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Abstract 

The primary structure of a ribonucleic acid (RNA) molecule is a sequence of nucleotides (bases) over the four–
letter alphabet {A, C, G, U}. The secondary structure of an RNA is a set of free bases and base pairs formed 
bonds between A–U and C–G. For secondary structures, these bonds have been traditionally assumed to be one–
to–one and non–crossing. We consider the largest common substructure (LCS) between two RNA molecule 
structures taking into account the primary and the secondary structures. We present a dynamic programming 
algorithm for identifying the largest common substructure of two RNA structures. The proposed algorithm solve 
the LCS problem in time O(mn). 
Keywords. RNA structures; computational biology; dynamic programming; molecular biology. 

1 INTRODUCTION 

Ribonucleic acid (RNA) is an important molecule which performs a wide range of functions in 
the biological system. RNA has recently become the center of much attention because of its 
catalytic properties, leading to an increased interest in obtaining structural information. More and 
more people show interest in computing the similarity between RNA structures [8,9,10]. 

Almost all comparisons of primary RNA structures are based on the comparison of strings. As is 
well–known, string comparisons are computer intensive, and despite the fact that practical schemes 
for sequence comparison have been outlined, there are a number of steeps in such approaches that 
involve arbitrary decisions, e.g., decisions on the relative weights of different elementary string 
operations: deletion, insertions, substitution, and penalties for unacceptable alignments. The 
similarity between two structures have been formulated as problems of exact and approximate 
structure matching, finding a largest common substructure of the structures and computing optimal 
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alignments under general scoring functions [1,3–7]. Consequently, much of the work on comparing 
the secondary structures of two RNAs have been modeled as problems of comparing two trees. 
[2,3,11,12]. The idea is to view an alignment of two strings a  and b  or trees a  and b , which has 
the minimum number of edit operations. Obviously, comparison of two sequences/structures should 
also produce a set of largest common subsequences or substructures(LCS), and a correction 
between two sequences/structures and each LCS. 

In this paper, we shall focus on the LCS problems of RNA structures taking into consideration 
both the primary structure and secondary structure provided with the string representation. We 
present a dynamic programming algorithm for identifying the largest common substructure of two 
RNA structures directly, instead of edit distance over strings and trees. 

2 METHODS AND RESULTS

2.1 Primary Structure 
The single stranded RNA is view as a linear sequence naaa 21 of ribonucleotides. The 

sequence  is called the primary structure. Each ia  is identified with one of four bases or 

nucleotides: A, C, G, U. 

An RNA sequence can be described as a string over the alphabet },,,{ UGCA . Given two 
RNA sequences jinm babbbSaaaS ,,, 212211 , the LCS problem is to find a largest 
substructure lkccccC kll 1,,21  satisfies

kk jik bac and

ll jjjiii 2121 ,

Let ji BALCS ,  denote the largest common substructures of 1S  and 2S . we suppose 

nn

mm

bbbBbbBbBB
aaaAaaAaAA

21212110

21212110

,,,,
,,,,

then

othersifBALCSBALCS
jiabaifGCUAaaBALCS

jiif
BALCS

jiji

jijiji

,,,max
0,,,,,,,

0,
,

11

11

nm BALCSSSLCS ,, 21

Algorithm 1:Computing nm BALCS ,

Step 1: Let 
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1

,,1,,
,,1,,

i
njBLCS

miALCS

j

i

Step 2: If mi , then let 1j  go Step 3, else go Step 7.

Step 3: If nj , then go Step 4, else 1ii , go Step 2.

Step 4: If UGCAaaba ji ,,,, , then 

,,, 11 aBALCSBALCS jiji  go Step 3; else go Step 5.

Step 5: If 11 ,, jiji BALCSBALCS then 

1,,, 1 jjBALCSBALCS jiji , go Step 3, else go Step 6.

Step 6: 1,,, 1 jjBALCSBALCS jiji ,go Step 3.

