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Abstract
We introduced a sort of numerical coding method of DNA sequences. Based on
this representation, we can reduce a DNA sequence into three binary digit sequence.
Associating with the proposed coding rules, we can judge the mutation between bases
and make sequence alignment easily.

1. Introduction

Bioinformatics data is mainly expressed by the form of sequence. Alignment of
two sequences and mutation analysis are the most important tools of bioinformatics.
Pairwise alignment helps to predict the functions of novel genes within any species.
Particularly, these alignment methods allow us to determine the similarity between
corresponding genome segments of two or more organisms belonging to the same
genera. Additionally, such techniques can also be used to study hosts of other
processes such as molecular evolution, RNA folding and gene regulation to name a
few. On a broader scale these algorithms have also been used to determine
homologies between proteins in order to predict structural and functional
relationships.

Nowadays, the most of aligning methods are based on the original DNA
sequences which are composed of A (adenine), G (guanine), T (thymine), and C

(cytosine). For two sequences comparisons, there have many methods been used in
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sequence alignment. But these methods are not easy to measure the mutation between
bases. And in recent years, many authors have present different graphical
representations of DNA sequences [1-17]. These graphical representations are also
applied to the sequence alignment [1, 2] and mutation analysis [3, 4].

In this paper we describe a numerical coding method for DNA sequences. By this
method, every DNA sequence can transform to three binary digit sequence.
Associating with this coding method, we introduce an approach to make sequence

alignment and judge the base mutations between sequences.

2. Numerical coding method for DNA sequence

Analysis and comparison DNA sequences should consider not only the structures
of strings but also their chemical structures. In a DNA primary sequences, the four
bases A, C, G and T can be classed into groups [4], purine {A, G}/pyrimidine {C, T},
amino {A, C}/keto {G, T}, and weak-H bond {A, T} /strong-H band {C, G}. In the
following, we will outline a new numerical coding method of DNA sequences
according to the three classifications of bases.

We will use the exclusive-OR operator. The exclusive-OR of x; and x, written

X; ®x; 1s defined by Table 1.

Tablel:The exclusive—OR

Xy Xy | Xi®
Xy

0 0 0

0 1 1

1 0 1

1 1 0

We will use a two bit binary digit to represent the four bases A, C ,G, and T,
respectively. For the coding DNA sequence, the operating rules are defined by Table
2.
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Table 2: The operating rules for the coding DNA sequences

Xi X2 XieX,
00 00 00
00 01 01
00 10 10
00 11 11
01 00 01
01 01 00
01 10 11
01 11 10
10 00 10
10 01 11
10 10 00
10 11 01
11 00 11
11 01 10
11 10 01
11 11 00

There are three coding DNA sequences corresponding to the  three
classifications of bases.
>i) Corresponding the first classification: purine {A, G}/pyrimidine {C, T},
we define a coding rule satisfied A ® G=11, C® T=11.
A:01,G: 10,C: 00, T: 11
For example, by the coding rule, the DNA sequence ACGT will be

reduced into 01100011.
(i1) Corresponding the second classification: amino{A, C}/keto {G, T}, we

define a coding rule satisfied A ® C=11, G® T=11.

A:01,C: 10, G: 00, T: 11
(1ii) Corresponding the third classification: weak-H bond {A, T}/strong-H
bond {G, C}, we define a coding rule satisfied A ® T=11, G® C=11.
A:01, T: 10, C: 00, G: 11
Based on these rules, we can obtain the following conclusions:
8 A DNA sequence can be reduced into three binary digit sequence.

2) For an arbitrary two bit binary digit x, x ® x=00. So, using our operating
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rules, we can obtain the common subsequence of two DNA sequences by

finding the regions of consecutive zero.

