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Echelles de taille et complexité
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RALEE   • • • + The RALEE (RNA ALignment Editor in 
Emacs) tool provides a simple 

environment for alignment editing, 
including structure-specific color 

schemes. 

Unblocked 
Stockholm 

•     • http://bit.ly/R
NAralee 

SARSE    • • + Semi-automated RNA sequence editor 
(SARSE). Divides the sequences into 
subgroups with secondary structure 

differences. 

Input: 
COL, 

txt 
Output: 
COL, 
txt, 

FASTA 

One 
structu

re 
 per 
sub 

group 

    One 
structur

e per 
sub 

group 

http://sarse.ku.
dk/ 

4SALE   • • • ++ 4SALE is designed to handle sequence 
and secondary structure information of 

RNAs synchronously. 

FASTA, 
Output Secondary 

structure: SVG 

•    •  http://bit.ly/rna
4sale 

 

Table 3. Structure-aware RNA sequence alignment editors.  
 

9.8 Figures 
 

 
Figure 1. Diversity of scales for non protein-coding RNAs.  
With lengths ranging from 20 to 10 000 nucleotides, structurally-resolved RNAs require a 
diversity of visualization techniques. 
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Motifs ARN
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Représentations 2D

ARN simple brin /ARN double brin
fonction / structure



Jonctions: « 3-way »
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5.3. MÉTHODE DE PRÉDICTION 33

des jonctions 1J5E_001 et 2AVY_29 que l’on trouve, respectivement, dans les ARN
ribosomaux 16S de T. thermophilus et E. coli. Deux jonctions homologues sont « la
même » jonction au sens biologique, mais pas du point de vue de nos critères de
classification. Par conséquent, nous voulons pouvoir vérifier si elles sont classifiées
dans la même famille malgré leurs différences de structure. De plus, nous avons
étudié la manière dont nous pouvions utiliser cette information d’homologie pour
améliorer la qualité de nos prédictions (voir section 5.3.4).

Nous avons exclu deux jonctions de nos données : la jonction provenant de
3E5C (SAM-III riboswitch) à cause d’un ligand changeant sa conformation, et une
jonction de 2A64 (RNase P bactérienne) parce qu’un de ses brins non appariés
forme un pseudonœud avec une autre partie de la molécule. Ceci pris en compte,
nous disposons de 86 jonctions possédant des structures secondaires différentes. Si
nous regroupons ces jonctions par homologie, nous obtenons 39 classes de jonctions
homologues. La table 5.7, page 43, liste les 26 classes contennant plus d’une jonction.

5.3 Méthode de prédiction

5.3.1 Processus de prédiction

Une jonction Trois empilements Neuf configurations Pour chaque configuration,

Le meilleur score est notre

un score

prédiction

Empil. Famille Score
1 A 2,12
1 B 0,23
1 C 0,85
2 A 1,5
2 B 0,12
2 C 0,01
3 A 1,3
3 B 0,1
3 C 1,1

FIGURE 5.2: Processus de prédiction. Une jonction peut avoir trois empilements
possibles, et chaque empilement peut ensuite appartenir à trois familles, ce qui
nous donne neuf configurations. Nous calculons un score pour chaque configu-
ration, et celle obtenant le meilleur score est notre prédiction pour la jonction
étudiée.

La figure 5.2 donne une vision d’ensemble du processus de prédiction. Pour une
3-jonction donnée, trois empilements sont possibles et, pour chaque empilement,
il y a trois possibilités de familles – A, B ou C. Notre méthode de prédiction doit
donc choisir entre neuf configurations possibles. Nous allons attribuer un score à
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Jonctions: « 4-way »
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6.2. JONCTIONS À QUATRE BRANCHES 51

6.2 Jonctions à quatre branches

6.2.1 Définition des familles

Les jonctions comportant plus de trois branches sont nettement plus rares que
les 1-, 2- ou 3-jonctions. Ainsi, sur le jeu de données utilisé au chapitre 8, si les 2-
et 3-jonctions représentent la moitié des jonctions, les 4-jonctions en représentent
moins de 5% (voir table 8.2 page 65). Sur si peu de données, il est risqué de définir
des familles, et encore plus risqué de proposer une méthode de classification. Laing
et Schlick [59] définissent neuf familles topologiques, représentées dans la figure 6.3,
mais certaines familles ne comportent, si l’on exclut les jonctions homologues, qu’un
individu (familles X, cW et ⇡) ou deux (famille cX). Par ailleurs, les familles H et ⇡
sont très proches, la famille ⇡ possédant un empilement de moins, compensé par des
interactions tertiaires. En prenant une définition étendue de l’empilement coaxial,
comme nous l’avions fait pour les 3-jonctions, ces deux familles sont identiques.

Famille H Famille ⇡ Famille cH Famille cL Famille cW

Famille cK Famille X Famille  Famille cX

FIGURE 6.3: Les neuf familles topologiques définies dans Laing et Schlick [59].
Les traits noirs indiquent un empilement coaxial entre deux hélices, et les doubles
flêches indiquent une flexibilité de l’hélice.

6.2.2 Méthode de prédiction

Avant la publication de [59], nous avions tenté également d’établir une méthode
de classification automatique des 4-jonctions en familles topologiques. Nous allons
la rapprocher de cette classification. Disposant de trop peu d’exemplaires de 4-
jonctions, nous ne sommes pas intéressés à des paramètres trop précis de séquence
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Structure modulaire

6Figure 1: Example of an RNA represented in the three structural levels:
nodes in the graph represent a continuous chain of nucleotides (primary
structure) and compose the sequence, planar pairwise interactions between
nodes define secondary structure elements (labeled by name), and boxes
(labeled A-D) represent the 3D geometry of structural elements at an atomic
level. Figure taken from [13].
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Motifs: structure & fonction
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400 H. Saito, T. Inoue / The International Journal of Biochemistry & Cell Biology 41 (2009) 398–404

Fig. 2. RNA structural motifs: (A) examples of RNA–RNA interacting or structural motifs. Tertiary structures of Watson-Crick base pairs (PDB: 259D), kissing loop (PDB: 1kis),
loop-receptor (PDB; 1grz), three-way junction (PDB: 1g1x), pseudoknot (PDB: 2tpk) motifs are shown. (B) Examples of RNP interacting motifs. Proteins that interact with
single stranded RNA (ssRNA, PDB: 1k1g), double stranded RNA (dsRNA, PDB: 1rpu), stem-loop (PDB: 1a4t), internal loop (PDB: 1etg), or kink-turn (PDB: 1rlg) are shown.

fact, the affinity between the new motif and the GGAA tetraloop
is compatible with the affinity between naturally occurring 11 nt
receptors and GAAA loops. The other RNA structural motifs, such
as kissing loops or kink-turn motifs (Fig. 2), can also be employed
as parts for designing and constructing RNA 3D structures (Batey
et al., 1999; Chworos et al., 2004; Horiya et al., 2003; Klein et al.,
2001; Matsumura et al., 2003; Nissen et al., 2001).

