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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 h |
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Sequences are often not homologous along their entire length » Provide tools and standards to make these work A homo ogy
Ribonuclease P RNA 858 Ribonu_c lqase P.R NA
Bacillus subilis 163 g . CSA Escherichia coli K-12 W3110
. . . a-¢ : eed, et al., ell 30:
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The rows and columns of alignments need an annotation scheme The ability to collapse the Definitions of the types of homology: Image created 103100 by IWBrown s TR AR Uncorrelated Correlated
° ° ° ° ° . . AA B GU
Alignments should be mobile without loss of information alignment horizontally . .
The ability to aligh elements at « RNA homology relation 0%, mu AA A A RNA homology RNA homology
all levels o uncorrelated RNA homology e e U Gu\z\: G ue® A Sa s
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e The creation and display of alignments is problematic (nt, blocks, bp, helices) . nt uncorrelated RNA homology (=nts) S S S : ha ool
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There are no standards for representing alignments » block uncorrelated RNA homology 7 A a MG RS G o o ak Seoe P %
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All sequence alignment editors are antiquated en masse but not individually) A5 A0 cuancEacd iy NI o _ .
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 nt-nt correlated RNA homology (=bp, &c) L Cf S:Agcéecué §GGIA,1USG1GU céa, %\ch Cﬁcué‘ éCGGAuGGGCCCAAG UCA/U/G/CC%G RNA homology RNA homology RNA homology RNA homology
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(= helices, &c) ue 58 % ,;_\C%AGGCAAC ue Cc‘éc‘abc‘euuAC o _ o .
e - - - b G Al 1 8AAY A AU Individual Contiguous nts Individual Helices of bps
The ability to collapse the A clustering method organizing sequences into groups ca’—A e”Ggf'dJ & Al G P18 8 P
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A review Of sequence align ments alignment vertically and subgroups (a phylogenetic tree?) g A e 0] a"lgnat?(lje ba“gnab'? j” gasﬁ i allghalble& alignable jﬂ .f:GSISI but
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Different types of gaps Distinction between indels and absent data oA Auouemal G | U0 6 666 omemsdiond Jetel A nucleotides ut not individually PS, triples, &c hot individually
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(or a new view of gaps?) (is a nt absent or unknown?) ®c-c Ao YCUCCUCUGE UGCUUCGCC G C-G