3) For any class coding sequence, using our operating rules, we also can
obtain the results 11, 10 and 01. These results contain different mutation
information. The operating result 11 means that the mutation arises in the
same class. That is to say, the mutation take place between A and G or
between C and T. While the operating result 10 and 01 mean that the

mutations occur in the different class.
For example, there are two sequences:

S:ATGGTGCACCTGACTCCTGA
S22ATGGCATGAGACGTCTCTGA

Corresponding the first classification, the numerical coding sequences of S1 and
S2 based on the first coding rule are listed as follows:
S1:0111101011100001000011100100110000111001
S2:0111101000011110011001001011001100111001

Using our operating rules, we can obtain the following result:

00000000'11111111:01101016; 11111111 00000000
. H . 1
(1 L) ey NS ()

Observing the result, we can find some interesting segments. The segments (1)
and (5) are the regions of consecutive 0, so they have the same subsequence. The
segments (2) and (4) are the regions of consecutive 11, so the mutation should be
arise in the same class. That is to say, these mutations take place between A and G
or between C and T. The segment (3) is the sequence of 01 or 10, so the
mutations occur in the different class. That is to say, these mutations take place
between purine and pyrimidine.

3. Sequence alignment and mutation analysis

Suppose two arbitrary sequences L1=a;aa, and L2=b;b, by, where n and m are

the length of sequences L1 and L2 respectively. Let L1'=g(a;)g(az)g(a,) and



- 295 -

L2'=g(b;)g(b2)g(bm) be the coding sequences using a coding rule. We can obtain

several theorems as follows:

Theorem 1: If g(a;) ® g(b;)=00, where 1 < i <n, 1 < j <m, then a; should match b;.

Theorem 2: If g(aj) ® g(bi)=11, where 1 < i < min(n, m), then the mutation should
be arise in the same class. That is to say, the mutation takes place
between A and G or between C and T.

Theorem 3: If g(a;) ® g(bi)=01 or 10, where 1 < i < min(n, m), then the mutation
should be arise in the different class. That is to say, the mutation takes
place between purine and pyrimidine.

Theorem 4: For any i, 1 < i < min(n, m), if g(a;) ® g(b;)=00, then the sequence L1 is
the subsequence of sequence L2 or the sequence L2 is the subsequence of
sequence L1.

Theorem 5: For any i, j , 1<<i<<n-d, 1<X j<<m-d, d>0, if the subsequence a;aj:;aiq
match the subsequence bjbj+;~bj+a , and there is not any integer x>d to
make the new subsequence bbby satisfied g(airs) © g(bws)=00, where
0<<s<x, then sequence L1 and L2 should have the longest common
subsequence aja;+ai+d.

According to Theorem 5, we can obtain the longest common subsequence of
arbitrary sequences L1 and L2. For two sequences L1=a;a,a, and L2=b,b, by, where
n and m are the length of sequences L1 and L2 respectively. We can obtain the longest
common subsequence of Lland L2: T= aaj+;aj+q which corresponds bjbj+;~bj+q in
sequence L2 and satisfies g(aik) @ g(bj+x)=00 ,for any 1<i<in-d, I<j<m-d, 0=k
<d . So the sequence L1 is divided into three parts Al= a,...ai.;, A2= ajai+~ai+q and
A3= aj+4+1...a5. The sequence L2 is also divided into three parts B1= b;...b;.;, B2=
bjbj+1bj+¢ and B3= bj+g+1...bm. The subsequence Al will align with the subsequence
B1 and the subsequence A3 will align with the subsequence B3. Then, in the same
way we can obtain the two longest common subsequences between the code of Al
and the code of B1, and between the code of A3 and the code of B3. Don’t end this
process until the two short subsequences match completely or don’t match at all. In

the result, we will obtain the optimal alignment.
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The algorithm is implemented by using recursion strategy. The pseudocodes of the

algorithm are described as follows:

Alignment (a, b) // 'a and b represent the strings of both DNA

sequences respectively.

A=Translate (a); // translate strings into the set of binary sequence, A
and B are arrays of 0 and 1.

B=Translate (b);

S=Max_match (A, B) //'S returned by Max_match is the best longest
common binary sequence. Max_match is a
function which finds the longest consecutive 00
sequence by the @ operator and shifting.

// the old B is covered with B after moving.
If S==AorS==¢ then
End; // while matching completely or not matching
anymore, end.

