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What do we want to accomplish?

* Make large RNA alignments manageable

* Make the assignment of correspondence

(homology or structural similarity) explicit and
specific

* Allow explicit labeling and grouping of “things” in
columns and rows of the alignment

* Provide tools and standards to make these work
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Sequence Alighments - a review
* Sequence alignments are 2-dimensional matrices
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RNAs have well-defined 2° structure

Ribonuclease P RNA
Methanobacterium thermoautotrophicum AH

Sequence : U42986, Pannucci 1999 PNAS 96:7803
Structure : Harris, ef al., RNA (in press)

Image created 10/5/00 by JWBrown
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The building block of secondary structures are base pairs
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RNA sequence/structure alignments

Sequences are aligned on the basis of both
sequence similarity and secondary structure

helices ....
pairing ----
pairing ----
Ssolfat UAA-
Sacidoc UUA-
Msedula CCA-
Apernix CCA-
Pfurios UGCH
Tlittor CCU-
Mthermo UGA-
MthMarb UGA-
Mformic UAC-
Tvolcan UGA-
Mbarker UGA-
Hcutiru UGCQ
Hvolcan UCCH
Hmorrhu CACH
Ngregor UGCH

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



Problems with alignments

You're forced to align the helices, both en mass and nt-by-nt,
in all sequences. Do these nts really correspond!?

helices ....<--—|---- PIII-5'----- > LIII.<---—-——---- PIII-3'——-FF-——>....
pairing —--—--((((QCCCCCCCCC====CCC((=—=——~ )))))-————- ))))))))--)IPR))))——--
pairing ----ABCDEFGHIJKLMN----OPQRS------ SRQPO----- NMLKJIHG--FE-DCBA----
Ssolfat UAA—CGGLE’ ————————————————— CAAA-————-——————mmmm o -CCUGAGGA
Sacidoc UUA-CGGGAf™M----————-————cc—— AUA--—-=——- - — e -CCUGAGGA
Msedula CCA-CGG-{—------——=—====—==——- GAAA----——-—--—— - —————————— --CUGGGGA
Apernix CCA-CGGCOCCCCC-----——======- AGCCA-----————==————— GGG--GE|-GCUGAGGA
Pfurios UGC-CGGGC------—--=--————-—---~- UUUAU---====——————————————— -CCCGAGGA
Tlittor CCU-CGGGQU-----------—-—-———-- AUUUG-----——===———————————— -CCCGAGGA
Mthermo UGA-CGGUCCC------—-====————-- UCAA--——===—=—— e G--GB-GCUGAGGA
MthMarb UGA-CGGCCCA------—-—=-=—=———--- UUUU---————————————— - U--GG-GCUGAGGA
Mformic UAC-CGGUUUCUAUAGAU--------- UUAAU----——-—--~- GUCUGUAGUUARA-ACUGAGGA
Tvolcan UGA-CGCO—f--—-—-—-———-=——-=-=-====——= GUAA-------———————————=---- -GGUGAGGA
Mbarker UGA-CGGGCC------—-—-=-=-=—=———--- UUCG--=—========—————————- GG-UCUGAGGA
Hcutiru UGCCCGUGCC-------==-=-—=—————-~ GUGA--——==== === —————————— GGI-CAUGAGGA
Hvolcan UCC-CGUGCCCG---------—————=- AGA-----=--—————————- CG--GB-CAUGAGGA
Hmorrhu CAC-CGCGGCGUACC---GACAGGCAC-ACAC-GUGCCAGCG----GGUAC--GCACGCGAGGA
Ngregor UGC-CGCGGGCGUC-----——====——- GUGC----=======———~- GACG--CG-CGCGAGGA

Problem :What about regions that are alignable between some sequences
but not others!?



Problems with alignments

You're forced to align the helices, both en mass and nt-by-nt,
in all sequences. Do these nts really correspond!?

helices ....<----- ~--PIII-5'----- >.LIII.<-—--—---——- PIII-3'|------—-- >. ..

