€

VOLUME 35, NUMBER 2

MATHEMATICS SERIES
. AUGUST 2008




%) @(,AJ_DQ/U«,W

SIVELC L)

ABAC S

%5‘."’“3

* ‘ THE JOURNAL OF " barra
 MATHEMATICAL ASSOCIATION
. NtGEmA (M AN)

- NR-ISSN-3099

R EDITOR-IN-CHIEF
. PROFESSOR J. S. SADIKU
DEPARTMENT OF MATHEMATICS, FACULTY OF SCIENCE,
i ' UNIVEﬂslTY OF ILORIN, ILORIN, NIGERIA.

© THE MATHEMATICAL ASSOCIATION OF NIGERIA

e,




Alh. A. O. Okuboyejo
Prof. 1. A. Ochepa
Dr. S. A. Okunuga
Prof. J. S. Sadiku
' (The Journal of Mathematical Amclatlon of Nigeria)

Dr.(Mrs.) M. F Salman o Wﬁmnclal Secretary

Mrs. P. N. Ezenwelu

Mr. Christopher Yelposu
Mal. Mohammed Tukur
Mr. Ishaya Amutu

- Dr. (Mrsa vﬂ,ﬂ Er;raye:u
Mal. S. M Sll’a]O

LE 2 M x-offic

Dr. M. O. lbrahim g Ex-officio Member
Mr. E. S. Ebisine Ex-officio Member

A

CHAIﬁPERéONS OF ALL STATE BRANCHES

IAOITAMBHTAM 3HT ¢

{ wj

Tl
ok

ll.MiM
] lrlﬂ
L
il

-
.;;\;;l

\ HIM
| :M“
W

:

A

HW

i




The Journal of the Mathematlcal
: Assocftatlon of thena Volume 35,
o Number 2, August 2008. o

e “Abacus the Joyrnal ot the Mathematlcal ‘Association of Nigeria,
shes very carefully selected papers covering all areas of

ngineering.
BNeno0 s :
- **‘, The Journat publtshes tlve typeseof contnbutlons namely survey

)apers, contributed papers, technical notes, technical comments and book

ews, the latter stnctly by invitation of the editors through the Edltor-m-

1 ' of the Joumat . e ,

Bihian

tl'wo issues (Mathematlcs series’ and Mathemattcs Educatlon

4_ ") of the Journal are published in August or September of every year.
thor(s) is/are to ‘pay N1,200.00 for processing a paper. Three coples of

ne manuscript should be forwarded for review.

s ead 1o a

,i * The papers should be typeset usmg 7 by 9” dlmensmn margln set

A .teft 17, right 0.5, top 0.5 and bottom 0.5”. Send three coples of your
2 t e to the Edltor-m-Chtaf . svA O &

'P
m}k

B

e EDITOR-IN-CHIEF
e - PROFESSORJ.S.SADIKU

L MTMENT OF MATHEMATICS EACL}LTY OF SCIENCE
Z0D8.] fUNlYERSLTYOF ILORIN,JLORIN NIGERIA.

=+ SouA

~ The reviewers’ con;mefnts are then sent to the authors(s) The
C article should be forwarded to the Editor-in-Chief in a CD or flash

osoft Drawing for equation and ‘grouping of equations is not
:cepted. Any other software used in typing your article aside from

osoft word should be accompanied with the mstallatlon CD so as to
edmng easy.

matics, Mathematics Educatlon Statistics Computer Science and

wnth two hard copies included. Microsoft word is preferred. The use




_ EDITORIAL BOARD

~ PROFESSOR J. S. SADIKU .
‘ (Editor-in-Chief)
' Department of Mathematics, Facuﬂyof Science,
; ~ University of llorin, m)nn Nigéna

Professor P. Onumanyu
National Mathematical Centre

'Abtna Nfgena X

Professor J. Amazigo
Department of Mathematlcs
University of ngena Nsukka
Nigeria.

‘Professor S. O. Ale _
National Mathematical Centre,
Abuija, Nigeria.

‘Nigeria

Professor R. O. Ayeni
Department of Pure & Applied
Mathematics, Ladoke Akintola

“University of Technology, Ogbomoso,

Nigeria

_ ProfessorM. O. Fajemidagba

Department of Science Education

University of Ilcmn Hd’ﬂn N’geda

Professor S. 0 lyahen

- National Mathematical Centre,
L ‘f_'?ebd;a ‘Nigeria. ;

~ Professor M. S. Audu,

Department of Mathematics
‘U_niy,ersity of Jos, Jos, Nigeria.

