Term Project Ideas

CAP 5937 — ST: Bioinformatics

1. SiRNA(RNAI)

siRNA(small mnterference RNA)s are short (19-23bp) RNA sequences that that “interfere’
with gene expression. These ENA sequences are known to help in “gene silencing’,
preventing a gene from being expressed. These sequences, together with ribonucleases,
attach to the mRNA of a specific gene, and "cut’ the mENA, thereby rendering it useless
for translation. Gene silencing through siBRNA was first observed in c. elegans and
drosophila melanogaster. Efforts are underway to design synthetic siRNAs that suppress
the expression of unwanted genes (eg: in cancer cells) in humans and other mammals. A
good introduction fo siRINA 15 available from
hitp:/anaw invivogen com/siIRNA/siIENA overview him.

A term project on this topic will deal with the siENA technology in depth. The project
should provide a overview of any computational problems in designing siRNA
sequences. A survey of current solutions to these computational problems should be
provided. Improvements to current solutions/solutions to unsolved problems in this area
should be investigated.

Thiz topic will be ideal for a team with at least one member that has done
undergraduate/gradvate coursework in molecular biology.

2. Web interface for CodonOpt

The genetic code 1s degenerate. Sixty four possible codons code for 21 possible amino
acids{including the stop codon). Therefore, each amino acid can be coded anywhere from
1 to 6 different codons. The preference of which codon to use for an amino acid varies
from organism to organism. This preference 15 called “codon bias’. These preferences
may arise from the availability/non-availability of the respective tRNAs. The codon
usage tables for different organisms are available.

Codon usage effects gene expression. In laboratory experiments, it is often infeasible to
extract a protein from the source organism. To extract any protein from the source
organism in large quantities, large colonies of the source organism have to be cultured.
There fore, it 15 a general practice to introduce a gene from the source organism (eg:
plasmodium falciparum, the malarial parasite) into the dna of e.coli (the target organism),
cultivate large colonies of this modified e.coli, and extract the desired protein from these
e.coli colomies.

One problem with this procedure 15 that codon usages might be different in the target
organism from the source organism. The introduced gene might be using a rare codon in
the target organism. When this happens, the target orgamism quickly runs out of tRINA
molecules for the rare codon, and the translation process will stop. The end result 15 that

the desired protein will not be expressed in the target organism.



Solution to this problem 1s to design a synthetic gene that 1s codon-optimized for the
target organism. Therefore, keeping the end-product (the amino acid sequence) the same,

rare codons in the gene have to be replaced with codons that are preferred in the target
organism.

However, synthetic genes created in this fashion may create new problems, especially
when used in dna vaccines or in gene therapy. The target organism identifies certain
motifs in the synthetic DNA. These motifs modulate the immune response of the target
organism. Some motifs might stimulate immune response, while others might suppress it
Depending on the application, it 15 desirable either to minimize or maximize the immune
response to the introduced gene/vaccine.

Therefore, while designing synthetic DNA sequence, it 15 desirable to:

(1) codon optimize for the target organism

() mimimize/maximize the immune response to the DNA sequence in the target
Organism.

We have developed an algorithm for this problem. The algorithm i1s explammed in detail in
the paper available from http:/vlsi.cs.ucfedubio info htm The implementation of the
algorithm is available as a windows executable developed using MFC and C++.

A term project in this topic wall:
(1) Understand the algorithm i depth
(2) Provide a web-based implementation for this algorithm. (ideally
running on the client machine, as a java applet).

3. Web server for PRUNER

Identifving transcription factor binding sites is another well-known problem in
bioinformatics. Many different approaches exist for this problem. One of the approaches
1s to look at the 5" UTR{untranslated regions) of a set of co-expressed genes, and identify
monad patterns in the these untranslated regions.

Monad patterns are patterns of the form (/,d)-k, where [ 1s the length of the pattern, 4 1s
the maximum number of mismatches allowed, and & 15 the minimum number of
sequences out of f input sequences that have an occurrence of the pattern.

Some of the best algorithms presented for this problem are SPELLER, MITEA,
WINNOWER, etc. We proposed an improved approach called PRUNER. The full paper
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A term project on this topic will focus on:

(1) Understanding the problem thoroughly
(2) Developing a webserver for PRUNER
(3) Implementing some of the other approaches for this problem



unning these algors on some biologically relevant data sets to compare the
4) Running these algorithms biologically rel d th
performance of the algorithms

4. Finding Regulatory motifs

Monad patterns are only one type of approximation for regulatory patterns: There are
approximations, like profile-based approaches and PWM(Position-Weight Matrix) based
approaches. Many motif-detection techniques employ statistical methods, like hidden
markov models and bayvesian networks.

A term project on this topic will focus on preparing a comprehensive report on all these
other approaches/tools/databases available for finding regulatory motifs.

Refer to:

(1) http:www.gene-regulation.com’ TRANSFAC, a database of all known transcription
factors and their corresponding binding sites. Links to many other programs

(2) http://labs_svstemsbiology net'bolourtMogul’ a webserver with restricted access.
Provides links to some motif-detection programs

5. Haplotvpe Inference

In general, the DNA of all humans i1s almost similar. However, there are some site sin
which a significant percentage of the population( at least 2-3%) have a different base
than the rest. These locations are called SNP(Single Nucleotide Polymorphism) sites. It 1s
believed these SNPs are responsible for many of the common diseases. There fore, the
first step in understanding the connection between SNPs and diseases 15 to obtain the
SNP information of a large set of individuals. In total. There are bout 10 million SNP
locations in the human Genome, roughly one every 300 base pairs.

Humans are diploid - meaning — we have two copies of each chromosome. These two
copies are woven together in their natural form. One of these copies 15 inherited from the
mother, and the other is inherited from the father Dwoing a complete sequencing of each
chromosome 15 a very costly process. Therefore, only the SINP locations are sequenced.
Again 1t 15 a costly procedure to separate both the copies of the chromosome and

sequence them separately. Therefore, the two copies are sequenced together. Giving
information like this:

[sNP 1 2 |3 4 ]
Bases | (A.A) | (C.T) | (AC) [ (A.T)

What this is telling us is that both the copies have an "A°, in sitel, one copy has a "C,
and one copy has a "T" in site?. and so on. This does not tell us the exact sequence of
bases 1n each copy. This information i1s called the “genotype’ of the individual. The exact
sequence on each copy 1s called a “haplotype’.



