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ABSTRACT

Ant colonies consist of large numbers of individuals, yet seem to be self-organising. This
self-organisation is in part, due to interactions between individuals in the form of pheromone
trails. This behaviour is encapsulated in a number of systems collectively known as ‘Ant
Colony Optimisation’. AntAlign is an implementation of Ant Colony Optimisation applied to
the problem of multiple sequence alignment. Multiple sequence alignment is the process of
aligning amino acid sequences to determine their homology. Along with the description of
the algorithm itself is a study of its design and a number of examples of the operation of
AntAlign. Also included are a critical evaluation of the system and a discussion of the further
developments of AntAlign. Finally is a discussion of other areas of bioinformatics in which

systems inspired by Ant Colony Optimisation could be applied.

|
|
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1. Introduction

1.1 The Problem Domain

Various Genome projects as well as individual laboratories are generating more and more
protein sequences every day. However, our understanding of what these sequences mean is
not increasing at the same rate. Currently the only reliable method for inferring the purpose or
function of these sequences is by comparing them to other fully characterised proteins. The
major issue with this is that many sequences may show only partial or very distant homology
to each other. One method used to detect these distant homologies is multiple sequence
alignment, which is detailed in a subsequent section. Although there are already several
established method to align multiple sequences none are perfect and to this end there is still

plenty of scope for new lines of investigation.

The aim of this project is to investigate the potential application of an ‘Ant Colony
Optimisation’ (ACO) algorithm to the problem of multiple protein sequence alignment. This
is to be achieved by the implementation of an ACO system modified for use with protein

sequences followed by the evaluation of this system.

1.2 Bioinformatics

The ‘Human Genome Project’ which officially began in 1990 marked the beginning of a new
era in biology. The aim of the project is to map the entire human genome, the complete
genetic code of the human species. This project required a move away from the traditional
use of computing within biology. The laboratory-based research of the human genome
project began to create huge amounts of information. Far more than traditional systems could
make use of. Computers now became essential not only in the use of this information but also
in the determination of the sequence itself. The history of computing within the biological
field stretches much further back than the ‘Human Genome Project’ itself but the project did
7




make computing in a biology a research ficld in its own right. This field is known as
‘Bioinformatics’ and is very much an applied science.

Bioinformatics makes use of the ability of computers to manipulate large quantities of
information and from this information infer relationships and patterns that were beyond the
scope of traditional methods. The term bioinformatics covers a wide range of fields mostly
within the genomic and proteomic areas.

A particularly large area of bioinformatics lies within the use of databanks and the tools for
searching them. There are several types of biological databanks:

* Primary archives — these maintain data such as DNA and protein sequences and
annotations associated with them. An example of this kind of database would be
SWISS-PROT which holds annotated amino acid sequences. There are also more

specialised archives that hold three-dimensional structures of proteins such as the
Protein Data Bank (PDB).

¢ Derived archives — these maintain collections of data taken from primary archives.

* Specialist archives — these maintain more specialised information such as protein
motifs which are similar to regular expressions.

The primary use of these databases is searching for homologous proteins and defining protein
families. However, they can also be used for many other tasks when combined with other
tools.

Other areas within the bioinformatics field include prediction of protein three-dimensional
structure both by homology using databases like PDB and ab initio methods. Bioinformatic
tools also include those that generate phylogenetic trees and produce multiple sequence
alignments to investigate evolutionary relationships.

——_ e




1.3 Amino acids

Amino acids are like building blocks; they are used in various permutations to create a wide
range of different proteins. There are 20 basic amino acids (and 1 imino acid) that make up
most proteins. There are also a number of non-standard amino acids that are present in a
small proportion of proteins.

0O OH The structure of a generic amino acid. The
R represents a variable group, which is
different in each amino acid and therefore
R N has different properties.

Figure (above) shows the generic structure of an amino acid. The different properties of the
various amino acids are a result of the variable group designated as R. Each amino acid has a
different R group, with different propertics. These properties include its acid/base
characteristics as well as size and hydrophobicity. The amino acids can be roughly divided
into five groups based on their properties. These groups and the amino acids that are in them
can be seen below in figure

Small Non-Polar The small non-polar amino
o 0 o 0 o acids. This group of amino
I | \ | acids is uncharged and
H \() OKH )\) does not display any
N N N N significant polarisation.
Glycine Alanine Serine Threonine
[Gly] [Ala] [Ser] [Thr]




Hydrophobic
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Cysteine Isoleucine Leucine Valine
[Cys] [lle] [Leu] [Val]
0] 0 @]
T) ll Q /\( H
/\/J ‘ ~ o
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Proline Phistivislani yrosine
[Pro] e[?,yh‘;}a”'"e [Tyr]
- o s |0
4 N
A |
Tryptophane [Met]
[Trp]
Polar
(0]
0 o]
| N""'/ 0 |
o .
¢ |
N N N N~ N
Asparagine Glutamine Histidine
[Asn] [GIn] [His]

The hydrophobic
amino acids. These
amino acids being
hydrophobic do not
interact with polar
solvent such as
water favourably.

The polar amino acids. This group of amino acids interacts
most favourable with polar solvent such as water
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N
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Lysine Arginine N
[Lys] [Arg]
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The positive amino acids. These two amino acids have
positively charged R groups.

Negative
0
0
I O —*-'// |O
(0] W \/ ’\)
0 N N
Aspartame Glutamate
[Asp] [Glu] ]

The negative amino acids. These two amino acids have
negalively charged R groups.

A ———

The basic structure of the amino acids (i.e. the parts not in the R group) is able to bond with
other amino acids. These bonds are called ‘peptide bonds’ and form a strong chemical link
between the two amino acids. These bonds can be made end-to-end allowing strings of amino
acids to be created. This is shown in the stylised figure below.

An abstract representation of the construction
of a protein from amino acids building blocks

It is from these sequences of amino acids that proteins are formed. A protein may contain one
of more amino acid sequences. Amino acid sequences may also allow for the binding of other
‘prosthetic’ groups. An example of this is haemoglobin that contains 4 separate amino acid
sequences each of which binds a single prosthetic haeme group to bind oxygen. This further

11
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highlights the flexibility of the amino acid system. Not only can they be used to create an
almost infinite number of structures but they can extend their function by binding various
prosthetic groups

1.4 Proteins

As seen in the previous section, proteins are made from one or more linear sequences of
amino acids and that this allows great flexibility in the construction of proteins. In this section
the enormous importance of proteins within biological systems is highlighted.

Proteins are a group of complex molecules that have a huge range of application within an I
organism. The following examples show just some of the roles that proteins fill.

e Control of Chemical Reaction: Almost all of the chemical reactions that occur in
organisms are controlled a particular class of proteins known as enzymes. In addition to
this, many reactions simply cannot occur without the interaction of an enzyme.

o Protection: The immune system is capable of dealing with a wide range of pathogens. Its
adaptability is in part the result of the high flexibility of proteins.

o Support: Some proteins have very high tensile strength. The mechanical strength of bone N
and skin are largely due to a single protein family called collagen.

