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Over the last decade it has become apparent that non-coding RNAs, such as miRNAs and lncRNAs, have a 
far more significant functional role than was envisaged by canonical models1-2. However, their global 
classification is somewhat deceptive as it disguises a broad range of functional mechanisms including: acting 
as gene expression regulators, small RNA decoys, guides and scaffolds for the construction of protein 
complexes3. Much of the work that has previously been performed has centered on the identification and 
expression of lncRNA transcripts, resulting in the rapid expansion of this class of RNA, with comparatively 
little work on defining functions of the individual molecules. Investigating their interactions with the proteome 
and the genomic DNA will be essential to the interpretation of the functions of the lncRNAs in genetic and 
epigenetic regulation. Interestingly, recent findings have indicated that reversible modifications of mRNA can 
act as docking platforms for proteins, including chromatin remodeling factors, suggesting the existence of an 
“epigenome-epitranscriptome” regulatory network. While lncRNA post-translational modifications have 
already been found, whether they can participate in the recruitment of protein complexes and interact with 
the epigenetic machinery has not been reported thus far. It would however, be an elegant mechanism which 
might go some way to explain how lncRNAs regulate gene expression. We aim to investigate the network of 
interaction between proteins, genomic DNA, miRNAs and lncRNA by adopting a combined proteomic, 
functional (epi)genomic and bioinformatic approach. Given the potential consequences for human health, our 
work will focus on clinically relevant models, in particular human primary cells and/or non-human primates 
(NHP) tissues. We also anticipate the use of large-scale published sequencing data to expand to other 
tissues and cell lines. We believe that this project will be an excellent platform for an ESPOD candidate to 
advance their career and will foster significant new interactions between the WTSI and EMBL-EBI.	  
	  
Aim 1: Identification and characterisation of lncRNAs and non-coding epi-transcriptomic changes	  
A library of lncRNA genes will be collated from publically available databases and published material 
(eg.15,16). Where there is a lack of data and online resources, paired-end, strand specific, ribo-depleted RNA-
seq will be employed to profile the expression of lncRNAs in human primary cells and/or NHP tissue. . The 
identification of these novel loci will be performed using tools, pipelines and processes previously designed 
within the Enright laboratory. In addition, epitranscriptome analyses can be performed by mapping the RNA 
modifications m6A and m5C using MeRIP-Seq and RNA-bisulfite Seq, respectively. The Enright lab 
collaborates extensively with the O’Carroll lab (EMBL Monterotondo) who perform these assays routinely. 
Additionally, the Enright lab has recently developed novel pipelines for the detection of 3’ Tailing of non-
coding RNAs by enzymes such as TUTases and analysis of their effects. Following these profiling 
experiments, a set of 20-30 candidates lncRNAs will be selected for further functional analysis. These 
candidates will be selected based on their genomic location with respect to genes of interest, 
epitranscriptomic modifications and, in some cases, their association in cis with regions differential histone 
modification derived from ENCODE data. 	  
	  
Aim 2: Identification of proteins : lncRNAs interactions	  
We will initially use biotin-labeled RNAs as baits to purify their associated proteins from human cells4. 
Candidate lncRNAs will be synthesised and labeled by in vitro transcription. Biotin-labeled lncRNAs will be 
immobilised on streptavidin-coated magnetic beads. In order to direct our efforts towards lncRNA-binding 
chromatin factors, nuclear extracts will be prepared and incubated with the lncRNA-coated beads. The 
Choudhary lab are experts in this area. The binding proteins will be specifically eluted with a biotin analogue 
and digested with trypsin for subsequent identification by tandem mass spectrometry (MS) analysis. 
Alternatively, binding proteins can also be digested on the beads with trypsin prior to MS analysis. Known 
lncRNA-protein interactions such as those involving HOTAIR3 will be used to benchmark the procedure. 
Negative controls will include antisense and GFP RNA sequences. This approach is quick and amenable to 
medium throughput. Verification of newly discovered interactions will involve a comparison to data obtained 
using CHART (see below).	  
	  
We will apply the ‘capture hybridization analysis of RNA targets’ (CHART) technique as an alternative 
approach to identify lncRNA associated proteins9. The CHART method allows identification of genomic 
positions where lncRNAs may bind via proteins. To accomplish this, the endogenous lncRNA of interest is 
enriched from cross-linked chromatin extracts using short biotinylated complementary 
oligodeoxyribonucleotides. The targets of the RNA can be determined by examining the proteins and DNA 
that are enriched under these conditions. This analysis can be extended genome-wide by subjecting the 
enriched DNA to deep sequencing. The combination of the approaches described here will provide us with 
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an insight into the extent to which a variety of lncRNAs interact with RNA associated proteins (RAPs) and 
chromatin, broadening current rules and hypotheses regarding lncRNA function by incorporating data 
concerning a larger set of lncRNA-protein interactions. It will also allow us to assemble a catalogue of RAPs, 
including RNA binding proteins, linked to lncRNAs. Furthermore, it will identify the genomic sites that interact 
with each lncRNA:protein complex. A number of these proteins will be investigated to determine their 
detailed binding characteristics and to profile protein targets on a genome wide scale. 	  
	  
Aim 3: Computational Genomics of ncRNA Protein Interaction networks	  
The data produced will be used to generate large-scale functional interaction networks of lncRNAs, RNA 
associated proteins, miRNAs and other targets bound to these proteins. These networks will be expanded to 
incorporate publically available datasets including protein-protein interaction networks, gene regulatory 
networks (such as the targets of transcription factors) and co-expression networks. These networks will be 
clustered into functional modules using MCL26 and annotated with gene expression profiles and gene 
ontologies. Additionally, the results of any epi-transcriptomic modifications observed will be integrated into 
the regulatory networks and used to scan for novel regulatory motifs. Investigation of clusters will give us 
clues as to the general role that individual lncRNAs and proteins may play in tissue-specific biology. At this 
stage we will begin to formulate testable hypotheses in order to assign specific functions to individual 
lncRNAs or RAPs that are associated with particularly promising attributes, such as striking expression 
patterns, associations with other proteins known to influence developmental processes or genomic 
interactions that mirror epigenetic transitions. As described above, lncRNAs can influence cell biology 
through a selection of known mechanisms including through chromatin maintenance/formation, the assembly 
of transcription factors or other proteins into complexes for co-localisation and gene regulation and by acting 
as decoys3-8,11. In order to assign these and other functional mechanisms to individual lncRNAs and their 
associated proteins, candidates will be perturbed through the transfection of siRNAs or antisense 
oligonucleotides27. Subsequently, molecular phenotypes will be measured using a variety of low-throughput 
approaches to assess each proposed hypothesis as appropriate. 
	  
Summary	  
The project involves significant experimental and computational components. Both labs will work together to 
fit the project goals to the ESPOD candidates experience and background. Hence, we would be interested in 
either a computational biologist, an experimental biologist or an ESPOD candidate who wishes to do both. 
We believe that this project has the potential to significantly improve our knowledge of how non-coding RNAs 
and proteins interact in a complex layered regulatory network. Additionally, we hope that this project will both 
foster better collaboration between EMBL-EBI and the WTSI and provide an excellent platform for the 
ESPOD candidate to further their career towards independent research. 
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