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The problems with RNA alignments What do we want to accomplish? What about non-homologous subregions? Types of RNA homology
e Large RNA alighments are unmanageable e Make large RNA alignments manageable RNAs contain a wide range of non-homologous structural alternative This is the core of the RNA alignment ontology
Every structural variant adds to the size of all sequences in an subregions; different (analogous) structural solutions
alignment, leading to out-of-control alignment expansion  Allow explicit labeling of ‘things’ in alignments
Alignments are too complex for humans to manipulate RN A h |
Sequences are often not homologous along their entire length e Provide tools and standards to make these work omo Og)’
» The only data in an alignment is the sequence and sequence name Desired Features Prerequisites / \
The rows and columns of alignments need an annotation scheme The ability to collapse the Definitions of the types of homology: Uncorrelated Correlated
Alignments should be mobile without loss of information alignment horizontally .
The ability to align elements at « RNA homology relation RNA homology RNA homology
_ . ‘ _ . all levels o uncorrelated RNA homology
e The creation and display of alighments is problematic (nt, blocks, bp, helices) « nt uncorrelated RNA homology (=nts)
There are no standards for representing alignments » block uncorrelated RNA homology
All sequence alignment editors are antiquated (= blocks of contiguous nts alignable
en masse but not individually) Nucleotide Block Nucleotide Block
- correlated RNA homology Uncorrelated Uncorrelated Correlated Correlated
e nt-nt correlated RNA homology (=bp, &c) RNA homology RNA homology RNA homology RNA homology
 block-block correlated RNA homology
(= helices, &c) o . o .
The ability to collapse the A clustering method organizing sequences into groups |n|§|lv1dbtllal fonttlfuous nts In|Q|V|dle|aI |' Hel_;lluces of bpsb
: : alignment vertically and subgroups (a phylogenetic tree?) alighabie alignable en mass alighable alignable en mass but
A review Of Sequence allgn mentS Different types of gaps Distinction between indels and absent data nucleotides but not individually bps, triples, &c not individually
(or a new view of gaps?) (is a nt absent or unknown?)
. . . . The ability to label features Annotation system
Sequence alignments are two-dimensional matrices at all levels:

 structural features

o functional features

e Names, accession numbers,
e taxonomy
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Cyls.7417 GACAGAGGGCAGCAAGCUAGCGAUAGC - AAGCUAAUCCCGG - AAACCGUAGCUCAGUUCAGAUCGCAGGCUGC AACH
Clrg.spHTF GACAAAGGGCAGCGAGACUGCGAAGUC - AAGCAAAUCCCAG - AMACGAAGGCUCAGUUCAGAUCGCAGGCUGC AACH nt uncorrelated RNA
Chms.sglbs Gﬂ[ﬁﬂﬂﬁﬁﬁ[ﬂﬁ[[?“'I'_:';a']’(*:; lam;{;;pr S g *l'(')ggug e 4IGLAGGCUGC AAC correspondence
Plec.borya GACAAAGAGCAG |GCAGGCUGCAAC _ _ l . l .