Transport: A large number of proteins are situated in the cell membrane. Their role is to
control the transport of small molecules such as dissolved ions and even other proteins. ‘

The obvious flexibility that the examples above display is due to the ability of proteins to
assume many different structures with many different properties. As mentioned earlier this is |
also extended by the ability of amino acid sequences to be created to bind various prosthetic

groups. |

The structure of proteins is considered at four levels. These are primary, secondary, tertiary
and-quaternary. Primary structure refers to the amino acids sequence of the protein, that is the
combination of the basic amino acids and occasionally other non-standard amino acids that
make up the protein. Secondary structure is concerned with the regular patterns of localised
three-dimensional structure within the amino acid sequence. Tertiary structure refers to the
overall three-dimensional of all amino acids in the protein. Quaternary structure only occurs

12




if the final protein is made up from two or more amino acid sequences and defines how the
different sequences interact.

The importance of the different levels of structure is that the structure of a level is defined by
the structure of the one before it. Although methods to predict with 100% accuracy the
complete three-dimensional structure of a protein from its primary structure do not yet exist,
it is still possible to infer a certain amount of structural information. This can be achieved by
comparing uncharacterised amino acid sequence to those for which the structure is already
known. For this to be possible it is necessary to be able to locate these related proteins. This
problem is one of the concerns of bioinformatics.

1.5 Multiple Sequence Alignment

A single amino acid sequence contains a wealth of information. This information dictates not
only the final structure of the protein but also its action. However, elucidating this
information from a single sequence is not a trivial problem, our understanding of proteins is
not yet complete enough to fully characterise the protein from its primary amino acid
sequence alone. It is possible to infer some characteristics with the ‘multiple sequence
alignments’ of related proteins. By aligning several related proteins it is easier to detect areas

within the proteins that are homologous or at least share partial homology.

KYBOA/1-279 .CGVE
TRBOTR/1-279........000u... j ) _
BEBELT-ETT  tirsics s s onessn oo 5 e s o
BREPS/A-279 soccac cipsiyiis
KQHUP/1-279 Aveibchacy Sl i

e e e R

Multiple sequence alignment of 6 serine proteases.
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The figure (above) shows a partial segment of the multiple sequence alignment of 6 serine
protease protein sequences. A single letter represents each amino acid and the colours
represent the properties of the amino acid. At position 34 and 43 the columns form a
continuous block of colour and all the sequences have the same amino acid at these points.
This represents an area of homology between the different sequences. This information can
be put to use in several ways. For example the PSI-BLAST algorithm uses multiple sequence
alignments to produce a protein motif or profile. This motif represents the aligned proteins in

a similar way to a regular expression. For example given the following alignment:

GIVCODY The production of a motif from an alignment
S I

=IVPQGG

This motif can then be used to search sequence databases with the aim to discover other more
distantly related sequences. It also allows the inference of potential function on
uncharacterised sequences by matching their motifs to those of previously characterised
proteins. The simplest of techniques for multiple sequence alignment is to do it by hand. To
aid this, the amino acids are divided into five groups, each of which is assigned a colour. The

figure 1.5.3 (below) shows these groups and one such colour coding.

Colour Amino Acid type Amino Acids

Yellow  [Small nonpolar Gly, Ala, Ser, Thr

|Hydrophobic Cys,Val, lle, Leu, Pro, Phe, Tyr, Met, Trp
Polar Asn; Gln, His

= Noegatively charged Asp, Glu

Positively charged Lys, Arg

An amino acids colour coding scheme
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Using this colour scheming system it is much easier to visually align the sequences by
forming columns of solid colour. The complexity of multiple sequence alignments means that
in many cases a computer is required to achieve the alignment in a reasonable time frame.
The majority of multiple sequence alignment algorithms start by aligning the two amino acid
sequences with the highest similarity. This process is called pairwise alignment. The
consensus of this alignment (often known as a cluster) is then aligned with the next amino
acid sequence. This process continues until all sequences have been aligned. The three
general approaches to pairwise alignment are the segment method as well as global and local
alignment. In segment alignment methods all parts of the two sequences which overlap one
another are divided into segments of a fixed length. The segments of one sequence are then
compared with all the segments in the other sequence for the best match. A technique known
as the dotplot is often used for this. A computer is usually used to generate Dotplots for large
segments, whereas they can be manually created for shorter segments. This is the case for

figure (below).

B A S[H[O[R]T[S[E[Q[UTE[N[C[E

s : An example dotplot created
§ ol manually. The red arrows
é : T : I [ indicate the direction in which
E : T T the segment  alignment
C = travels.

E . . .

In global alignment the aim is to compare the aligned protein sequences over their entire
length. This approach is useful if the sequences are expected to share homology over their
entire length. Algorithms for global alignment aim to produce the best alignment by
minimising the number of gaps that need to be introduced and maximising regions of

similarity. An example of this is the Needle-Wunsch algorithm, which proceeds in 3 stages:

1. Initialisation

2. Scoring

15
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3. Alignment
For example if we wanted to align the two sequence HEEFFCEHFFE and HHEFCHE we
would start by creating a grid. Then we need to decide on a scoring scheme. The simplest is |
for a match, 0 for a mismatch and 0 for the insertion of a gap. The initial state of the grid

would therefore look like the following:

Initialisation

The second stage is to populate the matrix by scoring each position. This is achieved by

sequentially going through all the cells and determining the highest value from the following:

e Gap penalty + value to the left
e Gap penalty + value above
e Score of current position + value of cell diagonally up and left
The highest value of the three calculations shown above is used as the value for the current

cell.

This would therefore proceed as shown below in figure

HEETFTFCEHTFTFE

16
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Scoring

These calculations would continue until the matrix was filled as shown in figure

P

Scoring completed
Then the final stage or alignment (also known as traceback) can begin. For this we start in the
bottom right cell which has a value in this case of 6. The algorithm then attempts to
determine the direct predecessor of the current cell. In this case all three predecessors have a
value of 5 and since we have set the gap penalty to 0 neither the cell above or to the left of the
current cell could have been it predecessor since they would have to have had the same value.
Therefore the cell diagonal to the current cell must have been it predecessor. The algorithm
then moves its focus to the predecessors cell and the process repeats until the origin it

reached. It is possible that for any traceback step there could be more than one possible

17




predecessor. If this should occur then there is more than one possible alignment. This

example has two possible alignments shown in figures below:

HEETFV FCEHTFFE

Alignment solution 1

P

R—

PR—
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Alignment solution 2

Figures above correspond to the following alignments respectively:

HEEFFCEHFFE The resulling alignments

H EEFFCEHFFE

This  approach  would  not
successfully align two sequences that contained sections of similarity at large distances apart
in the different sequences. This kind of problem is quite normal in biological sequences as
insertion and deletion mutations push or pull sections of the sequences out of alignment with
one another. This problem requires local alignment. With local alignments techniques the
sequences are searched for areas of localised similarity. The final alignment is based on these
regions of local similarity. The Smith-Waterman algorithm is the most well known method
for achieving this. It constitutes a modification of Needle-Wunsch algorithm to allow better
alignments of localised segments. These consist of small changes in each stage of the

alignment process:

1. Inmitialisation — The first column and row are populated with the value 0 to allow
the sequences to slide over each other without penalty. Note that by selecting a
gap penalty of zero in the original Needle-Wunsch algorithm the same effect can
be seen.

2. Scoring — The Smith-Waterman algorithm allows the additional choice of
stopping the alignment of the current section.

3. Alignment — The Smith-Waterman algorithm starts traceback at the cell
containing the optimal value (largest number) wherever it appear in the matrix
which in the case of the example above is the bottom right and continues until the
region of similarity ends. The Needle-Wunsch algorithm always starts in the

bottom right irrespective of where the optimal value is located.

