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ABSTRACT

Thousands of proteins need to do their job in the right places at the right time for any cell to function properly.
Sometimes, gene mutation prevent one or more of these proteins from working properly. By change in gene
instruction, in protein making, a mutation can cause the protein to malfunction or to be missing completely. This
may cause severe medical conditions. Any kind of treatment requires an initial identification of the mutation kind
from the samples provided. Various techniques are already available and being used. In this paper we propose a
method of mutation identification using graph theory properties.
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INTRODUCTION

Graphs can be used to model many types of relatiodsprocesses in physical, biologicacial and information
systems. Many practical problems can be represdmteglaphs. Graph theory is useful in biology andservation
efforts where a vertex can represent regions wier&in species exist (or habitats) and the edgpsesent
migration paths, or movement between the regiohss iiformation is important when looking at bregglpatterns
or tracking the spread of disease, parasites ordamnges to the movement can affect other speljes [

In [2], Debra J Knisley et al presented a graploteic model of NBD1 with the vertex-weighted hietsical graph
representation of the protein domain NBD1. Theyehpresented a method to model the effect of aesipgint
mutation of a protein. Using the hierarchical, ggrveighted graph, they define novel combinatodiescriptors
based on these vertex — weights. In [3], they haewided the protein structure of scTIM with a draheoretic
model. This modeling method have provided a noypgreach to the visualization of protein structusesl the
consequences of amino acid deletions, insertiorssiostitutions and also provided a new way to gaight on the
consequences of diseases caused by genetic mastation

In [4], Gregory A Ryslik et al have given a novektimodology that increases the power to identify atiohal
clusters by taking into account protein tertiarysture via a graph theoretical approach.

Genetic code for amino acids using Huffman Codekuese it for encrypting any DNA sequence is desctiin [5].
In this paper we provide a method of identifyingnponutation using graph properties.

Preliminary Note
In this section we provide the basic details respliiior the proposed method.

Graph theory

A linear graph ( or simply a graph ) G = ( V, Eonsists of a set of objects V = {,w,, ... } called vertices, and
another set E = {ig®&, ...}, whose elements are called edges, such tludt edge gis identified with an unordered
pair ( v, v; ) of vertices. The vertices,w; associated with edgeg are called the end vertices af @he most
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common representation of a graph is by means @gam, in which the vertices are represented aggpand each
edge as a line segment joining its end verticeslirActed graph ( or a digraph for short ) G cossidta set of
vertices V = { \{, V,, ...}, set of edges E = {;ee, ... } and a mappingp that maps every edge onto some ordered
pair of vertices (v, ). As in the case of undirected graphs, a vegarpresented by a point and an edge by a line
segment between &nd y with an arrow directed from to v. The number of edges incident giwcalled the out —
degree of ¥ The number of edges incident intdss/called the in — degree of[6].

Mutation

When the DNA molecule in the cell replicates, salvehemical changes occur during this process. & bhanges
are sometimes able to repair but there are somegeksawhich cannot be changed. They are called &stions.
Due to the mutations DNA molecule cannot repaielitend passes to the next generation. Mutationg ltlae
ability that they can change the entire amino aeiguences of proteins which are present insidgehe. There are
some mutations which do not affect the functiothef proteins but some mutations are harmful théteg do not
allow the amino acids to code properly for the girotand as a result the genes do not function pisopd. An
example of point mutation is given in Snapshot[8]1

0 T
.l, [ [@I Original

Correct I II

LOX 7
Mutant

copy

Snapshot — 1

Nonsynonymous Mutations

Nonsynonymous mutations have a much greater affecian individual than a synonymous mutation. In a
nonsynonymous mutation, there is usually an insertr deletion of a single nucleotide in the segeeduring
transcription when the messenger RNA is copyingddN&\. This single missing or added nucleotide causérame
shift mutation which throws off the entire readiingme of the amino acid sequence and mixes updtlers. This
usually does affect the amino acids that are cdaolednd change the resultipgoteinthat is expressed. The severity
of this kind of mutation depends on how early ie #imino acid sequence it happens. If it happens thea
beginning and the entire protein is changed, thidccbecome a lethal mutation.