The in vitro selection of ribozymes has been demonstrated by
employing the same loop-receptor (LR) interacting motifs. Inoue
and co-workers successfully designed a self-folding RNA (called
type B RNA, Ikawa et al., 2002) using a motif (GAAA-11ntR) and
a triple-helical scaffold (THS) (Fig. 4, left). The construct was then
converted to an artificial RNA ligase by performing in vitro selec-
tion (designed and selected ligase, DSL, Fig. 4, middle) (Ikawa et

Fig. 3. In vitro selection strategies to isolate RNA aptamers using RNA scaffold: selec-
tion of GGAA tetraloop-binding aptamers based on tecto RNA scaffold. Interaction
between 11nt receptor (11ntR) and GAAA tetraloop used to isolate aptamers (derived
from 17 random nucleotides, 17N) that recognize GGAA tetraloop hairpin.

al., 2004, 2005). Except for the catalytic core, the overall tertiary
structure of the DSL was predictable prior to the selection, so that
only ∼30 random nucleotide sequences were incorporated into the
region adjacent to the reaction site for selection. Because the over-
all structure of DSL was known except for the catalytic core, the
originally selected cis-acting DSL was easily engineered into trans-
acting DSL without loss of catalytic activity (Ikawa et al., 2004).
Interestingly, the multiple turnover activity of the ribozyme that
interacted with the substrate RNA via GAAA-11ntR interaction was
higher than that of the ribozyme that recognized the substrate with
Watson-Crick base-pairings (Matsumura et al. unpublished data).

The DSL property indicates that its RNA scaffold is usable for
selecting RNA aptamers targeted to a particular site in a target
RNA. Ohuchi et al. (2008) recently reported a method for isolating
RNA–RNA interacting motifs based on DSL activity (Fig. 4, right). In
their system, a small pool consisting of 19 nts (19N) is set to inter-
act with one particular loop in DSL. When the random region and
the target RNA motif are associated properly, the ligase becomes
active so that the isolated ligation product should contain the
desired aptamer sequence. Inoue and co-workers recently devel-
oped a new method for selecting an aptamer that cooperatively
binds to two specific sites in a target RNA with a selected linker.
The linker structure is tuned for optimizing the two interactions in
this case (Shiohara et al., paper in preparation). The above studies
indicate that a variety of RNA–RNA interacting motifs as well as the
loop-receptor interaction can be used for selecting and developing
the numbers of functional RNA molecules. The fact that the RNA
modular unit serves as an installable part in RNA architectures can
be interpreted that the RNA modular parts serve as new parts for
constructing RNA molecules or devices.

In vitro selected ribozymes may be employed to verify the “RNA
world hypothesis” (Bartel and Unrau, 1999), in which a set of RNA
molecules might have played a critical role in the early stage of
living systems with primitive translation and/or replication sys-
tems (Hager et al., 1996). In the hypothetical translation system, a
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Secondary Structure: small subunit ribosomal RNA

Escherichia coli

November 1999 (cosmetic changes July 2001)

(J01695)
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modèles 2D (expérimental: « footprinting », fluorescence, SHAPE, 
etc; théoriques: MFold, RNAfold, etc) 

représentations 2D à partir de structures 3D d’ARN

annotations des structures avec des informations: structurales, 
functionelles, phylogénétiques, etc
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modèles 2D (expérimental: « footprinting », fluorescence, SHAPE, 
etc; théoriques: MFold, RNAfold, etc) 

représentations 2D à partir de structures 3D d’ARN

annotations des structures avec des informations: structurales, 
functionelles, phylogénétiques, etc
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modèles 2D (expérimental: « footprinting », fluorescence, SHAPE, 
etc; théoriques: MFold, RNAfold, etc) 

représentations 2D à partir de structures 3D d’ARN

annotations des structures avec des informations: structurales, 
functionelles, phylogénétiques, etc
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RNA 2D Structure by HT-SHAPE 

13

 



14



15



IUPAC nucleotide code
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(Extended) Secondary Structure File Formats

All-atoms 3D models

Interactive Editors Command-line tools Web-based tools

Vector Graphics Editors

Raster Graphics Editors

Stockhlom Vienna/DBN BPSeq Connect RNAML

PDBRNAML

Annotation
RNAView

MC-Annotate
FR3D

VARNA

xrna

rnaviz

S2S/Assemble

PseudoViewer

Manual
Refinement

+ Annotations

R-chie

RILogo

RNAplot

R2R

VARNA

PseudoViewer

R-chie

RILogo

RNAplot

RNAMovies

Parameterization
Rerun

Adobe R� Illustrator R�Inkscape

Adobe R� Photoshop R�Gimp

Raw Data

RNA-Aware Tools

Post-Processing

Rasterization (Optional)

A

B

C

D
Rougier, JDEV2013

http://devlog.cnrs.fr/jdev2013/t7c2
http://devlog.cnrs.fr/jdev2013/t7c2


Formats et Outils
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Tools

(Extended) Secondary Structure File Formats

Vector Graphics Formats Bitmap Graphics Formats

jViz.RNA PseudoViewer RNAMovies RILogo R-chie RNAplot R2R S2S VARNA

Stockhlom Vienna/DBN BPSeq Connect RNAML

PDF EPS/PS SVG PNG JPG GIF
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C: Stockholm (RFAM) 
D: Vienna (RNAfold) 
E: Pseudobase  

A: FASTA (aligned)
B: CLUSTAL

F: BPSEQ
G: CONNECT (CT, CT2)



Notation « dot-bracket »
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> Rat Alanine tRNA 
GAGGAUUUAGCUUAAUUAAAGCAGUUGAUUUGCAUUUAACAGAUGUAAGAUAUAGUCUUACAGUCCUUA
((((((...((((.....)))).(((((.......)))))...((((((((...)))))))))))))).

G
A
G
G
A
UUUA

GCUU
AA

U
U A A A G C

AG
U
U
G
AU

U
UG C

A
U

U
U
A
A
C AG

A
U G U A A G A U A

U
AGUCUUACA

G
U
C
C
U
U
A Vienna, DBN

RNAfold



Format Stockholm 

21

U STOCKHOLM 1.0

U=GF ID    mir-22

U=GF AC    RF00653

...

O.latipes.1             CGUUG.CCUCACAGUCGUUCUUCA.CUGGCU.AGCUUUAUGUCCCACG..

Gasterosteus_aculeat.1  GGCUG.ACCUACAGCAGUUCUUCA.CUGGCA.AGCUUUAUGUCCUCAUCU

R.esox.1                AGCUGAGCACA...CAGUUCUUCA.CUGGCA.GCCUUAAGGUUUCUGUAG

...

U=GC SS_cons            .<<<<.<<..<<<<<<<<<<<<<<..<<<<..<<<<<<<.�<<........

