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Abstract. Graph splicing system is a notion originally used to illustrate the one-dimensional
string of DNA splicing in the form of a graph. A graph splicing system is associated with a
graph splicing scheme where graph splicing rules are defined. A graph splicing rule restricts
the possible cuts to occur on the edges of the initial graph(s) in a graph splicing system. The
subgraphs of the initial graph are used in the splicing rules to determine the edges that will
be cut from the initial graph. The concept of graph splicing system can be applied on various
types of graph, hence generates components of spliced graphs depending on the types of the
graph splicing rules used. There is a graph splicing rule called as a cutting rule which can
be applied on both linear graphs and circular graphs where the graphs are transformed into
Pseudo-Linear Form. However, this cutting rule has limited various possible cuts that can
occur on the complete graph. Therefore, in this research, the original concept of graph splicing
system is applied on complete graphs as the initial graphs. Also, graph splicing rules involving
subgraphs of the initial graphs which are also complete graphs, are considered and applied in
the graph splicing system. Furthermore, the generated spliced graphs are obtained through the
graph splicing system.

1. Introduction
Deoxyribonucleic acid, known as DNA, is an important molecule in a living organism. In biology,
DNA is structured and described as a three-dimensional form of molecules [1]. The studies on
DNA has been a great interest among researchers due to the important roles of DNA as the
genetic information carrier, hence Head [2] introduced the theory of DNA splicing in 1987. In
DNA splicing, the process is modeled in one-dimensional string; meanwhile the DNA structure
is explained in three-dimensional form. Consequently, the intricacies process involving three-
dimensional DNA structure seems to be inadequate to be described in one-dimensional string
and has led to another notion called a graph splicing system [3]. In [3], Freund described the
DNA splicing in the form of graphs where the DNA molecules are represented by the vertices
of the graphs. A graph splicing scheme and a graph splicing rule are defined in a graph splicing
system to restrict the cut at various edges of graphs and to reconnect them in another way.

There are various types of graph splicing systems such as regular graph splicing system,
accepting graph splicing system [4] and n-cut splicing system [5]. Jeyabharathi et al. [5]
introduced n-cut splicing to illustrate the cleavage patterns of the restriction enzymes in DNA
splicing systems by representing the DNA molecules in the form of semigraphs where idea of
semigraph is introduced by Sampathkumar [6]. Semigraph is said to be a direct generalization
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of graphs in the form of various types of vertices and edges instead of a hypergraph which is in
the form of sets. Some researchers have shown interest on the properties of semigraph such as
Gaidhani et al. [7, 8] where they studied on the adjacency matrix of semigraph and energy of
semigraph. Also, by the idea of semigraph and n-cut splicing, Jeyabharathi et al. [9] further
their study on the relation of languages generated by the n-cut splicing and the norms of Parikh
matrices. Besides that, Aisah et al. [10] also studied on the Parikh matrices for 2-cut and 4-cut
splicing. Then, Thiagarajan et al. [11, 12] have studied the concept of folding technique on the
n-cut spliced semigraph.

Besides that, Jeganathan and Rama [13] applied the concept of graph splicing systems by
transforming the graphs in Pseudo-Linear Form (PLF). A new definition of graph splicing rule
called as a cutting rule which is applicable to splice any types of graphs is introduced in [13]. The
graphs are firstly transformed into PLF where the vertices are numbered in order and arranged
in a line as per order i.e 1, 2, 3; which can be depicted as a path graph with edges going above
or below the linear path. Since the cutting rule cut the graph vertically into two parts by only
choosing an edge between two of the ordered vertices, hence this transformation is necessary
to make sure that there is no more than one edge between the ordered vertices is cut. As an
example, the authors transformed a complete graph into a PLF and applied a graph splicing
system by using the cutting rule as defined.

However, the definition of cutting rule as in [13] and its application on a complete graph in
PLF have limited the possible cut that can occur on a complete graph. Therefore in this paper,
the definition of graph splicing rule and graph splicing scheme as in [3] are used and applied on
complete graphs with n vertices.

This paper consists of four sections which are the introduction followed by the preliminaries
where the basic ideas of graph splicing systems are discussed. Then, the main results on the
splicing on complete graphs by using cycle graph and its complement in the graph splicing rules
are discussed. The generalization of the splicing is then obtained and discussed. Finally, the
results are summarized in the last section.