Phrm.ectoc GACAAAGGGCAGCCAGCUAGCGAUAGU - GAGCUNAUCCCAL - AAACCGNUGCUCAGUUCAGAUUGCAGGCUGC AACI OUt Of Contro hOl‘lZOnta eXPanSIOn
Phrm.minut GACAAAGGGCAGCAAGCGUGCGAGCGC - AAGCUAAUCCCAL - AAACCGAGGCACAGUUCAGAUUGCAGGCUGC AACH
Prix.holla GACAAAGAGCAGCCAACUCGCGAGAGU - NAGCUNAUCUCAL -MAACCCUNGCUCAGUUCGGAUUGCAGGCUGC AACH
Bor.burgdo UACAAAGCGAAGCGAAACAGUGAUGUG- AAGCAAAACGCAL - AMAGCAGGUCUCAGUCCGGAUUGAAGUCUGAAACI , : , , nt-nt correlated RNA
Spi.litora UACAGAGUGAUGC GAAGCCGCGAGGUG- AAGCAAAACGCAL - AAAGCCGGUCUCAGUUCGGAUUGGAGUCUGAAACI Every lrregularlty requires gaps mn all of the other sequences! These regions are correspondence
Trp.bryant UACAGAGUGAAGCGAAGCAGUGAUGUG - GAGCAAAACGCAG - AAAGCCUGCCUCAGUCCGGAUAGGAGUCUGAAAC! g
Spi.stenos LUACAGAGCGC AGCGAACCCGCGAGGGAUAAGCGAACCGCAA- AAAGCCGGCC GUAGUUCGGALUUGAAGUCUGAAAL! e Al v2.0a11 Carbon File Edit S - Analvei NOT homologous block inted RNA
L ps.weili UACAAAGGGUAGCCAACUCGCGAGGGE - GAGCUAAUCUCAA - AAAGCCGGUCCCAGUUCGGAUUGGAGUCUGCAAC S These regions are S
Lps.borgpe UACAAAGGGUAGCCAACUCGCGAGGGG - GAGCUAAUCUCAA - AAAUCCGGUCCCAGUUCGGAUUGGAGUCUGC AACH 8ee The only way to ID bps is to NOT homologous correspondence
Lps.biflex UACAGAGGGUCUCCAAACUGCCAAGUG- GAGCUAAUCUCUU - AAAACCGGUCCCAGUUCAGAUUGGAGUCUNC AACH 2| BB = @ = = |parse the entire alignment! o, .75, . .= /. /. 1. 15 ™. =
R.centenum GACAGUGGGNAGCGACCACGCGAGUGG - AAGCGAAUCUCE - - AAAAGCCAUCUCAGUUCGOAUUGCACUCUGC AACI helices LLL-LLLL-L-LL-L T LL C T L L-L L-L-L LLL--L L P MM
Rpl.globif GACAGUGGGACGCCAGGCCGCGAGGCN - GUGCUGAUCCCGA - AAAGGCCGUCUCAGUUCGGAUUGCACUCUGC AACH helices R
Ric.ricket UACAGAGGGAAGCAAGACGGCGACGUG - GAGCAAAUCCCU - - AAAAGAC AUCUCAGUUCGGAUUGUUCUCUGC AACI pairing_mask R T T 'AuCUGUAG Ilakllcilc’i\(-block corr:jalated
. ' correspondence
Rb.capsul2 GACAAUGGGC-------------- Each row represents a single sequence [GG0UCUGCAACI Ep27 C-A---A-U-G- - -GGUAAG- - -G- GCGAAAA - GGUC i
Ps.diminut UACAGAGGGU--------- - - - - J————rroccor—FrrrooooTocoorFaooeTToo LUCCUCUGCAACI EP4 This extra helix is unique G- GGCAAG- - G- AUGGAAU- GGCC
Cau.cres2 UACAGAGGGNUNCAAUCNGGC (GGG - GAGCCAAUCCUN - - AAAGGUCGUCUCNGUUCGGAUUGUUCUCUGENNCI EP1 | Add 12 | G U----U---U-U---C-U-G- - - AGUAAG- - - G- GUGAAAA- GGUC
Ntb.winogr GACAAUGGGAAGE AAAGGGGUGACCCC - UAGCAAAUCUCA - - AAAAACCGUCUCAGUUCGGAUUGGGCUCUGE AACH A-tumefaciens gaps to every seq: O -l i e
Bdr.japoni GACAAUGGGAUGCUAAGGGGCGACCCU - UCGCAAAUCUCA - - AAAAGCCGUCUCAGUUCGGAUUGGGCUCUGCAACH Ep—— g ey These regions
