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Problem: how can we predict noncoding RNA genes 
from the genome

• We know that we can do this for protein-coding genes (gene-finding)

• Using HMMs that summarize the gene features

• However, noncoding RNAs are in general harder to detect

• No codon preference information available



Stable secondary structure?

• The stability of ncRNA secondary structure is not sufficiently different 
from the predicted stability of a random sequence. [Rivas and Eddy 
Bioinformatics (2000)].



RNA folding
• Algorithms/programs to compute the minimum 

energy: 
• Nussinov et al (1978), Waterman (1978), Smith and 

Waterman (1978), and Zuker and Sankoff (1984).
• Mfold (Zuker 2003) and RNAfold (ViennaRNA) 

(Hofacker 2003).

• RNA folding via energy minimization has its 
shortcomings:
• Prediction depends on correct energy parameters.
• Sometimes, the true structure does not have the 

minimum energy.



Other information to use?

• Covarying mutations found from the multiple sequence alignment is a 
strong indication of RNA secondary structure

GCAUCGGugGUUCagu--gguaGAAU---//---CCGAUGCa

UCUAAUAugGCAUauu-----aGUGC---//---UAUUAGAa

GGGGAUGuaGCUUagu--gguaGAGC---//---UAUCCCCa

GCCGCCGuaGCUCagcccgggaGAGC---//---CGGCGGCa

GGGCCCGuaGCUUagcucgguaGAGC---//---CGGGCCCa



Incorporating covarying mutation information

• If we have correct multiple alignments, looking for covarying
mutations and finding consensus structure is a good way to do 
structure prediction. 
• RNAalifold (Hofacker et al. 2002)

• The consensus structure prediction is more accurate.

• To find energetically stable consensus structure is more statistically 
significant. 

• Still compute the MFE.

• Covariance information is incorporated into the energy model by rewarding 

compensatory and consistent mutations.



Incorporating covarying mutation

• Take into account covariance contribution:

• Take into account inconsistent sequences:

• Put together: 



Mountain plot of 16s rRNA



De novo detection of RNA elements
• To find energetically stable consensus structure 

is more statistically significant.

• MFE can be used to compute the statistical 
significance.
• MFE: m
• Mean: ų
• Standard deviation: δ
• Z-score: z = (m- ų)/ δ

• We need randomize the multiple sequence 
alignment
• Shuffle the columns of the input alignment

• Not destroy the gap structure.
• Certain sequence pattern.



AlifoldZ



Real data performance

• Use MultiPipMaker to generate the multiple alignment of S. cerevisiae and other 6 
related yeast genome.

• Extracted the regions of annotated ncRNAs

• Refine the poorly aligned regions 

• Window size = 150, slide 20.

• False-positive rate: 0.25%.

• 30 CPU days.



Problem remains

(Based on pairwise alignments of SRP RNAs)

• We need good multiple alignments 
to correctly predict secondary 
structures.

• We need to know the correct 
secondary structures to generate 
good multiple alignments.

• Solution:
• Use Simultaneous Alignment 

and Folding (Sankoff Algorithm); 
computational intensive

• Only apply on RNA sequences 
who have the “right” sequence 
similarity (between 60-95%)



RNAz (PNAS, 2005)

• z-score (for individual sequence)
• Using Support Vector Machine (SVM) regression.

• Using >10,000 point to define the independent variables (4-variables in 
total).
• different length.

• different base composition (GC/AT, A/T, G/C ratio).

• Compute Mean (ų) and standard deviation (δ) for each data point to 
define the dependent variable 

• Compute the MFE of the sequence, and compute Z-score: z = (m- ų)/ δ

• For an alignment, using the mean of the z-scores.



Z-score estimation



RNAz (classifying true/false noncoding RNA)

• Estimate a probability (P) if the alignment is classified as a structured 
RNA, based on
• SCI

• z-score

• Average pairwise identity

• Number of sequences.

• It is also done by SVM.



SCI (structure conservation index)



Classification based on z scores and SCI by a SVM





Performance of RNAz



Using RNAz to scan the human genome

• Nature Biotechnology 23, 1383 - 1390 (Nov. 2005), “Mapping of conserved 
RNA secondary structures predicts thousands of functional noncoding 
RNAs in the human genome”

• Input:
• Genome-wide alignments of vertebrates from UCSC genome browser.

• Using PhastCons program to find the most conserved

• Adjacent conserved regions (<50 distances) are joined together.

• All regions > 50 bps.

• Remove all “known genes” and “Refseq genes” 

• Output:
• Predicted structured RNA elements in the human genomes using RNAz



Results






