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Abstract: In DNA splicing systems, restriction enzymes and 

ligases cleave and recombine DNA molecules based on the 

cleavage pattern of the restriction enzymes. The set of molecules 

resulting from the splicing system depicts a splicing language.  In 

this research, an algorithm for DNA splicing systems is developed 

using C++ visual programming.  The splicing languages which 

have been characterised through some theorems based on the 

crossings and sequences of the restriction enzymes, are generated 

as the output from this computation.  In order to generate the 

splicing languages, the algorithm detects and calculates the 

number of cutting sites of the restriction enzymes found in the 

initial molecules, determines whether the sequence of restriction 

enzyme is a palindrome or not, and if the restriction enzymes have 

the same or different crossings.  The results from this research 

depict the splicing languages obtained from the manual 

computations, which contributes to the development of 

computational software in DNA computing. 

Index Terms: C++ visual programming, DNA, palindrome, 

restriction enzyme, splicing system.  

I. INTRODUCTION 

Deoxyribonucleic acid (DNA) splicing system is 

mathematically developed based on some models in DNA 

computing.  The idea of DNA computing is introduced by 

Feynman [1] in 1959 involving computation in molecular 

biology.  Adleman’s experiment [2] on solving Hamiltonian 

path problem contributes to the development of DNA 

computing  using two features: massive parallelism of DNA 

strands and the Watson-Crick complementarity.  DNA strand 

is a nucleotide chain which is made up of four bases: adenine 

(A), guanine (G), cytosine (C) and thymine (T) [3].  

Watson-Crick complementarity is generated from 

nitrogenous base pairings: adenine pairs with thymine, while 

cytosine pairs with guanine for the formation of 

double-stranded DNA (dsDNA) [3].  

The research relating between formal language theory and 

molecular biology in DNA computing leads to the modelling 

of DNA splicing system.  The splicing system is introduced 
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by Head [4] in 1987 which is also known as Head’s splicing 

system.  In splicing systems, DNA molecules are cut and 

recombined when mixed with a ligase and restriction 

enzymes which are biologically called as 

endodeoxyribonucleases [5].   

The set of molecules resulting from a DNA splicing 

system is called a splicing language which is simulated using 

formal language theory.  A formal language consists of a set 

of strings of symbols from an alphabet [6]. Some notations of 

regular expression in formal language theory, namely λ, +, * 

and {} or () denote the empty string, union, star-closure and 

parentheses respectively, are used in this research [3]. For 

example, the language L for the regular expression (a+b) · c* 

where a, b, and c are the set of symbols derived from an 

alphabet is shown in the following:  

…}.bcc bc, b, ,… acc, ac, {a, =      

…} cc, c, ,{ b} {a, =      

   *({c}) {b})   ({a} =      

   *(L(c)) L(b))   (L(a)=                     

   L(c*) b)+L(a =      

   L(c*) b))+L((a = c*) · b)+L((a   





  

By using the concepts in formal language theory, the 

splicing system is associated with three sets. The first set is 

the set of dsDNA symbols from nitrogenous base pairings 

[3].  The second set consists of initial DNA molecules or 

strings taken from the sub sequences or pattern in protein or 

nucleotide chains [7].  Lastly, the third set consists of rules 

for the cleavage pattern of restriction enzymes.  The cleavage 

pattern of restriction enzymes is made up of three sites 

namely the crossing, left and right context [8].   

Throughout the years, notations in Head’s splicing system 

have been extended and variants of splicing models have 

been developed namely Paun [9], Pixton [10], Goode-Pixton 

[11] and Yusof-Goode [12] splicing systems.  The variants of 

splicing systems resulted in many types of splicing 

languages.  The splicing languages from different models of 

splicing system can be obtained based on the specific 

sequences of restriction enzymes.  This research focuses on 

palindromic and non-palindromic sequences of restriction 

enzyme.  Palindrome is a sequence of string that reads the 

same forwards and backwards [13].  Previously, research on 

generalised splicing languages from DNA splicing systems 

with palindromic and non-palindromic restriction enzymes 

has been done in [14]-[18], in which the generalised splicing 

languages from the respective splicing systems are presented 

as theorems.   
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The name, sequence and cleavage for all restriction 

enzymes used in this research are obtained from the New 

England Biolabs (NEB) catalogue [19]. 

Next, some preliminaries related to this research are given.  

