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ABSRTACT:

Functional profiling of sequences is very important to characterise large
datasets generated from different sequencing methods. While alignments are
accurate for sequences of high similarity, they become unreliable as sequences
fall into 'twilight zone'. In such cases alignment based on structure is a better
option to explain homology of ‘twilight zone’ sequences. However presently,
majority sequence alignment is done only based on consensus without
considering structural information. These circumstances demand development
of computational algorithms that can produce alignment considering both
consensus and structural information there by explaining functional profile of
distinctly related homologs in a better way.

KEY WORDS: Twilight zone, Homologs, Algorithms, Alignment,
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INTRODUCTION:
The post genomic era presents many new challenges in the field of bioinformatics.
Massive deliveries of complex and extremely variable datasets are produced by high-
throughput experimental technologies (Next generation sequencers). At the end of the
2012 the 1000 Genomes Project (www.1000genomes.org) will be providing sequence
information of approximately ~21,000 genomes of different organisms. This flood of
complex, heterogeneous and inherently uncharacterized datasets has contributed to the
development of novel algorithms, methodologies for organizing and exploring the
knowledge from data sets.

Functional profiling of sequences is very important to characterise large datasets
generated from different sequencing methods. While, alignments are accurate for
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sequences of high sequence similarity, they become unreliable as sequences approach
the 'twilight zone'. In twilight zone (fig-I), presently available sequence alignment
tools fail to explain the existing relationship between structure and sequence
homology. Structure alignment is a better option to explain homology for distant pairs
(ex: lipoxygenase family protein sequences). This is due to the distantly related
homologous sequences with differences in the complex data structure. However
presently, sequence alignment is the only choice in the majority of cases where
structural information is not available. This situation demands development of
computational algorithms that can produce and analyze alignments better and to
explain relationship in structural homology in distinctly related sequences
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Fig-1: Showing three zones based on the %sequence similarity. Sequence similarity
between sequences above 40% is safe zone where sequence similar equals to
structural similar but it below 40% the sequence similar may or may equal to
structural similar (twilight zone & mid night zone).

RECENT ADVANCES IN SEQUENCE ANALYSIS TOOLS:

Computational biologists throughout the world are actively involved in high end
research such as integration of biological data and development of software and
models for the evolution of various bio molecules using genome wide analyses [1-2-
3-4-5], neuronal simulations and systems biology. Rapid advancement of sequencing
technologies resulted in data on an unparalleled scale. A central challenge for the
analysis of this data is sequence alignment, whereby sequence reads must be
compared to a reference. Globally, over the past two years various alignment
algorithms have been subsequently developed. The development of advanced
computational strategies to maximally extract significant information from massive
nucleotide data has become a major focus of the bioinformatics community.

In recent times, various new tools were developed for the functional analysis of
sequences by considering several statistical parameters to reduce the errors in the
complex biological sequence data (protein, DNA and RNA). ‘Peptide Mine’ [6] web
server developed by Institute of Microbial Technology Chandigarh (IMTC) for the
identification of peptides based on specific functional patterns present in the sequence
of an interacting protein. ‘CBS-Pred’ prediction module [7], predicts carbohydrate-
binding sites using single sequence or server-generated PSSM. Several pre-computed
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structural and functional properties of complexes were also considered in the database
for rapid and accurate data analysis. For the first time a sequence-based approach[8]
has been developed to predict NAD binding proteins and their interacting residues, in
the absence of any prior structural information which helps in the understanding of
NAD+ dependent mechanisms in the cell. ‘GWFASTA server’ [13] assist the FASTA
user to extend the similarity searches against partially and/or completely sequenced
genomes by allowing the submission of more than one sequence as a single query for
a FASTA search. It also provides integrated post-processing of FASTA output,
including compositional analysis of proteins, multiple sequences alignment, and
phylogenetic analysis (IMTC). ‘ACUA (Automated Codon Usage Tool)’ [9] has been
developed to perform high throughput sequence analysis aiding statistical profiling of
codon usage. The results of ACUA are presented in a spreadsheet with all perquisite
codon usage data required for statistical analysis, displayed in a graphical interface.
‘IMEX’ [10] uses simple string-matching algorithm with sliding window approach to
screen DNA sequences for microsatellites and reports the motif, copy number,
genomic location, nearby genes, mutational events and many other features useful for
in-depth studies. IMEx is more sensitive, efficient and useful than the available
widely used tools. IMEXx is available in stand-alone program as well as in the form of
a web-server. ‘Plasmo2D tool’ [11] makes use of a Virtual 2-DE generated by plotting
all of the proteins from the Plasmodium database on a pl versus molecular weight
scale character based similarity cannot provide insight into the structural aspects of a
protein. “The Spectral Similarity Score (SSS)’ [12] is an extension program developed
on conventional similarity approach that aid in the analysis of various biological
sequences and structural variations in proteins.

‘Feature Architecture Comparison Tool (FACT)’ [13] to search for functionally
equivalent proteins. FACT uses the similarity between feature architectures of two
proteins. FACT can identify functional equivalents that share no significant sequence
similarity. ‘proTF’ [14] is constructed to serve as a comprehensive data resource and
phylogenomics analysis platform for prokaryotic TFs which becomes a valuable
resource for prokaryotic transcriptional regulatory network in the post-genomic era.
‘BMGE (Block Mapping and Gathering with Entropy)’ [15], designed to select
regions in a multiple sequence alignment suited for phylogenetic inference.
‘GeneOrder4.0’ [16] enables the visualization of synteny by plotting protein similarity
scores between two genomes along with visual annotation of "hypothetical" proteins
from older archived genomes based on more recent annotations. ‘iMotifs tool’ [17] is
a graphical motif analysis environment that allows visualization of annotated
sequence motifs and scored motif hits in sequences. It also offers motif inference with
the sensitive Nested MICA algorithm, as well as over representation and pair wise
motif matching capabilities. PRG platform [18] represents an important starting point
to conduct various experimental tasks leading to establishment of a relationship
between genomic and phenotypic information. The 'galign’ alignment tool [19] uses a
simple algorithm to compare parsed sequence reads to parsed reference genome
sequences. Ibarcode web based tool is used to identify haplotypes within a species
along with species divergences.
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However, the tools and resources to analyze present day’s noisy data produced
form different sequencing technologies are becoming complicated and also are not
suitable for working on a large integrated diverge data-sets, in establishing a
relationship between functional homology in protein sequences with low
percentage of similarity.

CONCLUSION:
Conditions demand the development of an integrative platform for functional analysis
of sequences which will be providing the solutions for:

e Determining the function of predicted genes more accurately than other
existing function prediction tools.

e Identifying the best homologs for given protein query sequence based on
sequence as well as structural similarity (even though the sequence similarity is
low).

e In drug discovery research, accurate functional prediction determining new drug
targets for various diseases.

e Various vast heterogeneous biological data sets in annotating the important
functional role.
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