Protocol: determine single stranded regions in RNA

Michael Hiller
1 Input sequences
Since (alternative) splicing happens at the pre-mRNA level, unspliced transcript sequences (which should be similar to the genome sequence) must be analyzed. An important consideration is the length of the sequences to analyze. Since splicing happens during transcription it is unrealistic to analyze entire pre-mRNAs. In general, short-range structures are more likely to occur in a cell than long-range structures [2], therefore the sequence should be limited to the region of interest and the length should not exceed several hundred nt. However, long-range secondary structures do occur 
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. Since the accuracy of prediction algorithms drops for long sequences, one should require further evidence for the existence of a long-range structure such as structural conservation [5]. 

2 Predicting single-stranded regions
Double-strands can inhibit the interaction of single-stand RNA binding splicing factors with regulatory motifs. Thus, single-stranded splicing motifs can have a stronger effect on the splicing pattern [2]. With limited resources, secondary structure prediction can help to prioritize further motif analysis by identifying single-stranded regions first and then regulatory motifs within them. 

2.1 Computing base-pair probability plots

To compute the probabilities for all possible base-pairs, go to the RNAfold web server [8] at http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi and input your sequence into the text box. T characters are automatically converted to U, but there is no warning if the sequence contains characters other than A, C, G, T, or U. Select the radio button “minimum free energy (MFE) and partition function”. 

For sequences from species other than mammals, the energy parameters might have to be rescaled to a temperature different from 37°C (“rescale energy parameters to given temperature (C)” in “Show advanced options”). After “proceed” the entire sequence will be folded. To get the base-pair probability plot, click on the “pdf” link in the line “You may look at the dot plot containing the base-pair probabilities”. An explanation of this plot and how to find single-stranded regions is given in Figure 1. A similar plot can be computed with mfold (http://mfold.bioinfo.rpi.edu/cgi-bin/rna-form1.cgi) [7]. 

2.2 Computing PU values

PU values are an alternative way as they quantify single-strandedness of a region directly. PU values can be computed with the server at http://www.bioinf.uni-freiburg.de/Software/NIPU/PUvalues.html [2]. 

It operates in two different modes. In the global mode, the PU value for a region is computed by folding the entire sequence. In the local mode, the PU value is computed by folding a symmetrical local window around the region where the window size is determined by the region size and the length of the up-/downstream context. The region size has to be fixed (3-9 nt, called “length of motif”) and a PU value is computed using a sliding window procedure. To avoid a strong dependency on a fixed context length, the local mode allows to vary the length of the symmetrical window by setting “minimal context length” (11 to 30 nt) to a value less than “maximal context length”. In this case, the PU value for a region is the average of the PU values computed from the different context lengths. http://www.bioinf.uni-freiburg.de/Software/NIPU/Figs/LocalPU.gif illustrates that procedure. 

The output is a line plot that shows the PU value for each starting point of a region (Figure 2B). High values indicate regions that are more likely to be single-stranded. Note that in the local mode no PU value can be computed for the first and last “maximal context length” nt. 

3 Predicting if a mutation leads to structural changes
Single point mutations, either generated in the laboratory or found in a patient are essential to find the pre-mRNA regions that regulate alternative splicing . Observed changes in a splicing pattern are usually interpreted as changes in regulatory motifs, however, such mutations might also lead to structural changes, which alter the structure conformation of unaffected motifs [2]. Thus, structural changes should be considered in the experimental design. For example, if several mutations would destroy a putative motif, one should pick the mutation that leads to the smallest structural change. 

3.1 Comparing base-pair probability plots

Use the protocol of 3.2.1 to compute two base-pair probabilities plots. A comparison of the two plots shows if and in which regions structural changes might occur. The variation of the dot-size in the plot indicates changes in the base-pair probabilities. 

3.2 Computing PU values

Changes in single-strandedness can be computed with the web server at http://www.bioinf.uni-freiburg.de/Software/NIPU/index.html [2]. 

This comparison uses the local mode of PU value computation averaging over context lengths 11 to 30 nt, therefore input sequences should have at least 30 nt up- and downstream of the mutated region. Put the wild-type and mutant sequence into the two text boxes. The computation can take a few minutes. 

The output consists of 5 aligned bar charts. The first two plots show the splice enhancer/silencer scores from [12] for each starting point of a hexamer in the wild-type and mutant sequence. This shows if the mutation creates or destroys regulatory motifs. Hexamers with a score >0.8 and <−0.8 are considered to be strong enhancers and silencers, respectively. The next two plots show the PU values for the wild-type and mutant sequence. PU value differences are given in the fifth plot where values > 0 correspond to hexamers that are more single-stranded in the wild-type sequence and values < 0 correspond to hexamers that are more single-stranded in the mutant sequence. These 5 plots show if hexamers that become more single/double-stranded correspond to strong enhancer or silencer motifs or if the single-strandedness of unchanged splicing motifs is drastically changed. 

4 Finding alternative splice events that overlap evolutionarily conserved secondary structures
Conserved structures that overlap alternative exons or splice sites are potentially involved in the regulation of these alternative splice events. The University of California Santa Cruz (UCSC) Table Browser [13] allows to find such overlaps for human pre-mRNAs. 

Go to http://genome.ucsc.edu/cgi-bin/hgTables. Set the clade to “Mammal”, genome to “Human”, assembly to “Mar. 2006”, group to "Genes and Gene Prediction Tracks" and track to "Alt Events”. 

Click on the radio button "genome" in the line "region" for a genome-wide analysis or input a specific region (chromosome:start-end) in the “position” text box. 

To filter for specific splice event types, click on Filter: “create” and set name "does" match "type", where type can be cassetteExon, retainedIntron, altThreePrime, altFivePrime, altPromoter, altFinish or bleedingExon. Click "submit". 

Click on intersection: “create”, set group to "Genes and Gene Prediction Tracks", set track to "EvoFold", enable the radio button "All Alt Events records that have any overlap with EvoFold", click "submit". 

To get links to the regions where alternative splice events overlap EvoFold predictions, set “output format” to "hyperlinks to Genome Browser". The results can also be downloaded for further analysis in BED or GTF format or displayed as a "custom track" in the Genome Browser (the regions will be labeled "table browser query on knownAlt" in the browser window and are shown as black bars on top).

A complete guide to the UCSC table browser is available at http://genome.ucsc.edu/goldenPath/help/hgTablesHelp.html. RNAz annotations are available for the human ENCODE regions (group "Pilot ENCODE Regions and Genes", track "Vienna RNAz"). An EvoFold track is also available for D. melanogaster assembly “Apr. 2006” or “Apr. 2004”. 