- Professor S. A. llori

Department of Mathematics

VUmvers:ty of Ibadan, Ibadan,

Professor P. N. Lassa

Faculty of Education
University of Jos, Jos, Nigeria

Professor K. V. Aderogba
“Department of Mathematics
University of Lagos, Lagos

Nugena :

B
by

b=
s

0

by jm
-
i [

>

el
i

MII

| H\eﬂ‘l
piy
ll[;

i




e ASSOCIATE EDITORS
rofessor L. O. Adetula ~~ Dr. 1. U. Jahun

National Mathematical Centre, Abuja  Federal College of Education
‘Nigeria. ‘Bichi, Kano, Nigeria

ofessor E. T. Jolayemi : Professor E. A. Akinrelere
Department of Statistics ~ Department of Mathematics
‘University of llorin, llorin, Nigeria’ ~ Obafemi Awolowo University

‘ ' lle-Ife, Nigeria.

i
Ed

Professor Herbert Wills Dr. A. A. Tijjani
Department of Mathematics o Department of Mathematics

* Education, Florida State University, Ahmadu Bello University, Zaria.
‘Tallahassee, Florida, U.S.A. - Nigeria.

Dr. M.O. Oyesanya Professor J. A. Adepoju
Department of Mathematics Department of Mathematics

~ University of Nigeria, Nsukka, University of Lagos, Lagos,
~Nigeria : Nigeria. i

85 .
Professor O.S. Adegboye ~ Professor M. A. Ibiejugba
‘Department of Statistics Department of Mathegatics
‘University of llorin, llorin, Nigeria- University of llorin, llorin, Nigeria

essor G. M. Gladwell Professor A. U. Afuwape
‘University of Waterloo, Waterloo, - Department of Mathematics
Canada - ~ Obafemi Awolowo University
A s lle-Ife, Nigeria.
Professor G. O. S. Ekhaguere
Department of Mathematics
arsity of Ibadan, Ibadan, Nigeria




ple

1.

12-' ,,l-._J :4'

TABLE OF CONTENTS
AJ /

Reuben, U. and Iyal D Asymptouc Null Controllabmty of Linear Neutral
Voliterra Integrodifferential Systems With Distributed Delays In Control 1

Page

Okunuga S. A. and SofoitMe A. B. - A Fifth Order Padié tntegration
Formula for Stiff Problems

Ette, AM. - Perturbanon Scheme on the Stabmty of Cylindrical Shells
-‘S!ressedﬂby ‘External Pfessu:e Hrion aloid

 Ifiok, A. E An ﬁ}!l rnahve Method for Calculating thg Dlstance between i
Two Points 6ﬁ tﬁe Surface of the Earth. 27

QOdule, T. J. - Understanding and Managing Computer Vuruses 38

~ Oluyo, T.O and Ayem B'O - Mathematical Anﬂgsas of the Glebal Dynamncs :

forl:_‘ 4, us Dnseas’es , PR ¥
Ajala, O.A and Ayeni, R.O - A Note on the Existence and Uniqueness

of a Boundad MHD Boundary Layer Flow Over a Moving Vemcal Cylinder 50

Ojadele "{,;O 3am19bola Q M. and Gbadeyan,J.,A Concept of Strmgs -
and Treés in‘Bnomfonnahcs il

Amponsah, S. K., Darkwah, ‘K. F., Oduro, F. T. and Ofon-Kusu D. o
- Fibonacci Search Method OnaTi1-89 Graphmg Calculador 68

?ladgle T, ASurvey otProgrammmg Languages Relevant - Te
nBuomformattgs o _ siail ninall 1o viis1aviet]

Gbadeyan, J. A. Sadtku J.S. and Babatunde A 0 Analys:s of

Paseu Bas:c and C Programming Languages SiE zoiofR
5y t;eangg wwahzahon of Unsteady Natural Convec\:qn

in S&har% E‘nclosutes vﬁih Top Conducting Wall

" Ajibade, A. O., Yakubu, M. I. andAlkaﬁ,A-mmenmm e
SetofSingularMatnces # i tnemhis

3 wssivet 3
3OO Vi

Makamuola S.0.- AC“”O'Typewsem | .nebs

Oyasanya. M.O. - SomeHemarksontheStabclﬂyofmeknperfect
Structure




angia, A., Ogbondah, C., Womuru, E. N., Wonu, N. & Ejekudo, N.
- A Study on the Effect of Transverse Magnetic Field on the Trajectory
~ of aFree Jet i - NEAR NJ

154

-@él‘ami, B.O., Ale, S. O. & Sesay, M. S. -‘On Existence and Stability with |
Respect tolnvariant Sets for Impulsive Differential Equations with Variable
1 Kaurangini, M.L. & Jha, B. K. - Combined Effects of Free and Forced
- Convection Flow in a Vertcal Annulus Filled with Porous Material Having
Variable Porosity : - 179
Nwachukwu, G. C. & Otunta, F.O. - An Extehsion of Variable Order ,
One-Step Methods for Initial Value Problems. 193-199




ABACUS, Pages 56 - 67, Vol. 35, No. 2, 2008

! CONCEPT OF STRINGS AND TREES IN BIOINFORMATICS

IOLADELE T. O. ZBAMIGBOLA O. M. and *GBADEYAN J. A.
L nt of Computer Science, University of Ilorin, Ilorin. Nigeria. -
partmerit of Mathematics, University of Ilorin, Ilorin. Nigeria.