IfS #Aand S# ¢ then

{ Al=Get_former (A, S); // intercept A1 before S from A.
A3=QGet latter (A, S); // intercept A3 behind S from A.
B1=Get_former (B, S); // intercept B1 before S from B.
B3=Get_latter (B, S); // intercept B1 before S from B.

a=re_translate (Al); // the function can translate the set of

binary sequence to the strings.
b=re_translate (B1);
Alignment (a,b); // transferring recursively.
a=Re_translate (A3);
b=Re_translate (B3);

Alignment (a,b); // transferring recursively.
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In actual aligning process, there will be a gap inserting. We also can judge the
alignment and mutation based on the proposed operation.

In this paper, we adopt add one bit binary digit 111 to express the gap. While, for
the four bases A, C, G and T, we add one binary digit ‘0’ in their former code. So the
new coding rules are defined as follows:

) Corresponding the first classification: purine {A, G}/pyrimidine {C, T},

we define a coding rule satisfied A ® G=011, C ® T=011.
A:001, G: 010, C: 000, T: 011, “-*: 111
For example, by the coding rule, the DNA sequence ACGT will be
reduced into 001010000011.
(i) Corresponding the second classification: amino{A, C}/keto {G, T}, we
define a coding rule satisfied A ® C=011, G® T=011.
A:001, C: 010, G: 000, T: 011, “-“: 111
(iii) Corresponding the third classification: weak-H bond {A, T}/strong-H
bond {G, C}, we define a coding rule satisfied A ® T=011, G ® C=011.
A:001, T: 010, C: 000, G: 011, “-“: 111

There are two reasons for us to adopt this strategy.

(1) Every number do the @ operation with ‘1°, the result will be opposite to

itself.

(2) In the process of pair wise alignment, there isn’t the situation of two gaps

aligning.

For example, suppose sequence L1I=TAGGCCTCTGCCTAATCACACAG and
sequence L2=CGGCCTCTGCCTTATTACACAA. The corresponding coding
sequence based on the first coding rule as follows:
L1'=01100101001000000001100001101000000001100100101100000100000100000
1010;
L2'=00001001000000001100001101000000001101100101101100100000100000100
1.
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Then by shifting L2' right or left and the ® operation we can obtain the longest
regions of consecutive 000. It will correspond to the longest common subsequence.
For this example, the longest common subsequence S=GGCCTCTGCCT. So the
sequence L1 is divided into three parts, and it becomes Ll=aja; S ajs~ay;. The
sequence L2 is divided into three parts too, and it becomes L2=b; S b;3by,. Then we
will do the same align in the first subsequence of L1 and the first subsequence of L2,
the third subsequence of L1 and the third subsequence of L2. Until there isn’t match
at all or match completely.

Finally, we can obtain the aligning result as follows:
L1=TAGGCCTCTGCCTAATCACACAG
L2=- CGGCCTCTGCCTTATTACACAA

After the © operation based on the first coding rule, the coding is shown in the

following:

]OQOOI500000000000000000000000000000000050105000000;0] 1 0000000000000005011
(1i62) (3) OO OHY! \®

From the result we can find every segment has different meaning. The segments (3),
(5) and (7) are the regions of consecutive 000, so they have the same subsequence.
The segments (6) and (8) are the regions of 011, so the mutation should be arise in the
same class. That is to say, these mutations are between purine and purine, or between
pyrimidine and pyrimidine. The segments (2) and (4) are the sequence of 001 or 010,
so the mutations occur in the different class. That is to say, these mutations take place
between purine and pyrimidine. The segment (1) is the sequence of 100 which
belongs to the 1xx, so this region denotes that there is a gap inserting. That is to say,

the mutation should be insertion or deletion.
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4. Conclusions

In this paper, we introduced a sort of numerical coding method of DNA
sequences. By this method, every DNA sequence can transform into three binary digit
sequence. Based on the proposed coding rules, we can do the sequence alignment and
judge mutations. Compared to other alignment algorithms and mutation analysis
methods, the advantage of our method is that it is simple and efficient. The time

complexity of our alignment algorithm is linear.
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