The next section discussed on some definitions and fundamental ideas of graph splicing
system.

2. Preliminaries
A graph splicing system emphasizes on the behavior of the cuts at various edges on graphs and
connects them in another way. The process of cutting and reconnecting of the graph is described
by a splicing scheme, where at least a graph splicing rule is defined to restrict all the edges that
will be cut. The definition of a graph splicing scheme is given in Definition 1.

Definition 1. [3] (Graph Splicing Scheme)
A graph splicing scheme is a pair σ = (A,P ) where A is a set of finite alphabets and P is a set
of finite splicing rules.

A finite set P with k number of graph splicing rules can be written in the form
((h[1], Ec[1]), (h[2], Ec[2]), ..., (h[k], Ec[k]);R) such that k ≥ 1 where k ∈ N and for all i with
1 ≤ i ≤ k, where

• h[i] = (V ′[i], E′[i]) is a weakly connected graph, where E′[i] is the edge of the ith graph
splicing rule; simultaneously, h[i] is any subgraph of the initial graph(s) used in the graph
splicing system,

• Ec[i] ⊆ E′[i] where Ec[i] is the cutting pattern for the ith graph splicing rule,

• the vertices V ′[i] are mutually disjoint,
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• R obeys the following rules:
(i) each edge (n,m) ∈ Ec[i] is supposed to be divided into two parts; i.e the start part

(n,m] and the end part [n,m),
(ii) the elements of R are of the form ((n,m], [n′,m′)), where (n,m) and (n’,m’) are edges

from
⋃

i≤i≤k Ec[i],
(iii) every element from {(n,m], [n,m) ∈

⋃
i≤i≤k Ec[i]} must appear exactly once in a pair

of R.

Note that the set of alphabet A is empty throughout this paper unless otherwise stated. Next,
the definition of a graph splicing system is given as follows.

Definition 2. [3] (Graph Splicing System)
A graph splicing system is a set S = (σ, I) where σ is a graph splicing scheme and I is a set of
the initial strings or graphs.

This research applies the concept of the above graph splicing system on complete graphs.
Hence, the definition of a complete graph is given as Definition 3.

Definition 3. [14] (Complete Graph)
A simple graph is called a complete graph if and only if each pair of distinct vertices are adjacent.
The complete graph with n vertices is denoted as Kn.

By the definition of a graph splicing scheme and a graph splicing rule, the edges that will be
cut is restricted on any subgraph of the initial graph used in the graph splicing system, whereby
the definition of a subgraph is stated in Definition 4.

Definition 4. [14] (Subgraph)
A graph h = (V ′, E′) is a subgraph of a graph G = (V,E) if and only if V ′ ⊆ V and E′ ⊆ E.
The symbols V ′ and E′ denote the set of vertices and the set of edges in a subgraph h of G,
respectively.

Since the complete graph is used as the initial graph and one of its subgraphs is the cycle graph,
then the definition of a cycle graph and its complement is given in the following definition.

Definition 5. [14] (Cycle Graph)
The graph Cn (n ≥ 3) is a cycle of length n on vertices v1, v2, v3, ..., vn with n edges
(v1, v2), (v2, v3), ..., (vn, v1). The complement of Cn is denoted as Cn.

The following shows a graph splicing rule denoted as P that can be written as

P = ((h,Ec);R),

where h is a subgraph of any initial graphs, Ec is the set of edges that will be cut and R is the
recombination rule of the edges after splicing [3].

Next, example 2.1 is given to describe an example of a graph splicing system.

Example 2.1:
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Let h = (V ′, E′) be a subgraph of a graph G such that V ′ = {1, 2, 3, 4, 5} and E′ =
{(1, 2), (2, 3), (3, 4), (4, 5), (2, 5)}. Then, let the set of edges that will be cut in the graph splicing
system be Ec = {(2, 3)} and the recombination rule R = {(1′, 1′), (2′, 2′)}. Hence, a graph
splicing rule P can be written as

P = ((({1, 2, 3, 4, 5}, {(1, 2), (2, 3), (3, 4), (4, 5), (2, 5)}), {(2, 3)}); {(1′, 1′), (2′, 2′)}),

which can also be depicted in the form of a graph as given in figure 1.

