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What do we want to accomplish?

• Make large RNA alignments manageable

• Allow explicit labeling of ‘things’ in alignments

• Provide tools and standards to make these work

A review of sequence alignments

Sequence alignments are two-dimensional matrices 

Each column represents  homologous residues

Each row represents  a single sequence

RNA sequence/structure alignments

If residue X of any sequence pairs to residue Y, then so must 
the homologous residues in all sequences.

This is a stem/loop

 helices ....<---------PIII-5’----->.LIII.<----------PIII-3’-------->....
 pairing ----((((((((((((((----(((((------)))))-----))))))))--))-))))----
 pairing ----ABCDEFGHIJKLMN----OPQRS------SRQPO-----NMLKJIHG--FE-DCBA----
 Ssolfat UAA-CGGGG-------------------CAAA----------------------C-CCUGAGGA
 Sacidoc UUA-CGGGA--------------------AUA----------------------U-CCUGAGGA
 Msedula CCA-CGG---------------------GAAA-------------------------CUGGGGA
 Apernix CCA-CGGCCCCCC--------------AGCCA----------------GGG--GG-GCUGAGGA
 Pfurios UGC-CGGGC------------------UUUAU----------------------G-CCCGAGGA
 Tlittor CCU-CGGGU------------------AUUUG----------------------A-CCCGAGGA
 Mthermo UGA-CGGUCCC-----------------UCAA------------------G--GG-GCUGAGGA
 MthMarb UGA-CGGCCCA-----------------UUUU------------------U--GG-GCUGAGGA
 Mformic UAC-CGGUUUCUAUAGAU---------UUAAU-----------GUCUGUAGUUAA-ACUGAGGA
 Tvolcan UGA-CGCC--------------------GUAA------------------------GGUGAGGA
 Mbarker UGA-CGGGCC------------------UUCG---------------------GG-UCUGAGGA
 Hcutiru UGCCCGUGCC------------------GUGA---------------------GG-CAUGAGGA
 Hvolcan UCC-CGUGCCCG----------------AGA------------------CG--GG-CAUGAGGA
 Hmorrhu CAC-CGCGGCGUACC---GACAGGCAC-ACAC-GUGCCAGCG----GGUAC--GCACGCGAGGA
 Ngregor UGC-CGCGGGCGUC--------------GUGC---------------GACG--CG-CGCGAGGA

tradiational alignment

The problems with RNA alignments

• Large RNA alignments are unmanageable
 Every structural variant adds to the size of all sequences in an 
  alignment, leading to out-of-control alignment expansion
 Alignments are too complex for humans to manipulate
 Sequences are often not homologous along their entire length

• The only data in an alignment is the sequence and sequence name
 The rows and columns of alignments need an annotation scheme
 Alignments should be mobile without loss of information

• The creation and display of alignments is problematic
 There are no standards for representing alignments
 All sequence alignment editors are antiquated
 

Desired Features
The ability to collapse the
alignment horizontally
The ability to align elements at
 all levels
(nt, blocks, bp, helices)

The ability to collapse the
alignment vertically
Different types of gaps
(or a new view of gaps?)
The ability to label features
at all levels:
 • structural features
 • functional features
 • names, accession numbers,
 • taxonomy
 • numbering schemes

Prerequisites
Definitions of the types of homology:

• RNA homology relation
 • uncorrelated RNA homology
  • nt uncorrelated RNA homology (=nts)
  • block uncorrelated RNA homology
   (= blocks of contiguous nts alignable 
   en masse but not individually)
 • correlated RNA homology
  • nt-nt correlated RNA homology (=bp, &c)
  • block-block correlated RNA homology
   (= helices, &c)
A clustering method organizing sequences into groups
and subgroups (a phylogenetic tree?)
Distinction between indels and absent data
(is a nt absent or unknown?)
Annotation system
 

Out-of-control horizontal expansion

Every irregularity requires gaps in all of the other sequences!

Alignments end up with more gaps than nts. The bacterial RNase P 
RNA alignment is >80% gaps even with compressions & shortcuts

This extra helix is unique
Add 12 gaps to every seq!

An odd bulge - add gaps to all sequences!

The only way to ID bps is to
parse the entire alignment!

 helices ....<---------PIII-5’----->.LIII.<----------PIII-3’-------->....
 pairing ----((((((((((((((----(((((------)))))-----))))))))--))-))))----
 pairing ----ABCDEFGHIJKLMN----OPQRS------SRQPO-----NMLKJIHG--FE-DCBA----
 Ssolfat UAA-CGGGG-------------------CAAA----------------------C-CCUGAGGA
 Sacidoc UUA-CGGGA--------------------AUA----------------------U-CCUGAGGA
 Msedula CCA-CGG---------------------GAAA-------------------------CUGGGGA
 Apernix CCA-CGGCCCCCC--------------AGCCA----------------GGG--GG-GCUGAGGA
 Pfurios UGC-CGGGC------------------UUUAU----------------------G-CCCGAGGA
 Tlittor CCU-CGGGU------------------AUUUG----------------------A-CCCGAGGA
 Mthermo UGA-CGGUCCC-----------------UCAA------------------G--GG-GCUGAGGA
 MthMarb UGA-CGGCCCA-----------------UUUU------------------U--GG-GCUGAGGA
 Mformic UAC-CGGUUUCUAUAGAU---------UUAAU-----------GUCUGUAGUUAA-ACUGAGGA
 Tvolcan UGA-CGCC--------------------GUAA------------------------GGUGAGGA
 Mbarker UGA-CGGGCC------------------UUCG---------------------GG-UCUGAGGA
 Hcutiru UGCCCGUGCC------------------GUGA---------------------GG-CAUGAGGA
 Hvolcan UCC-CGUGCCCG----------------AGA------------------CG--GG-CAUGAGGA
 Hmorrhu CAC-CGCGGCGUACC---GACAGGCAC-ACAC-GUGCCAGCG----GGUAC--GCACGCGAGGA
 Ngregor UGC-CGCGGGCGUC--------------GUGC---------------GACG--CG-CGCGAGGA