. . . . The ability to label features Annotation system Ao | dad P2A-0
Sequence alignments are two-dimensional matrices at all levels: PR A - .
. structural features SO R YEA oontoliertbecs )
« functional features Toveesuadat vucescoo” Ribomuclense P RNA ¢-¢ Ribonuclease P RNA
‘ . - - . - — « names, accession numbers, Bacillus subtilis 163 é'EA Escherichia coli K-12 W3110
e-Al v2. arbon File it Sequences ignment  Analysis . _ - couence - Reed. et al. 1982 Cell 30:
‘® 00 seq_align ) taXOEO”.‘y ) B T R o €t 17 SR - e S
- e numbering schemes GeUA mage creats rown
Ebl 3 @ Se-Alv2.0all Carbon File Edit Seguences Alignment Analysis Image created 10/3/00 by JWBrown C-GA fmage created 103100 by TWB
E I151I:I I1515 |15:F.‘EI I1525 I1E?I:I I1ES I1E-f-'I4:I |1545 I1533 I1EEE I1E-fi-l:l |15|55 I1TI:I I155 |1$:| | r6 o6 bacterial rnas ] AA/.\C GGU
t P b b b b bbb bbb bbb brrn i B - G
C A
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CIrg.spHTF GACAAAGGGC AGCGAGACUGCGAAGUC - AAGCAAAUCCCAG- AAACGAAGGCUCAGUUCAGAUCGCAGGCUGC AACH o S & R R R R R R beTun, 6h%hag 1chwud | nt uncorrelated RNA [6 S
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Plec.borya Eﬂ[ﬂﬂﬂﬁﬂﬁ[ﬁﬁé[ ach column represents Nnomotogous resiaues |G aaaruGAACI O _ f_ l h : l - A.tumefaciens GA-C- - --GG-UA-A-GGUGAGGAAAGUCCGGGCUC-C A-CGGAAAL - ACGG- LIGCC- GGA UAACG | AUCcy Y c G c, & Ched s A
Phrm.ectoc GACAAAGGGCAGCCAGCUAGCGAUAGU - GAGCUNAUCCCAU- AAACCGNUGCUCAGUUCAGAUUGCAGGCUGE AAC Ut O Contro Or]ZOnta eXPanSIOn Cocreseentus el e gg E Sgggiggiﬁgﬁgggggﬂgg E:Egggggg -jggg:ﬁggg:ggg Hijgg - 0, s, AA/”,C/CSG/;\@QC\ GGU/ :GCA:JGGCAGCG;-/CG@ Gac
Phrm.minut GACAAAGGGC AGCAAGCGUGCGAGCGC - AAGCUAAUCCCAU- AAACCGAGGCACAGUUCAGAUUGCAGGCUGC AACH - UGGACC. - - - GU- -G o R T B B e " Auleptosent AU S0 o
Prtx.holla GACAAAGAGCAGCCAACUCGCGAGAGU -NAGCUNALUCUCAL-MAACCCUNGCUCAGUUCGGALUUGCAGGCUGC AACI R.prowazekii A-U-CACGAGGAAAGUCCGGACUC-U A-UAGAGGLU - AUGG- UGCC - GGU UAACA GG‘/\?(.S((JUGACGG\\C\;C 1910 e nted RINA ACI?CACGA\UCAPIO UG, -G
Bor.burgdo UACAAAGCGAAGCGAAACAGUGAUGUG- AAGCAAAACGCAU - AAAGC AGGUCUCAGUCCGGAUUGAAGUCUGAAACI , , , , A.eutrophus G-G- - - -UG-CA-G- GGGGAGGAAAGUCCGGACLIC-C ACA- - - - GGGC - AGGG - UGLU - GGC UAACA UUCUGA ¢ Pty nt-nt correlate DIAAE 0 aAuU, "
Spi.litora UACAGAGUGAUGCGAAGCCGCGAGGUG - AAGCAAAACGCAU - AMAGCCGGUCUCAGUUCGGAUUGGAGUCUGAAAC Every irregularity requires gaps in all of the other sequences! T ronenaotics 10| These regions are B o R ance P &eod Saadyf  correspondence S oS tirean ki A