ABSTRACT

Strings have been found to be the most general medium for the representation ¢
information. Considering the large amount of data stored in data dictionaries, databases or the
massive data in genomic databases, text remains the: main form of exchanging information. Th
representation of information from real-world problem may involve the use of many interlink
data structures. g 43 i 531 w8 4S8

In this paper, the suffix tree data structure was used to solve the Pattern Matc ing
problem. We present the suffix tree as an efficient data structure that provides efficient access |
all substrings of a string. It is able to rapidly align sequences containing millions of nucleotide
and give significant biological information.

1. INTRODUCTION
The universe of strings is probably the most general medium for the representation

information. i 3
Although data are stored in various ways, text remains the main form of exchangin
information. This is particularly evident in literature or linguistics where data are composed
huge corpora and dictionaries. This applies as well to computer science where a large amount
data is stored in linear files. The same is also true of molecular biology where biologic
molecules can often be approximated as sequences of nucleotides or amino acids. 13/

~ In this paper the suffix tree data structure was implemented using the McCrei
Algorithm in order solve the Pattern Matching problem. ' ; ‘

2. PRELIMINARIES b
: The meaning and definition of some terms and concepts that will provide a thore
~ understanding of the work in this paper are presented in this section. i 2l

ae
G

P

- (i1-4TESE
Definition 2.1: A String is an ordered list of characters written contiguously from left to right.
For any string S, S[i..j] is the (contiguous) sub-string of s that starts at position i and
“position j of stringS. - _ R sahii : jor & 1o
 Definition 2.2: An Alphabet is a finite non-empty set of symbol(s) which are assumed
- indivisible. _ ; - :
For example, the alphabet for English language consists of 26 upper case Letters A, B, ...,
26 lower case Letters a, b, ...,z. _ , y snoiHnus
We usually use the symbol ¥ to denote an alphabet system. 11 sl
Definition 2.3: A String over.an alphabet Y. is a finite sequence of symbols of Y .
Definition 2.4:Given a String S, S [1 ...i] is the prefix of the string S that ends at position i
[i...|S] 1 is the suffix of string S that begins at position i. ‘ _ il
Example; California is a string, lifo is a substring, cal is a prefix, and ornia is a suffix.
Definition 2.5: For any string S, S(i) denotes the ith character ofS. ' _
Definition 2.6: Let x = ay, a3, ... 3, and y = by, by, ... by, be two strings. The concatenation of 3
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enoted by xy, is the string a;,a,... a, by,by,...b, €.g Let §; = GOOD and S; = DAY, The
tion of S; and S, which is denoted by S; S;= GOODDAY.
on2.7: A dictionary is a container of elements from a totally ordered universe that supports
ollowing basic operations:- of e salt - :
FIND: search for an element.
INSERT: insert an element.
REMOVE: delete an element.
- A major application of dictionaries is database systems.
In the most general setting, the element in a dictionary are pairs (x y) where x is the key
g the ordering of the elements and y is the auxiliary information.
4 " For example, in a database storing student records, the key could be the student’ s last
ame or matriculation number, and the auxnllary information the student’s transcript.

EE STRUCTURES
A tree consists of a finite set of elements, cal]edNodes,andaﬁmtesetofdxrectedhnes
branches that connect the Nodes. When the branch is directed to the node, it is an indegree
whenthebramhlsdxrectedawayﬁ'omthenode 1tlsanoutﬂegxeebramh Seeﬁgurell

re 1.1: A tree

i TERMINOLOGIES S ]
Theﬁrstnodcofau'eelscalledtheroot A leaf is any node with an outdegree of zero.
It has no outgoing branches e.g node C, D, G, H and I as shown above. Nodes that are not a
ot or a leaf are known as Internal nodes because they are found in the middle portion of a tree,
x A node is a parent if it has successor nodes; i.e it has an outdegree greater than zero.
- Conversely, a node with a predecessor is a child. A child node has an in degree of one. Two or
- more nodes with the same parent are called siblings.
=t Ananoestonsanynodemthepathfromtheroottothenode AMxlt_lsanynode
; thepath belowtheparent node. "
57




CONCEPT OF STRINGS AND TREES IN BIOINFORMATICS

_Apathisa sequencé of nodes in which each node is adjacent to the next one.
Every node in the tree can be reached by following a unique path starting from the root.
Example: e ‘ ; s

Parent: A,B.F

Children: B,E,F,C,D,G,H,1,

Siblings: {B, E, F}, {C, D}, {G, H, 1}

Leaves: C,D,E,G,H, 1

Internal nodes: B, F : _ :

A tree may be divided into sub-trees. A sub-tree is any connected structure below the
root. The first node in a sub-tree is known as the root of the sub-tree. Furthermore, sub-trees can
be subdivided into subtrees. . )

The concept of subtrees leads us to a recursive definition of a tree.