Length variation makes homology doubtful

This GNRA loop is 3bp away 
from the rest of the RNA,
this UUAAU (?) is 14bp away.
Are these loops homologous?
How can you assign homology
between any specific nts?

Which is the homolog?
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Ribonuclease P RNA
Bacillus subtilis 168

Sequence : M13175, Reich, et al., 1986 J. Biol. Chem. 261:7888
Structure : Harris, et al., RNA (in press)

Image created 10/3/00 by JWBrown
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Ribonuclease P RNA
Escherichia coli K-12 W3110

Sequence : V00338, Reed, et al., 1982 Cell 30:627
Structure : Harris, et al., RNA (in press)

Image created 10/3/00 by JWBrown

What about non-homologous subregions?

RNAs contain a wide range of non-homologous structural alternative
subregions; different (analogous) structural solutions

These regions
ARE homologous

These regions are 
NOT homologous

These regions are 
NOT homologous

Part of the solution: non-2D alignments?

If the alignment is iteratively broken into blocks of homologous, 
alignable regions, homology can be assigned specifically with few or
no gaps.

RNA homology

Uncorrelated
RNA homology

Correlated
RNA homology

Nucleotide
Uncorrelated

RNA homology

Block
Uncorrelated

RNA homology

Nucleotide
Correlated

RNA homology

Block
Correlated

RNA homology

Individual
alignable

nucleotides

Contiguous nts 
alignable en mass 

but not individually

Individual
alignable

bps, triples, &c

Helices of bps 
alignable en mass but 

not individually

Types of RNA homology

This is the core of the RNA alignment ontology
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nt uncorrelated RNA 
correspondence
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nt-nt correlated RNA 
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block-block correlated 
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An RNA ontology-based alignment editor

Alignment of elements at all levels =  assigning homology relations

 The traditional approach of manipulating gaps to move nts into 
 columns that imply homology is fundamentally backwards. 

 The user should assign homology relations, and then the editor 
 should display them appropriately, perhaps (but not necessarily) 
 by putting them into columns.

• Basic alignment functions
 - Read/write various alignment formats, without data loss
 - Align sequences (assign correspondence relations)
 - Add/remove sequences, columns
 - Basic sequence transformations (e.g. reverse-complement)
 - Display representations of portions of the alignment
 - Linkable to external algorithms
• A reformulation of the notion of ‘gaps’
• The ability to label features at all levels
• The ability to assign homology relations at all levels
• A clustering method for sequences

-----GAAGCU-GAC--CAGACAGUC---GCC---GCUU-C--GU---CGUCGUCCUC--------UUCG--------GGGG-AGAC-G---GGC-GG-A-GGGGAGGAAAGUCCGGGCUC-C------------AUA----GGGC-AGGG-UGCC-AGG----------------UAACG------------------CCU--GGGGG-G------------------------------------GAAA--------------------------------------CCCAC-GAC------------------------------------------------------------------CAGUGCA--ACAGAGAGCAA-ACCGCC----------------------------------GAUG--------------------------G-----CC---------------------------------------------CG------C-------------------------------------------------------------------------------------------------------------------------GCAA------------------------------------------------------------------------------------------------GC----G---G-G--AU-C-A---GGUAAG---G-GUGAAAG-GGUG-----------------------------------CGGUAAGAGCG-CACC-G---CGC---GGC-UGGU----------------------------AACAGUCC--GUG---G
AGGGAGAGAGU-AGGCGUUGGCGGUU---GCA---GACC-A--GU---UA-----------------GCU----------------U-A----AC-UG-A-UUUGAGGAAAGUCCGGACUCCC--------------G-AAAGACC-AGACUUGCU-GGA----------------UAACG------------------UCC--AGUGC-GA-----------------------------------GCGA-------------------------------------UCGUGA-GGA------------------------------------------------------------------UAGUGCC--ACAGAAAAAU--ACCGCC------------------------------------AA--------------------------G-----AU---------------------------------------------UG------GGG--ACUG-------------------------------------------GGGACUAG---GG---------GU-UGGGG-A-CUGGGGAAG----------------------------AAA------------------------------CUUCCCAA-UCCCUAAUCC--------------CCC-AUAC-C-CA-A-------U--AC-------CC----A---ACU---C-U-U---GGUAAG---G-GUGCAAA-GGUG-----------------------------------CGGUAAGAGCG-CACCAG---CAG---UAU-C-GA----------------------------GA-GG-UA--CUG---G