Trp.bryant UACAGAGUGAAGCGAAGCAGUGAUGUG - GAGCAAAACGCAG- AAAGCCUGCCUCAGUCCGGAUAGGAGUCUGAAAC! S.typhi G AGAC G- GGC GG A g - AUA - GGGC- AJORCUGCC - AGG UAACG QI ooV ceovs &de U SUSg— S coe Uoae  cooaas iy PASag
Spi.stenos UACAGAGCGCAGCGAACCCGCGAGGGAUAAGCGAACCGCAA- AAAGCCGGCCGUAGUUCGGAUUGAAGUCUGAAAC o Alv2.0a11 Carbon File Edit S Al — sypmmurim |6 acic-6--6oc 664 NOT homologous R . = posE Vete g nted RNA o°c Cog—u_gs ¢ Veo *ug 2
Lps.weili UACAAAGGGUAGCCAACUCGCGAGGGGE- GAGCUAAUCUCAA- AAAGCCGGUCCCAGUUCGGAUUGGAGUCUGE AAC] . @ Se-Alvz. Srhon_He TR Sequences Tonmem Tmawe - e e . Y v 1| These regions are A B e—gaig 0" ””°°”’e3e —> ¢, 1Y ] R
Lps.borgpe UACAAAGGGUAGCCAACUCGCGAGGGG- GAGCUAAUCUCAA- AAAUCCGGUCCCAGUUCGGAULGGAGUCUGCAACH 8686 The only way to ID bps is to pairing_mask NOT homologous ueh 'S¢, _ c°"re$PG°n engi ug il lTeE
; B B B | . . B.brevis GCG-A UUGGC-G-GUAGAGGAAAGUCCAGGCUCGCCCAA-GC-UGAGAUGCUUGGAGUGUUCG- LS A ! lf\,f\Auu A A AU
Lps.biflex UACAGAGGGUCUCCAAACUGCCAAGUG- GAGCUAAUCUCUU - AAAACCGGUCCCAGUUCAGAUUGGAGUCUNC AACI = B| e« | parse the entire alignment! [0, 75, = @ m [ . m e GC- G- GUAGAGGAAAGUCCAGGCUCGCCCAA GC-UGAGAUGCULGGAGUGUCG Ly — . AG®G/§j syl Al P18
R.centenum GACAGUGGGNAGCGACCACGCGAGUGG- AAGCGAAUCUCC - - AAAAGCCAUCUCAGUUCGGAUUGCACUCUGCAACI helices LLL-LLLL-L-LL-L D C IN--L---L-L---L-L-L---LLL--L---L MMM B.stearothermop... CG-GC-C-GUAGAGGAAAGUCCAUGCUCGCACGGUGC - UGAGAUGCCCGUAGUGUIA- UGCCUAGE GAALCCALAA ¢ 18707 Ry, A 0
Rpl.globif GACAGUGGOACGCCAGGCCGCGAGGCN - GUGCUGALUCCCGA- AAAGGCCGUCUCAGUUCGGALUGCACUCUGC AALI helices CR B.subtilis A-UC-U-GUAGAGGAAAGUCCAUGCUCGCACGGUGC - UGAGAUGCCCGUAGUGUTG - UGCCUAGC GAAGUCAUAA A P3 A P3 E\i f P6
Ric.ricket UACAGAGGGAAGC AAGACGGCGACGUG- GAGCAAAUCCCU - - AAAAGACAUCUCAGUUCGGAUUGUUCUCUGE AACH pairing_mask B.subtilis-g A-LC-U-GuAGAGaAAAGuCCALGCUCGC SEREEUE R IR C G- LGCCLAGC GAAGUCAUAA ghaveuauac o | block-block correlated _gﬁeeeeAGAoG%ceeAeeee A
Rb.capsulz GACAAUGEGE - = - - - ooy Each row represents a single sequence GGGUCUGCAACH EE; C ,Lr.-l i U E égﬁiié E Eggiiii EEHE ;..T:aaepcr?llzljl_uzm G- AA-U- AUAGAGGAAACUCC ACGCUUACACAA- UC - UGUGAUGAUUGUAGUGULUA- UGCUAAAU GAAAAAALIAA "olnaneates | RNA correspondence ycuccyeuaeuaeuucgceac-a h
Ps.diminut UACAGAGGGU -------------- UHHU'\-\_EUH HHHHUUHUULU\_HUULJq\_UUHuu UCCUCUGCAACI EP4 Th-iS eXtra hel-iX -iS un-ique [ GGQCAAG G- AUGGEAAL - GQGLCC M.fermentans G-A-GUAGAGGAAAGUCCACGCUAGCACAA-CC-UGCGAUGGUUGUAGUGALCA-UGCUAGGE CCAALAA PZEEQ AG:\\CAU ) Pz%:ﬁ