19
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The majority of multiple sequence alignment systems such as CLUSTAL-W used today are
based on successive application of pair-wise alignment. B The exception to this are those
based on the Hidden Markov Model (HMM) which defines a type of finite state machine. The
advantage of the HMM is that it give more flexibility when assigning scores and gap
penalties since in real proteins these are subject to location within the sequence not just

amino acid type or merely their introduction .

A o =
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1.6 Ant Colony Optimisation

Ant Colony optimisation or ACO is a form of swarm intelligence optimisation algorithm
inspired by the foraging behaviour of ants. An ants nest can contain thousands of individuals
yet they all seem to work together to achieve their goals. Studies of ant behaviour have
shown that their actions are largely self-organising, they achieve the level of co-operation

shown without the aid of direct supervision.

When ants forage for food initially they have no idea were to look for it. They cover the area
in a random fashion until they find something of worth which they carry it back to the nest. In
performing this action they lay a trail behind them. This trail consists of a pheromone, which
attracts other ants of the same nest. The net effect of this is that when one ant finds some food
it leaves a trail to direct others to the same place. As more and more ants follow the same
path the trails intensity increases and in turn attracts more ants. This is an example of positive
re-enforcement. This alone is not enough to solve any difficult problems. The additional
feature of this system, which allows for a more complex behaviour is that the pherdmone

trails, evaporates with time. The advantages of this are best described by an example.

Swarm intelligence and indeed ACO are general-purpose algorithms and are not designed to
solve any specific problem. They are most useful in situations were no algorithm yet exists
that can efficiently solve a problem without having to try every solution to determine which
is the best. An example of this type of problem is the travelling salesman problem (TSP) in
which a travelling salesman has to visit a number of different cities in the shortest time
possible without visiting any city more than once. All routes have to be tested exhaustively
before the shortest route can be determined. Under optimum conditions ACO algorithms have
out performed several other algorithms when applied to the TSP. ') ACO has also been
applied to other problems such as routing of spackets over networks where it slightly out
performed ‘link state’, the current standard, ['*!% % 16)

ACO algorithms are not guaranteed to produce the most optimised solution but rather a ‘hest

guess’ solution that may or may not be the optimum.

21
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In this project we will be attempting to apply ACO to the problem of multiple sequence
alignment which was discussed in the previous section.

2. Planning and Approaches

2.1 Discussion of Approaches

2.1.1 Choice of Language

The implementation of an ACO algorithm requires a great deal of mathematical calculation
and although ACO algorithms are essentially relatively simple their implementation is not.
Therefore the choice of which language to use must be a balance between its efficiency and
its ease of use. This would suggest the use of a high-level language. The two most well
known high-level languages are C/C++ and Java ™ C/C++ is a very efficient language and
is of a sufficiently high-level to enable rapid development. Java ™ does not have the
reputation for efficiency that C/C++ has especially when a graphical user interface is
concerned. The implementation of this algorithm does not require a complex user interface. A
simple console base interface is sufficient. Java ™ is a modern Object-Oriented language and
its performance is close to that of C/C++ when the user interface is not a concern. Familiarity
with the language is also an important factor. [ have little experience with C/C++ whereas my
ability to programme in the Java ™ language is quite strong. For this reason the language I
have chosen is Java ™ since it is the one with which I am the most familiar and its efficiency
in the non-graphical area is similar to that of C/C++. Portability is not a requirement of the

problem domain but is also a benefit of choosing Java

2,1.2 Data Representation

The way in which data used by the system is represented is an important factor when
deciding on what approach should be taken to solving the problem domain. The choice of
language also greatly effects this. This algorithm will be dealing with a number of protein
sequences that are traditionally represented as a string of characters, each characters

representing a single amino acid. Therefore one option would be to simply represent the
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protein sequences used by this system as strings. Java’s support of string manipulation is
good, especially in the newly released JDK 1.4, which provides additional functions for
dealing with regular expressions. This approach would also reduce the amount of code that
was needed since separate classes would not need to be created for all the data that needs
representing. This approach may also boost efficiency since most operation would involve

simple string manipulation.

The other option is to adopt a more object-oriented (OQ) approach where each item is
represented by a separate specialised object. This would require an increase in the amount of
code and the classes will also need to be carefully designed to ensure that they are kept
streamlined and processing is efficient. An OO approach does have advantages such as easier
code reuse and it will also make the system more organised and maintainable. If this
approach is used a number of classes will have to be created to represent objects such as
amino acids and protein sequences. These classes have any number of additional uses outside
of the scope of this investigation. Therefore this approach is far more flexible and allows the
code to be casily extended or used in other applications. Java ™ is an OO programming

language and is therefore better suited to this approach.

With these issues in mind it would seems that an QOO approach to the design would be more
appropriate. This project is aimed at implementing an algorithm within a relatively short
amount of time. There is no reason however, to not take into account the possibility of further
development of the system or at least reuse of some of it components. The code will therefore
be divided into a number of packages that can not only be reused as a whole but also

individually.

23
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3. Development
3.1 System Summary

A Schematic of the AntAlign System

; : iz (-1 AntATign Q-n)
configuration |« tendcutable)
(1-1) (1-1)
(af1)
ScoringMatrix AminoAci ds
1-n)
(-1 AminoAcid |«
Constructsequence ' L h
{
-1 - E-1) Sequence 1
Antsystem [ Ii
|
g -1 ‘ -n) Key i
— Sequencechecker (,,_n) ﬂ
III}*M—-————-—'IIII )
|

I(1-1) (1-1) l l 3 e A
ITrails ITrails P o )

(consensus) (sequence)
(1-n) (1-n) [(Jdefault package
[dantsystem Package
»  PTrail |e Cprotein package
[shared Package

A schematic overview of the AntAlign System showing the relationships between .

Figure (above) is a simple schematic of the AntAlign system that shows the relationships
between the various classes. It does not show classes that are not instantiated such as the
factory classes or those objects of a transient nature. As can be seen from this figure there are
3 packages plus the default package. These are protein, antSystem and shared. I will provide

a brief explanation of the purpose of each package and the classes within it.

24




The default Package

This package contains only one class, AntAlign that forms the executable portion of the
system. It can been seen that it is associated with an instance of the Configuration class which

enable it to locate all the data files required by the system.

The AntAlign class also handles the loading of the data files and facilitates parsing with a
number of factory classes, namely ScoringMatrixFactory, AminoAcidsFactory and
SequenceFactory. Once all the data files have been loaded and the sequences have been
constructed AntAlign creates an AntSystem object and passes control to it along with the

objects and data it has loaded.

