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Abstract
Graph theory has established itself as a very strong, effective tool in molecular biology, by its simplicity of
representation and its compatibility in computation. In this short survey we have presented a brief note on the
contribution of graph theory to DNA and RNA sequences and its structures.
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Introduction
Ever since the discover of chemical trees by A. Cayley in [1]. The contribution of graph theory to molecular
structures is uncountable. Graph theory as established itself as a unique tool in determining various biological
properties due to its ease of representing DNA, RNA structures, protein sequences, metabolic networks, protein –
protein interaction networks, genotype, geneticists and hexagonal system. Properties of graph theory like vertex/edge
connectivity, blocks, planarity, edge removal and vertex merging has turned graph theory into a very skilful technique
in molecular biology. The compatibility of graphs as adjacency, distance matrices has paved way to meet
computational demands. Even though graph theory has developed tremendously as a mathematics subject, it is also
established as a strong tool in biology. In the short survey, we have tried to highlight the contributions of graph
theory in DNA/RNA sequences and structures.
There are numerous results relating graph theory and molecular biology. But we restrict our survey only to
contribution of graph theory to DNA and RNA sequences and series. Several results are available in this regard, and
many have been omitted in this brief survey. We apologize to the authors for the omission. This survey is restricted to
presentation of possible results that describe the effects of the graph theory properties on DNA/RNA sequences
Preliminary Note: In this section we provide the basic details required for this survey.
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DNA Sequence
A nucleic acid that carries the genetic information in cells and some viruses, consisting of two long chains of
nucleotides twisted into a double helix and joined by hydrogen bonds between the complementary bases adenine and
thymine or cytosine and guanine. DNA sequences are replicated by the cell prior to cell division and may include
genes, intergenic spacers, and regions that bind to regulatory proteins [2].
RNA Sequence
A nucleic acid present in all living cells and many viruses, consisting of a long, usually single-stranded chain of
alternating phosphate and ribose units, with one of the bases adenine, guanine, cytosine, or uracil bonded to each
ribose molecule. RNA molecules are involved in protein synthesis and sometimes in the transmission of genetic
information [3].
Gap Penalty
Gap penalty values are designed to reduce the score when a sequence alignment has been disturbed by indels.
Typically the central elements used to measure the score of an alignment have been matches, mismatches and spaces.
Another important element to measure alignment scores are gaps.
A gap is a consecutive run of spaces in an alignment and is used to create alignments that are better conformed to
underlying biological models and more closely fit patterns that one expects to find in meaningful alignments. Gaps
are represented as dashes on a protein/DNA sequence alignment. The length of a gap is scored by the number of
indels ( insertions/deletions ) in the sequence alignment. In protein and DNA sequence matching, two sequences are
aligned to determine if they have a segment each that is significantly similar.
A local alignment score is assigned according to the quality of the matches in the alignment subtracted by penalties
for gaps present within the alignment. The best gap costs to use with a given substitution matrix are determined
empirically.
Gap penalties are used with local alignment that match a contiguous sub-sequence of the first sequence with a
contiguous sub-sequence of the second sequence.
When comparing proteins, one uses a similarity matrix which assigns a score to each possible residue. The score
should be positive for similar residues and negative for dissimilar residues pair. Gaps are usually penalized using a
linear gap function that assigns an initial penalty for a gap opening, and an additional penalty for gap extensions
which increase the gap length [4].
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Genetic Code
The genetic code is the set of rules by which information encoded within genetic material ( DNA or mRNA
sequences ) is translated into proteins by living cells. Biological decoding is accomplished by the ribosome, which
links amino acids in an order specified by mRNA, using transfer RNA ( tRNA ) molecules to carry amino acids and
to read the mRNA three nucleotides at a time. The genetic code is highly similar among all organisms and can be
expressed in a simple table with 64 entries [5].
Graph Theory Terminology and Concepts
Let G = ( V, E ) be a graph with the vertex set V and edge set E. P n, Cn denotes the path and cycle graph with n
vertices respectively. A directed graph (or digraph) is a graph, or set of vertices connected by edges, where the edges
have a direction associated with them. A graph is connected when there is a path between every pair of vertices. A
weighted graph is a graph in which each edge is given a numerical weight. The line graph of an undirected graph G is
another graph L( G ) that represents the adjacencies between edges of G.
A planar graph is a graph that can be embedded in the plane, that is it can be drawn on the plane in such a way that its
edges intersect only at their endpoints. In other words, it can be drawn in such a way that no edges cross each other.
The geometric dual graph of G obtained for a given embedding of G in the plane. A Hamiltonian path is a path in an
undirected or directed graph that visits each vertex exactly once. A Hamiltonian cycle ( or Hamiltonian circuit ) is a
Hamiltonian path that is a cycle. An isomorphism of graphs G and H is a bijection between the vertex sets of G and
H, f: V ( G )  V ( H ) such that any two vertices u and v of G are adjacent in G if and only if f ( u ) and f ( v ) are
adjacent in H.
Two vertices u and v are said to be identified if they are combined into a single vertex whose neighborhood is the
union of the neighborhoods of u and v. The binary operation merge of two graphs G 1 and G2 forms a new graph Guv
by identifying a vertex u in G1 with a vertex v in G2.
An adjacency matrix of a graph G with n vertices that are assumed to be ordered from v1 to vn is defined by,
1, if there exist an edge between vi and v j
A  [ a ij ] n  n  
0, otherwise.
.