A tree is a set of nodes that is :

1. ~  either empty or
2. has a designated node called the root from which hierarchically descent zerc or more
subtrees which are also trees.

TREE REPRESENTATION -

While a tree is generally implemented in the computer using pori.. sutside the
computer there are three different representations for trees. The first is the organization chart
format, which is -basically the notation used to represent trees as shown in figure 1.1 above. The
term used for this notation is general tree. The second representation is the indented list, while the
third is the graphical representation. ’

TYPE OF TREES

BINARY TREES
A binary tree is a tree in which no node can have more than two sub-trees. In other

words, a node can have zero, one or two subtrees. These subtrees are designated as the left

subtree and right subtree.
A null tree is a tree with no nodes. , :
Traditionally, the subtree pointers are simply called left and right.

BINARY TREE TRAVERSALS :
The binary tree traversal requires that each node of the tree be processed once and only
once in a predetermined sequence. These are two general approaches to tree traversals;
“Depth first and breadth first. : 5 e
In depth-first traversal all of the descendants of a child are processed before the next child. i
In breadth-first traversal each level is completely processed before the next level is started.

3.  DATA STRUCTURES

A data structure is g,systemiatigway of organizing ;uid’acgessing_ data. It is an aggreg tios
of atomic and composite data types into a set with defined relationship. it :

31 Suffix Trees i B o A
Suffix trees are inter.-connected structures (data structure), that provide efficient access
all substrings of a string. Suffix trees can be used to solve the exact matching problem in lines

time (achieving the same worst—case bound that the Knuth-Morris—Pratt and the Boyer-Moc

e
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algorithms achieved). : ® ;
Definition 2.8: A suffix tree T for an m-character string S is a rooted directed tree with exactly m
aves numbered 1 to m. Each internal node, other than the root, has at least two children and each
' is labeled with a nonempty substring of S. No two edges out-of a node can have edge-labels
ginning with the same character. The key feature of the suffix tree is that for any leaf i, the
tenation of the edge—labels on the path from the root to leaf i exactly spell out the suffix of S
starts at position i. That is, it spells out S [i...m].
ted above, the definition of a suffix tree for S does not guarantee that a suffix tree for any
ing S actually exists. The problem is that if one suffix of S matches a prefix of another suffix of .
ﬂlen no suffix tree obeying the above definition is possible, since the path for the first suffix
uld not end in a leaf. -
h example, if the last character of xabxac is ‘removed, creating strmg xabxa, then suffix xa is a
ﬁix of suffix xabxa, so the path spelling out xa would not end in a leaf. ,
~ To avoid this problem we assume that the last character of S appears no-where else i in S.
hen no suffix of the resulting string can be a prefix of any other suffix. To achieve this, we add a
character to the end of S that is not in the alphabet that string S is taken from. We use $ for the
“termination” character which is called the sentinel. . :
= Informally, suffix trees of a string S = s1,...,sn, is a tree with O(n) nodes and edges and n
leaves. Each leaf in the suffix tree is associated with an index (1 <i>n). This is made possible by
: concatenation of S with a special character $, usually called the sentinel, that is not occurring in

] 'l'lus way, no Si i isa proper preﬁx of Sj and there is a one-to—one correspondence between S$ and
leaves of suffix tree (ST).
- The edges may be labeled with characters or substring of S$ (non—compact ST) or are represented
constant space by a pair of pointers into S$ (a compact ST), but a concatenation of the
~ characters on the edges on the path from the root to a leaf i, represent the ith suffix of string S.
1

3.1.1  Properties of Suffix Trees
1. Every suffix of the string S is represented by a leaf in the suffix tree.
&vbmgth of an edge label of the suffix tree can be found in O(1) time.
3. If a leaf of the suffix tree represents a string v, then every suffix of v is also represented by
~ another leaf in the suffix tree.
4_If a node u is an ancestor of another node v, then the strmg that u represents is a prefix of the
string that v represents. .
5. If nodes vy, Va,...,Vi represent the strings vy, Va,... ,Vi, Tespectively, then the lowest common
ancestor of vy,... ,v, represents the longest common preﬁx of Vi, , Vi
’With the Schieber—Vishkin method, the lowest common ancestor (lca) of two arbmary nodes v;
id v, can be computed in constant time.
e are two main reasons, why suffix tree with all its advantages have not been w:dely used in
ctice.
plementing sufﬁx trees is generally believed to be cxtremely involving. This is paﬂxcularly due
 the first two original papers that introduced suffix trees. They are generally difficult to
derstand, but recent works like Gusfield and Kurtz on sufﬁx trees have mmphﬁed its
implementation.
ufﬁx tree is also believed to be greedy for space It required large space to be stored, that
ally leads to excessive disk thrashing during its construction.