Hyp.vulgar GACAAUGGGCAGCAACUCAGCAAUGGE - AAGCUAAUCUCA- - AAAAGCCGUCUCAGUUCGGAUUGGGCUCUGCAACI R.palustris GCU CGCU G CG C C AU AACCCGCAAGGGUG A AG GCG  AGUAAG G GUGAAAA GGUC ARE homologous
Ag.tumefac GACAGUGGGCAGCGAGACAGCGAUGUC - GAGCUAAUCUCC - - AAAAGCCAUCUCAGUUCGGAUUGCACUCUGC AACH R.rubrum G-~ G-C-C - GGUAAG- -G GUGAAAG - GGLC
Bru.aborts GACAGUGGGCAGCGAGCACGCGAGUGL - GAGCUAAUCUCC - - AAAAGCCAUCUCAGUUCGGAUUGCACUCUGCAACH g A= o o
Vit.sterco UACAGAGGGUAGCCAAGCCGCGAGGUG - GAGCCAAUCUCAL - AAAGCCGAUCGUAGUCCGGAUCGCACUCUGC AACH s ’ e e e T
Alc.eutrop UACAGAGGGUUGCCAACCCGCGAGGGG - GAGCUAAUCCCAG - AAAACGCAUCGUAGUCCGGAUCGUAGUCUGC AACH Ps2 G C G- -CU-UUA-A G GGUAAG -G GUGAAAC GGLIG
PSE ] G---A-C C-A---GGCAAG- - -G-GUGAAAG - GGUC
pPs24 C-C-A---GGCAAG- - -G-GUGAAAG-GGUC
Ps26 An odd bulge - add gaps to all sequences!| c,c \  gecans 6 cusaraG GeUC
PS2v A C---G-U---C-G-A---GGCAAG- - -G- GUGAAAG - GGUG
PS31l uc C G G---0G-A---A-C-A---GGCAAG- - -G- GUGAAAG - GGLG
° LGBZ23 U---C-G-G---GGUGAU- - - G- GUGAAAC - GGUG ° ° ° °
] [ ]
RNA sequence/structure alignments i GG 0O GaMG G GCaAMG Gk Part of the solution: non-2D alignments? An RNA ontology-based alignment editor
ESHZ212C G-U---G-A-A---GGUAAG- - -G- GUGAAAA-GGUQ
SM-A12(14) G-C-U---GGUAAG- - -G-GUGAAAL-GGUC
. . SM-A18(31) G ] C U---U-CGCGG-A-G- - -GGUAAG- - - G- GUGAAAG-GGUC . . . .
This is a stem/loo SM-A46(74) G-C-U---GGUAAG- - -G GUGAAAA- GGUC : . : : Alighment of elements at all levels = assigning homology relations
P If the alignment is iteratively broken into blocks of homologous,
——- Alignments end up with more gaps than nts. The bacterial RNase P sggnaabsle regions, homology can be assigned specifically with few or The traditional approach of manipulating gaps to move nts into
[ o o o ° o o R
helices .... LLilpTTTos -diis nTTT.dLlll oo o pITii8]-—Li_LLL3 RNA alignment is >80% gaps even with compressions & shortcuts Sap columns that imply homology is fundamentally backwards.
pairing ---- 9939 KK St 1149 S 11111----- )11 --11-11))----
pairing ---- GHIJKLMN----QPQRS---——- SRQPO---—- NMLKJIHG--FE- -——- . . .
Ssolfat UAA- N T U _caaa-1HIH 1l__l¢-ceveacea The user should assign homology relations, and then the editor
Sacidoc UUA- I O I e E y VI) GE T EE L 4+ 41— - AGGA o o .
Msedula cca-¢aeld LTI o ZC ] RHA 0 Do 1 1 ) [N 14 9 oo |£SDhould qhsmﬁy them applmprlately, perhaps (but not necessarily)
Apernix CCA- ¢eeet--------1 11liaGecA-t434-——————--- ¢E¢--6¢- AGGA * l d b l utting them into columns.
iAo 44941111 | IS N bt 1 ) Y 319 49941 e Length variation makes homology doubtfu y PUtting
Tlittor CCU- R ittt 21 IAUUUG- Tttt -————————- ti4--1A- AGGA Basic ali ; .