U=GC RF                 gGccg.acucaCagcaGuuCuuCa.cuGGCA.aGCuuuAuguccuuauaa

O.latipes.1             CCCCACCGUAAAGCU.GC.CAGUUGAAGAGCUGUUGUG..UGUAACC

Gasterosteus_aculeat.1  ACCAGC..UAAAGCU.GC.CAGCUGAAGAACUGUUGUG..GUCGGCA

R.esox.1                ACAGGC..UAAACCU.GC.CAGCUGAAGAACUGCUCUG..GCCAGCU

...

U=GC SS_cons            ....>>..>>>>>>>.>>.>>..>>>>>>>>>>>>>>...>>>>>>.

U=GC RF                 acaaac..UaaaGCu.GC.CaGuuGaaGaaCugcuGug..gucggCu

//

U STOCKHOLM 1.0

U=GF ID    mir-22

U=GF AC    RF00653

...

O.latipes.1             CGUUG.CCUCACAGUCGUUCUUCA.CUGGCU.AGCUUUAUGUCCCACG..

Gasterosteus_aculeat.1  GGCUG.ACCUACAGCAGUUCUUCA.CUGGCA.AGCUUUAUGUCCUCAUCU

R.esox.1                AGCUGAGCACA...CAGUUCUUCA.CUGGCA.GCCUUAAGGUUUCUGUAG

...

U=GC SS_cons            .<<<<.<<..<<<<<<<<<<<<<<..<<<<..<<<<<<<.�<<........

U=GC RF                 gGccg.acucaCagcaGuuCuuCa.cuGGCA.aGCuuuAuguccuuauaa

O.latipes.1             CCCCACCGUAAAGCU.GC.CAGUUGAAGAGCUGUUGUG..UGUAACC

Gasterosteus_aculeat.1  ACCAGC..UAAAGCU.GC.CAGCUGAAGAACUGUUGUG..GUCGGCA

R.esox.1                ACAGGC..UAAACCU.GC.CAGCUGAAGAACUGCUCUG..GCCAGCU

...

U=GC SS_cons            ....>>..>>>>>>>.>>.>>..>>>>>>>>>>>>>>...>>>>>>.

U=GC RF                 acaaac..UaaaGCu.GC.CaGuuGaaGaaCugcuGug..gucggCu

//



Stockholm - Ralee (emacs)

22

# STOCKHOLM 1.0

Pho21_215834-215776_-__  CGGCCCGGTTCCCGCCCTCTCCGGGGAATCGTGAACCGGGGGTTCCGACCGGGCCGACA
Pfu21_163991-163933_-__  GGGCCCGGTTCCCGCCCTCTCCGGGGAATCGTGAACCGGGGGTTCCGACCGGGCCCACA
Pab21_230575-230517_-__  GGGCCCGGCTCCCGCCCTCTCCGGGGAATCGTGAACCGGGGGTTCCGGCCGGGCCTACA
Consensus                GGGCCCGGUUCCCGCCCUCUCCGGGGAAUCGUGAACCGGGGGUUCCGACCGGGCCCACA
#=GC SS_cons             <<<<<<<<<<...<<<<...<<<<...........>>>>>>>>...>>>>>>>>>>...
//

# STOCKHOLM 1.0

Pab105_1335797-1335648_-__  CCGCCCGGA-GGCCCGACCGAGGGAGCGTGCCGAGAAAGGCGCGCCATGAACGAGGCGACGTCGCCGGGCGGACAGGGCCCGGTCTCCGGGG
Pho105_592081-592230_+__    CCGCCCGGG-GGCCCGACCGAGGGAGCGTGCCGAGAATGGCGCGCAATGAACGAGGTGACGTCGTCGGGCGGACAGGGCCCGGTCTCCGGGG
Pfu105_942696-942544_-__    CCGCCCGGGCGGCCCGACCGAGGGAGCGTGCCGGCAATGGCGCGCGATGAACGAGGTGACGTCTCCGGGCGGACAGGGCCCGGCCTTCGGGG
Consensus                   CCGCCCGGG-GGCCCGACCGAGGGAGCGUGCCGAGAAUGGCGCGCAAUGAACGAGGUGACGUCGCCGGGCGGACAGGGCCCGGUCUCCGGGG
#=GC SS_cons                <<<<<<<<....<<<......>>>.<<<<<<<......>>>>>>>...<<.<<......>>>>.>>>>>>>>...<<<<<<<<<.<<<<...

Pab105_1335797-1335648_-__  CCGCCTGAGGTTGCCGACAACGGCGGGCAATGAGGGCGGGTGGATAAGCCGGGCCTATA--
                            CCGCCTGAGGTTGCCGAGAATGGCGTTCAATGAAGGCGGGCGGATAATCCGGGCCTAAA--
Pfu105_942696-942544_-__    CCGCCTGAGGGAGCCGAGAAGGGCAGACGATGAAGGCGGGCGGATAAGCCGGGCCCTCAAA
Consensus                   CCGCCUGAGGUUGCCGAGAACGGCGGACAAUGAAGGCGGGCGGAUAAGCCGGGCCUAAA--
#=GC SS_cons                <<<<<<.....<<<<......>>>>........>>>>>>.>>>>...>>>>>>>>>.....
//

Stockholm



Stockholm - Rfam

23

# STOCKHOLM 1.0
#=GF ID    snoR9
#=GF AC    RF00065
#=GF DE    Small nucleolar RNA snoR9
#=GF AU    Bateman A, Daub J
#=GF GA    50.0
#=GF NC    49.8
#=GF TC    68.7
#=GF SE    Bateman A
#=GF SS    Published; PMID:12032319
#=GF TP    Gene; snRNA; snoRNA; CD-box;
#=GF BM    cmbuild  -F CM SEED; cmcalibrate --mpi -s 1 CM
#=GF BM    cmsearch  -Z 274931 -E 1000000  --toponly  CM SEQDB
#=GF DR    SO:0000593 SO:C_D_box_snoRNA
#=GF DR    GO:0006396 GO:RNA processing
#=GF DR    GO:0005730 GO:nucleolus
#=GF RN    [1]
#=GF RM    12032319
#=GF RT    Noncoding RNA genes identified in AT-rich hyperthermophiles.
#=GF RA    Klein RJ, Misulovin Z, Eddy SR;
#=GF RL    Proc Natl Acad Sci U S A 2002;99:7542-7547.
#=GF CC    snoRNA R9 is a member of the C/D class of snoRNA which contain
#=GF CC    the C (UGAUGA) and D (CUGA) box motifs.  R9 was identified in a
#=GF CC    computational screen in AT-rich hyperthermophiles [1]. R9 was
#=GF CC    found to overlap with the smaller snoRNA R19 which is currently a
#=GF CC    member of Pyrococcus C/D box snoRNA family Rfam:RF00095.
#=GF WK    http://en.wikipedia.org/wiki/Small_nucleolar_RNA_snoR9
#=GF SQ    5

#=GS Pyrococcus_furiosus  AC    AE009950.1/163991-163864
#=GS Pyrococcus_abyssi_GE AC    AJ248283.1/230575-230449
#=GS Pyrococcus_horikoshi AC    BA000001.2/215834-215709
#=GS P.furiosus           AC    AF468960.1/1-128
#=GS Thermococcus_kodakar AC    AP006878.1/47908-47779