The protein Package

The protein package contains all the classes associated with representing proteins and other
biological data. The first collection of classes in this package is those associated with amino
acid and protein sequence representation. The AminoAcid class represents a single amino
acid and encapsulates a number of physicochemical properties as well as identifiers.
AminoAcids is a class that holds a collection of AminoAcid and provides methods for
retrieving them by name to add an extra level of organisation. This also allows additional
checking. If an AminoAcid object is requested that does not exist and InvalidAAReference
exception is thrown. The AminoAcidsFactory class is never instantiated, instead it provides
static methods to load amino acid data from persistent storage and use it to create a fully
populated AminoAcids object. Should an error occur during the parsing of the amino file a
new instance of AminoParseException is thrown with details of the error encountered. The
Sequence class represents a protein amino acid sequence and is essentially a collection of
references to AminoAcid objects along with a number of methods for accessing and
manipulating the sequence. The SequenceFactory class provides static methods used by the
constructor of the Sequence class to create the contents of the Sequence object. The
SequenceFactory object throws a new InvalidSequenceException if illegal characters are

found in the sequence.
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The protein package also contains a number of classes involved in creating and representing
scoring matrices. The ScoringMatrix class produces an object the can be used to score amino
acid substitutions. The ScoringMatrixFactory provides static methods to load scoring matrix
data from persistent storage and use it to create a ScoringMatrix object. Should an error occur
during the parsing of the matrix file a new instance of MatrixParseException is thrown

containing details of the error encountered.

The antSystem Package

The antSystem package contains all the classes associated with implementing the ACO
algorithm. Referring back to figure it can be seen that the class AntSystem forms the hub of
the AntAlign system. It is this object that is created by the executable portion of the program
to carry out the actual alignment. Encapsulated within this object is the ACO algorithm

devised for this system.

The algorithm is based around a number of classes used to represent the agents and their
pheromone trails. The first of these is the Ant class, which forms the agents within the
system. As the Ant objects pass through the system they leave behind pheromone trails which
are embodied by the class PTrail. PTrail contains data pertaining to the trails strength and
position. These objects are used in part to determine the paths taken by subsequent Ants. The
interface ITrails defines the behaviour of classes designed to maintains PTrail objects. In this
system this role is taken by the NaiveTrails. It provides methods to add and add to PTrails as
well as methods for matching PTrails and applying evaporation to existing PTrails. The
MatchedTrail objected is used by the getMatches() method of NaiveTrails to return

information about a PTrail that has been matched to a specified sequence.

The class SequenceChecker provides the self-regulating element of the AntAlign system. The
method it provides is invoked every 10 cycles to check through existing pheromone trails to
ensure that no rogue trails have entered the alignment. Rogue trails are defined as those that
contains sequences which are not within the allowed drift parameter and would result in the

output sequence being scrambled when compared with the sequence used to generate it.
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The final two classes in this package are Construct Sequence and pAmino. The Construct
Sequence object provides a method, which take an object implementing the ITrails interface
and use it to reconstruct a Sequence from the PTrail objects it holds. The PAmino class is
used during the construction process to hold data regarding the strength of amino acid

placements at particular positions.

The shared Package

This package is used to hold classes, which are used as utility classes within the system.

The Configuration class is used to load and parse Microsoft Windows style in files. It is
used by the Ant Align'classes to read in locations of data files as well as runtime variables. It

provides read-only access to the information contained in the ini file loaded.

The Output Formatter class provides static methods used by the Ant System object to format

data contained in Sequence objects into HTML/CSS code for placement in the output file.

The Invalid Argument Exception class provides a general-purpose object thrown by several

other classes when an invalid argument is passed to a method.

3.2 The Design Process

3.2.1 The Design Approach

A bottom up approach to the design was adopted. This was mainly because the
implementation of the actual ACO algorithm is quite complex and relied heavily on the way
in which the lower level objects have been constructed. T was essential that the objects that
represent the data such as amino acids and sequences be designed carefully not only to
successfully encapsulate the data they represent but also to minimise that amount of memory

they occupy.
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3.2.2 The Representation of Amino Acids and Protein Sequences

The representation of amino acids within the system is quite straightforward. Amino acids
each have a name and a number of physicochemical properties, which make them unique.
The naming of amino acids can be done in three different ways. They have a full name such
as ‘Lysine’, and short three-letter name such as ‘Lys’ and a single letter representation such

3

as ‘K’. All of these are easily represented with Strings and char data types. The only
additional requirement is that the short name be only three letters long. The difficulty comes
in representing the other properties of the amino acids. The values of these properties are take
from real world observation so are real numbers and should therefore be represented by float
or double data types. However, initially I intended to base the scoring of alignments on the
properties of the amino acids. For this integers would allow much faster calculation times but
at the expense of precision. It was decided that the double data type would be used to
represent the physicochemical properties of hydropathy, pKa and weight since the values

could be converted to integers for calculations should speed of execution become an issue.

It was later decided not to use the amino acids properties directly for scoring alignments but
to use a more simplified scheme, which is explained in a later section. As a result of this
decision there was no longer a need for the additional properties of the amino acids to be
included in the system. The additional data was kept in place with a view to code re-use and

system development.

Protein sequences, as shown are made up from a string of amino acids. Therefore the most
logical method to represent them within the system is as a collection of amino acid objects.
The most used format of representing a protein sequence is by their single letter names.
Therefore the inputted sequences are going to have to be converted from a string of
characters into a collection of amino acid objects. The simplest way to achieve this is to use
the letter name to look up the properties associated with that amino acid and use it to
construct an Amino Acid object. This is wasteful since a single amino acid type could be

repeated any number of time in a given sequence, the repetition becomes even more
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pronounced when you consider that a huge number of ants may be generated. Therefore it
was decided that the system should create a single set of Amino Acid objects to which all

other occurrences of the amino acid are referenced. This should save a great deal of memory.

3.2.3 Persistence of Amino Acids Data

It was realised that there was little merit in hard coding the values associated with amino
acids into the system, as this does not provide a very flexible set of classes. So some type of
persistent data store was required. Since the data that needs to be stored is very simple a flat
text file was decided upon and the format of this file was to be slightly modified “comma
separated values” (CSV) list. The file is split into two sections. The first section delimited by
the [Def] and [/Def] tags contains a list of the references used to obtain the data for the amino
acids. The second section delimited by the [Data] and [/Data] tags contains the actual comma

separated values.

As a result of having a data file it was also necessary to create a parser for the file to handle
reading in the data, validating it and using it to construct the Amino Acid objects. For this the

class Amino Acids Factory was written.

3.2.4 The Scoring Mechanism
Initially T intended to base the scoring mechanism on characteristics of the individual amino

acids. With further research into current methods used to score alignments I found that there
already exist a number of simplified mechanisms. The simplest scoring method is to assign
each match the value of 1 and all mismatches a 0. This is a very fast scoring mechanism but
not very useful since it does not take into account the relative importance of the different
amino acids. For example the existence of a cysteine in one sequence and its absence in
another can make a profound difference in the structure and function of a protein but in this
scoring mechanism it would have only a very minor effect. Other scoring mechanisms work
on a similar basis but attribute different scoring to different amino acid pairs. The two most
widely recognised substitution matrices are PAM250 and BLOSUM®62. PAM250 was based
on the relative probability of substitution within a number of related proteins. The number

refers to the how related the sequences used to generate the matrix were. For example the
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PAM250 matrix was generated using sequences which showed only 20% identity to one
another. The values used in the matrix are expressed as log-odds of observed mutation
frequency over expected mutation rate. The values calculated are then multiplied 10 to avoid
decimal places. Logarithmic values arc used to allow the summing of results rather than
multiplication since log (x) + log (y) = log (x * y). BLOSUMG62 was devised by taking blocks
of aligned proteins without gaps from many different protein families. These blocks were
then analysed to determine the frequency of the substitution of each amino acid with every
other amino acid. The aim of the BLOSUM matrix was to produce a set of values that would
better identify distant relationships. As with the PAM matrix the results are expressed as log-
odds * 10. The number part of the BLOSUM matrix name refers to the threshold used. The
value 62 for example refers to a threshold value of 62% identity. That is to say blocks with
identities in excess of 62% were replaced prior to substitution frequency determination. This

was done to eliminate the over-weighting of closely related sequences.