Cau.cres2 UACAGAGGGNUNC AAUCNGGC GGG - GAGCCAAUCCUN - - AAAGGUCGUCUCNGUUCGGAULGUUCUCUGENNC] EP1 P U U UU-CUG  AGUAAG G GUGAAAA GGUC N N | e AT T Ao e A CUrauan 5 I R
Ntb.winogr GACAAUGGGAAGE AAAGGGGUGACCCC - UAGCAAAUCUCA - - AAAAACCGUCUCAGUUCGGAUUGGGCUCUGE AACH A.tumefaciens Add 12 gaps to every seq! G- C-AU- - GGUAAG - G- GUGAAAG GGLC Y opneumonias L e e e T GUUCYUAACGUUCGG-CGC g " GARGCUGACCAG-CCACan
C.crescentus G G-G-C GGGAAG G- GUGAAAG-GGLUC S.aureus-2 U-AUAGAGGAAAGUCCALUGCUCAC UCG-UGCUUGAL GAAACAALIARA . GAA CA 3 A
Bdr.japoni GACAAUGGGAUGCUAAGGGGCGACCCU-UCGCAAAUCUCA- - AAAAGCCGUCUCAGUUCGGAUUGGGCUCUGCAACI R C GG GGLGAG. G GUGAAAC - GGLC S.pneumoniae uu-uc-u caummammuccauacuagm These regions Puig UGCUAGGE GAAACCAUAA uucaccalAUVECARGC A VeCACHINEAC e, s
Hyp.vulgar GACAAUGGGC AGC AACUCAGC AAUGGG - AMAGCUAAUCUCA- - AAAAGCCGUCUCAGUUCGEAUUGGGCUCUGE AAL R.palustris GCU-CGCU-G-CG-C Co-AU AACCCGCAAGGGUG- -~ A~ A-G---G-C-G- - - AGUAAG- - G- GUGAAAA-GGLC S-pyogenes A-LIA- C- LA e ARE homologous e 1G9 GAACACAUAA vUceaUACA vucaaccea
Ag.tumefac GACAGUGGGC AGCGAGACAGCGAUGLC - GAGCUAAUCUCC - - AMAAGCCAUCUCAGUUCGGAUUGCACUCUGE AAC R.rubrum GG CC GGUAAG G GUGAAAG GGLC o-gordont ey SOUS - ugcuacee e
g A Er U-U.-C GGUAAG G GUGAAAA GGLIC U.urealyticum AAAA-U-GUAGAGGAAAGUCCGUGCUCACK —ALC- UUG-UGUALGLUA UAALLAALIARA
Bru.aborts GACAGUGGGCAGCGAGCACGCGAGUGU - GAGCUAAUCUCC - - AAAAGCCAUCUCAGUUCGGAUUGCACUCUGC AACH prowazel _ _— = ISy
vit.sterco UACAGAGGGUAGCCAAGCCGCGAGGLG - GAGCCAAUCLICAU - AAAGCCGAUCGUAGUCCGGAUCGCACUCUGCAAC el - e e e |
Alc.eutron UACAGAGGGUUGCCAACCCGCGAGGGG - GAGCUAAUCCCAG- AAAACGCAUCGUAGUCCGGAUCGUAGUCUGE AACI ps2 G C G CU LUA A G GGUAAG G GUGAAAC GGUC
PSE G K A-C C-A---GGCAAG G-GUGAAAG - GLUC
e An odd bulge - add gaps to all sequences!| c,c x gocans 6 cuGARAG GouC
PS27 i) C G-U C-G-A---0GCRAG G-GUGAAAG-GLUC
PS31 uC C G K G-A A-C-A---QGCRAG G- GUGAAAG - GLUC
° LGBZ3 u C-G-G GGUGAL G- GUGAAAC - QLU ° o ° 7 A R A l b d lo d °
RNA sequence/structure alignments = G---G-C6-—-GOUMG -G GCOAMG alC Part of the solution: non-2D alignments? n RNA ontology-based alignment editor
ESHZ12C G-u G-A-A- - -QGURAG G-QUGAAAL- QLU
SM-AT2(14) G-C-U GGUAAG G- GUGAAAL - GGUC
: . SM-ATB(31) ¥ G C U U-CGCaG-A-G GGUAAG G-GUGAAAG-GGUC . . . .
SM-A46(74 6-C-U- - -GGUAAG- --G-GUGAAAA-GGLC Alignment of elements at all levels = assigning homology relations
1S 1 (74)

If the alignment is iteratively broken into blocks of homologous,

: - : alignable regions, homology can be assigned specifically with few or oy . . .