pairing —--= ((((C((CCCCC((====(((((==-=-- ))))) -=--- ))))))Pf=))=)))) -=--
pairing ----ABCDEFGHIJKLMN----OPQRS------ SRQPO----- NMLKJIHG--FE-DCBA----
Ssolfat UAA-CGGGG—|-f---—-—-=---—-—-—- CAAA-—-————————————— - C-CCUGAGGA
Sacidoc UUA-CGGGA-|-f-----—-—--—-—-——- AUA--—-————————————— U-CCUGAGGA
Msedula CCA-CGG--—f-f-—=-—=—=————————— GAAA-—-——————————— CUGGGGA
Apernix CCA-CGGCCCCLC------—-—-—--- AGCCA---—-—-————————- GGG--GG-GCUGAGGA
Pfurios UGC-CGGGC—ff-----—-—-—-—-—- UUUAU--=-—=—=—=—=————— =~ —— G-CCCGAGGA
Tlittor CCU-CGGGU-|-f—-—=-—-—-—-—-——— AUUUG---—-—=-—==—==—=———-~|-—- A-CCCGAGGA
Mthermo UGA-CGGUCECY-------—-—-—-—-- UCAA--—=-—=——————————— ~G--GG-GCUGAGGA
MthMarb UGA-CGGCCCE-T™<g--—---------- UUUU--—=—=—=—————————— --GG-GCUGAGGA
Mformic UAC-CGGUUUCYAUAGKU)-------- UUAAU----—-—-——- GUCUGUAGUUAA-ACUGAGGA
Tvolcan UGA-CGCC-—|-f-=—-=-=—=———————- GUAA-—-—-——————————— - GGUGAGGA
Mbarke] ’ . CG-—-—==—=—————————— —--GG-UCUGAGGA
neatiz] YVHO's the corresponding nt? |-, ___________ | —Ge-CcAVGAGGA
Hvolcan UCC-CGUGCCCG---------------- AGA--—-—-—-————=——————- --GG-CAUGAGGA
Hmorrhu CAC-CGCGGCGUACC---GACAGGCAC-ACAC-GUGCCAGCG----GGUAC--GCACGCGAGGA
Ngregor UGC—CGCGGG%GUC —————————————— GUGC---—-—-—=—————- GAQG--CG-CGCGAGGA

Problem :What about regions that are alignable between some sequences
but not others!?



roblems wi

Ribonuclease P RNA
Methanobacterium thermoautotrophicum AH

Sequence : U42986, Pannucci 1999 PNAS 96:7803
Structure : Harris, ef al., RNA (in press)
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Problems with alignments

Correspondence must be assigned nt-by-nt;
columns are 1 nt wide by definition.

helices ....<-—------- PIII-5'--—-- >.LIII.K-----—-——- PIII-3'-—-—-——-- >.. ..
pairing —=-= ((((((CCCCCC((====(((((F===== ))))) -=--- )1))))))==))=)))) -~
pairing ----ABCDEFGHIJKLMN----OPQRS------ SRQPO----~- NMLKJIHG--FE-DCBA----
Ssolfat UAA-CGGGG—-—-—=-————=——————~ ~CAAA—|—————m—mmm e C-CCUGAGGA
Sacidoc UUA-CGGGA-----—-——-—-—————— ——AUA—-—-——-——————————————— U-CCUGAGGA
Msedula CCA-CGG---—=-—=———=———— == BV CUGGGGA
Apernix CCA-CGGCCCCCC-———-——==—==== GCCA-|-—————————m—m GGG--GG-GCUGAGGA
Pfurios UGC-CGGGC—-—-—=-—=———=—————~ EUUAU— ————————————————————— G-CCCGAGGA
Tlittor CCU-CGGGU--—=-—=-—=———=———— UUUG—|-—— =~ === ———mm e A-CCCGAGGA
Mthermo UGA-CGGUCCC-—-—-—=—m———=———~ ~UCAA—|-———————m—m—m G--GG-GCUGAGGA
MthMarb UGA-CGGCCCA-—-—=-—=-—=———=———~ MG 1610 1 S U--GG-GCUGAGGA
Mformic UAC-CGGUUUCUAUAGAU--------- UUAAU-|-------—-- GUCUGUAGUUAA-ACUGAGGA
Tvolcan UGA-CGCC-—-—-—=—=——=——— - ~GUAA—|-———————m—m e GGUGAGGA
Mbarker UGA-CGGGCC—-—=-———=—m———=———~ —UUCG—|———————m—m e GG-UCUGAGGA
Houtiru UGCCCGUGCC---—-—=—=—= === ~GUGA—|-———————m—mmm - GG-CAUGAGGA
Hvolcan UCC-CGUGCCCG-—-———=—m==m==—=— ~AGA-—|-—————m—mmm - CG--GG-CAUGAGGA
Hmorrhu CAC-CGCGGCGUACC---GACAGGCAC-ACAC-GUGCCAGCG----GGUAC--GCACGCGAGGA
Ngregor UGC-CGCGGGCGUC-————————==—= ~GUGC—|-——————— - GACG--CG-CGCGAGGA
Problems :

* Alignments contain regions correspond en masse but not alignable nt-by-nt
* Sequences do not correspond along their entire length



roblems with alignments

How do we align regions of non-corresponding
structure in different classes of:an RNA?
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roblems with alignments

How do we align regions of non-corresponding
structure in different classes of'an RNA?