P =



1 2 3

45

1′ 2′

; {(1′, 1′), (2′, 2′)}



Figure 1. The graph splicing rule P in the form of a graph.

Consider an initial graph G represented in figure 2.

Figure 2. A graph G.

If the graph splicing rule P is applied on the graph G, then one of the possibilities to splice G
by using P can be shown in the following figure.

1′ 2′

Figure 3. The graph G after it has been spliced by the graph splicing rule P .
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Therefore, by following the recombination rule R as stated in the graph splicing rule P , it can
be shown that the graph in figure 3 can recombine with a copy of itself as shown in figure 4 and
form a new graph as shown in figure 5.

1′ 2′

1′ 2′

Figure 4. The recombination of two copies of the graph in figure 3.

Figure 5. A new graph formed after the recombination.

The resulted graph can be recombined in another form based on the edge chosen to be cut.
In the next section, two graph splicing rules with cycle graph and its complement are considered
and applied on complete graphs.

3. Main results
In this section, graph splicing systems are applied on complete graphs. Two examples of graph
splicing systems on complete graphs are shown to illustrate the splicing processes where two
different graph splicing rules with cycle graph and its complement are applied on complete
graph K5. Also, this section discusses on the generalization of splicing complete graphs with
n ≥ 5 number of vertices by considering cycle graph and its complement in the graph splicing
rules.
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3.1. Some examples of splicing on complete graph by using graph splicing rule with cycle graph
and its complement
In this subsection, two graph splicing systems on complete graphs by using graph splicing rules
with cycle graph C5 and its complement C5 are discussed. Firstly, the graph splicing system is
applied on complete graph K5 as illustrated in example 3.1.

Example 3.1:

Let a complete graph K5 be an initial graph and represented as follows:

Figure 6. A complete graph K5.

Also, let a graph splicing rule P1 with cycle graph C5 be defined as follows:

P1 =

 ; {(v′i, v′i)|1 ≤ i ≤ 10}



Figure 7. The graph splicing rule P1.

Then, the graph splicing rule P1 is applied on the initial graph K5 and generates a spliced graph
as shown in figure 8.
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Figure 8. The generated spliced graphs after applying P1 to K5.

From figure 8, it is shown that each vertex in the spliced graph is connected to two vertices and
two overhangs. The symbols Vi and vi

′ denote the vertices and overhangs of the spliced graph,
respectively. Also, from the graph splicing rule P1, the recombination rule E = {(v′i, v′i)|1 ≤
i ≤ 10} where it is shown that if the overhang of a spliced graph is numbered as 1′, hence it
must also recombine with 1′ overhang (in which from another copies of spliced graph). The
recombination for two overhangs from two distinct copies of spliced graphs in figure 8 can be
illustrated in figure 9 and the resulted graph is obtained and represented in figure 10 where the
edges generated after the recombination are shown in grey colour.

Figure 9. The recombination of two overhangs from two distinct copies of spliced graphs.
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Figure 10. The resulted graphs after the recombination of two spliced graphs in 8.

From the above example, a graph splicing system is applied on complete graph K5 by using
a graph splicing rule with C5 which generates a spliced graph in the form of a star pentagon
and the resulted graph after the recombination is in the form of two connected star pentagons.

The next example shows a splicing on complete graph K5 by using a graph splicing system
with the complement of cycle graph C5, which is C5.

Example 3.2:

Recall the complete graph K5 as in figure 6 and let it be the initial graph. Then, a graph splicing
rule P2 with C5 can be defined as follows.

P2 =

 ; {(v′i, v′i)|1 ≤ i ≤ 10}



Figure 11. The graph splicing rule P2

By splicing the initial graph K5 by the graph splicing rule P2, then the generated spliced graph
is represented in figure 12.
By observing figure 12, each vertex in the spliced graph is connected to two vertices and two
overhangs. Again, as in figure 9, the overhang in the spliced graph will recombine with another
overhang with the same number which is from another copy of the spliced graph. Hence,
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Figure 12. The spliced graph generated by applying P2 on K5.

the resulted graph obtained after the recombination is represented as follows where the edges
generated after recombination are shown in grey colour.

