convert
the string s[1...i] to the string #[1.../]. In the most basic

case, i.e., if the string s is empty when i equals 0, the
corresponding d[0, j] is to increase j characters to make s

convert to t. If the string t is empty when j equals 0, the
corresponding d[i,0]is to decrease i characters to make s

convert to t.
Then consider the general case of dynamic
programming, in order to get s[l...i] transformed into

f[1...j] after a minimum number of add, delete, or replace

operations, it must be possible to add, delete, or replace
operations with a minimum number of times before, so
that the string s and string t now only need to do one more
operation or not to complete the transformation of s[1...i]

to #[1.../]. The so-called "before" is divided into the

following three cases:
1) can convert s[1...i] to #[1...j —1] in k operations

2) can convert s[1...i—1] to ¢[1...j] in k operations
3) can convert s[1...i—1] to #[1...; —1] inside k steps
For the first case, just add #[ /] to s[l...] at the end to

finish the matching, so a total of k+1 operations are
needed. For the 2nd case, just remove s[i] at the end and

then do the k operations, so a total of k+1 operations are
needed. For case 3, just replace s[i] with #[/] at the end

so that s[1..
total of k+1 operations. And if in the 3rd case s[i] is

i]1==1[1...j] is satisfied, which also requires a

exactly equal to f[/],
operations. Finally, to ensure that the number of
operations obtained is always the minimum, the minimum
number of operations required to convert s[l...i] to

it can be done using only k&

f[1...j] can be selected from the three cases above as the
least consuming one.

III. SOLUTION

The steps of the proposed method are illustrated in
Figure 4.
Inserl

Lookup sequence

Modlfy

Define that distance between two
sequenc es

P U C ] A G
C U C U A
Figure 3. Delete: delete a character

Mutations in base sequences are related to many
factors, and it can be assumed that no new changes in their
sequences occur during the short period of analysis of base
sequence studies. When genealogical analysis is performed
for some sequences, the ancestors can be assumed to be in

Build a model dnd quickly solve the
shortest number of transformations
between two scqucncus
Consider each base sequence
as anode Analyze the complcxlly and accuracy of \ >
Define the diatance of each the algorithm
node to all other nodes
Defng e i e Tk 2 Determine ancestral sequences and draw
the distance of each node to genealogical trees
the root node for the division
of the root node

Example of
recursive
matrix for

visual
analysis

Add each node to the root node
in turn to get the final
genealogy tree

Figure 4. Main steps of the propose and method
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The proposed method is divided into three main parts,
defining the distance between two sequences and solving
it quickly, analyzing the complexity and stability of the
algorithm and drawing the family tree.

The distance between two sequences is defined based
on the way of base sequence change above, i.e., the
minimum number of operations to transform sequence i
into sequence j after these three operations. Since the
problem can be decomposed into a series of subproblems,
it can be solved by a dynamic programming algorithm.
Finally, experiments are conducted to illustrate the
sequence distance model and visualize it using graphs.

For the sequential distance model, the complexity and
accuracy are analyzed. Since the dynamic programming
algorithm is used in the solution process, based on the
above assumption that the sequences do not change
abruptly due to some factors in the study process, and
each step in the solution process can be considered
accurate at each step. For solving two sequences of length
n and m, the time complexity of the sequence distance
model can be obtained as O[nm].

Based on the distance sequence model, the sequence
genealogy model is designed to determine the ancestral
sequence and draw the genealogy tree. The pseudo-code
of this algorithm is given in the construction of the
genealogy model. In the process of class merging, we use
the merge set for optimization to reduce the complexity of
merging to O[nlogn]. In the solution of the genealogy

model, experimental descriptions are given and the
genealogy is constructed for visualization.

A.  Sequence Distance Definition and Solution

Based on the edit distance algorithm to quickly
measure the distance between two sufficiently long base
sequences, the number of these bases is often greater than
1000. first we need to define the distance between two
bases, we consider that for two bases A, B of length i, j,
the distance between the two is the operation method to
change A into B. Where operate is the operation method to
change one base to another base by increase, modify,
delete, and find the minimum number of operations to
make A change to B.

In order to transform A to B, we can transform by
insert, modify, delete. insert: insert a character Modify:
replace one of the characters with another Delete: delete a
character Since the subsequent operations depend on t. he
previous operations, the problem is a dynamic planning
problem.

dist,,, (i, J)
dist,, (i—1,j),dist

can be derived recursively from

(i, j—1)and dist,, (i—1,j —1).

edit

max(ij)  if min(ij)=0,
o dist, (1)1
dist  (i,))=

min

(M

dist  (ij-1)+1 otherwise.

dist (i-l,j-1)+1m‘¢b”

1., ., is an indicator function, when a, =b,, its value
b .

is 0, other times it equals 1 [15].
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B.  Algorithm Complexity and Accuracy Analysis
The flowchart in Figure 5 illustrates the algorithm for
calculating sequence distance.
! Start
|
Variable Definitions
Construct a matrix with
m+1 rows and n+1 columns |

Matrix initiali zation

—* Check the s[i] characters from 1to n
I

Check the gi] characters from 1tom
|

String A string B each character comparison
the indicator function 1 assigned to the value

|
Run the function dist, g (i, 7}

|
Yes

i<m or j=n
|| No

Cutput
dist ,, (m,n)

|

m

Figure 5. Sequence distance solving algorithm flow chart

For the distance calculation of two sequences of length
n,m , the time complexity of the algorithm is O[nm], the

algorithm is error-free, no other anomalies occur in the
process, and the accuracy is excellent.