1
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CONCEPT OF STRINGS AND TREES IN BIOINFORMATICS

To tackle this problem, previous works have proposed alternative index structures which
store less information than the suffix trees and are therefore more space efficient. '

These alternative structures mclude the suﬂix array, level compressed trie, suffix bmary search tree
and suffix cactus. - '
Apart from the fact that these structures are not as versatlle as the sufﬁx trees their direct
implementation do not run in linear worst case time as their indirect implementations, which
normally begins with the construction of the suffix trees. Recently, another direction has been
taken by Kurtz to tackle this problem. In his work, he showed that suffix trees store various kinds
of redundant mformanon and exploited these redundancies to obtain a ‘more space-efﬁment
representation in practice (average case) and also in worst case.

Specifically, he reduced the space requirement of suffix trees from 28.n bytes to 20.n
bytes in worst case and to 10.In bytes in practice. He further claimed that all formal
implementation techmques of suffix trees can be implemented upon his representation, without any
significant changes in these techniques. As an example, he modified McCreight’s algorithm to
implement suffix trees, while making use of his representation.

In this paper, we made use of Kurtz’s representation and his modified McCreight’s
algorithm for constructing suffix tree. :

1.2 Applications of Suffix Trees

Here some applications of suffix trees are duscussed. Most of these applications allow
uiprisingly efficient, linear-time solution to complex string problems. These applications
'lustrate the power and utility of suffix trees. -

?) Exact String Matching:

There are three important variants of this problem depending on which string p or T is
known first and held fixed. We have an instance of the use of suffix trees in the exact matching
problem when the pattern and the text are both known to the algorithm at the same time. In that
case, the use of a suffix tree achieves the same worst—case bound O(n+m) as the Knuth-Morris-
Pratt or Boyer—Moore algorithms.

The exact matching problem often occurs in the situation when the text T is known first
and kept fixed for some time. After the text has been preprocessed, a long sequence of patterns is
input, and for each pattern P in the.sequence, the search for all occurrences of P in T must be done
as quickly as possible.

Let n denote the length of P and k denote the number of occurrences of P in T. Usmg a suffix tree
for T, all occurrences can be found in O(n+k) time, totally independent of the size of T.
(ii) Suffix Trees And The Exact Set Matching Problem: : :

~ This is the problem of finding all occurrences from a set of strings P in a text T, where the
set is input all at once. There we developed a linear—time solution due to Aho and Corasick. Set P
is of total length n and text T is of length m. The Aho—Corasick method finds all occurrences in T
of any pattern from P in O(n+m+k) time, where k is the number of occurrences. This same time
bound is easily achieved using a suffix tree T of T.

When T is first known and fixed and the pattern P varies, all occurrences of any specnﬁc P
(of length n) in T can be found in O(n+kp) time, where kp is the number of occurrences of P. This
exact matching problem is actually.a simpler case because the set P is input at the same time the
text is known. To solve it, we build suffix tree T for T in O(m) time and then use this tree to
successively search fg; all occurrences of each pattern in P. The total time needed in this approach

- is O(n+m+k).

v
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he Substring Problem For A Database Of Patterns:

he most interesting version of this problem, a set of strings, or a database, is first
. Later, a sequence of strings will be presented and for each presented strings, the
find all the string in the database containing S as a substring. In the context of
genomlc DNA data, the problem of finding substrings is a real one that cannot be
 exact set matching. The DNA database contains a collection of previously sequenced

s which

h_ tree

ar direct
.. which

as been
s kinds DNA string is sequenced, it could be contained in an already sequenced strmg, and an

i it method is needed to check that it is of value. Suffix trees yield a very attractive solution to

. ‘ ;moblem

to 20.n : .

Mormal >ENE! LIZED SUFFIX TREES

ed sufﬁx trees (hence forth GST), is the resulting -suffix tree constructed for
gs 'S1, S2, ..., Sn instead of a single string. The GST allows efficient access to

, ] abstrings and sufﬁxes of strings S1, S2, ...., Sn.

reight’s '_ imple way to build GST is to concatenate strings S1, S2,... , SN together, separated

er by some special symbols not contained in any strings. The resulting suffix tree for

mated string is the required GST for strings S1, S2,..., SN. In this tree, every suffix of

ag is represented by a leaf. Note that, sometimes two or more strings of S1, S2,.. .» SN

the same suffix. In this case, the GST has two or more leaves corresponding to the same

- 7 orresponding to a different string.

a be built in O(N.n) time and space, where N is the number of strings and n is the

th of each string.