——- —— Alignments end up with more gaps than nts. The bacterial RNase P nog o sions, Sy S P y The traditional approach of manipulating gaps to move nts into
helices ....{+H44H44EHE PITT-5/-LiLL 5. LITT.&LLll oo L PITTisi-—Li_LLL 5. RNA alignment is >80% gaps even with compressions & shortcuts Sap columns that imply homology is fundamentally backwards.
pairing ----((((CCCCCCCCC(-——=C((((-=———~ )))))-——---- ))))))))--))-))))——--
pairing ----ABCDEFGHIJKLMN----OPQRS------ SRQPO----- NMLKJIHG--FE-DCBA---- . . .
Ssolfat UAA-CGGGG+iiiiiidd——_1illl caaa-++i44-——--liiiildl o C-CCUGAGGA The user should assign homology relations, and then the editor
Sacidoc UUA-CGGGA---—-~-=-——==—=———=——-—-—-——~— AUA------—-————r-—- -~ ——~ U-CCUGAGGA . : :
mocdure con dddlLLITTTTITICCCCTTILLC Sl 1 D N AR A O 418 iy A1-specific N |£thould qhsplﬁy them applroprlately, perhaps (but not necessarily)
Apernix CCA-CGGCCCCCC---~~————~22---= aceea-{Hi+1-----HHH GGG--GG-GCUGAGGA . . T ype A-speciiic _ utting them into columns.
Pfurios UGC-CGGEGGC--—-————-———— -~ UUUAU- - - e e & G-CCCGAGGA Length Var]atlon makes homOIogy dOUbthI Universal ﬁa"& <DE>- Universal y p g
Tlittor CCU-CGGGU---=-==-=--——=zxnx- AUUUG-====+t-=====smsaeee o A-CCCGAGGA AUA ~ [[L[[- . . .
322;:‘;‘]‘; ggz'ggggggg """"""""" 3533 """"""""" g"gg'gggg:gg: lelices >-CRI<--PIV--><-PV> ig: E‘ggigi\ <PVII><PVIII » Basic a(ljlgnment funCt]OTS ; . 4 I_
_ BesaaasNENUN I I e AR D A R NN A | T] helices ....<--------- PIII-5'----- >.LIII.<----=--=-- PITII-3'--=--=---- >. .. yairing_mask ) ====[LI-LLOLLCCC(( S oo - Read/write various alignment formats, without data loss
Mformic UAC-CGGUUUCUAUAGAU----TT7r~ UUAAU---777-———- GUCUGUAGUUAA-ACUGAGGA pairing ——-=—= (((((CCCCCCC((====(((((=====~ )))))----- ))))))))=-=))=))))——-- A.eutrophus’ GAGGAAAGUCCGGACUC-C AUA GAGCA GGG-UGUU-GGC i . g ’ .