3.2.5 Persistence of Scoring Matrix data

There is some debate as to which scoring matrices are best in which situation. Therefore it
seemed logical to allow the user to choose which matrix they want to use for a
particularalignment. This suggested some form of persistence was required. Initially some
form of XML mark-up was considered. The relative simplicity of the data lent itself more
readily to a simpler format. The format chosen was similar to that chosen for the amino acid
data, a modified CSV file. An example of the format can be found in the appendix in section .
It is split into two sections, a definition section and a matrix section. The definition section is
delimited by [Def] and [/Def] tags. In this case there is more in the definition section than just
references. It also contains two other fields. A ‘MatrixName’ field, which is used to put a
name to the and an ‘AAOrder’ field, which contains a list of single letter amino acid names in
the order they appear in the matrix. The AAOrder field is used to associate the numeric data
in the Matrix section with the amino acid it relates to. The matrix section is delimited by the
[Matrix] and [/Matrix] tags. The contents of this section are a list of simple comma separated
values. They are ordered in such a way that the first row contains data associated with the
first amino acid named in the AAOrder field in the definition section and so on. This also

works in the other direction, the first value on a line is associated with the first amino acid
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named in the AAOrder field and the second value with the second amino acid named and so

on.

3.2.6 The Pheromone Trail classes

A number of classes were required to represent and manipulate the pheromone trails created
by the Ant agents as they pass through the system. The first of these classes is PTrail, which
is used to represent a pheromone trail. This class simply encapsulates details such as the
strength of the trail as well as its position in the sequence. The difficulty with handling the
pheromones is in manipulating them. Since a large number of trails are generated by the
system it is necessary to hold them in some kind of data structure. The data structure apart
from storing the PTrails has to be able to perform a few other functions. Firstly when an Ant
is created the sequence it carries must be compared to those of trails already in existence to
determine the possible paths the Ant will take. This look for partial matches as well as exact
ones. The second function it must provide is the adding of PTrails. This is not as simple as
just adding them to the data structure. The PTrail that is being added must first be compared
to those already in the data structure for exact matches in terms of the sequence they
represent and their offset. If a match is found then instead of adding a new PTrail the trail
strength associated with the existing one is modified. Finally the data structure object also has
the responsibility of applying evaporation to the trail strengths at the end of every cycle.
These functions are essentially based around searching for objects. However, the data
represented by the PTrails does not lend itself to any standard data structure optimised for
searching such a binary tree. In the time frame available for the development of this system it
was decided to provide a simple solution to the problem rather than attempt to develop a
more optimised data structure. To aid in the addition of a more optimised data structure at a
later date it was decided that an interface should be developed to define the methods
associated with PTrail data structure. This would allow new objects to be easily inserted into
the system without having to modity the code extensively. The interface is defined in I1rails,

which all PTrail managers must implement. The ITrails interface defines five methods:
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e putPTrail(PTrail trail) — Should search for PTrails that match trail and if one is
found modifies its strength by the amount held in trail. If no matches are found it
should simply add trail to the data structure

e getMatches(Sequence sequence, int offset, int drift) — Should return an Array List
containing all PTrails that (partial) match the input parameters.

e applyEvap(float evapFactor, int length) — Should modify the strength associated
with each PTrail by the factor evapFactor. The length parameter will be covered later.

e getTrails() — Should return an Array List containing all the PTrails maintained by the
object.

e Remove(PTrail trail) — Removes the specified PTrail

The class that implements ITrails in this system is NaiveTrails. NaiveTrails holds all PTrails
associated with it in an ArrayList. The partial matching process employed by NaiveTrails is

shown below in pseudo-code:

The MatchedTrail class represents a PTrail that has be matched by the above process. It also

hold the probability associated with the match.

NaiveTrails handles the putPTrail() method in a similar way except that it looks for exact

matches and does not generate MatchedTrail.

LOOP through all PTrails

IF (Ant Sequence contains the PTrail sequence) AND (PTrail offset = Ant offset
+/- drift)

THEN created MatchedTrail object for PTrail and added to return ArrayList

END IF
END LOOP

RETURN ArrayList of MatchedTrails
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The applyEvap() method simply loops through all the PTrail objects held by the NaiveTrails
object and modifies the strength of the sequences by the factor passed to it by AntSystem.
The evaporation factor can be set in the ini file specified for the run. During initial testing a
small flaw in this system was found. As lengths of sequences carried by the Ant objects
increase, trails laid by Ants with short sequences associated with them get eliminated very
quickly. To avoid this it was necessary to modify the method to prevent the application of
evaporation to PTrail objects that had sequences shorter than those currently being created.
Essentially this fixes short trails in place and prevented them from being eliminated so early

that they had little to no effect on the next round of Ant objects.

3.2.7 The AntSystem Class

The AntSystem class constitutes the main part of the Ant Align system. It represents the
actual ACO algorithm. There were several issues that arose during the design of this class
that are specific to the problem of multiple sequence alignment and are therefore not

mentioned in previous ACO papers.

Firstly there are a large number of variables within the system that a user may want to tailor
to a particular alignment. These include the scoring matrix and amino acid data files that they
wish to use along with several other values, which are used during the running of the
alignment system. The number of parameters needed is quite large and therefore I decided
that having them all required on command line would result in a very cumbersome system. |
decided that an initialisation file would be best. This would mean only a single command line
parameter would be required. The format chosen for this file is that of a Windows style ini
file. The ini file is split into three sections. AntAlign is the first and contains the locations of
the amino acid and scoring matrix data files. The second section is RunParams. This contains
a list of the sequences that are to be aligned as well as the results filename. The final section

is entitled Variables. This section contains the following variables used by the system:
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The number of cycles through the
Cycles
algorithm to perform.
PopPerTime The number of Ant to generate
during each cycle for each
sequence
StartlLen The starting length of the ants
payload
EndLen The ending length of the ants
payload
Evap The trail evaporation factor
Intensity The trail intensity factor
Drift The permitted drift of ants !
5!
RndChance The chance of a random alignment r‘
;ﬂ
The variables used in the initialisation ’
i

The above represents a slightly modified list of variables than was originally implemented.
Initially StartLen and EndLen were represented by a rate of length increase variable. The
starting length was set at 3 it the length was increased by the factor defined by the rate of
increase. However, it soon became apparent that the length of the Ants payload could quickly
exceed the length of the sequences used on long runs. Therefore the variable was replaced by
StartLen and EndLen which are used by the system to determine the rate of increase in Ant

payload size relative to the number of cycles that are to be performed. The rate is given by:
(EndLen - StartLen) / Cycles

This method ensure that the payload length never exceeds the length of the sequence
providing the user never sets EndLen to be greater that then length of the sequence. During
cach cycle a number of ants equal to the PopPerTime variable are generated for each

sequence. The length of the payload sequence is determined by:
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(rate of payload increase * current cycle number) + StartLen

The offset the payload sequence is taken from is determined randomly to give a random set of

ants and is given by:

Random( sequence size — current payload length)

Which generates a number between 0 and the size of the sequence — the current payload

length.