C. Mapping Genealogical Trees

After defining the distance between two sequences

as dist,,, , it is assumed that the ancestor nodes are in

these selected sequences. For each sequence, we define its
distance in the sequence as all,, .For the ith sequence

with the total number of sequences m, all,, is defined as

ist
follows:
j=m

all, (i)=Y dist,,(i,)) ()
j=1& jl=i
After calculating all ,, for each sequence, we select the
smallest sequence as the ancestor node and then perform a
lineage analysis [15].

We calculate the all,,

ancestor node, sort them from smallest to largest, find the
first node closest to the ancestor node, and put it after the
ancestor node. After that, we consider this node and the
ancestor node as a class, and select the node closest to this
class, and choose whether to pick it up after this node or
the ancestor node according to the distance. The above
operation is iterated until all nodes are in the same class.
The flowchart in Figure 6 illustrates the algorithm for
constructing a pedigree tree.

of each node except the
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Figure 6. Flow chart of the genealogical tree algorithm

For the merge operation, we can use the merge set for
optimization:

1) Initialize class

For each node, we initialize its class to itself.

2) Find root

For each newly selected node

next

find the root node of
the class it wants to merge, i.e. class

root *

3) Merging these two categories

Merge the class of new nodes into the class of
class

root *

Example:

Stepl: Initialize the 8 nodes into § classes. As shown
in Figure 7.

Py w

Figure 7. First step of operation

Step2: Find the Ist, Oth and 7th nodes and merge them
to the root node of this class to reduce the complexity of
merging two classes subsequently. As shown in Figure 8.

Figure 8. Second step of operation

Step3: Merge the two classes with root node 3 and 4.
As shown in Figure 9 and Figure 10.

Figure 9. Before merger

Figure 10. After merger

After the optimal merge operation using the merge set,
the time complexity can be effectively reduced to
O[nlogn] for the set of sequences with n number of

merged nodes.

IV. EXPERIMENTAL VERIFICATION

A.  Sequence Distance Solving

In the short term process of base sequence research and
analysis, no new changes occur in its sequence, only three
changes occur between two sequences insert, modify,
delete, and no mutation occurs in the sequence during the
analysis process, two existing RNA sequences, CUCUAG
and CUCGG, use the sequence distance solving algorithm
to experimentally find out the distance between the two
sequences. Figures 11 through 14 depict the specific
solving process.

c u C u A G
c
U
c
G
G
Figure 11. Create a matrix to store the distance calculated in the previous

step

c u Cc u A G
Cc 0 1 2 3 4
u 1
Cc 2
G 3
G 4

Figure 12. Initialize all distances in the first row and column

c u c u A G
G 0+t=0 1+1=2 2 3 4 5
U 1+1=2 minimum

value=0
Cc 2 And so
on=1

G 3 2
G 4 3

Figure 13. Start a loop and calculate all distances until the last character

QO 60o0Cco
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Figure 14. Final results
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The final distance between the two RNA sequences can
be obtained as 2.

B.  Genealogy tree generation

In the case that the ancestral sequences are among
these following these sequences and not others, The 8
RNA sequences in Table 1 can be utilized to conduct
lineage analysis and construct a lineage tree with the
aforementioned sequences.

TABLE 1. BASE SEQUENCE LIST

Number Base sequence
AUCGCU
UCGAAU
AUCCGU
AUCUG
AGGUA
AGCUA
CGGCU
UAAGCA

(o IR B R O N

TABLE IL SEQUENCE all,, VALUE TABLE

i 1
all 22

dist

2
28

3
25

4
24

5
22

6
21

7
24

8
28

From the results in Table 2, we can see that all,(6)
is the smallest, so the ancestor node is node 6 and node 6
is added to class Since dist,;, (6,5) is the smallest,

root *

node 5 is added to class.

root

under node 6. At this point
there are two nodes 5 and 6 in class,

root *

Then iterate, at
this time, treat 5 and 6 as 1 node, calculate all (i) (again,
at this time i =1, all
and dist

edit
node 1 to the back of node 6, and similarly connect node 3
to the back of node 1, connect node 4 to the back of node
3, and connect node 2 to the back of node 1. The node 2 is
followed by the node 1, the node 7 is followed by the
node 1, and the node 8 is followed by the node 5.

(i) obtains the minimum value 21,
(6,1) is smaller than dist,;, (5,1), so connect
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Figure 15. Genealogy tree generation

The final lineage tree obtained according to the
sequence branch model is shown in Figure 15.

As the above experiments can be concluded that the
algorithm structure of the sequence matching method
based on edit distance algorithm is simple, with high
accuracy and low time complexity.

V.

We define the concept of distance between two
sequences, which effectively describes the process of
change between sequences. The sequence distance model
can solve the minimum operations for the transformation
between two sequences in a short complexity. The
sequence lineage model designs an efficient, reasonable
and intuitive algorithm for lineage establishment and
optimizes it using concurrent sets, which effectively
reduces the complexity.

Sequence distance models can be used not only for
evolutionary studies between base sequences, but also for
solving inter-sequence transformations.  Sequence
genealogy models can be used not only for the
establishment of biological base sequence genealogy, but
also for background problems with correlation and
homology.

The downside is that the sequential distance model
can be optimized using new data structures or algorithms.

CONCLUSION
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