A degree matrix D of a graph G with n vertices is a n  n diagonal matrix defined as
deg ( vi )
d i, j  
0

if i  j
otherwise.
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where the degree deg ( vi ) of a vertex counts the number of times an edge terminates at that vertex.
Given a simple graph G with n vertices, its Laplacian matrix Ln  n is defined as L = D – A, where D is the degree
matrix and A is the adjacency matrix of the graph.
In the case of directed graphs, either the in degree or out degree might be used, depending on the application. The
elements of are given by
deg ( vi )

L i, j  1

0

if i  j
if i  j and vi is adjcent to v j
otherwise.

Where deg ( vi ) is degree of the vertex i. For details of on graph theory we refer to [6].
A dominating set, denoted by DS, of G is a set of vertices of G such that every vertex in V – D is adjacent to a vertex
in D. The domination number of G, denoted by  ( G ), is the minimum cardinality of a DS. The cardinality of any
minimum dominating set for G is called the domination number of G and it is denoted by  ( G ).  - set denotes a
dominating set for G with minimum cardinality.
A set D is a total dominating set if N ( D ) = V, if for every vertex v  V, there is a vertex u  D, u  v, such that u is
adjacent to v. The total domination number t ( G ) equals the minimum cardinality of a total dominating set of G. A
dominating set D is called a locating – dominating set if for any two vertices v, w  V – D, N ( v )  D ≠ N ( w ) 
D. Thus, in a locating dominating set, every vertex in V – D is dominated by a distinct subset of the vertices of S. The
locating domination number of a graph G is the minimum cardinality among all locating dominating sets in G and is
denoted by L (G). A dominating set D is called a differentiating dominating set if for any two vertices v, w  V, N [
v ]  D ≠ N [ w]  D. The differentiating domination number of a graph G is the minimum cardinality among all
differentiating dominating sets in G and is denoted by D ( G ). The global alliance number of a graph G is the
minimum cardinality among all global alliances of G, where a set D is a global alliance if D is a dominating set and
for each u ∈ D, the number of "allies" it has in D are at least as many as it has in V – D. In other words,
D is a dominating set and for each vertex u ∈ D, it is true that | N [ u ]  D | ≥ | N ( u )  ( V – D ) |. For details of on
domination theory we refer to [7] [8].
D is a dominating set and for each vertex u ∈ D, it is true that | N [ u ]  D | ≥ | N ( u )  ( V – D ) |. For details of on
domination theory we refer to [7] [8].
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Results and Discussions
In this section, we provide the contribution of graph theory to DNA/RNA sequences and its structures.
Graph Theory in DNA
A DNA sequence has four nucleotides A, T, G, C. Surprisingly researches have independently used these nucleotides
as the vertices of graphs constructed by them for various purposes.
In [9], a weighted directed graph with these four vertices is constructed edges for this graphs is defined as ( 1 / ( j – i
) ), where  > 0. The Snapshot 1 is a sample of the constructed graph when  = 1 / 2.

