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Seq-Str conservation in PROTEINS

The EMBO Journal vol.5 no.4 pp.823—826, 1986

The relation between the divergence of sequence and structure in

proteins
Cyrus Chothia! and Arthur M.Lesk?
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RNA structure

The PDB database contains ~1,600 RNA structures.
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RNA structure datasets

http://sgu.bioinfo.cipf.es/datasets/

RNA STRUCTURE* 1,101
RNA CHAINS 2,179
Non-Redundant RNA CHAINS™* 708
RNA CHAINS (20= Length <310) [NR95] 277
SCOR SET*** [SCOR] 60
HIGH RESOLUTION RNA SET**** [HR] 51

*  from PDB November 06.
** non-redundant 95% sequence identity
*** SCOR functions with at least two chains

**** resolution below 4.0 A and with no missing backbone atoms.
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SARA, a unit vector approach

http://sgu.bioinfo.cipf.es/services/SARA
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Structural alignments

all-against-all comparison of structures in the NR95 set
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Function assignment

all-against-all comparison of structures in the SCOR set

Rank of deepest SCOR function Rank of related SCOR function
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SARA server

http://sgu.bioinfo.cipf.es/services/SARA

The SARA server
o herp S s Deoinfo Cipl e fsenvices  SARA/

The SARA server
LD () S onnin Ol 44/ 1arviC e SARA TR0 -

e O
Omaat

o e el

SARA serve
| FUNCTION ASSIGNARENT | STRUCTURE ALCNMENT

FUNCTION ASSCavENT 3 URE ALCNNT |
01 1he 00 i 0 enavpe
STRUCTURE A
POR coce of wpload: [ Crente Iie | me e selecind han

01 the fOrm Wi a0 exampie
R STRUCTURE
P08 code | or uplcad [ Oroose Fle ) ro S salomd chanid
STRUCTURE & ) Use ND® codes.
POS cooe O w00l [ Cronse Tie | ro Me selecind onan C1 Niow 53¢ search wsing structuses larger than 1,000 nechkeotides
Une NDA coden.

Use SARA default cptions: &

az . per.~g > . ot s=e lenarh

- veCh eng Secondary structune in .
SCONEArY HITUCTRre ¢ AlOrn type p

A Triw J }e

mmunw“mmwmm

(3w (Cewr)

.
.l

Vol. 24 ECCB 2008, pages 1112118 Ve
6, poes WI60-1265  Nuckic Acids Research, 2009, Vo, 37, Web Server s Publshed anfne 29 May 209

10.1093/bioinformatics/btn288 doi: 10,108 gkpd33
RNA i ct ) . .
b v :V a PP! SARA: a server for function annotation of

midio Capriotti and Marc A, Marti-Renom*
Boinommacsand Genomis Deparment, S Genorics U, Gt e nvesigacin Prnoe Felpe (OPF RNA structures
Velenca, Spn Emidio Capriotti and Marc A. Marti-Renom*
‘Structural Genomics Unit, Bioinformatics and Genomics Department, Centro de Investigacion Principe Felipe
Jr— of e RN e T i, 19 s e e
et o e oo oy N s i3S i NN o s it v il
et
e o T okl S e Parane o (0 e e e mwm. e Receed Fbriary , 2003 Feied Moy 5,200 Accpied My 11, 2008
o for

e saoyog e sor oo s oo .t ncmtn, 930 ko s Sl

i Zoker
functonally amolating ANA molecules. The ncreasing nambers 1951, thre s been imited development in RNA fertiary sructure
RINA strctures deposited in the PDE raqures more accurste,  analysis and, in paricular, in RNA
recently, the Duare et al,
i i i, ws o 3w dgortm o A Sweks 1ol 07, FRID (S 1, 2009,
Jgnment based on a unit-vecto approach, The algorthm has besn ) and DIAL (Ferre e

e e S e o e T Sttty ot o B
ogsins et o sl i of

SARA.program has boen implemanad 1o be of ccuive RNA. fragments with five or more nucleotides by
Gl sopkaly ovn when 70 socomiuy sroare. can o compring sl and 9 prdo anges 2 well 3 1o g
e i I i A et p TS ek e e FRUD pgen s b ) gt
program using a set of 1275 non-fedundant paiwise sinctre for conductng 4 geometric search of loc
s e 265 e syt s o oo s ke The COMPADRES propran. ahich mpiments b

T—
10 peform RNA automatic functonal annotaion based on stucture  Mmotfs in known RNA structures (Wadley and Pyle, 2004). The
algnments incicates that SARA can correctly assin the daepest  ARTS program, which represents RNA. structures by a set of
'SCOR classifcation o ~60% o he quary srctures. o ecs simil
Availabity: The SARA program i ooy avalabie hrough a Worid  between quadais afer & rigid superimposiion of two RNA
Vi server g Dot ciptes/senices/SARA! 7

‘Contact: mmarticio . Finally, the
Semptomanan formaton: Supplatay dia v vsable 8t fcion combiing e, el i ind bseung
Bioinormaies onine. namic