Pyrococcus_furiosus                               GGGCCCGGUU.CCCGCCCUCUCCGGGGAAUCGUGAACCGGGGGUUCCGAC
Pyrococcus_abyssi_GE                              GGGCCCGGCU.CCCGCCCUCUCCGGGGAAUCGUGAACCGGGGGUUCCGGC
Pyrococcus_horikoshi                              CGGCCCGGUU.CCCGCCCUCUCCGGGGAAUCGUGAACCGGGGGUUCCGAC
P.furiosus                                        GGGCCCGGUU.CCCGCCCUCUCCGGGGAAUCGUGAACCGGGGGUUCCGAC
Thermococcus_kodakar                              GGGCCUGGCGUCCCGCCCUCCCCGGGGAAACGUGAACCGGGGCUUCCUGC
#=GC SS_cons                                      <<<<<<<<<........<.<<<<<<<<<.....>>>>>>>>>>.....>>
#=GC RF                                           gGGCCCGGcu.CCCgCCCUCUCCGGGGAAUCGUGAACCGGGGGuUCCggC

Pyrococcus_furiosus                               CGGGCCCACA..AUGGGAUGAUGACCUUUUGCUUUACUGAACACAUGAUG
Pyrococcus_abyssi_GE                              CGGGCCUACA..G..UUAUGAUGAACUUUUGCUUUGCUGAUGUGGUGAUG
Pyrococcus_horikoshi                              CGGGCCGACA..GG.GGAUGAAGAGCUUUUGCUUUGCUGAGCAGAUGAUG
P.furiosus                                        CGGGCCCACA..AUGGGAUGAUGACCUUUUGCUUUACUGAACACAUGAUG
Thermococcus_kodakar                              CAGGCCUACACCGGGGGAUGAAGAGCUUUUGCUUUGCUGAC..UGUGAUG
#=GC SS_cons                                      >>>>>>>...........................................
#=GC RF                                           CGGGCCcACA..auguuAUGAUGAaCUUUUGCUUUaCUGAagagaUGAUG

Pyrococcus_furiosus                               ACCACGCCCUUCGCUGAC.CUAAAUAUUUGAC
Pyrococcus_abyssi_GE                              AGCACGCCCUUCGCUGAUACUCUCUCGUCCAU
Pyrococcus_horikoshi                              ACCACGCCCUUCGCUGAC.CU.GCUAUUUGAC
P.furiosus                                        ACCACGCCCUUCGCUGAC.CUAAAUAUUUGAC
Thermococcus_kodakar                              AGCACGCCCUUCACUGACCCCGUAUCAGCUCU
#=GC SS_cons                                      ................................
#=GC RF                                           AgCACGCCCUUCGCUGAu.CUaaaUauUugAu

//

Stockholm



Stockholm - Rfam

24

# STOCKHOLM 1.0
#=GF ID    snoR9
#=GF AC    RF00065
#=GF DE    Small nucleolar RNA snoR9
#=GF AU    Bateman A, Daub J
#=GF GA    50.0
#=GF NC    49.8
#=GF TC    68.7
#=GF SE    Bateman A
#=GF SS    Published; PMID:12032319
#=GF TP    Gene; snRNA; snoRNA; CD-box;
#=GF BM    cmbuild  -F CM SEED; cmcalibrate --mpi -s 1 CM
#=GF BM    cmsearch  -Z 274931 -E 1000000  --toponly  CM SEQDB
#=GF DR    SO:0000593 SO:C_D_box_snoRNA
#=GF DR    GO:0006396 GO:RNA processing
#=GF DR    GO:0005730 GO:nucleolus
#=GF RN    [1]
#=GF RM    12032319
#=GF RT    Noncoding RNA genes identified in AT-rich hyperthermophiles.
#=GF RA    Klein RJ, Misulovin Z, Eddy SR;
#=GF RL    Proc Natl Acad Sci U S A 2002;99:7542-7547.
#=GF CC    snoRNA R9 is a member of the C/D class of snoRNA which contain
#=GF CC    the C (UGAUGA) and D (CUGA) box motifs.  R9 was identified in a
#=GF CC    computational screen in AT-rich hyperthermophiles [1]. R9 was
#=GF CC    found to overlap with the smaller snoRNA R19 which is currently a
#=GF CC    member of Pyrococcus C/D box snoRNA family Rfam:RF00095.
#=GF WK    http://en.wikipedia.org/wiki/Small_nucleolar_RNA_snoR9
#=GF SQ    5

#=GS Pyrococcus_furiosus  AC    AE009950.1/163991-163864
#=GS Pyrococcus_abyssi_GE AC    AJ248283.1/230575-230449
#=GS Pyrococcus_horikoshi AC    BA000001.2/215834-215709
#=GS P.furiosus           AC    AF468960.1/1-128
#=GS Thermococcus_kodakar AC    AP006878.1/47908-47779

Pyrococcus_furiosus                               GGGCCCGGUU.CCCGCCCUCUCCGGGGAAUCGUGAACCGGGGGUUCCGAC
Pyrococcus_abyssi_GE                              GGGCCCGGCU.CCCGCCCUCUCCGGGGAAUCGUGAACCGGGGGUUCCGGC
Pyrococcus_horikoshi                              CGGCCCGGUU.CCCGCCCUCUCCGGGGAAUCGUGAACCGGGGGUUCCGAC
P.furiosus                                        GGGCCCGGUU.CCCGCCCUCUCCGGGGAAUCGUGAACCGGGGGUUCCGAC
Thermococcus_kodakar                              GGGCCUGGCGUCCCGCCCUCCCCGGGGAAACGUGAACCGGGGCUUCCUGC
#=GC SS_cons                                      <<<<<<<<<........<.<<<<<<<<<.....>>>>>>>>>>.....>>
#=GC RF                                           gGGCCCGGcu.CCCgCCCUCUCCGGGGAAUCGUGAACCGGGGGuUCCggC

Pyrococcus_furiosus                               CGGGCCCACA..AUGGGAUGAUGACCUUUUGCUUUACUGAACACAUGAUG
Pyrococcus_abyssi_GE                              CGGGCCUACA..G..UUAUGAUGAACUUUUGCUUUGCUGAUGUGGUGAUG
Pyrococcus_horikoshi                              CGGGCCGACA..GG.GGAUGAAGAGCUUUUGCUUUGCUGAGCAGAUGAUG
P.furiosus                                        CGGGCCCACA..AUGGGAUGAUGACCUUUUGCUUUACUGAACACAUGAUG
Thermococcus_kodakar                              CAGGCCUACACCGGGGGAUGAAGAGCUUUUGCUUUGCUGAC..UGUGAUG
#=GC SS_cons                                      >>>>>>>...........................................
#=GC RF                                           CGGGCCcACA..auguuAUGAUGAaCUUUUGCUUUaCUGAagagaUGAUG