Ribonuclease P RNA
Bacillus subtilis 168

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

Image created 10/3/00 by JWBrown
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Problems with the 2D matrix paradigm

1.The 2D matrix paradigm forces alignment nt-by-nt
even in regions where only alignment of “regions”
is meaningful.

2.The 2D matrix forces alignment of non-
corresponding regions between structure classes.

3.Alignments expand as large numbers of similar
sequences and gaps accumulate, to the point that
they are unmanageable.

4.Annotation of data within an alighment is
problematic, and ad hoc solutions are highly
constrained and usually result in data lost in
translation.



Solution: Assign correspondence explicitly

Alignment is just the assignment of sets of
“corresponds_to” relations

helices ....<-—-—=—=—-- PIII-5' —--—- > . LIII.<-—=-======= PIII-3' ———————- >. ...
pairing —=-= ((((((CCCCCC((====(((((====== ))))) -=--- )1))))))==))=)))) =~
pairing ----ABCDEFGHIJKLMN----OPQRS------ SRQPO----- NMLKJIHG--FE-DCBA----
Ssolfat UAA+CGGGG:#+:++3753 557535547 CAMRF##7 #2553 5235577375757 C+CCUGAGGA
Sacidoc UUA-CGGGA-7r-t-frfrsrodozrtcs AUA--+rrototrstodratotras U-CCUGAGGA
Msedula CCA-CGG-=t-t-sttrrtotrarozt GAAA--+rr-trdtotrirodrototos CUGGGGA
Apernix CCA-CGGCCCCCCr-tr-trammtror AGCCAT-rrtrirotoatoar GGG -GG-GCUGAGGA
Pfurios UGCTCGGGC--t-s--trrtrrrrtrs 19161070 R R G-CCCGAGGA
Tlittor CCU-CGGEU-t-t-r-strsrrromrt AUUUGT -+t st trdtodrotoars A-CCCGAGGA
Mthermo UGA-CGGUCCCr--t-s-rtrtrtrmt UCAA--rtrratasrotrttaas G- -GG-GCUGAGGA
MthMarb UGA-CGGCCCA+--t-s--t-srtoot UOUU--rrrststrotostoas U--GG-GCUGAGGA
Mformic UAC:CGGUUUCUAUAGAU-+---+-+ UUAAU---+=7-7--1 GUCUGUAGUUAA-ACUGAGGA
Tvolcan UGA-CGCCr-t-rt-srstosratonts GUAA--+-ttidsotottodrat s GGUGAGGA
Mbarker UGA-CGGGCC-t-t-t-rtotrtrnt UUCGrrrrrdrstrdrsdratotrs GG-UCUGAGGA
Hcutiru UGCCCGUGCCt-r-trrtrrratonts GUGA--+-r-trdtatratttaat GG-CAUGAGGA
Hvolcan UCC-CGUGCCCGr-r--trrrrtmmts AGA--rrr-trdrotortoas CG- +GG-CAUGAGGA
Hmorrhu CAC:CGCGGCGUACCt--GACAGGCAC-ACAC-GUGCCAGCG- = - *GGUAC - - GCACGCGAGGA
Ngregor UGC:CGCGGGCGUCt-rrrtrirrtrs GUGCr-rrrrtrotrtrot GACG-CG+CGCGAGEA

Traditional alignments implicitly assign correspondence (“*homology”) to
all columns, and all such assignments are nt-by-nt



Solution: Assign correspondence explicitly

Alignment is just the assignment of sets of

“corresponds_to” relations

helices .

pairing
pairing
Ssolfat
Sacidoc
Msedula
Apernix
Pfurios
Tlittor
Mthermo
MthMarb
Mformic
Tvolcan
Mbarker
Hcutiru
Hvolcan
Hmorrhu
Ngregor