Another way a nonsynonymous mutation can occuf teé point mutation changes the single nucleotide a
codon that does not translate into the same andiab A lot of times, the single amino acid changesi not affect
the protein very much and is still viable. Howevéit happens early in the sequence and the coslamanged to
translate into a stop signal, then the protein moll be made and it could cause serious consegglience

Sometimes nonsynonymous mutations are actuallytippschanges. Natural selection may favor this new
expression of the gene and the individual may hderxeloped a favorable adaptation from the mutatibihat
mutation occurs in the gametes, this adaptatiod bél passed down to the next generation of offgprin
Nonsynonymous mutations increase the diversityhiegene pool for natural selection to work on amided
evolution on a micro evolutionary level [9].

Point mutation

A point mutation, or single base modification, igsype of mutation that causes a single nucleotigsehchange,
insertion, or deletion of the genetic material, DNPRNA [10]. The effect of base substitutionspoint mutations,
on the messenger — RNA codon AUS, which codeshfaamino acid isoleucine is seen in the followimgysshot —
2
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Effect of nucleotide substitutions on codons for amino acids

leuci . o hydrogen
eucing UUA  Aca ydrog
. sg®ge arginine @ carbon
i ; T ofge o X ® nitrogen
& Ao X © oxygen
13:]
iy ' sufur
5o AAA
o . @o  lysine
EL\ / -

G 8 \ 9. '3
* AUA i
Isoleucing G > ACA
¢ “threoning
AU 294 / J::BY

B ) 2
, s
isoleucing ~~_AUC methionine Q

& 2005 Encyclopaedia Britannic%

Snapshot — 2

Substitutions ( red letters ) at the first secoad,third position in the codon can result in nineawncodons
corresponding to six different amino acids in addito isoleucine itself [11 ] .

Snap shot — 3 shows the effect of different tydfgsoint mutations on the amino acids [10 ].

E Point mutations
Mo mutation T s
Silent Nonsense Missense

bk T oG ey e

[ vl TIC TIT ATC TCC TGC
RN bl AAG ARA LAG AGG ACG
i Jered Lys Lys STOP Arg Thr
llustration of three types of point mutations to a codon, &

Snapshot — 3

In this paper we provide a graph theoretic appraaétientify nonsense and missense mutation.

Proposed Verification Scheme
Graph Construction
Vertex set: Since codons are made of A, T, G, C only we chémgevertices and label themas A, T, G, C.

Edge set:We draw edges between vertices as follow

1.Choose any protein, say for example Alanine. Ttaboos that contribute to Alanine are GCT, GCC, GGAG.
All the codons start with G. So we fix G as thatstartex. We indicate the start vertex in blueocwl

2.For each codon XYZ we draw edges directed fro X tand Y to Z. For example for Alanine the edge sets{
(G,C),(C,T). (G, C)(C,C), (G C)(CA),@G),(CG)}

The resulting graph for Alanine is as seen in Eig.
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G A
Fig. 1

Some graphs have more than one start vertex. lsetibases we draw two graph one for each startxvertr
example for Arginine the codons are CGT CGC CG&G, AGA AGG. The two start vertices are C, AeTh
corresponding two graphs are as seen in Fig. 2

T c T C
I i [ ] ]
G A G A

Fig. 2

Degree Sequence Determination

For each protein we determine a degree sequerfoiaxgs.

1. For proteins with single graph we directly take degree of each vertex as the sum of indegree demree.
2. The sequence is taken in the order of the verfic&s A, G.

For example for Alanine the degree sequence is@sin Table — 1.

Table — 1
Protein Graph Vertey InDegree  Out Deglee  Sum
T 1 0 1
A (Ala)
C 2 4 6
# T C
.
". A 1 0 1
LN
G 1 1 2
G A
Alanine
Resulting Degree Sequence 1612

For proteins with more than one graph to have gumidegree sequence we proceed as follows. Soetired
sequence of Alanine is 1612.