Pyrococcus_furiosus                               ACCACGCCCUUCGCUGAC.CUAAAUAUUUGAC
Pyrococcus_abyssi_GE                              AGCACGCCCUUCGCUGAUACUCUCUCGUCCAU
Pyrococcus_horikoshi                              ACCACGCCCUUCGCUGAC.CU.GCUAUUUGAC
P.furiosus                                        ACCACGCCCUUCGCUGAC.CUAAAUAUUUGAC
Thermococcus_kodakar                              AGCACGCCCUUCACUGACCCCGUAUCAGCUCU
#=GC SS_cons                                      ................................
#=GC RF                                           AgCACGCCCUUCGCUGAu.CUaaaUauUugAu

//

Stockholm



Stockholm - R2R
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Pseudo-nœuds (pseudoknots)

Définition: structure 2D 
d’acide nucléique contenant 
au moins 2 tige-boucle dans 
laquelle la moitié de l’une 
est intercalée entre les 2 
autres moitiés de l’autre 
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Pseudobase-Pseudoviewer
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Ribozyme HDV (RF00059)
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ARNr 16S (T. thermophilus)
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Secondary Structure: small subunit ribosomal RNA

Thermus thermophilus
(X07998)
1.cellular organisms 2.Bacteria 
3.Thermus/Deinococcus group 
4.Thermus group 5.Thermus 
September 2001

5’

3’

Citation and related information available at http://www.rna.icmb.utexas.edu
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mutations, données d’accessibilité

daughter cluster approach 1, while the most probable pair in
the parent cluster was 0.57, roughly the weight pP. It is easy to
imagine applications to visualizing riboswitches that exhibit a
conformational change between two folds.
In Figure 2, we present a Difference RNAbow comparison

of the 5′ UTR of Ferritin Light Chain wild-type to the
U22G mutant (Halvorsen et al. 2010) associated with
Hyperferritinemia cataract syndrome. This single nucleotide
polymorphism dramatically changes the folding pattern. In
particular, the loss of the Iron Response Element, the bright-
est red hairpin in Figure 2, disrupts binding by an iron-re-
sponse protein.
In Figure 3 we present a Difference RNAbow that shows

how information about which bases are unpaired obtained
from chemical mapping experiments can be incorporated
in partition function calculations.

ACCESS

From http://rna.williams.edu/ users can create their own
RNAbows with a choice of ViennaRNA, RNAstructure, or
UNAFold (Hofacker 2003; Mathews et al. 2004; Mar-
kham and Zuker 2008) to compute the partition functions.
Three RNAbows tools are available:

AllPairs to visualize the entire partition
function (Fig. 1G) with base pairs de-
noted by arcs whose width and shad-
ing is proportional to the probability
of the pair,

Clusters to split that partition function
into two clusters (Fig. 1H) using the
PF method described in the Supple-
mental Information, and

Difference RNAbows to highlight the
differences between the partition func-
tions of two sequences (Figs. 1H, 2, 3).

The RNAbow graphics are rendered in
EPS, PDF, or SVG formats for easy im-
port into other applications. All graphics
are vector based, so there is no image
degradation at any scale.

Advanced users can also import Pij
data they have precomputed using other
algorithms. Source code for RNAbows
is also available by request for incorpora-
tion into other applications.

CONCLUSION

Visualization tools can offer insights into
problems beyond mere representation of
data. With RNAbows, a partition func-
tion’s base pair probability information
becomes easier to use and more power-

ful. Our instinctive pattern-matching ability allows us to
quickly compare clusters of structures. Incompatible clusters
can be disentangled by eye or by the PF procedure described.
The basic RNAbows tools are extensible to represent any

data set with varying coupling strengths and then to highlight
differences between conditions. The difference RNAbow jux-
taposes arcs and highlights differences with color. The recent

GCAGTTCGGCGGTCCCGCGGGTCTGTCTCTTGCTTCAACAGTGTTTGGACGGAACAGATCCGGGGACTCTCTTCCAGCCTCCGACCGCCCTCCGATTTCCTCTCCGCTTGCAACCTCCGGGACCATCTTCTCGGCCATCTCCTGCTTCTGGGACCTGCCAGCACCGTTTTTGTGGTTAGCTCCTTCTTGCCAACCAACC
GCAGTTCGGCGGTCCCGCGGGGCTGTCTCTTGCTTCAACAGTGTTTGGACGGAACAGATCCGGGGACTCTCTTCCAGCCTCCGACCGCCCTCCGATTTCCTCTCCGCTTGCAACCTCCGGGACCATCTTCTCGGCCATCTCCTGCTTCTGGGACCTGCCAGCACCGTTTTTGTGGTTAGCTCCTTCTTGCCAACCAACC

Wild Type

U22G

FIGURE 2. The partition functions of wild-type (red) and the U22G mutant (blue) 5′ UTR
of ferritin light-chain mRNA are depicted with Difference RNAbows. The colors are set pro-
portional to the difference between the clusters such that common elements are black, while
the distinct elements are either red or blue. The dramatic effect of this single nucleotide
polymorphism on the secondary structure is evident. Other base changes within loop regions
have less influence.

GGaCUCGGCUUGCUGaaGCGCGcACGGCAAGAGGCGAGGGgCGGCgACUGGUGAGuACGCcaaaaAUUUUGACUAGCGgAGGCUAgaAGgAgAgAC
GGACUCGGCUUGCUGAAGCGCGCACGGCAAGAGGCGAGGGGCGGCGACUGGUGAGUACGCCAAAAAUUUUGACUAGCGGAGGCUAGAAGGAGAGAC

with chemical mapping data

HIV 5' UTR

FIGURE 3. Chemical mapping experiments indicate which bases are
unpaired, and this information can also be visualized with Difference
RNAbows. Here, for the 5′-UTR region of HIV-1, we compare the con-
strained (Schroeder et al. 2011) partition function where lowercase bases
are forced to be unpaired (top, red) with the unconstrained partition
function (bottom, blue).

RNAbows visualization tool

www.rnajournal.org 477

Aalberts & Jannen, RNA, 2013

base pairing 1

base pairing 2

RNAbows

Probabilité de structures 2D
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RESULTS

Non-WC base pairs and their occurrences in 3D structures

The geometric families, their abbreviations and symbols
for annotating them in secondary structure diagrams are
given in Table 1. To specify a base pair it is necessary to
give the base combination (e.g. AU, GU, AG, etc.), as well
as the geometric family. Thus, cWWUA and tWH UA are
different base pairs even though they entail the same base
combination, UA.

Analysis using FR3D (7) of the 3D rRNA structures
of the 70S ribosomes of E. coli and T. thermophilus and
the 50S subunit of H. marismortui shows that !59% of
all bases form canonical WC base pairs, including 7%

that form a WC base pair and at least one non-WC base
pair (Table 2). Of the remaining bases, approximately half
(i.e. 20% of all bases) form one or more non-WC base
pairs. Thus, a significant fraction (27%) of rRNA bases
form non-WC base pairs. Furthermore, Table 2 shows
that most of the remaining bases, none of which form
base pairs, interact with other nucleotides through base-
stacking or base-phosphate interactions.