ﬂST can be built fairly quickly. First build a sufﬁx tree for S1 (assuming an added

yaracter $). Then starting at the root of the tree, match S2 against a path in the tree until

‘occurs. At that point add the remaining characters of the suffix of S2 to the ST. When

processed, it will encode all the suffixes of S1 and all the suffixes of S2.

zbel consists of the string number (first number) and the starting position of the suffix in

 (second number)

aout any
ithm to

Applications of Generalized Suffix Trees

sest common substring (LCS) problem of two strings:
two strings S1 and S2, the longest common substring is a substring that appears
S2 and has the largest possible length. A simple and efficient way to find the
amon substring between two strings is to build a GST for S1 and S2. Each leaf of the
ents either a suffix from one of the two strings or a suffix that occurs in both strings.
ﬂemal node v with a 1 (and 1 or 2) if there is a leaf in the subtree of u representing a
1 S1 (and / or S2). The path-label of any internal node marked both 1 and 2 is a
- comme to both S1 and S2, and the longest such string in the LCS. The algorithm has to
epest node (that has the highest number of characters on the path to it) that is marked
2 (and therefore, has two leaves). This problem can be solved in linear time, since the
of the GST can be done in linear time (proportional to the total length of S1 and S2)
»de marking and calculations of string—depth can be done by known linear—time tree

hods.

Suffix-Prefix Matching Problem (APPSMP):
ix—prefix match of the sequences S1 and S2 refers to any suffix of S1 that matches

4 61




CONCEPT OF STRINGS AND TREES IN BIOINFORMATICS

a prefix of S2. Given a set of sequences {SI. ... Sn} thé APPSMP is the problem of finding, f@
each ordered pair Si, Sj in the set, the longest sufﬁx -prefix match of (Si, Sj). This problem can &

solved in linear time using the GST as the mam data structure To solve the APPSMP a GST
constructed for all the sequences in the set.

. The algorithm also builds a list L(v) for each 1ntema1 node V. The L(v) hst contams
index i if and only if v is incident with a terminal edge (an edge or a GST that is only labeled w
the string termination symbol, $) whose leaf is labeled by a suffix of sequence Si. That is, L3
holds the index 1 if and only if the path label to v is a complete suffix of sequence S1. b
(c) - All Maximal Repeats Problem (AMRP) In Single Sequence:

A sequence can contain repetitive subsequences. These repeats can occur either adjac
to each other (Tandem repeats) or apart any where in the sequence. Some of the Tandem repe:
consist of very short sub sequences, called Micro satellites, and have become the preferred ma
in many genetic mapping efforts. : ~ :

Maximal repeats are two identical subsequences in a sequence S, such that the char
to the immediate left (right) of the first sub sequence is different than the character to 8
immediate left (right) of the second sub sequences.

That is, extending either of the two subsequences in either direction destroys the equality of"
two subsequences. Our main interest in repetitive structures in sequences is due to the repeti
structures seen in biological sequences. 1
For example, most of the human Y chromosome consists of repeated subsequences. In addit
many diseases are caused by structural repeats. Therefore, solvmg the AMPR is useful in fin
DNA:repeats.

) A suffix tree can be used to find all maximal repeats in a hnear time. Once a suffix

" constructed, any internal node implies a maximal repeat at two locauons The length of the rep

is the length of the subsequence from the root to that node '

(d) Circular DNA Sequences problems:

A circular sequence “S” of length n is defined as a sequence in which character
considered to precede character 1. The characters in a sequence are numbered sequentially f
~ to n, starting as an.arbitrary character in “S”.

Given two circular sequences of the same length, a ST can be used to compare thes
sequences, to determine if they are equal, in linear time. This is done by cutting the first cis
sequence S1 at an_arbitrary point to obtain a linear sequence L1. Doubling LI, create
sequence L1L1. At this point, construct the suffix tree T1 for LIL1. Next, traverse T1 v
rule that, at every node, the traversal follows the edge whose first character is lexically sr
over all the first characters on edges out of the node. The traversal continues until the tra
path P1 has a sequence—depth n. Repeat for sequence S2'to get the path P2. Then compare
P2 to see if they are equal. : : r:
(e) The K-Mismatch (error) Problem: "
This problem deals with finding sequences with errors. Specifically, it refers to m:
sequences with an allowable (k) number of errors. For example, given a set of strings, f
- occurrences of the pattern P = “Biology” in this set of strings while allowing for only one erre
P can occur differently as P’ in any of the strings due to one of these possible errors: ins
_ deletion or substitution. To solve this problem, we need to generate every possible smn
can be derived from P by changing up to 1 character of P. Construct a GST containing
glven stnngs..'l‘hen traverse the tree to find all the starting locations of the possible occurre
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-arch can be done in linear time and is proportidflal to the length of P’.