Figure 13. The resulted graph after the recombination of two spliced graphs in figure 12.

The above example shows a graph splicing system on a complete graph K5 by using a graph
splicing rule with C5. The graph splicing system generates a spliced graph which is in the form of
a pentagon and after recombination, a resulted graph which consists of two connected pentagons
are formed.

3.2. The generalization of splicing on complete graph by using graph splicing rule with cycle
graph and its complement
By the graph splicing systems as shown in examples 3.1 and 3.2, it can be shown that splicing on
complete graph by using graph splicing rules with cycle graph and its complement generates two
spliced graphs which are in the form of a star pentagon and a pentagon, respectively. In general,
the graph splicing systems in the above examples can be explained by considering complete
graph Kn. To make sure that the resulted graphs after the recombination are either in the form
of two connected star polygons or two connected polygons, the cycle graph and its complement
that are considered are for n ≥ 5. This is because by applying a graph splicing rule with C3 on a
complete graph K3 will only result in three components of two connected vertices; meanwhile by
applying a graph splicing rule with C4 on a complete graph K4 will only result in two intersecting
planes.
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The following two graph splicing rules P and P ′ with cycle graph and its complement can be
written as

P = ((Cn, E
′
1); {(v′i, v′i)|1 ≤ i ≤ 2n})

and

P ′ = ((Cn, E
′
2); {(v′i, v′i)|1 ≤ i ≤ n(n− 3)}),

respectively, where E′1 is the set of edges that will be cut by P and the edges must be in the
set of edges of Cn; on the other hand E′2 is the set of edges that will be cut by P ′ in which the
edges must be in the set of edges of Cn.

It is known that each vertex in complete graph is connected to all vertices except itself i.e,
each vertex is connected to n− 1 vertices. Therefore, by applying the graph splicing rule P on
a complete graph Kn will generate a spliced graph where each vertex in the spliced graph is
connected to n− 3 vertices and two overhangs; meanwhile, applying the graph splicing rule P ′

on a complete graph Kn will generate a spliced graph where each vertex in the spliced graph is
connected to two vertices and n − 3 overhangs. Also, the spliced graph generated by applying
P is in the form of a star polygon and the spliced graph generated by applying P ′ is in the form
of a polygon.

The recombination of each overhang by following the restriction in the graph splicing rules P
and P ′ can be described as in figure 9. Since the recombination rules restricted that if a overhang
is numbered as vi

′, hence it will recombine with another overhang which is also numbered as vi
′.

To achieve that, the overhang of the spliced graph needs to recombine with another overhang
from another copy of the spliced graph which is numbered the same. The recombination of all
overhangs resulted in new graphs which are in the form of two connected star polygons and
two connected polygons by applying the graph splicing rules P and P ′ on complete graph Kn,
respectively.

4. Conclusion
Complete graphs have different applications in real life problems in which one of them is to
represent structures of molecules. Hence in this research, graph splicing on complete graphs by
using graph splicing rules with a cycle graph and its complement has been discussed to study
the behavior of the cuts at various edges and their recombination. Instead of using the modified
graph splicing rule called as a cutting rule as defined in [13], this research applies the original
concept of graph splicing as introduced in [3]. This is to ensure that there is no limititation
on the possible edges that will be cut on the complete graphs. Also, two examples of splicings
on complete graph with five vertices by using graph splicing rules with a cycle graph and its
complement have been illustrated. Then, the generalization of the graph splicing rules have
been shown. By applying a graph splicing rule with a cycle graph and its complement on a
complete graph using the original graph splicing rule as introduced in [3], two spliced graphs in
the form of a star polygon and a polygon, respectively, have been generated. Furthermore, two
new graphs which are two connected star polygons and two connected polygons are obtained
by the recombination of the generated spliced graphs. Moreover, the above results are different
from the results in [13] where the graphs are always cut into two components due to the defined
cutting rule. In this research it is shown that the edges can also be cut in a way in which the
spliced graph does not result in two components. Also, the recombination of the spliced graphs
results in new graphs instead of just another complete graph. Furthermore, the graph splicing
rule used in the splicing system can be altered to achieve the desired results since there can be
various subgraphs for every graph.
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