DNA splicing systems with palindromic and 

non-palindromic restriction enzymes are modelled using 

Head’s splicing system in this research. The definitions of 

Head’s splicing system and splicing language are stated in the 

following. 

Definition 1 [4] Splicing System and Splicing Language 

A splicing system S = (A, I, B, C) consists of a finite 

alphabet A, a finite set I of initial strings in A*, and finite sets 

B and C of triples (c, x, d) with c, x and d in A*.  Each such 

triple in B or C is called a pattern.  For each such triple the 

string cxd is called a site and the string x is called a crossing.  

Patterns in B are called left patterns and patterns in C are 

called right patterns.  The language L = L(S) generated by S 

consists of the strings in I and all strings that can be obtained 

by adjoining to ucxfq and pexdv whenever ucxdv and pexfq 

are in L and (c, x, d) and (e, x, f) are patterns of the same hand.  

A language, L is a splicing language if there exists a splicing 

system S for which L = L(S).  

After that, the definition of a palindromic string is stated. 

Definition 2 [20] Palindromic String 

A string I of a dsDNA is palindromic if the sequence from 

the left to the right side of the upper single strand is equal to 

the sequence from the right to the left side of the lower single 

strand.  

For example, the enzyme BfaI 
5 CTAG 3

3 GATC 5

' '

' '

− −

− −
 is a 

palindromic restriction enzyme since the upper single strand 

of enzyme BfaI matches with the lower single strand when 

read from backwards; while the enzyme BbvCI 

5 CCTCAGC 3

3 GGAGTCG 5

' '

' '

− −

− −
 is a non-palindromic restriction enzyme 

since the upper single strand of enzyme BbvCI does not 

match with the lower single strand when read from 

backwards. 

 The aim of this research is to develop an algorithm and a 

coding for DNA splicing systems with one or two restriction 

enzymes using C++ visual programming by developing a 

user friendly graphical user interface that generates the 

splicing languages from the corresponding splicing systems.  

The generalised splicing languages resulting from DNA 

splicing system with palindromic and non-palindromic 

restriction enzymes are applied in this coding to generate the 

results.  The interface is designed for random input of initial 

DNA string and restriction enzyme(s) for the purpose of 

generating the splicing languages in place of the 

time-consuming manual computations. 

In the next section, the generalised splicing languages 

from DNA splicing system with one and two restriction 

enzymes are discussed.  

II. METHODOLOGY 

The splicing languages from the DNA splicing systems are 

generalised based on the number of cutting sites, the 

sequences of restriction enzymes and the crossings for one 

and two different restriction enzymes, where these 

generalisations have been given as theorems in [14]-[18]. 

Table I shows the generalised splicing languages from 

DNA splicing systems with one palindromic restriction 

enzyme where Theorem 1 involves one cutting site; and 

Theorem 2 involves two non-overlapping cutting sites of a 

palindromic restriction enzyme.  The symbols 
1

1

N

N '
, 

1

1

X

X '
, 

Y

Y'
, 

2

2

X

X '
, 

M

M'
, 

1

1

W

W'
, 

Z

Z'
,

2

2

W

W '
 and 

2

2

N

N '
 denote arbitrary dsDNA 

symbol(s), where 
1

N ' , 
1

X ' , Y' , 
2

X ' , M' , 
1
'W , Z' , 

2
W '  and 

2
N '  are complementaries for 

1
N , 

1
X , Y , 

2
X , M , 

1
W , Z , 

2
W  and 

2
N  respectively, and 

Y

Y'
 and 

Z

Z'
 are the crossings. 

Table- I: Generalised Splicing Languages from DNA Splicing Systems with One Palindromic Restriction Enzyme 

Theorem Theorem 1 [14] Theorem 2 [14] 

Initial 

String 
1 1 1 1 2 2 2 2

1 1 1 1 2 2 2 2

... ...

... ...

N N N X X N N NY

N 'N ' N ' X ' X ' N 'N ' N 'Y'
 

1 1 1 1 2 1 2 2 2 2

1 1 1 1 2 1 2 2 2 2

... ...  ...

... .......

N N N X X X X N N NY M M M Y

N 'N ' N ' X ' X ' X ' X ' N 'N ' N 'Y' M'M' M' Y'
 

Restriction 

Enzyme 
1 2

1 2

X XY

X ' X 'Y'

 1 2

1 2

X XY

X ' X 'Y'

 

Splicing 

Language 
1 1 1 2 2 2 1 2

1 1 1 2 2 2 1 2

... ...