Base pair exemplars and online base pair catalog. To
compare base pairs between and within geometric
families, we have identified a single representative, called
the exemplar, for each base combination (i.e. AA, AC,
AG, . . ., UU) that makes a pair in a given geometric

Table 1. The 12 geometric families of RNA base pairs

Each geometric base pair family is defined by the interacting edges of the bases and the relative orientation of the
glycosidic bonds (columns 2-4). Abbreviations and symbols for representing each base pair family in text and secondary
structures are shown in columns 5 and 6. Column 7 shows an abstract representation of each family using triangles
to represent the bases, where the hypotenuse represents the Hoogsteen edge. The shaded cells denote base pairs in the
cis orientation.

Nucleic Acids Research, 2009, Vol. 37, No. 7 2297
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Stombaugh et al., NAR, 2009

Figure 3: Leontis-Westhof nomenclature of RNA base pair interaction types.
On the left an example of an RNA base (blue) interacting through each
of its 3 edges with 3 other nucleotides illustrating the possible interaction
geometries. The right hand side shows a schematic representation with the
corresponding graphical notation.

minimization procedure to produce a refined structure. The computational

e�ciency of this method is limited greatly by the knowledge of structural

constraints however, MC-Sym was still able to recreate pseudoknotted and

branched structures.

3.1.2 RMDetect

At a higher level, Leontis and Westhof in 2001 [7] systematically defined

a set of 12 possible geometrical arrangements of each of the 4 RNA bases

from observations of known RNA 3D atomic structures. Leontis andWesthof

found that each RNA base can be modelled as a right angled non isosceles

triangle Fig. 3 with three distinct edges: Watson, Sugar, and Hoogsten

edge.

Furthermore, each of the interaction types be rotated into a cis or trans

configuration. Given that there are four types of RNA base, each capable of

interacting through one of its 3 edges with any other base, we get a set of 12

possible pairing geometries. Watson-Watson interactions are known as the

‘canonical’ base pairs which define the 2D structure, and the rest are termed

12

Lentos & Westhof, Curr. Opi. Struct. Biol., 2003
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were particularly dissimilar. Figure 3a shows that the
deviation of the base moieties of individual nucleotides is

rather constant with the exception of the bulged
nucleotide 68; on the other hand, phosphate deviation
varies greatly with the position. Similarly, the comparison
of the lower stem, upper stem and internal loop gave
RMSD values of 3.0 Å, 3.2 Å and 3.3 Å, respectively,
leading to the conclusion that the deviation is rather
equally distributed in the molecule, when the bulged
nucleotides are ignored. Evaluation of differences
between individual nucleotides of the two structures
showed that the bulged A68 nucleotide is the largest con-
tributor to dissimilarity. 

Energy comparison
Even though the RMSD gives a good global evaluation of
differences between structures, this value does not
address the usefulness of the model, so we chose to
examine other criteria. An important criterion in evaluat-
ing different molecular conformations is their potential
energy levels. The comparison of the intramolecular and
electrostatic solvation energies of the two structures, i.e.
their total conformational energies, shows them to vary by
only 0.01% (Table 1). The individual components of the
overall energy values are virtually all within the error
limits of the methodology [9].

Geometric comparison
Notable geometric differences are evident in the compari-
son of the two structures: the most striking examples are
the interproton distances in the noncanonical base pair
regions, which were remarkable also by their unusual
NOE values [7]. As seen in Table 2, these distances are

142 Folding & Design Vol 2 No 2

Figure 2

The major groove of the canonical RNA
A helix (left), the solution NMR structure
(middle) and the RBE modeled using MC-
SYM (right). The backbone is highlighted
using the ribbon representation. The tetraloop
sequence and conformation is different for the
NMR structure and the model. The sequence
of nucleotides in the U45–G54 strand was
used to construct the standard RNA A helix
with Watson–Crick base pairs.

A helix 〈FL〉 structure〈JB〉 structure

Figure 1

The secondary structure and constraints for the wild-type RBE
determined by covariation of nucleotides among different aptamers are
shown on the left. The sequence numbering used is the same as in
Giver et al. [4]. Lines between nucleotides indicate Watson–Crick
base pairing and dashed lines represent non-Watson–Crick pairing.
The primary sequence and secondary structure of the oligonucleotide
used in the structure determination study by Battiste et al. [7] are
shown on the right. The region of sequence identity is referred to as
the core region and is in bold.
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RESULTS

We validated the identified motifs in two ways:

1. By verifying that the known RNA motifs (C-loops, K-
turns, sarcin–ricins, E-loops) were correctly clustered;
and

2. By calculating the RMSD between all members within a
cluster.

To compare our results with previous findings (Leontis
et al. 2002a; Lescoute et al. 2005), we used the same
ribosomal crystal structures: H. marismortui 50S (pdb
1s72), Escherichia coli 50S (pdb 2aw4), and Thermus
thermophilus 16S (pdb 1j5e).

The catalog

The database is available at http://www.lri.fr/zmd/RNA/
CATALOGUE/catalogue.htm. We listed all structural ele-
ments for each chain in each structure. We gave the following
data for each structural element:

1. An identifier: a sequential number corresponding to its
rank in the tree representation.

2. The set of its noncanonical labels. These are codes used
for the names of the interactions between nucleotides.
The codes with the corresponding names of the inter-
actions are summarized in a table on the home page of
the URL cited above.

3. A descriptor: the detailed list of its nucleotides and all
interactions between them.

4. A 2D view of its corresponding graph produced with
Graphviz (http://www.graphviz.org/). This layout is
unclear for some structural elements; in these cases, it
might be helpful to refer back to the descriptor. The
colors used are black for backbone, red for WC base
pairs, and blue for noncanonical interactions.

5. A 3D view: a pdb file that isolates the structural element
in the molecule.

Clustering

Clustering results are given for H.m 23S, E. coli 23S, and
T.th 16S (Fig. 3; Table 1). No clusters were formed in the
5S chain of either H.m or E. coli. Figure 3 shows the 2D
diagram of the consensus structure of each motif found
(i.e., a structure observed in more than half the number of
occurrences). For each motif, Table 1 lists the molecule it
was observed in, the number of occurrences found, and the
reference of any corresponding known motif. Modified
occurrences of known motifs that were not clustered with
their expected families are mentioned in the last column
of the table. Further details for each motif are given in
Supplemental Material.

Known motifs

C-loop (family C). Two of three occurrences of the C-loop
motif (C-96 and C-50) were clustered into family C for H.m
23S and E. coli 23S. The C-38 C-loop motif was not clustered
into this family because the completion of its largest
common noncanonical subgraph was not isomorphic to
the completion of the same noncanonical subgraph in the
reference C-96 motif. Moreover, the U2721–A2761 pairing
in C-96 is canonical whereas its mapped base pair C963–
A1005 in C-38 is a noncanonical cis WC/WC.

