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(Topic 1)

The investigation and discovery of the relationship between the function, evolution, and
structure of nucleotide and protein sequences has been a major focus of natural science
for the past few decades. In response to the overwhelming burst of data generated by
molecular biology initiatives facilitated by improvement of techniques such as
microarray, it is essential to develop tools that will be able to expose, identify, store, and
analyze effectively large number of biosequences. Sequence alignment is a fundamental
part of Bioinformatics research, and in 1970 Needleman and Wunsch published the first
pairwise method for optimal global alignment. It allows the best overall score for the
comparison of the two sequences to be obtained with the consideration of gaps, and is
capable for comparing two sequences expected to share a great deal of similarity over the
whole length (Needleman and Wunsch, 1970). About ten years after the global alignment
was published, optimal local alignment algorithms were also invented to find the best
local similarities between two sequences. However, contrasting to the global alignment,
the local alignment searches for regions of local similarity without the need for the
complete sequences and it exclude explicit consideration of gaps (Smith and Waterman,
1981; Gotoh 1982). The global and local methods are significant in biological
application. With the implication of the dynamic programming and similarity substitution
matrix including PAM, Blosum, and Gonnet (Gerstein 2002), global alignment is able to
predict the evolutionary distances of any two organisms and construct the phylogenetic
trees. Moreover, local alignment methods are very useful for scanning databases to search
for conserved amino acid motifs in related protein sequences, and can be used without the
initial examination of sequence similarity over the entire lengths.

FASTA, a more sensitive derivative of the FASTP program, was developed by Lipman
and Pearson in 1985. It includes an additional step in the calculation of the initial
pairwise similarity score that allows multiple regions of similarity to be joined to increase
the score of related sequences, and it allows trading speed for precision. It can be used to
search protein or DNA sequence databases and can compare a protein sequence to a DNA
sequence database by translating the DNA database as it is searched, and it can also show
alternative alignment between sequences with periodic structures or duplications
(Pearson, 1990; Pearson and Lipman, 1988). BLAST, developed in 1990, is another
heuristic that focuses on no gap alignments and attempts to optimize a specific similarity
measure without the distance-based procedure (Altschul et al., 1990. 1997). In proteins it
is likely to assume regions of functional similarity by using BLAST when there is no
gaps with high similarity score.

During the past eight years there has been an increase of the variety of improved
sequence alignment techniques mostly based on the fundamentals of the previous
methods. A few examples include the more recent version of BLAST which include
BLAST 2 and PSI-BLAST in 1997, the WABA algorithm which used the concept of
Hidden Markov model as its core for inserting gaps (Kent and Zahler, 2000), and the
multiple sequence alignment. Multiple sequence alignment algorithms extract the
relationship between many sequences by aligning the key segments together. Other than
predicting the secondary or tertiary structure of new sequences, the similarities may
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reveal evolutionary history, and are clues about the common biological function of the
motifs (Holmes and Bruno 2001; Gerstein 2002). More recently, Super Pairwise
alignment (SPA), which is fifteen times faster than the traditional methods, has been
developed to reduce computation complexity without sacrificing too much accuracy by
adopting algorithm which combines the methods of probabilistic and combinational
analysis (Shen et al. 2002). Alignment-free sequence comparisons, with two categories of
methods based on word (oligomer) frequency or methods that do not require resolving
the sequence with fixed word length segments, were used to complement the alignment
methods which did not take into account of genetic recombination and genetic shuffling
(Vinga and Almeida 2003). Overall, most methods are used in Biology with the goals of
finding homology and evolutionary relation as well as predicting structure and function
based on the similarity to the well-researched sequences.
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Figure 1: The interaction of different sequence alignment techniques. The first two
alignment methods, global and local alignment, are the foundations which other
improved later alignment methods build on. The arrows indicated order of invention, in
which Super Pairwise Alignment is the latest and fastest and FASTA is the earliest
among them (after global and local). The alignment-free sequence comparison method is
an alternative technique dealing with special genetic events such as genetic
recombination and shuffling, and it does not interact with others.
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With the information of the complete sequence and open reading frames as the only
source of information on the microbial genome, it is very difficult to study this organism
and draw any conclusions. However, I would start by searching for the most similar
complete sequence from another microbial organism with the method of global alignment
with the help of BLAST against the published database such as NCBI. This is a key step
to find the homology among other microbial organisms. The degrees of similarity of the
whole sequence is significant in showing how related those two organisms are. The
higher scoring on homology indicates that the two microbes were separated later
evolutionarily and may contain more functional similarities. In addition, it is an important
start to categorize the unknown microbial organism into species. [ would choose a few
other microbes with the highest scoring homology and determine what kind of organisms
or species they are, and the unknown microbe is most likely to be close to them on the
evolutionary tree. Using only one organism with the highest similarity is a little bit risky
due to the possible small genome size, therefore it might be more applicable to compare
with five organisms together.

After finding the closest related microbes, the next step will be to find the similar motifs
between those few organisms by performing the multiple sequence alignment. It is one of
the most essential tools in molecular biology for phylogenetic analysis and has the
potential of predicting protein secondary and tertiary structure. By comparing the
common motifs between these highly related organisms and searching for the
documented functions and structures of the proteins within the motifs, it is possible to
make accurate predictions of the gene families with the information of the open reading
frames. In addition, since the open reading frame is known, it is possible to generate the
protein sequences of the unknown organism with the correct reading frame and predict
and the secondary protein structures by using GOR and confirm the prediction with the
result we have from the multiple sequence alignment. However, all of the previous steps
are just hypothetical computational prediction by searching the database, and with no
further information we will not be able to perform structure alignment and other
techniques. Nevertheless, it is possible to move a step further on the prediction based on
the data we have. For example, with the motif comparison, we might be able to generate
probable subcellular localization based on the sequence pattern, the level of expression,
and the Bayesian system, assuming that a significant amount of information was obtained
from the previous computational analysis experiments.

However, all of the predictions will have to be backed up by experiments for at least a
portion of it in order to assess the accuracy of the prediction. There are a few kinds of
experiments that will give us a large amount of molecular data with relatively small
amount of time and effort committed. First of all, I would perform a microarray
experiment with the same treatments and conditions which had been conducted on other
closely related organisms. By comparing the expression similarity and investigation of
individual genes, it is rather easy to confirm our previous predictions. Nevertheless, the
individual gene analysis should be compared if there are large amount of data available
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because it is unreliable to reach any conclusion of a single gene based on one microarray
experiment. Second, I would perform a whole genome transposon knockout experiment
to investigate the number of essential genes in the genome and to see the function of each
knockout gene.
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Figure 2: Computationally based Analysis and procedures for learning unknown
organisms. Experimental procedures are highlighted in green squares and functions to be
investigated are in blue circles.
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