... ...

N N N N 'N ' N ' X XY

N 'N ' N ' N N N X ' X 'Y'
+

 
 
 

 

2 2 2 1 1 1

2 2 2 1 1 1

... ...

... ...

N N N N 'N ' N '

N 'N ' N ' N N N
+

 
 
 

   

1 1 1 2 2 2 1 2

1 1 1 2 2 2 1 2

... ...

... ...

N N N N 'N ' N ' X XY

N 'N ' N ' N N N X ' X 'Y'
+

 
 
 

1 2

1 2

*

  ... ....

....   ...

X XM M M M'M' M' Y

X ' X 'M'M' M' M M M Y'
+

  
  
  

 

2 2 2 1 1 1

2 2 2 1 1 1

... ...

... ...

N N N N 'N ' N '

N 'N ' N ' N N N
+

 
 
 

 

 

Table II shows the generalised splicing languages from 

DNA splicing systems with one non-palindromic restriction 

enzyme where Theorem 3 involves one cutting site; and 

Theorem 4 involves two non-overlapping cutting sites of a 

non-palindromic restriction enzyme. 
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Table- II: Generalised Splicing Languages from DNA Splicing Systems with One Non-Palindromic Restriction Enzyme 

Theorem Theorem 3 [15] Theorem 4 [15] 

Initial String 
1 1 1 1 2 2 2 2

1 1 1 1 2 2 2 2

... ...

... ...

N N N X X N N NY

N 'N ' N ' X ' X ' N 'N ' N 'Y'
 

1 1 1 1 2 1 2 2 2 2

1 1 1 1 2 1 2 2 2 2

... ...  ...

... .......

N N N X X X X N N NY M M M Y

N 'N ' N ' X ' X ' X ' X ' N 'N ' N 'Y' M'M' M' Y'
 

Restriction Enzyme 
1 2

1 2

X XY

X ' X 'Y'
 

1 2

1 2

X XY

X ' X 'Y'
 

Splicing Language 
1 1 1 1 2 2 2 2

1 1 1 1 2 2 2 2

... ...

... ...

N N N X X N N NY

N 'N ' N ' X ' X ' N 'N ' N 'Y'
 1 1 1 1 2 1 2 2 2 2

1 1 1 1 2 1 2 2 2 2

*
... ...  ...

... .......

N N N X X X X N N NY M M M Y

N 'N ' N ' X ' X ' X ' X ' N 'N ' N 'Y' M'M' M' Y'

 
 
 

 

 

Table III shows the generalised splicing languages from 

DNA splicing systems with two palindromic restriction 

enzymes where Theorem 5 involves the same crossing of 

palindromic restriction enzymes; while Theorem 6 involves 

different crossings of palindromic restriction enzymes. 

Table IV shows the generalised splicing languages from 

DNA splicing systems with two non-palindromic restriction 

enzymes where Theorem 7 involves the same crossing of 

non-palindromic restriction enzymes, while Theorem 8 

involves different crossings of non-palindromic restriction 

enzymes.

 

Table- III: Generalised Splicing Languages from DNA Splicing Systems with Two Palindromic Restriction Enzymes 

Theorem Theorem 5 [16] Theorem 6 [16] 

Initial String 
1 1 1 1 2 1 2 2 2 2

1 1 1 1 2 1 2 2 2 2

... ...  ...

... .......

N N N X X W W N N NY M M M Y

N 'N ' N ' X ' X ' W' W' N 'N ' N 'Y' M'M' M' Y'
 

1 1 1 1 2 1 2 2 2 2

1 1 1 1 2 1 2 2 2 2

... ...  ...

... .......

N N N X X W W N N NY M M M Z

N 'N ' N ' X ' X ' W' W' N 'N ' N 'Y' M'M' M' Z'
 

First 

Restriction 

Enzyme 

1 2

1 2

X XY

X ' X 'Y'
 

1 2

1 2

X XY

X ' X 'Y'
 

Second 

Restriction 

Enzyme 

1 2

1 2

W WY

W' W 'Y'
  

1 2

1 2

W WZ

W' W 'Z'
  

Splicing 

Language 
1 1 1 1 2 2 2 1

1 1 1 1 2 2 2 1

... ...

... ...