3. For proteins with more than one graph to have gueidegree sequence we proceed as follows
» Take the sum of the degree sequence of the twdgrap
» For the first two digits of the sum take additiondnlo 9.

For example for Arginine the degree sequence $ean in Table — 2
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Table — 2
Protein Graph Vertef InDegree  Out Deglee Sum
T 1 0 1
T C
C 1 1 2
A 1 0 1
G 2 4 6
G A
T 0 0 0
T C
® ® C 0 0 0
Q A 1 1 2
G 3 1 4
G A
Arginine
Resulting Degree Sequence 1216 + 0024 = 1240

So the degree sequence of Arginine is 1240.

Graphs for all the twenty amino acids and the apoading degree sequences is as seenin Table — 3

Scholar Research Library

Table -3
S. No. | Protein | Codon | Graph Representation Degree | S. No.| Protein | Codon | Graph Representation | Degree
Sequence Sequence
1 F TTT 5100 8 P CCT 1711
TTC T C ccc T C
CCA
CCG
L ] [ ]
G A N
G A
2 L TTA 2222 9 T ACT 1621
TG ! < ACC r c
ACA
ACG
G A G A
3 L CTT T C 2222 10 A GCT o 1612
cTC Gece T
CTA GCA
CTG GCG
G A
G A
4 ATT T c 5120 11 Y TAT T C 2130
ATC TAC
ATA
e ]
G A
G A
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5 ATG T C 2011 12 STOP | TAA T 2053
. TAG
h TGA
o A G A
6 GTT T c 6112 13 H CAT T 1230
GTC CAC
GTA
GTG
[ ]
G A o
T
7 TCT T C 3724 14 Q CAA o 0141
TCC CAG
TCA
TCG
G
G A
T C
15 AAT 1140 20 w TGG o 1003
- \b '
. ®
G A A
16 AAA T e 0051 21 R CGT C 1240
AAG . . CGC
CGA
@ CGG
G A A
17 GAT T o 1131 22 S AGT c 3724
GAC : ] AGC
G A G A
18 GAA T . 0042 23 R AGA [ 1240
GAG AGG ®
[ ] [
. ¢ A
G A
19 TGT T C 2103 24 G GGT o 1117
TGC GGC
GGA
GGG
[ ]
(& A A
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Point Mutation Verification

Silent Mutation

Silent mutations are DNA mutations that do not gigantly alter the phenotype of the organism inieththey
occur. Silent mutations can occur in non-codingarsg, or they may occur within exons. When theyuoagithin
exons they either do not result in a change toatho acid sequence of a protein, or result initisertion of an
alternative amino acid with similar properties tatt of the original amino acid, and in either c#sere is no
significant change in phenotype [12]. An examglgilent mutation is given Snapshot — 4 and 5 [13].

5 (TCTCAAAAINTTTACG ¥
3" AGAGTITTIIARAATGE 5

5 UCUCAAAAAUUUACG
-=+ Sar GIn "Lys Phe Thr

Snapshot — 4

#»

TCTCAAAAETTTACG 3
AGAGTTITTIHAAATGC 5’

i UCUCAAAAGUUUACG a3’
«+» Sor Gin "Cys |'Phe Thr ---

n '.'.CLU‘I

Snapshot — 5

One of the nucleotide (AAA) in an amino acid sequeeim Snapshot — 4 is replaced by another nucledfAG) in
an amino acid sequence in Snapshot — 5 of the Détfence. But both amino acid sequences do nott d@ffec
protein Lysine.

Verification Using Degree Sequence
For the sequences provided in Snapshot — 4 arehjfieace verification is done as seen in Table — 4

Table — 4
Sequence 1 TCT CAAAAATTT ACG
Sequence 2 TCT CAAAAGTTT ACG

Degree Sequence 1 3724 0141 0051 5100 1621
Degree Sequence P 3724 0141 0051 5100 1621
Conclusion Sincelegree sequences are eghal represent silent mutation.