B PIII-5' ----- >.LIII.<--—--—--—- PIII-3' ------ >. ...
—===(CCCCCCCCCCCC(====0C(( (===~ )))))———-- ))))))))-==))=))))——--
~---ABCDEFGHIJKLMN----OPQRS-—--—- SRQPO----- NMLKJIHG--FE-DCBA----
UAR |[CGGGG CAAA )
UUA |[CGGGA AUA
CCA |[CGG GAAA
CCA |[ceeceeece AGCCA GGG GG
UGC |[CGGGC [UUUAD
CCU |[CGGGU AUUUG
UGA |[cGGUCEe ocaa G GG
UGA |[cGGCCCa 1616646, U GG
UAC ||CGGUUUCUAUAGAU| [UUAAU GUCUGUAGUUAA ACUG
UGA |[cGCC GUAA
UGA |[CGGGEC buce
UGCQCGUGCC GUGA
UCC ||cGuGccea AGA CG
CAC||CGCGGCGUACC  [GACAGGCAJ ACAC [GUGCCAGCG GGUAC
UGC ||CGCGGGCGUC GUGC GACG

These homology relations should be assigned explicitly and specifically
rather than implicitly and indiscriminantly



Corresponding elements in RNA

nts regions basepairs helices

€L 0000606600000 0000P0eEST0000EET00>
0000880080000 0boo00b0000Bl0coRIco)

corresponding nts

corresponding basepairs
corresponding regions corresponding helices



Corresponding elements in RNA

CA
G A
C-G
e g
. — Ribonuclease P RNA
Ribonuclease P RNA c-¢, Escherichia coli K-12 W3110
Bacillus subtilis 168 GeU )
G-C
Sequence : M13175, Reich, et al.. 1986 1. Biol. Chem. 261:7888 AU=Apis Sequence : V00338, Reed, ef al., 1982 Cell 30:627
Structure : Harris, et al., RNA (in press) G 8 78 Structure : Harris, et al., RNA (in press)
GeUA
Image created 10/3/00 by JWBrown C—GA Image created 10/3/00 by JWBrown
AAC*GGU
GA A
caG % A
GA CGAp ?‘ACU.\ A A
Us’ua A G, cu§ el A G Py
u'e U U us v\ G 3
G Gg.UGA G \ 5 AC nt corresponds to nt 8UG
c /I PC G A AG 1 7CaGu
AyCqt u G Cacl 7 A
Ca A o G
£, A u G A g % CG A
20, A /TCcU AN G G 4 OAG
ApAAG /U ASEC NG A 6%
Gp/ Aule i CacA c G¥
AGAGGC % cha? Sa” Uy
U U’c/;'ltlJ/G CG\\CCAPO AC/G
U .
pg " C& €T+ bp corresponds to bp ABp1s " Ay pre aUA
G >C //GAGCGAJ/-\I-\/-\L/L«L; 4 GGAGCAAGGCC GGGUUC GA PI?
L ASC UGG 7 11111 Bl u NN o || 11111 Gy
usuU 4uY caeuc GGG u ccuc UCGG CCCAAGy.// ACcG
GC\GA AU-A Gl e} ALpG oG G G A Ca /'y CG
AA G ~G UsGg-cC . G o} Uga UGCC
UG ~C -G | region corresponds to g v
A
4‘_—ﬂ4%ﬁv . G o G
region SN TRassasverce
U U G
A a A AI/;-\?AAU GCH A AUCCGGUCGUUA
G A GUGUCUI/ G A G P18
A Aw P1g=YuC Ay A A
3 G U Ll g g P6
A
GAAUCUGUAG helix corresponds to T A
U < GGGGGAGACG GCGGAGGGG A
UGUAGACGUC helix U py
Gg UCUCCUCUGC UGCUUCGCCG C-G
U U-A
A-U SOA G-C
P2acd |uese P24-8
- P1 G-¢c |c_ A 5 P1 A-U
GUUCUUAACGUUCGG-CG|c gY GAAGCUGACCAG-CCACG,
. é)\bdjéé/i/ié(\: GAAC, ’ Forfre CA
UUCAGCA A L UCCACUUUGACUGGCUA 5
UUCGGUACAA UucaG A

GCCCA



Corresponding elements in RNA

000080 Tece00b0000bbo00ET000RICO)

nts regions basepairs helices

This is the rudimentary RNA 2° structure ontology



What is needed in an alignment editor?
An ontology-based approach to alignment

The traditional approach of manipulating gaps to move nts into

columns (in a 2D matrix) that imply correspondence is
fundamentally backwards.

The user (machine or human) should assign correspondence,
and then the editor should display this appropriately, perhaps

(but not necessarily) by putting corresponding elements into
columns of a 2D or multidimensional matrix.



My brain hurts too!

. nysSpacetv.com



