Title
Detection of secondary structure-based regulatory nucleotide elements

Background

The trypanosomatids are a monophyletic sub-group of excavate parasites [1,2] which
collectively exhibit an extraordinarily broad host-range which extends from crocodiles
[3] to coconut palms [4]. Several members of the trypanosomatid group cause globally
important parasitic diseases of humans including sleeping sickness, Chagas disease and
leishmaniases which together kill and debilitate hundreds of thousands of people
worldwide each year (http://www.who.int). The study of gene-expression in
trypanosomatids has been highly productive and has led to the discovery of several
fundamental aspects of transcription, some of which have subsequently been found to be
utilised in many other eukaryotes. These discoveries include RNA editing [5], trans-
splicing [6,7,8] and RNA polymerase | transcription of protein coding genes [9,10].
Despite these breakthroughs in understanding gene expression in trypanosomatids, we
know little about the identity and role of the many regulatory elements which must
govern this system. This is particularly pertinent as most protein coding genes in
trypanosomatids are expressed in polycistronic transcription units where promoters
appear to be absent from the 5’ end of genes. Moreover, almost nothing is known about
regulatory elements which govern this system, and only a small number of cis-elements
and transacting protein factors have been identified [11,12,13,14,15].

In trypanosomatids, transcription of all protein coding genes by RNA polymerase 1l
proceeds polycistronically [16,17,18,19]. The average polycistron contains ~70 genes
[20] and each gene must be processed to monocistronic RNA units before nuclear export
and translation can occur. This obligatory transition to monocistronic RNA molecules is
mediated by trans-splicing, a process in which a 39 nucleotide capped RNA molecule is
added upstream of the start codon of each coding sequence [7,8,21]. This profound
difference in mechanism from how transcription proceeds in well studied model
organisms such as Humans and yeast is mirrored by an absence of transcription
regulatory proteins from the trypanosomatid genomes.

Several methods have been developed to identify regulatory motifs in DNA sequences.
The methods are diverse and can range from information-rich methods (for example
[22,23]), which utilise groups of co-regulated or functionally related genes to search for
regulatory sequences in upstream regions, to information-poor methods (for example
[24,25]), which look for over-represented sequence motifs in a collection of sequences.
Unsurprisingly, these and other methods have failed to shed light on any recurring
regulatory motifs in trypanosomatid DNA sequences. Hence there is a pressing need to
develop novel ab initio approaches for detecting regulatory information in these genomes.

Given that complex patterns of gene expression regulation exist and that cis-acting
regulatory motifs appear to be rare this suggests that RNA secondary structure may play
an important role in modulating gene expression regulation.

This project will utilise the 8 available trypanosomatid genomes to identify secondary



structure elements in the non-translated regions surrounding coding sequences. Putative
secondary structures are easy to predict. Individual structures can be clustered according
to several properties including nucleotide composition, free energy at physiologically
relevant temperatures, topology, position relative to known processing sites and
conservation across different trypanosomatid genomes. This data will then be used as a
grammar to develop an ab initio prediction algorithm for identification of putative
regulatory structural elements.

Timeline

Week 1: Read key papers from the literature list and make preliminary contents of the report
Week 2: Analyze genome data to identify stable secondary structure elements up to 200bp in
length located in intergenic regions. At temperatures relevant to the different life cycle stages of
the parasite eg @37°C for bloodstream form <=28°C for procyclic form.

Week 3-4: Cluster structural elements based on intrinsic properties, temperature sensitivity and
location relative to coding sequences.

Week 5-6: Correlate expression data from RNAseq experiments with presence of identified
structural elements.

Trypanosomatid genomes are small, gene dense and lack introns so are easy to work with
computationally. The Ideal candidate would have some expertise in a scripting or
programming language and would have some experience in data clustering. Though this
IS not essential.
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