Nonsense Mutation

In genetics, a nonsense mutation is a point mutati@ sequence of DNA that results in a premadtop codon, or
a nonsense codon in the transcribed mRNA, and frurecated, incomplete, and usually nonfunctionatgin
product [14]. An example of nonsense mutation vegiin Snapshot — 6 [15].

Monsense mutation

Aming Acids Ala lte Arg Leu Gly Tyr Ser Ala Cyssiop =i
tRMA ! L . . Frolain
anticodon . . CE ACGATI
mAmMa . . Jecdaunacdor uadeacuccaucQUAICACGUAGCUAUACGC. . . g

Monsense mutation

Snapshot — 6

In Snapshot — 6, the stop codon is introducedeat @' place in amino acid sequences.

Verification Using Degree Sequence
For the sequences provided in Snapshot — 6, segquenification is done as seen in Table — 5
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Table -5
Sequence 1 GCU AUA AGG CUA GGU UAC AGU GCA UGB\A CAC
Degree Sequence(l 1612 5120 1240 2222 1117 213018542 2103 1230
Conclusion Since the stop codon appears inltiigee sequenderepresents nonsense mutatign.

Missense Mutation

In genetics, a missense mutation ( a type of namsymous substitution ) is a point mutation in whelsingle
nucleotide change results in a codon that codea thfferent amino acid [16]. An example of missensutation is
given in Snapshot — 7 and 8 [15].

Mormal
Amino Acids Ala lle Mr Leu Gly Tyr Ses Ala Cys His Val &l la lle . BT e
tANA J_J_ J_J_J_J_ J_ J_J_ J_J_
anticodon . 1 ASEN Pratein
mENA . . r::le 4 df |HJ GG ?.* ’1':_-:,:;,1(;:;:9155;-::14 4 g fj U ﬂJu,'if Iz Jr' ”1
5 codons X
Snapshot — 7
Missense mutation
Amino Acids - Ala lle Arg Leu Alg Tyr Ser Ala Cys lle His Val Ala lle Arg cceeep
. lH;M J_J__J_J_J_J_J__J_J_J_J_J__J_J_J_ y
A0 I3y, b AL
mANA . . ,\Jw-‘-'if'l'-f“‘l"l I.-J(_,. il n_”,'.*.G- ~ _Jl f_,'jrh _4-"n:‘1l I-.-“J\"'"-' ‘L,l I.-JC -.|.1 Prebsin
5 codons )
Missense mutation

Snapshot — 8

Compare Snapshot — 7 and 8. One of the nucleotglgdine ) in Snapshot — 7 is replaced by anothesieotide
(Cytosine) in Snapshot — 8. This results in an lired amino acid ( Alanine ) being incorporatedittie protein
sequence of Snapshot — 8

Verification Using Degree Sequence
For the sequences provided in Snapshot — 7 aretjfeace verification is done as seen in Table — 6.

Table — 6
Sequence 1 GCU AUA AGG CUAGU UAC AGU GCA UGC AUA CAC GUA GCU AUA CGC
Sequence 2 GCU AUA AGG CUACU UAC AGU GCA UGC AUA CAC GUA GCU AUA CGC

Degree Sequence 1 1612 5120 1240 2222 2130 3724 1612 2103 5120 1230 6112 1612 5120 1240
Degree Sequence P 1612 5120 1240 2222 2130 3724 1612 2103 5120 1230 6112 1612 5120 1240
Conclusion Sincelegree sequences are not edhey represent missense mutation.

CONCLUSION

Graph theory is growing as a promising field inieas fields of biotechnology, medicine due its ceatilpility in
representing any structure as a graph. It is caivipator coding also as various algorithms are tgwved using
graph theory. Protein point mutations are an esdesimponent of the evolutionary and experimeatalysis of
protein structure and function. While many manuathhbases attempt to index point mutations, ourcambr is to
identify the different types of point mutation in aasy way through a number sequences.

In the proposed method each amino acid is repredeas a graph. Moreover degree sequence of tiphgare
used for mutation verification. Since umbers carptigrammed easily using MATLAB, the proposed mdthan
be used as a means of initial verification for plssible occurrence of the mutations in the seqgsepoovided.
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