LICATION OF STRINGS AND TREES

den Markov Models sl to e
 Hidden markov model is a computational structure for describing the subtle patterns that
families of homologous sequences. Hmms are powerful tools for detecting distant relatives,
- prediction of protein folding patterns. They are the only methods based entirely on
at is, withput explicity using structural information. § eidl
tive with PSI — BLAST for identifying distance homologues. They also perform well

-~

ecognition, as assessed in CASP programs. _ - o
‘Within an Hmm is a multiple sequence alignment. However, Hmms are usually presented
gedures for generating sequences. A conventional multiple sequence alignment table could
ed to generate sequences by amino acids at successive position, each amino acid chosen
»sition — specific probability distribution derived from the profile. But Hmms are more
n profiles. - 4 o :
 They include the possibility of introducing gaps into the generated sequence, with
on — dependent gap penalties. 05 )
~ Application of profiles requires that the multiple sequence alignment be specified upfront;
ern statistics are then derived from the alignment. Hmms carry out the alignment and the
ment of probabilities together. - ,
- The internal structure of an Hmm shows the mechanism for generating sequences as
slOw: ¥
start. and follow some chain of arrows until arriving at end. Each arrow takes you to a
f the system. At each state (1) you take some action-emit a residue, perhaps and (2)
S arrow to take you to the next state. The action and the choice of successor state are
med by sets of probabilities.
~ The dynamics of the system is such that only the current state influences the choice of its
ssor — the system has no memory of its history.
~ Software for applying Hmms to biological sequence analysis can achieve
- Training — Given a set of unaligned homologous sequence, it can align them and adjust
nsition and residue-output probabilities to define an Hmm capturing the patterns inherent in
equences submitted. : ' : :
Detection of distant homologues. Given an Hmm and a test sequences, it calculates the
that the Hmm could generate the test sequence. _

= Hmm trained on a known family of sequences would generate the test sequence with

high probability, the test sequence is likely to belong to the family.

Align additional sequences, the probability of any sequence of states can be computed
the individual state — to — state transition probabilities. Finding the most likely sequence of
s that the Hmm would use to generate one Or more test sequences reveals their optimal
~ SUFFIX TREE DATA STRUCTURES FOR ALIGNMENT OF WHOLE
- GENOMES: ;

" The suffix trees has been found to be an efficient data structure for alignment of
ences containing millions of nucleotides. v :
focus “of most prior research has been on comparing single proteins or genomic DNA

-
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sequences containing a single gene. The existing algorithms work extremely well on this task,
in most cases are ineffective in aligning entire genomes. . ’

In addition, previous algorithms were designed primarily to discover insertions, deletions and pe
imitations; but not to look for the kinds of large changes that can be discovered in whole-gene
comparisons, such as differences in tender repeats and large scale reversal.

This new system is used for pairwise alignment and comparison of very large scale C
sequences. The system is specifically designed to perform high resolution comparison. It ou

‘a base-to-base alignment of the input sequences, highlighting the exact differences in the genc
It will locate all single nucleotide polymorphisms (SNPS), large inserts, significant repeats, tar

‘repeats and reversals, in addition to identifying the exact matches between the genomes.

42.1  The challenge of whole Genome Alignment. 31

~ The standard algorithms for sequence alignment rely on either dynamic programming Or
techniques. In contrast, the suffix-tree approach directly finds maximal matches that are unig; c
This system uses a combination of three ideas: suffix trees, the longest increasing sequence
and Smith-Waterman alignment. The suffix tree is recommended as an efficient data structur

implementing pattern matching, whole genome alignment algorithm etc. .

5. IMPLEMENTATION McCREIGHT ALGORITHM USING SUFFIX TREE [
STRUCTURE :

Here, the Pattern Matching problem is considered. The practical importance of pattern m:

problems cannot be overemphasized. The problem arises in widely varying applicatios

molecular biology there are several hundred specialized databases holding raw DNA, RN

amino acid strings, or processed pattern (called motifs) derived from the raw string data.

51 PATTERN MATCHING PROBLEM .
Given a string P called the pattern and a longer string T called the text, the @
matching problem is to find all occurrences, if any, of pattern P in text T. : '

‘For example, if P = aba and T = bbabaxababay then P occurs in T starting at locations 3, 7.
‘Note that two occurrences of P may overlap, as illustrated by the occurrences of P at loc
and 9.

52 . PROGRAM SPECIFICATION .
B ' TheptogramdesignedandimplemenwdinthispaperwaswdtteninCandit
program called Tree. The main program is an interactive menu-driven program which |
routines that can be accessed by selecting either of the numbers 1,2, 3 and 4.
Thg menu is displayed as follows; - . ' i

Please Select Routine

[2] Suffix Tree
* [3] Exact String Matching
[4] Exit Program
= Choice (1 - 4): :
If Choice is 1, the function suffix_array() is executed.
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on this task,

e

yoice is 2, the function suffix-tree() is executed.

Boice is 3, the function pattern_matching() is executed.
wice of 4, exits-the menu and entire program

sletions and ';
n whole-gen

F X ARRAY ROUTINE

The suffix array routine was implemented in this paper by the function sufﬁx array() The

n suffix_array() inputs a string which is entered from the keyboard.

‘The string length is determined by the lrbrary function strlen() and the main string is

ed on the screen. All the suffixes of the entered string and therr respectrve startmg positions

. main string are generated.