Snapshot 1
Xingqin Qi et al have further devised a simplified weighted directed graph. This graph is and then converted into a 4
 4 adjacency matrix. This method is then used for characterization of DNA sequences. The results obtained here are
consistent with previous studies and biological classification.
In [10], the same vertex set is used for determining DNA gap penalty. Here also weighted graph is constructed. For
edge determination a random DNA sequence is considered. This sequence is split into segments of length two and
assigned values 1, 2, …, k – 1, if the given sequence of length k. Draw directed edges between these pair of vertices
and assigned edge weight as 1, 2, …, k – 1. To determine gap penalty, the corresponding edge weights are compared
between sequences. Same weights indicate same pairs. Snapshot 2 provides the gap penalty generated using this
method. The penalty matches with the existing classical methods.

Snapshot-2
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In [11], Takashi Kawamura et al have presented a graph based clustering model for analyzing publicly available
micro array data sets. Each data set was divided into model sample data and behind sample data. Initially the graph
was constructed based on the similarity of gene expression pattern. Pearson’s product moment correlation coefficient
was determined between the gene expression patterns. Later graph is partitioned based on connectivity ( edge and
vertex connectivity ). Graph partition is as seen in Snapshot 3.
The classification model was constructed for four micro array datasets, leukemia, breast cancer, prostate cancer and
colon cancer and the accuracies of classification with k – nearest neighbor were all more than 80%.
Any graph theorist knows that searching of Hamiltonian cycles in a digraph is strongly NP – complete. To determine
the DNA sequence assembly J. Blazewicz et. al devised a method on building a multigrpah with vertices
corresponding to input sequences not contained in others. Edges between pair of vertices correspond to possible
overlaps of the sequences observing the assumed error bound. Procedure based on edge removal in this constructed
graph is designed indetermining heuristic algorithm reducing graphs towards simplifying the Hamiltonian cycle
problem, without losing any feasible solution [12].

Snapshot-3
Graph Theory in RNA
In [13], Tamar Schlick et al have discussed a novel method of representing RNA tree graph. This RNA tree is
developed a nucleotide bulge, junctions, hairpin loop, or internal loop is considered as a vertex. An RNA stem with
more than one complementary base pair is considered an edge. A secondary RNA structure and resulting tree from
RAG is provided in Snapshot 4.
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Snapshot-4
Tamar Schlick et al defined a Laplacian matrix, calculated the eigen value for this matrix and consider the second
smallest eigen value. Using this RNA tree motifs which match with the RNA structures found a nature and not found
a native nature are characterized. The Snapshot 5 is a sample of RNA trees with six vertices.

Snapshot-5
They have further improved this and extended then to dual graphs, where nucleotide bulges, hairpin loops, or internal
loops with more than one non – complementary base pair or more than three unmatched nucleotides are represented
by circular edges. A secondary RNA structure and resulting dual graph from RAG is seen in Snapshot 6.

Snapshot-6
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Similar to RNA trees, the Laplacian matrix is constructed, the second smallest eigen value is calculated and RNA
graphs existing and not existing in nature are classified. The Snapshot 7 is a sample of RNA dual graphs with 3
vertices.