N N N X N 'N ' N ' W

N 'N ' N ' X ' N N N W'
+

 
 
 

 

2 1 2 1

2 1 2 1

*
  ... ....

....   ...

X W W XY M M M M'M' M'

X ' W' W ' X 'Y' M'M' M' M M M
+

 
  
 

 

2 2 2 2 2 1 1 1

2 2 2 2 2 1 1 1

... ...

... ...

Y

Y'

W N N N X N 'N ' N '

W ' N 'N ' N ' X ' N N N
+

 
 
 

 

 

1 1 1 1 2 1 2 1 2

1 1 1 1 2 1 2 1 2

1 1 1 1 2 2 2 2

1 1 1 1 2 2 2 2

*
...   ... ....

... ....   ...

... ...  ...

... .......

N N N X X W W X XY M M M Z M'M' M' Y

N 'N ' N ' X ' X ' W' W' X ' X 'Y' M'M' M' Z' M M M Y'

N 'N ' N ' W W N N NM M M Z

N N N W' W ' N 'N ' N 'M'M' M' Z'
+

  
  
  

+ 
  
  
  

 

2 2 2 1 2 1 2 1 2

2 2 2 1 2 1 2 1 2

2 2 2 1 2 1 1 1

2 2 2 1 2 1 1 1

*
... ....   ...

...   ... ....

... .......

... ...  ...

N 'N ' N ' W W X X W WZ M'M' M' Y M M M Z

N N N W' W' X ' X ' W' W'Z' M M M Y' M'M' M' Z'

N N N X X N 'N ' N 'M'M' M' Y

N 'N ' N ' X ' X ' N N NM M M Y'
+

  
  
  
 
  
  
  

 

 

Table- IV: Generalised Splicing Languages from DNA Splicing Systems with Two Non-Palindromic Restriction Enzymes 

Theorem Theorem 7 [17] Theorem 8 [17] 

Initial String 
1 1 1 1 2 1 2 2 2 2

1 1 1 1 2 1 2 2 2 2

... ...  ...

... .......

N N N X X W W N N NY M M M Y

N 'N ' N ' X ' X ' W' W' N 'N ' N 'Y' M'M' M' Y'
 

1 1 1 1 2 1 2 2 2 2

1 1 1 1 2 1 2 2 2 2

... ...  ...

... .......

N N N X X W W N N NY M M M Z

N 'N ' N ' X ' X ' W' W' N 'N ' N 'Y' M'M' M' Z'
 

First Restriction 

Enzyme 
1 2

1 2

X XY

X ' X 'Y'
 

1 2

1 2

X XY

X ' X 'Y'
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Second 

Restriction 

Enzyme 

1 2

1 2

W WY

W' W 'Y'
 

1 2

1 2

W WZ

W' W 'Z'
 

Splicing 

Language 

 

1 1 1 1 2 1 2 2 2 2

1 1 1 1 2 1 2 2 2 2

*
... ...  ...

... .......

N N N X X W W N N NY M M M Y

N 'N ' N ' X ' X ' W' W ' N 'N ' N 'Y' M'M' M' Y'

 
 
 

 
1 1 1 1 2 1 2 2 2 2

1 1 1 1 2 1 2 2 2 2

... ...  ...

... .......

N N N X X W W N N NY M M M Z

N 'N ' N ' X ' X ' W' W' N 'N ' N 'Y' M'M' M' Z'
 

 

Table V shows the generalised splicing languages from 

DNA splicing systems with one palindromic and one 

non-palindromic restriction enzymes where Theorem 9 

involves the same crossing of the restriction enzymes; while 

Theorem 10 involves different crossings of the restriction 

enzymes. 

 

 

 

Table- V: Generalised Splicing Languages from DNA Splicing Systems with One Palindromic and One Non-Palindromic 

Restriction Enzymes 

Theorem Theorem 9 [18] Theorem 10 [18] 

Initial String 
1 1 1 1 2 1 2 2 2 2

1 1 1 1 2 1 2 2 2 2

... ...  ...

... .......

N N N X X W W N N NY M M M Y

N 'N ' N ' X ' X ' W' W' N 'N ' N 'Y' M'M' M' Y'
 

1 1 1 1 2 1 2 2 2 2

1 1 1 1 2 1 2 2 2 2

... ...  ...

... .......