1 INTRODUCTION in accurae RNA stucture alignments, they b
imiions: () e o e Timted

RNA e and inforing he o-ald RNA W orginof syl 0 scching ony o ol oty garless of gt

i Barl 200, Dot and Tl 200, Dovdrs 200, Sl sl bt v s, ) e D
o oo ot i Jeht s, oW s I s o i
ot ot ok o oot s Gt B, b comptnioal s o ot sl vonaton of

ARTS requires the cxistence of sccondary
n ot st compus e el gt
lmittions,

al regulation (Barte, 2004; Dorsetl and 0 significance and
Tuschl, 2004; Staple and Butcher, 2005) and protein bosynthesis  Siueture clement

cal assessment

chetl
v incresed the pace of deposiion of RNA stmctures i the  Of base s ffom structure and provides 4 st

2008). the PDB database sores more than 1300 RNA sructures, s a unit-vector approach inspired by the MAMMOTH progra
S weah ofdatt ey o, o it e, el and o pricin st alganent (O e ol 200 The SARA
huscrizaion of e RNA st soc. i il bl o progrn s becs bk s goment ey i
chiractrize RNA fonct Uhe ARTS progra s well o e i KNA o preiction
RAA ftding 1 & Wil process by whih bas parng Iy oo appicabty will allow an al-againtall comp
formation affects the final three-dimensional (3D) conformation of known RNA sructures, which willhelp in characteizing the
st biteen eguncs, e and sion of RNA

o whom comespondence hold be el

iz B

Capriotti, E. & Marti-Renom, M.A.
Bioinformatics (2008) 24:i112-i118

ABSTRACT

Recent interest in non-coding RNA transcripts.
has resulted in a rapid increase of deposited RNA
Structures in the Protein Data Bank. However, a

partially addressed. Here,
Program for par-wiss aignment of AN, structures
as a web server for RNA function

sandard ruls 10 nfer ﬁmuwn at least for proteins
). structus ity ably one of the most
sl mtho ds for comaparsiie Fancion anmotaion
14,
Sental methods Jave alady besn developed for the
alignment of o or more protin 3D siuctures (19
However only Tow are valable for RNA sfucture com-
parison (17-23). The PRIMOS and AMIGOS programs
identify RNA structure motifs and compare RNA st
of

assignment. The SARA server relies on the SARA

program, which aligns two RNA structures based

on a unit-vector root-mean-square approach. The

kely sccuracy of the SARA ségriments s sssassed

P-values estimating the statistical

Slnifcance.of the .=qu=nc=, secondary structure
fentity

the benchmark set, respectively. The SARA server i
lmuly accessile yia the World Wide Web at hp/
ioinfo.cipt.es/services/SARA/.

INTRODUCTION
It is now known that RNA molecules are essential for o
‘wide range of biological processes (1-6), which is changing
the view of RNA as a simple vector of genetc nformation
and reinforcing the hypothesis on the original

world” (7.8). Biosynthesis and transcription regulation
(139, ensymatic action (5)and chromasome replicaion

ot e, RXA situte demmimation. vhin
i aleratin it pco of depsiion in he Naclic Acid
Database (NDB) (9) and the Protein Dat: DI

(10), 5 thus bepoming an sscaial and. pecesory (0ol
for RNA function annotation. Although there are not

€4 and P atom trace (18,20). Both programs are limited
1o the comparison of RNA' structures with.

AMIGOS can perform a comparison of a given siructure
against a set of RNA structures. The ARTS program was
introduced as a general method for RNA structure align-
ment (17.24). ARTS describes RNA molecules with a set
of ‘quadrats’ composed by four phosphate atoms of two
consecutive base pairs and uses 8 Wiparie graph (0 ind
‘maximum number of_align:
w0 RNA strcurs, The DIAL progtam. developed 10
mpare RNA structures using 4 dynamic programming
Sgoritom (19) Computes global. local and semi-glbal
alignments by taking rity.
Gihedra angles and. pase pair nformation from the tho
aligned strutures. DIAL can also retun the Bolizmann
pair probabilites of the resulting alignments,
such computation would double the runtime, h
default in the server is not to caleulate the pair
probabiies More centh, e SARSA s s deve-
struc-
el sabetof 23 el soformation (23, Dot
the DIAL and SARSA servers were developed and bench-
‘marked for their abiliy detecting short RNA motifs in a
st of RNA siructures In contras, the SARA program
. which implementation for function assignment of
v strcturs s here inroduced, was tecenty devel
oped 1o align two RNA structures based on a_unit-
Vo slignneat Sraiegy (29 Given s mplementaton;
an alignment by SARA shorter than 20nt is likely to be
indistinguishable from random _structure _alignments.
RA program can be considered as an aliernative
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Seq-Str datasets

http://sgu.bioinfo.cipf.es/datasets/

Dataset Number of structures Number of alignments

NR-RNAQ9
HA-RNAQO9

451
114

50,995
589

Staphylococcus phage group I ribozyme (1ly0qg:A)
Synthetic I Intron fragment (lu6b:B)

Pyrococcus horikoshii tRNA(Leu) (1wz2:C)
Acuifex aeolicus tRNA(Met) (2ct8:C)

