
EECS730: Introduction to Bioinformatics

Lecture 10: Non-coding RNA secondary structure alignment
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Some slides were adapted from Dr. Shaojie Zhang (University of Central Florida) 



RNA secondary structure alignment

• Sequence alignment will not work for RNAs with low sequence 
similarity

• RNA conserved on secondary structure rather than primary sequence

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

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

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

GCCGCCGuaGCUCagcccgggaGAGC---//---CGGCGGCa

GGGCCCGuaGCUUagcucgguaGAGC---//---CGGGCCCa



Failure of sequence alignment on RNA

(Based on pairwise alignments of SRP RNAs)

ACCCG-UUAAU

| ||| ||*||    

A-CCGUUUCAU

Stru1: >>>>   <<<<

Seq1:  GGGGCAACCCC

++++*||++++

Seq2:  AUCCGAAGGAU



Need to consider secondary structure while comparing RNAs

• Sequence-Sequence alignment
• Only works for high sequence similarity RNAs

• Structure-Structure alignment
• Compute similarity of two RNA structures

• Sequence-Structure alignment
• Can the sequence fold into a given secondary structure

• Simultaneous Alignment and folding
• Compute the consensus structure two RNA sequences can fold into



Sequence-Sequence alignment

• Will only work for high-sequence similarity RNAs

• Can incorporate secondary structure information into sequence by 
designing a new alphabet

• “For each piece, RNAfold predicts whether each nucleotide is paired 
upstream, paired downstream or unpaired. To take advantage of fast 
primary sequence homology search programs, we map these 
sequences into a 12 letter alphabet representing nucleotide plus 
pairing direction.”

Tseng et al. 2007 WSPC



Sequence-Sequence alignment (folded-BLAST)



Structure-Structure alignment

• Compare the distance of two known RNA secondary structures

• It is more useful nowadays as technologies for experimentally probing 
RNA secondary structures become mature

• Can be used to define distance for RNA structure clustering and 
defining RNA families based on conserved RNA secondary structures



Algorithm for structure-structure alignment

Bafna et al. 1995, DIMACS report



Complexity of Structure-Structure alignment algorithm

• O(n^4), because k1 and k2 can only take on constant values

• Zhong and Zhang further reduced the complexity to O(n^3)

Zhong and Zhang, 2013, BMC Bioinformatics



Sequence-structure alignment

• Compared with structure-structure alignment, we loss the 
information regarding the secondary structure of one of the 
sequences

• Naively, we need to try all possible, say k2, for branching in the 
recursive function

• This naïve way gives rise to an O(n^5) algorithm



Sequence-structure alignment

• However, we notice that we know the secondary structure of one RNA sequence.

• We also observe that the branching case is only used for considering multi-branch 
loop

• We only compute the expensive recursive function when we know that we are 
handling a multi-branch loop case (by looking at the know secondary structure)

• This will reduce the complexity to O(n^4)

• Zhang et al. further reduced the complexity to O(n^3), See Zhang et al. 2005 
IEEE/ACM TCBB



Sequence-structure alignment algorithm

Bafna et al. 1995, DIMACS report



Simultaneous alignment and folding

• What if we know none of the two RNA sequences’ secondary 
structures, and we want to compute the consensus structure that can 
be formed by them?

• Scoring: a combination of sequence & structural similarity and 
thermodynamic stability of the consensus structure

• Algorithm with only similarity: Simple! Just try all k1 and k2!

• O(n^6) time complexity; unfortunately, no easy way to reduce it



Simultaneous alignment and folding

• Due to David Sankoff; also called Sankoff’s algorithm

• Incorporating similarity and stability

• Under Zuker-Sankoff energy model



Sankoff’s algorithm

Sankoff, 1985, SIAM



Sankoff’s algorithm cont.

Sankoff, 1985, SIAM