Step 7: Print nm BALCS ,

End

For example, we suppose UCGAUASAUCUGAUS 21 ,

 i j 0 1 2 3 4 5 6 

1S 0

A 1 A A A 

U 2 U U U A(or U) AU AU 

C 3 U UC UC UC AU AU 

U 4 U UC UC UC UCU UCU 

G 5 U UC UCG UC UCU UCU 

A 6 U UC UCG UCGA UCU UCUA 

U 7 U UC UCG UCGA UCGAU UCGAU 

2S U C G A U A 

From the above table we can obtain 

5,4,,;,

3,2,,;,

6,5,4,,;6,5,4,,

6,5,,;7,6,,

4,3,,;7,6,5,,

7,6,5,4,3,,;7,6,5,4,3,2,,

8666

7522

6511

754

4333

2211

8

7

61

5

43

21

iBALCSUCAUBALCS

iAUBALCSUBALCS

iUCUBALCSjABALCS

jUCGAUBALCSiUCGABALCS

iUCBALCSiUCGBALCS
iUCBALCSiUBALCS

i

i

ij

ji

ii

ii
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2.1 Secondary Structure 
The secondary structure of an RNA is a set of free bases and base pairs formed bonds between 

A–U and C–G. For secondary structures, these bonds have been traditionally assumed to be one–to–
one and non–crossing. 

Definition (Waterman [9]): A secondary structure is a vertex–labeled graph on n  vertices with 
an adjacency matrix A  fulfilling 

(i) 1111, nifora ii

(ii) For each i there is at most a single 1,1 iik  such that 1,kia

(iii) If 1,, lkji aa and jki  then jli

We will call an edge 1),,( kiki  a base pair. A vertex i  connected only to 1i  and 1i  will 

be called unpaired. A vertex i  is said to be interior the base pair ),( lk , if lik . If, in addition, 
there is no base pair ),( qp  such that qipk , we will say that i  is immediately interior to the 
base pair ),( lk .

A string representation S  of RNA secondary structure can be obtained by the following rules: 

(i) If vertex i  is unpaired, we suppose it is base a  then ""aSi .

(ii) (ii) If ),( qp  is a base pair and qp  then (""pS  and )""qS .

These rules yield a sequence of matching brackets and free bases, which is different the string 
representation in paper[9]. Obviously, a secondary structure can be described as a string S over
the alphabet )(,,,,, UGCA .Without losing generality ,we suppose that 1)(  denote the base 
pair "A–U" and 2)(  denote the base pair "G–C". 

Let njmibabbbbaaaa jinm ,,1,,,2,1,,,, 2121 , let baLCS ,  denote the 

largest common substructures of a  and b . we suppose 

nn

mm

bbbBbbBbBB
aaaAaaAaAA

21212110

21212110

,,,,
,,,,

Theorem 1 

othersBALCSBALCS
SSSBBSAAwhereBALCS

SBBSAABALCS
jiabaifaaBALCS

jiif

BALCS

jiji

kjkikk

kjkikk

jiji

ji

,,,max
),(),(,

)(),(whereS,

0,,,,
0,

,

11

**
111

111

11

nm BALCSbaLCS ,,
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Proof: Obviously, ji BALCS , , if 0, ji

If aaba ji , , ,,, 11 aBALCSBALCS jiji

If 2,1,")" tba tji  there must be exit ((, tktk ba

We suppose ,21),(),( *
11 ikSBBSAA kjki 21 jk ;

if *SS , then tjiji SBALCSBALCS )(,, 11

if *SS , then ,,, 11 jiji BALCSBALCS

If ji ba ,then jijiji BALCSBALCSBALCS ,,,max, 11

Algorithm 2: Computing nm BALCS ,

Step 1: Let 

1

,,1,,
,,1,,

i
njBLCS

miALCS

j

i

Step 2: If mi , then let 1j  go Step 3, else go Step 7.

Step 3: If nj , then go Step 4, else 1ii , go Step 2.

Step 4: If UGCAaaba ji ,,,, , then 

,,, 11 aBALCSBALCS jiji  go Step 3;

else if 2,1,")" tba tji suppose ,21),(),( *
11 ikSBBSAA kjki 21 jk

if *SS , then ,)(,, 11 tjiji SBALCSBALCS  go Step 3;

if *SS , then ,,, 11 jiji BALCSBALCS  go Step 3;

else go step 5;

Step 5: If 11 ,, jiji BALCSBALCS then 

1,,, 1 jjBALCSBALCS jiji ,go Step 3, else go Step 6.

Step 6: 1,,, 1 jjBALCSBALCS jiji ,go Step 3.

Step 7: Print nm BALCS ,

End

For example, we suppose ,  be the following structures (a) and (b), respectively.
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From Algorithm 2, we can obtain the following table. 

From the above table we can obtain 1221 ))((, ALCS  corresponding to substructure (c). 

4 CONCLUSIONS 

We present a dynamic programming algorithm for identifying the largest common substructure 
of two RNA structures, which needs no any score functions and computations of edit distance over 
strings and trees. Using our approach, one can obtain the largest common substructure directly 
instead of the minimum number of edit operations– insertion, deletion or substitution of one 
symbol–to transform one string or tree into another. 
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