In the case of most ACO’s the problem the algorithm is attempting to solve is singular. That
is the algorithm is attempting to find the most optimised conditions for a single task. Multiple
sequence alignment by definition is not working on one set of data. It is working on several
sets of data at a time i.c. the sequences that are to be aligned. The alignment does require a
degree of communication between the alignments of the different proteins. During the design
of this system two manners in which to achieve this cross talk were devised. The first method
was to provide a single ITrails object for each sequence. Ants generated from a sequence can
only be used to generate pheromone trails in the ITrails object that the sequence is associated
with. However, they do have read access to the ITrails objects associated with all other
sequences in the system for purposes of finding potential paths to travel. This provides the
required cross-talk without compromising the ITrails associated with a sequence so they can
still be used at the end of the alignment to generate an output sequence. This does mean that
for every ant passing through the system all the ITrails objects have to be checked for
matches. If there only two or three sequences this will not make much of an impact of the
speed of the alignment but if a large number of sequences are being aligned the impact will
be much more noticeable. The second option avoids the necessity to constantly check every

[Trails object. In this implementation not only does each sequence have an associated 1Trails

object but an additional ‘Consensus’ ITrails object is also created for the alignment. Ants
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generated by any of the sequences have both read and write access to the consensus ITrails
object and only have write access to their ITrails object. This means the determination of
possible paths to follow involves the consultation of a single ITrails object, which should
have less of an impact on the speed of the alignment. An additional advantage of this
implementation is that at the end of the alignment is possible to generate a consensus
sequence. This could have particular use for the searching of sequence databases for related
protein sequences. It could also be used to generate regular expressions (or motifs) that can

be used to define the protein family the aligned sequences represent.

It was decided that option 2 provided not only the more efficient method but that the
consensus data could also be useful itself. Given additional time to develop the system,

implementing option 1 as well would have provided an interesting comparison.

The determining of the path an Ant should take is achieved in three parts by the AntSystem
class. Firstly the sequence carried by the ant is used to generate a number of matches to the
previous pheromone trails. This is handled by NaiveTrails. The second and third parts and
handled by the AnySystem class itself. These are the generation of the probabilities
associated with the matched trails and the determination of the path taken. The probability of
an ant taking a particular path is generated based on the strength of that path compared to all

the other paths found. It is given by:

(Trail strength / sum of all trail strengths) * range

Where range is 100 — the chance of a random alignment, which is defined by the user in the

initialisation file.

The value generated by this is summed with those that have been generated before it. This
gives a list of values between 0 and 100 (- random alignment chance). The next step is to
determine which path the ant will take. This is achieved by generating a random number
between 0-100. This value is then used compared to the list of values generated earlier to

determine which path the ant should follow. If the value is not covered by any of the matched
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trails then the ant will take a random path (within an area determined by the value of the drift

variable).

A number of minor modifications were required to increase the efficiency of this approach.
Firstly a number of the alignments generated negative intensities. This resulted in a loss of
efficiency since these pheromone trails were still used during the trail matching process but
are of no use for further alignments since they represent inappropriate alignments. The
algorithm was modified to discard them prior to inserting them into the ITrails objects. This
resulted in a noticeable increase in the speed of alignments. A modification was also made to
the intensity calculation. Initially the intensity was given by simply consulting the scoring
matrix and summing the scores of all substitutions made. This meant that longer sequences
could potentially gain much higher trail intensity scores. Therefore the method was modified

to take into account length.

It was noticed during initial test runs that on occasion the sequence generated for output did
not match that of the sequence used to generate it. This was determined to be due to the way
in which the system works. By splitting the protein sequence into a number of smaller
sequences during ant creation there was a chance that the ant may not align itself correctly. It
was originally hope that constraining the amount the ants were allowed to drift would
avoided this. However, this did not seem to be the case so it was decided that some level of
check was required. Checking every trail during every cycle through the system would result
in a large increase in the time required for the alignment to complete so I decided that
checking should only occur every 10 cycles. Since the system does not modify trails for
sequences shorter than the current ant payload length it was decided that it was not necessary
to re-check trails for sequences shorter than the current ant payload length every time the
check routine is run. Therefore the checking routines in the class SequenceChecker check
only those PTrails that are for sequences of the current ant payload length. Any rogue PTrails
found that do not match up with the original sequence are removed from the system. This
routine essentially provides the system with a way to compare the pheromone trails that are
being created back to the sequence that they were created from. In doing so the system

became to some extent self-regulating.
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APPENDICES
| THE DEFAULT PACKAGE

1.1 ANT ALIGN:-

import java.io.*;

import java.util.*;

import shared.*;

import protein.*;

import antSystem.AntSystem;

public class AntAlign {
private static Configuration config; ;
private static AminoAcids aas;
private static ScoringMatrix mat;

private static AntSystem as;

R

//runParams

private static ArrayList sequences;

[

private static File outputFile; ;
//Variables ‘
private static Hashtable vars; \
public static void main(String[] args) {
if (args.length != 1){
System.out.printin("Invalid Parameters");
useMsg();
System.exit(1);
relse{
if (args[0].equals("/?"} || args[0].equals("-7")){

useMsg();

System.exit(0);
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telse{

try {
config = new Configuration(args[0]);
} catch(IOException €) {
System.out.println(args[0] +" is not a valid config file");
System.out.println(e.toString());
useMsg();
System.exit(1);
}
System.out.printin("AntAlign 1.0");
System.out.printin("AMANAAAAAAAIY,
System.out.printIn("Loading Datafiles...");
loadDataFiles();
System.out.printIn("Loading Sequences...");
sequences = loadSequences();
System.out.printin("Loading Parameters...");
vars = loadParams();
outputFile = loadOutputFile();
System.out.println("Creating AntSystem...");
as = new AntSystem(aas, mat, sequences, vars, outputFile);
System.out.printin("Running...");
as.run();

System.out.println("Ant Alignment Complete");
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private static void useMsg(){
System.out.printin("useage: AntAlign <config file>");
¥
private static void loadDataFiles(){
String aaFile = config.getltem("AntAlign","AAFile");

if (aaFile != null){

try {
aas = AminoAcidsFactory.createAminoAcids(new
File(aaFile));
} catch(AminoParseException €) {
System.out.printIn("Invalid AmioAcids file"); \
System.exit(1); i.‘
} catch(FileNotFoundException ex){ l;
4
System.out.println(aaFile + " could not be found");
System.exit(1);
}
yelse{
System.out.println("Config does not contain location of AminoAcids
file");
System.exit(1);
}

String matrixFile = config.getltem("AntAlign","ScoreMatrix");
if (matrixFile != null){

try {

mat = ScoringMatrixFactory.createScoringMatrix(new
File(matrixFile));
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} catch(MatrixParseException €) {
System.out.printIn("Invalid matrix file");
System.exit(1);
} catch(FileNotFoundException ex){

System.out.printIn(matrixFile + " could not be found");

1
Yelse{
System.out.printin("Config does not contain location of ScoringMatrix
file");
System.exit(1);
}
}
private static ArrayList loadSequences(){ \
ArrayList ret = new ArrayList(); ;\
String sTemp = ""; :;
“