N N N X X W W N N NY M M M Z

N 'N ' N ' X ' X ' W' W' N 'N ' N 'Y' M'M' M' Z'
 

Palindromic 

Restriction 

Enzyme 

1 2

1 2

X XY

X ' X 'Y'
 

1 2

1 2

X XY

X ' X 'Y'
 

Non-Palindromic 

Restriction 

Enzyme 

1 2

1 2

W WY

W' W 'Y'
 

1 2

1 2

W WZ

W' W 'Z'
 

Splicing 

Language 

 

1 1 1 2 2 2 1 2

1 1 1 2 2 2 1 2

... ... ....

... ...   ...

N N N N 'N ' N ' W' W 'Y M'M' M'

N 'N ' N ' N N N W WY' M M M
+

 
 
 

 

1 2 1

1 2 1

*
  ...

....

X X WY M M M

X ' X ' W'Y' M'M' M'

 
 
 

 

2 2 2 2 2 1 1 1

2 2 2 2 2 1 1 1

... ...

... ...

Y

Y'

W N N N X N 'N ' N '

W ' N 'N ' N ' X ' N N N
+

 
 
 

 

1 1 1 2 2 2 1 2

1 1 1 2 2 2 1 2

... ... ....

... ...   ...

N N N N 'N ' N ' W' W 'Z' M'M' M'

N 'N ' N ' N N N W WZ M M M
+

 
 
 

 

1 2

1 2

X XY

X ' X 'Y'
 

1 2 2 2 2 1 1 1

1 2 2 2 2 1 1 1

... ...  ...

... .......

W W N N N N 'N ' N 'M M M Z

W' W ' N 'N ' N ' N N NM'M' M' Z'
+

 
 
 

 

 

The generalised splicing languages from DNA splicing 

systems with palindromic and non-palindromic restriction 

enzymes discussed above are applied in this coding to 

generate the results.  The coding is designed by inserting the 

initial string and cleavage pattern of the restriction enzyme(s) 

in the interface.  In order to generate the splicing languages, 

the coding detects and calculates the number of cutting sites 

of the restriction enzyme(s) found in the initial string, 

determines whether the sequence of restriction enzyme is a 

palindrome or not, and determine if the restriction enzymes 

have the same or different crossings.  The procedure and 

design of developing the algorithm of the C++ coding are 

illustrated in Fig. 1. 

The outputs for the coding to generate splicing languages 

from DNA splicing systems with one or two restriction 

enzymes are discussed next. 

III. RESULTS AND DISCUSSION 

The coding for DNA splicing systems with one or two 

palindromic and non-palindromic restriction enzymes is 

designed to develop a graphical user interface.  The default 

interface for the DNA splicing system is illustrated in Fig. 2. 

Firstly, user inserts the initial string and cleavage pattern of 

the restriction enzyme(s) in the interface to generate the 

resulting molecules which are the results for the splicing 

languages from the corresponding DNA splicing system.  By 

clicking the button ‘Compute’ in the interface, the coding is 

run to generate the results; while the button ‘Clear’ is used to 

reset the interface.  

In Fig. 3, the output for the DNA splicing system involving 

one cutting site of a palindromic restriction enzyme is 

presented in the interface where the initial string is 

aggactagtct consisting the cleavage pattern of the enzyme 

BfaI which is {c, ta, g}. 

In Fig. 4, the output for the DNA splicing system involving 

two non-overlapping cutting sites of a palindromic restriction 

enzyme is presented in the interface where the initial string is 

taccggaattccggaa consisting the cleavage pattern of the 

enzyme MspI which is {c, cg, g}. 

In Fig. 5, the output for the DNA splicing system involving 

one cutting site of a non-palindromic restriction enzyme is 

presented in the interface where the initial string is 

ttcccagcgac consisting the cleavage pattern of the enzyme 

BseYI which is {c, ccag, c}. 
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Fig. 1. Procedure and design for the algorithm 

 
Fig. 2. The default graphical user interface 
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Fig. 3. The output for the DNA splicing system involving one cutting site of a palindromic restriction enzyme 

 

 
Fig 4. The output for the DNA splicing system involving two non-overlapping cutting sites of a palindromic restriction 

enzyme 
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Fig. 5. The output for the DNA splicing system involving one cutting site of a non-palindromic restriction enzyme 

 

In Fig. 6, the output for the DNA splicing system involving 

two non-overlapping cutting sites of a non-palindromic 

restriction enzyme is presented in the interface where the 

initial string is ctcacgagttcacgagga consisting the cleavage 

pattern of the enzyme BssSI which is {c, acga, g}. 