Tvolcan UGA-CGCC--------—--——=-——-—----- GUAA----—-------rrrro-ro---o- GGUGAGGA pairing ----ABCDEFGHIJKLMN----OPQRS------ SRQPO----- NMLKJIHG--FE-DCBA---- E.coli’ GAGGAAAGUCCGGGCUC-C CCA . EEEE: GGG-UGCC-AGG - Al]gn sequences (aSS]gn Correspondence relat]OnS)
Mbarker UGA-CGGGCC----—-—-———-—-——7---~-- UUCG- -~~~ —-————r-Tr-- -~ GG-UCUGAGGA Ssolfat UAA-CGGGG--——————mmm e CAARA - — —— —m e m e C-CCUGAGGA M.luteus' GAGGAAAGUCCGGGCAC-C T GGA-UGGU-GGA _
Hcutiru UGCCCGUGCC-++-===m————smsenm GuGA-{1114+t-----FHHH11Ht-- GG-CAUGAGGA S:Zid:c UUR-COGGA o m o o oo e ATUA - - o o o o e U-CCUGAGGA S.lividans' GAGGAACGUCCGGGCUC-C Azﬂiﬁ.}f'“ RL‘*;_IG’-"GCP* GGG-UGAU-GGC Add./ remove sequences, colymns
Hvolcan UCC-CGUGCCCG--—=m-———-=ss1- aca—-1t1H4-—--—-HHHH CG--GG-CAUGAGGA Msedula CCA-dWhich is the homolog? ---- - e ______ CUGGGGA C.sporogenes'  |GAGGARAGUCCGGGCUC-C / UL |oncen GGG-UGCU-GGG - Basic sequence transformations (e.g. reverse-complement)
Hmorrhu CAC-CGCGGCGUACC---GACAGGCAC-ACAC-GUGCCAGCG----GGUAC--GCACGCGAGGA a . x CCA-CGGCEEEEE-———————————___ acceaReo oo __ ceC_ o cATIGAGGA E.thermomarinus' |GAGGAARGUCCGGGCUC-C —Ta-cec | GCA-UGCU-GGE N . . .
Ngregor UGC-CGCGGGCGUC--=----=------ GUGC-11iit-----ft1tf71 GACG--CG-CGCGAGGA bfurios DGC-CGGEGEO——- \ This GNRA loop is 3bp away [GaGGa B T e A-ARA ff”MCA o e e D]splay representations Of. portions of the alignment
Tlittor CCU-CGGGU--- from the rest of the RNA, [GAGGA L.weilii' GAGGARAGUCCGGGcac-c|  LBTTCC - \CGG—GACE—GGG - Linkable t.O external algonthms
Mtierm; UgA'ggg‘c’ggC' this UUAAU (?) is 14bp away. ’gAggA A.laidlawii GAGGARAGUCCGGGCUAGC| UUG-UGCUARGG e A reformulation of the notion of ‘gaps’
MthMarb UGA- A- 2 JDGAGGA B.brevis' GAGGAAAGUCCAGGCUCGC _ _ ot T - op e
Mformic UAC-CGGUUUCUAUAGAU-----———-— UUAAU=-- Are these loops homOlogOU& JGAGGA B.megaterium' GAGGAAAGUCCAUGCUCGC STRV.IPTLYV. I7m<EY. 13 UCG-UGCCUAGU e« The ab]l]ty to label features at all levels
H n homol g (CC(=((=====-- ))))))——---
Tvolcan UGA-CGCC--------—-—-=—=-=-—-—-——-—--- GUAA--- ow can you aSS]g. . omotosy JGAGGA B.subtilis' GAGGAAAGUCCAUGCUCGC ACAC-ACCUUAUGGGUGUGUAGUGU UCE-DGCCUAGC ° The ab]l]ty to aSS]gn homology relatlons at all le\/els
Mbarker UGA-CGGECC———m oo e e 1B vuce- - | Petween any specific nts? L. ., E.faecalis' GAGGARAGUCCGGGCUCGC OB GO UGACADCCOUCCACUGY UCG-UGCUUAGC .
Heutirt UGCCCGUGCC——=——m——m— oo mommo— GUGA— — = — === oo GG-CAUGAGGA ACGGUGC-UGAGAUGCCCGUAGUGU * A clustering method for sequences
Hvolcan UCC-CGUGCCCG-—-——=—=========—= AGA-—-——————— - CG--GG-CAUGAGGA ACGGUGC-UGAGAUGCCCGUAGUGU
. ] . Hmorrhu CAC-CGCGGCGUACC---GACAGGCAC-ACAC-GUGCCAGCG----GGUAC--GCACGCGAGGA ACAA-GC-UGAGAUGCUUGUAGUGU
If residue X of any sequence pairs to residue Y, then so must Ngregor UGC-CGCGGGCGUC----——----——--~ GUGC--——=—————— = - GACG--CG-CGCGAGGA Type B-specific

the homologous residues in all sequences.