String dTemp ="";
File fTemp;
String seqTemp;
BufferedReader sln;
intc=0;
while (dTemp != null){
ct+;
dTemp = config.getltem("RunParams","S"+c);
if (dTemp = null)}{
fTemp = new File(dTemp);
try {

sIn = new BufferedReader(new FileReader(fTemp));
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seqTemp = "";
sTemp="",
Sequence seq;
while(sTemp != null){
try {
sTemp = sIn.readLine();
} catch(IOException e} {

System.out.printin("Error reading
"+{Temp);

System.exit(1);
}
if (sTemp 1= null){

seqTemp += sTemp.trim();

try {
seq = new Sequence(aas, seqTemp);
ret.add(seq);

} catch(InvalidSequenceException ¢) {

System.out.printin(fTemp+" does not contain a
valid sequence");

System.exit(1);
b
} catch(F.ileNotFoundExccption e)§
System.out.printin(fTemp+" not found");

System.exit(1);
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}

return ret;
3
private static Hashtable loadParams(){
Hashtable ret = new Hashtable(6);
try §
//parse variables
Integer cycles = new Integer(config.getltem("Variables","Cycles"));

Integer popPerTime = new
Integer(config.getltem("Variables","PopPer Time"));

Integer startlen = new
Integer(config.getltem("Variables","StartLen"));

Integer endLen = new Integer(config.getltem("Variables","EndLen™));
Float evap = new Float(config.getItem("Variables","Evap")};

Integer intensity = new
Integer(config.getltem("Variables","Intensity"));

Integer drift = new Integer(config.getltem("Variables","Drift"));

Integer rndChance = new
Integer(config.getltem("Variables","RndChance"));

//put variables in hastable
ret.put("cycles",cycles);
ret.put("popPerTime”,popPerTime),
ret.put(“startLen",startLen);
ret.put("endLen",endLen);
ret.put("evap",evap);
ret.put("intensity",intensity);

ret.put("drift",drift);
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ret.put("rndChancc", rndChance);
} catch(NumberFormatException €) {
System.err.printin("Unable to parse params - Number Format error");
¢.printStack Trace(System.err);
System.exit(1);
!
return ret, |
}
private static File loadOutputFile(){
File ret;
String filePath = config.getltem("RunParams”,"Output");
if (filePath == null){
filePath="output.html";

}

ret = new File(filePath);

. i, T

return ret; |

ANT SYSTEM PACKAGE

ANT:-
package antSystem;
import protein.Sequence;
public class Ant {
private Sequence cargo;

private int offset;
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public Ant(Sequence cargo, int offset) {
this.cargo = cargo;
this.offset = offset;
}
public Sequence getCargo() {
return cargo;
}
public int getOffset(){

return offset;

}
MATCHED TRAIL:-

package antSystem;
public class MaichedTrail {
private int offset;
private int strength;
private int probability;
public MatchedTrail(int offset, int strength){
this.offset = offset;
this.strength = strength;
probability = 0;
}
public int getOffset(){
return offset;

}
public int getStrength(){

o

M-
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return strength;
}
public void setProbability(int prob){
probability = prob;
}
public int getProbability(){
return probability;
}
P TRAIL COMP:-
package antSystem; ‘
import java.util.*; |
public class PTrailComp implements Comparator{
public int compare(Object o, Object 02) throws ClassCastException {

int ret =0;

PTrail ptl = (PTrail)ol;
PTrail pt2 = (PTrail)o2;

int pt1Off = pt1.getOffset();
int pt2Off = pt2.getOffset(); ‘
ret = pt1 Off - pt20fT;

return ret;
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RESULTS

| 5.1 Identical Sequences

The first test was performed with six identical sequences. The sequence used was testl. Figure

. shows the results:

Alignment:

Consensus Sequence: EECHEE - Nz sls - I T T el < 5 - I - N T - BT T

Sequence No. 1:

Sequence No. G - 2 sl s 2 BT T el A < - e - T -
Sequence No. Hs-z-zslszmTTBIAxﬂ—.Bz-T.—
Sequence No.
Sequence No.

Sequence No.

D s W N

N < I - O~ G > R s S - < »
(N O < N - N~ G > > S, - < »

g

Sequence No. 2: NT-S.X-G-—-ZTIGAG-S_—lXA \

Sequence No. 3: ir (N < - O~ B > R NS - < -

Sequence No. 4: 1 N - N < - N~ s~ R S - < »

Sequence No. 5: HT-S-X-G-—-ZTlGAG-S_—lXA ‘

Sequence No. 6: - B I S < I - T - - 2 N - e - < A p
o

Consensus Sequence:
Sequence No. 1:

Consensus Sequence: =
Sequence No. 1: -
Sequence No.
Sequence No.
Sequence No.
Sequence No,
Sequence No.

s W N
]

Stats:

Score = 5.0 Hits = 24342 Misses = 35658

Time Elapsed: 305.77 secs

The alignment shown in figure 4.2.1.1 was performed with 6 copies of the same protein sequence
(test1). The purpose of this test was to determine whether the system was working as expected and
also to check that the system was capable of re-constructing the original sequence purely from the
pheromone trails created. The results show clearly that the system is functioning as expected. It also
shows that the sequences constructed are identical to the ones used as input except for sequences 3
in which the final amino acid is missing. The score associated with this alignment is 5.0, a positive
score indicates that some similarity is present in the aligned sequences. The more positive the score
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the higher the homology. A score of 5.0 indicates a very high. This test was essentially a proof of |

concept to ensure that the ACO algorithm used was capable of performing alignments.

5.2 Unrelated Sequences

The second test was performed with six different randomly generated sequences. The sequences

used were test1 — test6. Figure below shows the results:

Alignment:

Consensus Sequence: = R S A - ~ I~ i S ~ . O] = i O
Sequence No. 1: < 2~ e GR< 5 2 I S 2 - N I N~ R G - G X
SRAuEREe s B Iz < O -
saGuEneE-ND: I <> - - 2 - -
Sequsnce No, - RN -~ - N~ - O
Sequence No. <8 - & < N o I I - < O - B
seqience WG, N N~ N - . » DA >

A s W

Consensus Sequence:
Sequence No. 1:
Sequence No.

23
Sequence No. 3: EVERWEERYON =% N
Sequence No. 4: (SRR > NN < - = G~ N - R <
Sequence No. 5: - - S A N 2 I = G A Gl [ = ~ = .
Sequence No. 6: i
|

Consensus Sequence: -
Sequence No. 1: -
Sequence No. 2: -
Sequence No.
Sequence No.
Sequence No.
Sequence No.

D N s W
I

Stats:

Score = 0.0 Hits = 25348 Misses = 34652

Time Elapsed: 835.36 secs

This test was designed to ensure that the system did not provide good alignments for sequences
that bare little homology with each other. The results do produce a score of 0.0, which indicates that
there was little to no- homology betweenthe sequencesover-their entire length. However, there
does appear to be several areas of homology between pairs of sequences. On inspection of the
original sequences, this homology does not seem to exist. It would seem that the despite the actions
of the sequence checker the resulting sequences do not always match exactly the sequence from

which they are derived. We would expect this to be increasingly more common as the sequences
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being aligned share less homology. Since the sequences used in this test show little to no homology,

1 these results should represent a worst case scenario.