 

 
Fig. 6. The output for the DNA splicing system involving two non-overlapping cutting sites of a non-palindromic restriction 

enzyme 

 

In Fig. 7, the output for the DNA splicing system involving 

one cutting site each of two palindromic restriction enzymes 

with the same crossing is presented in the interface where the 

initial string is atttaactgtacaga consisting the cleavage 

patterns of the enzymes MseI and CviQI which are {t, ta, a} 

and {g, ta, c} respectively.  
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Fig. 7. The output for the DNA splicing system involving two palindromic restriction enzymes with the same crossing 

 

In Fig. 8, the output for the DNA splicing system involving 

one cutting site each of two palindromic restriction enzymes 

with different crossings is presented in the interface where 

the initial string is ttcgaattcagcgcag consisting the cleavage 

patterns of the enzymes EcoRI and HinP1I which are {g, aatt, 

c} and {g, cg, c} respectively.  

The example of output for the DNA splicing system 

involving one cutting site each of two non-palindromic 

restriction enzymes with the same crossing is not given since 

there is no such enzyme available in the New England 

Biolabs Catalogue [19]. 

In Fig. 9, the output for the DNA splicing system involving 

one cutting site each of two non-palindromic restriction 

enzymes with different crossings is presented in the interface 

where the initial string is attagcccaaggcacgagttc consisting 

the cleavage patterns of the enzymes HbaI and BssSI which 

are {g, ccca, a} and {c, acga, g} respectively.  

 
Fig. 8. The output for the DNA splicing system involving two palindromic restriction enzymes with different crossings 
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Fig. 9. The output for the DNA splicing system involving two non-palindromic restriction enzymes with different crossings 

 

In Fig. 10, the output for the DNA splicing system 

involving one cutting site each of one palindromic and one 

non-palindromic restriction enzymes with the same crossing 

is presented in the interface where the initial string is 

ttcgaacacccgcgc consisting the cleavage patterns of the 

enzymes TaqI and AciI which are {t, cg, a} and {c, cg, c} 

respectively. 

 

 
Fig. 10. The output for the DNA splicing system involving one palindromic and one non-palindromic restriction enzymes 

with the same crossing 

 

In Fig. 11, the output for the DNA splicing system 

involving one cutting site each of one palindromic and one 

non-palindromic restriction enzymes with different crossings 

is presented in the interface where the initial string is 

tgtacggaccgcgc consisting the cleavage patterns of the 

enzymes CviQI and AciI which are {g, ta, c} and {c, cg, c} 

respectively. 
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Fig 11. The output for the DNA splicing system involving one palindromic and one non-palindromic restriction enzymes with 

different crossings 

 

As an additional feature, the interface also prompts the 

user if the number of cutting sites found exceeds two.  The 

output in Fig. 12 shows the initial string 

tgtacggacgcgcgcttgcgcgc consisting three cutting sites of the 

enzymes CviQI and BshII which are {g, ta, c} and {g, cgcg, 

c} respectively. 

 

 
Fig. 12. The output showing three cutting sites 

 

Besides that, the interface determines if the cutting sites of 

the enzyme overlap.  For example, the first and second 

cutting sites of the enzyme HinP1I, {g, cg, c}, are 

overlapping in the initial string acggagcgcgcg as shown in 

Fig. 13. 
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Fig. 13. The output showing overlapped cutting sites 

 

Hence, the interface generates splicing languages from 

DNA splicing systems with at most two non-overlapping 

cutting sites of one and two restriction enzyme(s) using the 

generalised splicing languages from the corresponding 

splicing systems in Theorems 1-10 based on the crossings 

and sequences of the restriction enzymes. 

IV. CONCLUSIONS 

In this research, the algorithm is developed using C++ 

visual programming to design a graphical user interface for 

DNA splicing systems with one and two restriction enzymes. 

The purpose of this interface is to generate splicing 

languages, which are the output of this computation by 

inserting a random initial string and cleavage pattern of the 

restriction enzyme(s).  In order to compute the output, the 

generalised splicing languages from the theorems are applied 

in the algorithm. From the theorems, the splicing languages 

are determined through some cases based on the number of 

cutting sites, sequences and crossings for restriction enzymes 

found in the initial string.  
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