Synthetic P4-P6 RNA ribozyme (118v:A)

Haloarcula marismortui 23S RNA (3cce:0)

Synthetic P4-P6 RNA ribozyme (2r8s:R)

Thermus thermophilus 23S RNA (3d5b:A)

Aligned nucleotides: 134 Aligned nucleotides: 2,347
Aligned nucleotides: 120 Aligned nucleotides: 5 RMSD: 1.8 A RMSD: 1.7
RMSD: 1.8 A RMSD: 1.9 A Sequence Identity: 80.9 % Sequence Identity: 52.7
Sequence Identity: 34.0 % Sequence Identity: 56.8 % Secondary Structure Identity: 81.0 % Secondary Structure Identity: 75.7
Secondary Structure Identity: 52.1 % Secondary Structure Identity: 88.5 % Structure Identity: 85.4 % Structure Identity: 85.2
Structure Identity: 60.9 % Structure Identity: 87.8 % Sequence -1ln(p-value): 37.0 Sequence -1ln(p-value): 37.0
Sequence -1ln(p-value): 18.2 Sequence -1ln(p-value): 10.2 Secondary structure -ln(p-value): 17.1 Secondary structure -ln(p-value): 37.0
Secondary structure -1ln(p-value): 10.3 Secondary structure -1n(p-value): 5.2 Structure -1ln(p-value): 19.4 Structure -1n(p-value): 37.0
Structure -1n(p-value): 15.6 Structure -1n(p-value): 7.2 Mean -1ln(p-value): 24.5 Mean -1n(p-value): 37.0
Mean -1n(p-value): 14.7 Mean -1n(p-value): 7.5

10
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Seq-Str conservation
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Seq-Str conservation
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Twilight zone
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Capiriotti, E. & Marti-Renom, M.A. BMC Bioinformatics (2010) 11:322
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Quantifying the relationship between sequence
and three-dimensional structure conservation in

RNA

Emidio Capriotti'2 and Marc A Marti-Renom*!

Abstract

Background: In recent years, the number of available RNA structures has rapidly grown reflecting the increased
interest on RNA biology. Similarly to the studies carried out two decades ago for proteins, which gave the fundamental
grounds for developing comparative protein structure prediction methods, we are now able to quantify the
relationship between sequence and structure conservation in RNA.

Results: Here we introduce an all-against-all sequence- and three-dimensional (3D) structure-based comparison of a
representative set of RNA structures, which have allowed us to quantitatively confirm that: (i) there is a measurable
relationship between sequence and structure conservation that weakens for alignments resulting in below 60%
sequence identity, (ii) evolution tends to conserve more RNA structure than sequence, and (iii) there is a twilight zone
for RNA homology detection.

Discussion: The computational analysis here presented quantitatively describes the relationship between sequence
and structure for RNA molecules and defines a twilight zone region for detecting RNA homology. Our work could
represent the theoretical basis and limitations for future developments in comparative RNA 3D structure prediction.

Background

The view of RNA as a simple information transfer mole-
cule has been challenged since the discovery of
ribozymes, a class of RNA with enzyme-like functions [1-
3]. RNA molecules are now known to carry a large reper-
tory of biological functions such as transfer of informa-
tion, enzymatic catalysis and regulation of cellular
processes [4]. Similar to proteins, functional RNA mole-
cules fold into specific three-dimensional conformations
essential for performing their biological activity. Despite
advances in characterizing the folding and unfolding of
RNA molecules [5-8] and the significant increase of RNA
structures deposited in the Protein Data Bank (PDB) [9],
our knowledge of the atomic mechanism by which RNA
molecules adopt their biological active structures is still
limited [10]. Nonetheless, it is common knowledge that
RNA 3D structure is more conserved than RNA sequence
and that such principle could be used for comparative

* Correspondence: mmarti@cipfes
' Structural Genomics Unit, Bioinformatics and Genomics Department, Centro
de Investigacién Principe Felipe, Valencia, Spain

Fulllist of author information is available at the end of the article

RNA structure prediction in a similar way it is done for
proteins [11]. It was back in the eighties when Chothia
and Lesk first quantified such evolutionary relationship
for proteins [12-14]. Their seminal works on the relation-
ship between protein sequence and structure conserva-
tion provided the theoretical grounds for many
computational approaches in comparative protein struc-
ture and function prediction [11,15]. Their work con-
cluded that the overall structural changes between two
homologous proteins were proportional to their sequence
differences. It was then estimated that homologous pro-
teins aligning with less than 20% sequence identity could
have large structural differences [14]. Such findings were
later confirmed and expanded by several other studies
[16-20].

For RNA, the axiom of "function is more conserved
than structure and structure is more conserved than
sequence" has been adopted since the end of the sixties
[21] and even reinforced with the analysis of newly deter-
mined large RNA containing complexes such as the ribo-
some [22-29]. The wealth of new structures has
prompted the development of computational methods

©2010 Capriotti and Marti-Renom; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Cre-

enses/by/2.0), which permits unrestricted use, distribution, and re-

( BiolVied Centra| ative Commons AttributionLic

P
production in any medium, provided the original work is properly cited.
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