 The suffix array is then generated by carrying out a lexicographic sorting of all the

. The suffix array displays a lexrcographrc sorted lrst of suffixes with respect to their
it - ns in the string.

Searching for patterns in the suffix array returns the posmon of occurrence of the patte:si
% main string. The suffix_array() function was implemented using the string assassin.

large scale L
"»‘ on. It oul
s in the gene

repeats, tam

'é.-

ning or

at are unique
g sequence {
': la structure

3 £ SUFFIX TREE ROUTINE
{ TREE I . The suffix tree routine was implemented in this paper by the function suffix tree() The
_treel function was used to build the suffix tree for string abab.
The suffix_tree() function reads in the string abab. The McCreight algorithm builds the

attern matc ;  in linear time O(n).

applications.

DNA, RNA :
ey RN : THE EXACT STRING MATCHING ROUTINE

~ The exact string matching routine was implemented by the function pattern_ matchmg()

ﬁlctlon pattern_matching() reads in a string of DNA sequence or protein sequence from a

This is referred to as the main string. The length of thrs stnng is determined by the library

tion strlen(). ;

A shorter string called the search string (pattern) is then entered The main string is

=d for the first occurrence of the search string. Hence, the respective positions of occurrence

he sed h string in the main string are printed. The number of occurrence of the search string in
in strmg is also pnnted

ANALYSIS OF RESULTS
SUFFIX ARRAY
- The suffix array was implemented for the strmg T assassin. This is a typrcal example
by Manber and Myers [10].
_ Posisa lexrcographrcally sorted array of start posmons of a]l the suffixes in the stnng
, ll the start position of the kth smallest suffix. Pos[2] i in the suffix array = 6. Hence, T =in.
~ For large DNA and protein sequences the suffix array is found to be more space efficient
.e suffix trees because it only stores array of posmons wrthout necessarily displaying all the
fixes in the sequence
!‘1
X TREE
i The suffix tree of S = abab was implemented. The suffix tree represented by the string
b has two-internal nodes called branching nodes.
af 1 spells out the entire string abab from the root.

-’
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Leaf 2 spells but the suffix bab from the root since no two edges from the same node must begir
with the same edge-label. [ ‘ : I 4
Leaf 3 spefls ab,-which is a branching after the second element in the suffix that ends in leaf 1.
Leaf 4 spells b, which is a branching after the first element in the suffix that ends in leaf 2.
Leaf 5 spells $, the termination character from the root. 3
p 38

EXACT STRING MATCHING ) ,

The exact string matching problem was implemented by using the DNA sequence and th
protein sequences. B ; 2

The practical importance of the exact string matching problem should be obvious
anyene who uses the computer. Some of the common applications are in word processors,
textual information retrieval programs such as Medline, Lexis, in internet browser which s
through massive amounts of text; internet news readers that can search the articles for topics @
interest. Also used for retrieving information in electronic journals that are already beis
“published” on-line; in telephone directory assistance; in on-line encyclopedias; in on
dictionaries and thesauri, especially those with cross-referencing features; and in numer
specialized databases. . ]

In molecular biology there are several hundred specialized databases holding raw D
RNA, and amino acid strings, or processed patterns called motifs. '

In this paper the DNA sequence that was used, was searched with the pattern AAT =

163 occurrences of this pattern was found in the sequence. On a second run, the pattern AGTC+
search for and only one occurrence was found with their respective positions of occurrence i
DNA sequence displayed respectively. : ' ;

; Theproteinsequcgiveninusewasscarched'wiﬂ\dwpanemSSHand% irTe
were found with their respective positions of occurrence displayed respectively. On a second
the pattern DDV was used and 11 occurrences were found. : ' 3

Notethat,dlepattemsusedheredomnrepreseManypartimlatbiological oncept.
wereoﬂyclmenwwstﬂ\eefﬁcimyofdwimplememwpmdme.ﬂam,mism estr
ontpclengthofapaucrnorwuchsu'ing.'l’hcpatternchosenwillbédeterxninedbyﬂie .
information needed by the molecular biologist. & ; £

m"posiﬁonofbocmcmeofapamanddwnumberofﬁmitis cpeate
sequence are practically significant in drug design for preventive medicine and impro
prescription. ! :
% CONCLUSION ; - A ‘
In several applications text need to be structured before being searched. Even if no
information is known about their syntactic strcture, it is possible and indeed extremely effic
‘build a data structure that supports searches. Among several existing data structures equi
indices, the suffix tree, along with its constructions were presented and implemented in thi
using the McCreight algorithm. No other data structure exist that find diverse applications is
~ processing as the suffix trees. & 202, Jt D20

In conclusion, algorithms based on suffix trees are more efficient for solving the exact

the methods that involve fundamental preprocessing given by

: i The McCreight algorithm is found to be mos

efficient for building suffix trees for pattern matching. The suffix tree allows all the suffs

tree to be traversed during text processing. .
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