K-turn (family K). This motif was observed in H.m 23S and
T.th 16S. In H.m 23S, KT-7 and KT-38 were grouped
together in cluster K. The trans Sugar-edge/Sugar-edge
base-pairing in KT-46 and KT-58 (id 99 and 123) were
not included in the annotation program output; therefore,
they were not considered similar to the reference occur-
rence KT-7 and were clustered into family T. KT-15 did not
match the definition of a motif embedded within a
secondary structural element. Indeed, a canonical pairing,
A248–U265, ‘‘cuts’’ the internal loop into two bulges (id 23
and 24). Moreover, the reported cis Sugar-edge/Sugar-edge
base pair G249–U265 was not output by Rnaview. Finally,
in KT-42 (internal loop 89), two noncanonical base pairs
forming the noncanonical core of a typical K-turn were
not output by Rnaview, and thus this structural element
was not considered similar to a typical K-turn. Composite
K-turns do not correspond to any secondary structural

FIGURE 3. Recurrent motifs found in ribosomal structures. For
further details on each motif see Supplemental Material.

Automated motif extraction and classification

www.rnajournal.org 2493
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 1 
Figure 2. Cases from the FARFAR2-Classics (A-E) and FARFAR2-Motifs (F-I) benchmarks 2 

that saw success from the application of FARFAR2 instead of FARNA and SWM, respectively. 3 

In each panel, FARFAR2 model, native structure, and overlay are shown from left to right. In 4 

(A-E), the FARFAR2 model is the best of 5 low-energy cluster centers after clustering 5000 5 

models with a 3.0 Å radius; in (F-J), the FARFAR2 model is the best of 5 low-energy cluster 6 

centers after clustering 400 models with a 2.0 Å radius. In each case, model selection conditions 7 

exactly reproduce the conditions used in the original publications using these benchmarks where 8 

structures of this quality could not be recovered (Das and Baker, 2007; Watkins et al., 2018). In 9 

overlays, the FARFAR2 model is colored in salmon and the native in blue; in individual 10 

.CC-BY-NC-ND 4.0 International licenseIt is made available under a 
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.

The copyright holder for this preprint. http://dx.doi.org/10.1101/764449doi: bioRxiv preprint first posted online Sep. 10, 2019; 

Watkins & Das, 2019



Motif Kink-turn (K-loop)

41

!"#$%&"'%() *'+#, (%! ( -'%&$%&.& &$/.$%-$ -(% 0$
!$+"1$! 23"4.+$ 567

!"#$%"$#& '( )*+,
89$ :;<.+% *'.%! "% 9$)"= > 2:8;>6 '* !"#$%&'#(%)*&
?@A +BCD -'%<("%& <9$ )(+4$&< %.#0$+ '* *$(<.+$& &$$%
+$E$(<$!)F (#'%4 <9$ +"0'&'#() :;<.+%&, (%! "& <9$+$*'+$
<9$ (+-9$<FE"-() $=(#E)$ '* <9$ #'<"* 23"4.+$ ?67 89$
G;&<$# '* :8;> -'%&"&<& '* H(<&'%IG+"-J 0(&$ E("+&
GK?ILM? (%! GM@ILK57 89$ G;&<$# "& -(EE$! 0F (%
.%E("+$! 4.(%'&"%$, LMN, O9")$ <9$ G?!;$%!' &.4(+ E.-J$+
'* DMP ())'O& "< <' &<(-J '% <9$ CG;&<$#7 DMQ E+'<+.!$&
#(+J$!)F (%! #(J$& %' "%<$+(-<"'%& O"<9 <9$ +$&< '* <9$
#'<"*7 A<(0")"R$! 0F ( 9F!+'4$% 0'%! 0$<O$$% <9$ E+'2A6
E9'&E9(<$ '=F4$% '* DMP (%! <9$ ?!;ST '* DMQ, <9$
E9'&E9(<$ 0(-J0'%$ J"%J& 0F U5?V"7 LM> "% <9$ CG;&<$#
*'+#& ( %'%;E)(%(+ &9$(+$! 0(&$ E("+ O"<9 DKV, O"<9 LM>
(EE+'(-9"%4 DKV (< (% (%4)$ '* UPV"7 DMK &<(-J& 0$%$(<9
DKV (%! E("+& O"<9 L>M, 4"1"%4 +"&$ <' ( -+'&&;&<+(%!
(!$%'&"%$ &<(-J (%! ( <FE$ W D;#"%'+ "%<$+(-<"'% 2C"&&$%
+) $,7, ?VV567 D% (!!"<"'%() LID E("+ 2L>KIDMM6 -'%;
<"%.$& <9$ -'(="() &<(-J 0$*'+$ H(<&'%IG+"-J 0(&$ E("+"%4
"& +$&<'+$! O"<9 L>>IG5VV7

!"#$ %$ A$-'%!(+F &<+.-<.+$ !"(4+(#& '* <9$ $"49< :;<.+%& *'.%! "% <9$
!"#$%&'#(%)*& PVA (%! -").+%#(/.&,*' @VA &.0.%"< &<+.-<.+$& (%! (
!$+"1$! -'%&$%&.& &$/.$%-$7 89$ %(#$& "%!"-(<$ O9"-9 9$)"= $(-9
$=(#E)$ '* <9$ #'<"* "& *'.%! "%, (--'+!"%4 <' <9$ 9$)"= %.#0$+"%4
&-9$#$ '* X$**$+& +) $,7 25MK>67 A')"! )"%$& +$E+$&$%< H(<&'%IG+"-J
E("+"%4& 0$<O$$% 0(&$&, (%! 0)(-J !'<& +$E+$&$%< #"&#(<-9$! 0(&$
E("+"%4&7 Y$))'O &9(!"%4 "%!"-(<$& %.-)$'<"!$& <9(< -'%*'+# <' <9$
!$+"1$! -'%&$%&.& &$/.$%-$7

!"#$ &$ A<+.-<.+$ '* :8;>7 2'6 A$-'%!(+F &<+.-<.+$ O"<9 +$&"!.$& "% <9$ G;&<$# )(0$)$! +$! (%! <9$ CG;&<$# 0).$7 89$ 0.)4$! %.-)$'<"!$ "& 4+$$%7
2(6 A-9$#(<"- +$E+$&$%<(<"'% '* <9$ +$)(<"1$ 0(&$;&<(-J"%4 (%! E("+"%4 "%<$+(-<"'%&7 D 0)(-J <+"(%4)$ +$E+$&$%<& (% D;#"%'+ "%<$+(-<"'%7 2)6 89+$$;
!"#$%&"'%() +$E+$&$%<(<"'% '* :8;> O"<9 <9$ E9'&E9(<$ 0(-J0'%$ '* <9$ J"%J$! &<+(%! "% '+(%4$ (%! <9$ .%J"%J$! &<+(%! "% F$))'O7 TF!+'4$% 0'%!&
(+$ "%!"-(<$! 0F !(&9$! )"%$&7 2*6 D<'#"- !$<(")& '* "%!"1"!.() 0(&$I0(&$ (%! 0(&$I0(-J0'%$ 9F!+'4$% 0'%!&7

!"# $%&$'()*&+ , &#- ./0 1#23&4,*5 1(*)2()*# 63(%7

!"#$

Klein et al., EMBO J., 2001



42

Secondary Structure: small subunit ribosomal RNA

Escherichia coli

November 1999 (cosmetic changes July 2001)
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pair 4 (blue). Even more variation is displayed by the third
base pair of the NC-stem, which does not participate directly in
K-turn interactions. It is therefore not discussed any further.

