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mRNA molecules contain three main domains – 5’UTR (untranslated region), CDS (coding 

region), and 3’UTR. RNA secondary structures formed both in UTRs and CDS are involved 

in a variety of regulatory functions [1]. However, while a large variety of structural elements 

in UTRs have been thoroughly documented, structural properties of coding regions remain 

poorly understood. For example, IRESs (internal ribosome entry sites) provide cap-

independent or internal translation initiation by recruiting ribosomes for protein synthesis, 

thus obviating the requirement for the 7-methyl-guanosine moiety at the 5’ terminus of the 

mRNA [2]. We found that out of 149 viral and 183 eukaryotic IRES structures mentioned in 

the literature only 11 and 16, respectively, are located in coding regions. 

As long as the experimental determination of RNA structures remains difficult computational 

prediction methods, in spite of their insufficient accuracy, remain the main option for 

elucidating the structure of RNA molecules. Existing prediction algorithms are generally 

trained on a set of non-coding RNAs and their performance on coding regions is largely 

unknown. 

We sought to evaluate the accuracy of prediction algorithms on a carefully curated set of 

RNA structures located in mRNA coding region. We included in our dataset only those 

structural elements that have been experimentally confirmed by structure probing (for 

example, by the 2'-hydroxyl acylation and primer extension approach (SHAPE) [3]) and 

possess experimentally documented function. Currently only 7 IRESs and 1 CRE element 

(cis-acting replication element) [4] fulfil these requirements. 
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We next used this small dataset to assess the performance of several widely used 

computational techniques, including those based on the Zuker-Stiegler algorithm for 

computing the minimal free energy (MFE) (RNAfold [5], mfold [6]) as well as those 

employing pairwise co-variation in multiple alignments (RNAalifold [5], RNAz[7]). 

The crucial step is to compare predicted structures with the real ones. One of the options in 

this case is to compute the distance between two RNA structures. A popular algorithm to 

perform this task based on the edit distance between trees representing RNA secondary 

structure elements, RNA distance [5], is included in Vienna RNA package. Recently several 

new algorithms for computing the distance between structures appeared [8]. Work is in 

progress to assess the performance of these tools using our dataset.  

Another possibility would be to use abstract shapes [9]. The main idea is to partition the 

folding space of structures into different classes of structures called shapes. These shapes can 

be easily obtained from the commonly used dot-bracket notation, as shown in Fig. 1. 

 

Fig. 1. Two alternative representations of an RNA secondary structure. a. Dot-bracket 

representation; dots symbolize unpaired bases and matching parentheses symbolize base 

pairs. b. Shape representation of the same structure; underscores symbolize unpaired regions 

and pairs of square brackets symbolize stacking regions. 

Our goal is thus to find a more adequate method for comparing RNA structures.  

According to our visual analyses of predicted and real structures all predictors perform poorly 

(Fig. 2 and 3).  

 



Fig. 2. Experimentally confirmed structure of the HIV-1 IRES. 

 

Fig. 3. Structure of the HIV-1 IRES predicted by RNAz. 

RNAz usually provides completely wrong structures while RNAfold and mfold often 

correctly reconstruct the most energetically stable parts of the structure. Interestingly, mfold 

produced an essentially perfect prediction of the IRES in the 5’ UTR of the fibroblast growth 

factor 1 (FGF1) (Fig. 4). This IRES is a rather small and simple structure, which seems to be 

very stable. 

 

Fig. 4. IRES structures in the 5’UTR of FGF1. a. Experimentally verified structure. b. mfold 

prediction. 

We are currently extending the dataset of experimentally verified coding RNA structures by 

further literature analyses. In collaboration with the University of Vienna these data will be 

used to retrain the RNAz method for predicting structurally conserved and 



thermodynamically stable RNA secondary structures both in the coding and non-coding 

regions of viruses and cellular organisms. 
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