5.3 Real Data Alignment (Highly conserved)

Alignment:
Consensus Sequence: AT A A F A G NS NS~~~ IS~ N [ ™ 7
i Sequence No. 1: 2 O~ A RS o N~ O s W~ I A s sl e
' Sequence No. 2: A7 2 N N G ~ SR o~ M~ ~ I s (S
Sequence No. 3: A A NG WA c I I -~ s I s
sequence No. 4 v o N N N SO N
sequence No. 5: AT AN M NI - P~ IO~ s G
- Sequence No. 6: ATHEEARAERG sEARAA AN Gl AR TAN S A T~ i sl s
|
i Consensus Sequence: mAIA.GTISAG-G-AlA-G.G.T-SSIGTT-G
| Sequence No. 1: B 5~ N~ O O G W > s - N
sequence No. 2: I~ 5 N N~ N o N M > 5o~
Sequence No. 3: BsE~BA~~NS s G B~ B C NG R s E s it T NG
Sequence No. 4: (B ge Ry wed Qi Ko g SRy 00 o
Sequence No. : B .~ N 5~ o N I N
Sequence No. 6: Eam~2BlcTHs AR s BB GG il r I G T c I G
Consensus Sequence: -]GIS-TIS_A_T \,
Sequence No. 1: BEBEGHT s B T B Bl :
Sequence No. 2: QDL 1| BYFTNNER Y DEDNBYILE"
sequence No. 3: OB BAES- - WE BL VRGN - NSO ERRVISE - i
Sequence No. 4: & “'j
| Sequence No. 5: 4
Sequence No. 6: -IGIS-TIS_A_P-S_SHIA
| —
Consensus Sequence: e e RUW K Ry pEEE
Sequence No. 1: o R BN G~ N G~
sequence No. 2: R~ R G~ NN NI~
Sequence No. 3: [ ~ OO 1~ NN B -
Sequence No. 4: - SR -~ NSNS - N~
sequence No. 5: (5 N N B T
sequence No. 6: (R~ R o N I

Stats:

Score = 1.0 Hits = 21273 Misses = 38727

Time Elapsed: 1016.45 secs

This test was designed to see how well the .system performed when dealing with real data. The
{ sequences used for this test are highly conserved and show substantial homology. The score
associated with this test was 1.0, which show that some degree of homology was present between
the sequences. This is also highlighted by the sequences themselves. There are several regions

where it can be clearly seen that the sequences are either identical in terms of their amino acid
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constitution or the properties of the amino acids at those points. Again, the sequences constructed .

from the pheromone trail are not identical to those from which the ants were generated. There also

seems to be some shifting of sequences where with the insertion of a gap a better alignment may

have been achieved.
5.4 Real Data Alignment (Not so highly conserved)

Alignment:

Consensus Seguence:
Sequence No. 1:

EGNGAEsclfcolor i ERNMENN I BN NG N-

e mpx W S T anr g OnE
o I M 3 B sHTlTA
[ & ENCKEedeer o @ REE SGA’I‘HAITAG.T-AST.TISGITS
I ol GGl S HCIE s ssGATHARTAGHETIMA s TR TR Gl
BRGNS~ TR s s scATHARTAGHETHTHENENE sHrET s Bllc

Sequence No.
Seguence No.
Sequence No.
Sequence No.
Sequence No.

A s W N

Consensus Sequence: I N [ G I s W~ s A A G N G s T Gl s TR
Sequence No. 1: o M o~ < P T N
Sequence: Nor i S I N 5 . N o
' Sequence No. 1 I o G ¢ I < s T (A T B Gl s T
I3 s c RNGHEN W» cA REmG T - Il T PN
s e crs NN s RSO - ;N TN GNS TH \
ST N N s 1~ > .~ i N~ WG s ~ i B~ G

Sequence No.
Sequence No.
Sequence No.

s Ww N

T x

N 1 ~ O O o~ N G R G O s o> W
GRS G ~ NN S N I~ G N s G T N~ Bl c s I
[ s ¢ s T IlE S N T G A T G G G I s G I T I~ Bl s e G
N5 .~ IO O R O s
o N s N N 0 N O s
s 77 Gl s G o A N T I~ T s Bl SR
s TGS Rl T GIENATINNGG G c T IS, B clsccAllAG

Consensus Sequence:
Sequence No. 1:

Sequence No.
Sequence No.
Sequence No.
Sequence No.
| Sequence No.

Lo T & 1 YR ¥ I A O ]

Consensus Sequence:

Sequence No. 1:
Sequence No. 2:
Sequence No. 3:
sequence No. 4 R < T3 s o s RN~ 0~ o Bl
Sequence No. 5: S G S o o T [~ B
Sequence No. 6: sTaficlTscesclilTcoT NN
Consensus Sequence: O T B G B Gl 7 sHlG s ARG S G AIA NN S T c I - - - -
Sequence No. 1: EaBmcEr AR~ EcEcEGT IS G THAGS Gl i~ NS s A
Sequence No. 2: GG G IRNGH T sHG s 2GS GARANNS ES GG - ,
Sequence No. 3: !
sequence No. 4 DN - - - - 1N - NS0T C BESBENE - C s ERIDE
Sequence No. 5: R R
! Sequence No. 6:
i
Consensus Sequence: R s s B A Gl s o G s - -~
Sequence No. 1: BRI s [ s A ol s co N G s G - - ---- - - - - -

50

|
|
|
|
|




:

I Sequence No.
Sequence No.
Sequence No.
Sequence No.
Sequence No.

IR 5 ol o MR > NN ol S s o 7 MENENN s B> R |
RN o s 1~ ol G MR < WSN C - - - - - BN > S

G s W N

Consensus Sequence: RS s s sEcH s EREEc s ERNENEE c BSiE c ~ 5~ s N
Sequence No. 1: |[====—=-mmmmmmmmmmmmem S - S EENENEE - BN - A NEE i
Sequence No.
Sequence No.
Sequence No.
| Sequence No.
Sequence No.

Ao W™

| Consensus Segquence: Ncm- NchslsTmG-------——-----—---------——-
Sequence No. 1: N Nl TlG---——-—-------—-—-—------—-————---

| Sequence NO.
‘ Sequence No.
Sequence No.
Sequence No.
Sequence No.

N R - -

S W N

Consensus Sequence: [ ——=—=——-mmmmmmmm e s s s s
Sequence No. 1: [l ===-r=mr--— oo e s e \
Sequence No. 2: ]
Sequence No.
Sequence No.
Sequence No.
Sequence No.

(o) &2 B~ OV ]
—

Consensus Sequence:
Sequence No. 1: || ==m—mmmmmmmm e e
Sequence No.
Sequence No.
i Sequence No.
‘ Sequence No.

N oW N

Sequence No.

Consensus Sequence: || ========—=
| Sequence No. 1: || -=————==—=
Sequence No.
Sequence No.
Sequence NO.
Sequence No.
Sequence No,

A b W N

Stats:
Score = 0.0 Hits = 18570 Misses = 41430
Time Elapsed: 955.49 secs
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This test was designed to examine thé efficacy of the system at finding similarities between sparingly
similar sequences. As can be seen it produced the most unexpected results, This was alsc the only
test in which the input sequence differed greatly in size, Test-2 shows that the fact that the
sequences were of differing sizes was handled correctly. The score of 0.0 would suggest little to no
homology is present. However, the results do show some areas of localised homology. Again, the
sequences generated are not exactly the same as those used for input. In addition, the longest
sequence has not been completed. There are a large number of gaps at the end of the sequence

suggesting that pheromone trails created for this area did not persist until the end of the run.
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