Mthermo UGA- ¥ § SEE——— SN R {7V N 5 1 1 - Heé--¢¢- AGGA  Basic alignment functions
MthMarb UGA- et 21 E-UUUU-1FFit-————————- 1U--GG- AGGA L ces e B/ > TITT <o LR : : : :
Mforaic Une. LHAGAU _____ T lgeang 1LT1I--CC GUCUGMLU I 19 ey helices ....< PIII-5 >.LIII.< PIII-3 > - Read/write various alignment formats, without data loss
ormic I pairing —----((((CCCCCCCCCC====CC(( (===~ )))))——--- ))))))))=-=))=))))-—--- Alj . d lati
Tvolcan UGA- | 0 B B ' TTTT-GUAA-TTTTT-—————————1 1ITT°°11° AGGA pairing ----ABCDEFGHIJKLMN----OPQRS------ SRQPO----- NMLKJIHG--FE-DCBA---- - ]gn SequenCGS (aSS]gn COI'I'eSpOH ence re at]OnS)
Mbarker UGA- e 2+ 1-UUCG-FHtit--———————- 111--GG- AGGA @ CGGGGn — — — e e e CORARA R — e _
. _ ‘ Ssolfat UAA-CGGGG CAAA C-CCUGAGGA - Add/remove sequences, columns
cutiru UGCC TTrTr-"———~———71 -+ + -+ -GUGA-+t++TT—————————" TTY ™~ -C AGGA Sacidoc UUA-CGGGA—————— — — — — — — — — — — — — — — AUA-———————— e ——— U-CCUGAGGA . .
Hvolcan UCC- ) RE—— 27 31 5T N 3 ¥ ¥} V—— 1¢G--66-CAVEAGGA Msedula cca-dWhich is the homolog? |-~ -- GARR - o e CUGGGGA - Basic sequence transformations (e.g. reverse-complement)
H hu CAC-CGC C---GACAGGCAC-ACAC-GUGCCAGCG----GGYAC--GCACGCGAGGA : @ CGGEEEECE——————————---- R oo : : : :
morrau . 19 1 't Apernix CCA-CGGCCCCCC acccaRg-- -2CL--CC-COYGAGGA - Display representations of portions of the alighment
Ngregor UGC-CGCEEECEUC-—————-—1 T CYCC— 11111~~~ t¢--CE-CECEAGGA Pfurios UGC-CGGGC--- This GNRA loop is 3bp away [caGGa : :
Tlittor CCU-CGGGU---§-\--=--------- from the rest of the RNA,  FGAGGA - Linkable to external algorithms
Mtiemg UgA'ggg‘c’ggC' this UUAAU (?) is 14bp away. ’gAggA e A reformulation of the notion of ‘gaps’
MthMarb UGA- A- Are these loops homologous? JGAGGA 1
Mformic UAC-CGGUUUCUAUAGAU 1How can you Elssign hon%ology JGAGGA e The ability to label features at all levels
Tvolcan UGA-CGCC-----=-=--—--==-------- bet ific nts? | PCAGGA e The ability to assign homology relations at all levels
etween any specific nts?
Mbarker UGA-CGGGCC-----—-—-—-—-—--------- ———<JGAGGA .
Heutiru UGCCCGUGCC-----—----—-—-—-—-—GUGA----—-——————————————— GG-CAUGAGGA A clustering method for sequences
Hvolcan UCC-CGUGCCCG---—--=-=-———-—=—- AGA---———---—————————- CG--GG-CAUGAGGA
. _ . Hmorrhu CAC-CGCGGCGUACC---GACAGGCAC-ACAC-GUGCCAGCG----GGUAC--GCACGCGAGGA
If residue X of any sequence pairs to residue Y, then so must Ngregor UGC-CGCGGGCGUC— === ===~ GUGC--—=———————————— GACG--CG-CGCGAGGA

the homologous residues in all sequences.