Snapshot-7
In Snapshot 5 and 7, Red graphs denote those structures found in nature and black graphs denote those that have
either not yet been found or do not exist ( a question mark is placed for these in the lower right corner ). Blue graphs
represent candidate RNA tree motifs ( which have not yet been found in nature ). Adopting the tree and dual
structures used [13] in [14], by Samuela Pasquali et al. They have devised a technique for the occurrence frequency
of the topological tree which has an advantage over sequence alignment since functionally related RNA of lack
sequence similarity. In [15], D. R. Koessler et al have slightly modified the original procedure. Two trees are
combined together using vertex merging. The resulting new tree is compare and identified with already existing trees
classified by [13]. Four non – isomorphic trees and official RAG identification and color classes for the trees is seen
in Snapshot 8.

Snapshot-8
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Contribution of graph theory to DNA, RNA is not restricted to just trees. Planar graphs and its dual have their
contribution to model RNA secondary structures. A graph and dual graph representation of an RNA 2D – structure is
determined in [16] by Louis Petingi et al. Graphical representation of a pseudoknot – free RNA and RNA 2D
structure is provided in Snapshot 9.

Snapshot-9
Here Louis Petingi et al have provided a partitioning approach of the dual graph representation if RNA 2D structures
into maximal non separable components which they believe could guide the discovery of modular regions of RNA.
Graph vertex contraction as also contributed in RNA secondary structure representation. In [17] C. H. Q. Ding et al
have provided a method of vertex contraction to represent different secondary structures. RNA contraction graph is
seen in Snapshot 10.

Snapshot-10
A. The shaded base pair ( left ) is shown after contraction ( right ). Arcs are conserved during contraction along base
pairs.
B. The shaded edges in the loop region ( left ) are shown after contraction ( right ). Flow conservation yields a weight
of two on the resulting edge. Also note that all base pairs in the
helical region have been contracted.
IJPT| March-2016 | Vol. 8 | IssueNo.1 | 11200-11211

Page 11208

M. Yamuna* et al. International Journal Of Pharmacy & Technology
Domination Theory in RNA
Surprisingly a dominating set is used in determining the same second smallest eigen value. For this purpose, the
domination, total domination, global alliance, locating – dominating and differentiation domination numbers are used.
In [18] by T. Haynes et al. have defined P1, P2 and P2* as follows.
P1 

  t  a
 
; P1  L D ; P2*   L   D  n  2 .
n
n

Finally they have shown that these combination matches with the RAG database determined in [13].
Using the same formula for P1, P2 along with the new formula

P3 

diam ( L ( T ) )  rad ( L ( T ) )  | B |
in [19] Haynes et al have proved that a similar method of classification yields
n

similar results to the statistical analysis in RAG. In P3, L ( T ) represents the line graph of the tree and | B | is the
number of blocks in the line graph of the tree. Dominating sets have further aided in encrypting DNA sequences. A
graph G is said to be domination subdivision stable (DSS), if the  - value of G does not change by subdividing any
edge of G [20]. An approach using DSS graphs is discussed in [21]. Here edge values for binary encryption based on
DSS properties are discussed and finally each edge is assigned a binary string value. Using path P4 a method of
encryption and decryption of chemical formulae as a sequence of numbers and DNA sequence is given. Using similar
methodology encryption of a medicine name of the chemical formula for the medicine name as a RNA sequence and
as a binary numbers is also discussed by the same authors in [22]. The RNA binary conversion table is as shown in
Snapshot 11. In [23], genetic code using binary and gray code is devised by Uday Bhaskar et al. They have created
RNA/DNA basic coed table, RNA/ DNA gray code table are used for converting a DNA, RNA sequence into a
binary string for a safe transfer. This method is independent of dominating sets. The basic code table for RNA is as
shown in Snapshot 12.

Snapshot-11
IJPT| March-2016 | Vol. 8 | IssueNo.1 | 11200-11211

Page 11209

M. Yamuna* et al. International Journal Of Pharmacy & Technology

Snapshot-12
Conclusion
In the course of this survey, it is exciting and surprising to see the traces that graph theory and graph theorists have
left behind to molecular biology. Infinite contributions that a small structure could provide in analyzing, determining,
deciding and paving way for a new area of research. In this short survey we could manage to provide a very small
glimpse of the contribution of graph theory to DNA/ RNA sequences and series.
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