Besides variations in base-pairing geometry, K-turn struc-
tures exhibit variations in the number of nucleotides in the
internal loop. Thus,H.m. 23S Kt-38 has one extra nucleotide in
the longer strand, which bulges out just above the NC-stem.

This is the most common point of insertion. Bases inserted
here have very little effect on the 3D structure of the motif.
Insertions also occur in the shorter strand, e.g. 23S Kt-15
(A248), 23S Kt-58 (A1591 and G1592) and 16S Kt-11
(U244 and C245). Unlike the insertions in the longer strand,
these usually participate in additional base pairs, as shown in
Figure 3.

Figure 3. Annotated secondary structures of Kink-turn motifs from crystal structures, comparing structural variants to the typical Kink-turn, exemplified by KT-7
from archaeal 23S rRNA. Each characteristic base pair is framed in a different color: The last base pair of the C-stem in orange (base pair 1), the two trans-H/SE base
pairs of the NC-stem, base pair 2 in red and base pair 3 in purple, and the two trans-SE/SE, base pair 4 in blue and base pair 5 in green. Each tertiary interaction is
represented by a unique symbol indicating the interacting edges of the bases and whether the pair is cis or trans (3).
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these usually participate in additional base pairs, as shown in
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Données phylogénétiques

substructures expands the known tertiary interactions described
previously [6,7] that are essential for high activity. However, there
are many hammerhead ribozyme examples that do not appear to
use these contacts, suggesting other types of interactions exist or
that none are used in some cases (Figure S5).

Core nucleotide variation is present in some
hammerhead ribozymes

The importance of conserved catalytic core nucleotides has been
well established by numerous previous studies [5], including the use
of systematic mutational analyses [27] and in vitro evolution
[28,29]. Some RNAs with core mutations do retain modest levels of
cleavage activity, but the decreases are generally assumed to render
the ribozyme biologically non-functional. Despite the fact that the
core is exceptionally well conserved, three hammerhead ribozymes
previously identified from viroids have core nucleotides that deviate
from the consensus [30,31], suggesting some changes do preserve
biological function (shown in blue, Figure 5A and 5B).

Our expanded collection of hammerhead representatives
revealed additional examples of core variation (Figure 5A). Most
of the known interactions and important chemical groups within
the core are minimally affected in these variants. However, some
interactions predicted to be important based on atomic-resolution
structural models are disrupted in some cases. Several ribozymes
with variant core sequences were assayed to determine how these
changes affect RNA cleavage activity.

Some of these variant cores carry compensatory changes that
prevent severe alteration to the active structure (Figure 5). For
example, core nucleotides C3 and G8 form a base pair, and these
nucleotides covary to U3 and A8 in several hammerhead
ribozyme examples. Ribozymes containing covarying nucleotides
at these positions had already been proven to be active in vitro
[32], but covariation at these positions had not previously been
observed in nature.

A hammerhead sequence found in an intergenic region of
bacteriophage Bcep176 (Figure S6) carries an A6C variation that

Figure 2. Type II hammerhead and representative pseudoknot substructures in type I, II and III ribozymes from diverse sources. (A)
Consensus sequence and secondary structure of widespread type II hammerhead ribozymes identified in this study. A pseudoknot forms the tertiary
contacts that are presumed to stabilize parallel orientation of stems I and II. (B) Sequences and secondary structures of four type II hammerhead
ribozymes. Diagrams reflect the orientation of stems I and II in the catalytically active structure. Closed circles represent wobble base pairs and the
open square and triangle represent a trans Hoogsteen/sugar-edge interaction [65]. Arrowhead indicates cleavage site.
doi:10.1371/journal.pcbi.1002031.g002
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open square and triangle represent a trans Hoogsteen/sugar-edge interaction [65]. Arrowhead indicates cleavage site.
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substructures expands the known tertiary interactions described
previously [6,7] that are essential for high activity. However, there
are many hammerhead ribozyme examples that do not appear to
use these contacts, suggesting other types of interactions exist or
that none are used in some cases (Figure S5).

Core nucleotide variation is present in some
hammerhead ribozymes

The importance of conserved catalytic core nucleotides has been
well established by numerous previous studies [5], including the use
of systematic mutational analyses [27] and in vitro evolution
[28,29]. Some RNAs with core mutations do retain modest levels of
cleavage activity, but the decreases are generally assumed to render
the ribozyme biologically non-functional. Despite the fact that the
core is exceptionally well conserved, three hammerhead ribozymes
previously identified from viroids have core nucleotides that deviate
from the consensus [30,31], suggesting some changes do preserve
biological function (shown in blue, Figure 5A and 5B).

Our expanded collection of hammerhead representatives
revealed additional examples of core variation (Figure 5A). Most
of the known interactions and important chemical groups within
the core are minimally affected in these variants. However, some
interactions predicted to be important based on atomic-resolution
structural models are disrupted in some cases. Several ribozymes
with variant core sequences were assayed to determine how these
changes affect RNA cleavage activity.

Some of these variant cores carry compensatory changes that
prevent severe alteration to the active structure (Figure 5). For
example, core nucleotides C3 and G8 form a base pair, and these
nucleotides covary to U3 and A8 in several hammerhead
ribozyme examples. Ribozymes containing covarying nucleotides
at these positions had already been proven to be active in vitro
[32], but covariation at these positions had not previously been
observed in nature.

A hammerhead sequence found in an intergenic region of
bacteriophage Bcep176 (Figure S6) carries an A6C variation that
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contacts that are presumed to stabilize parallel orientation of stems I and II. (B) Sequences and secondary structures of four type II hammerhead
ribozymes. Diagrams reflect the orientation of stems I and II in the catalytically active structure. Closed circles represent wobble base pairs and the
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use these contacts, suggesting other types of interactions exist or
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of systematic mutational analyses [27] and in vitro evolution
[28,29]. Some RNAs with core mutations do retain modest levels of
cleavage activity, but the decreases are generally assumed to render
the ribozyme biologically non-functional. Despite the fact that the
core is exceptionally well conserved, three hammerhead ribozymes
previously identified from viroids have core nucleotides that deviate
from the consensus [30,31], suggesting some changes do preserve
biological function (shown in blue, Figure 5A and 5B).

Our expanded collection of hammerhead representatives
revealed additional examples of core variation (Figure 5A). Most
of the known interactions and important chemical groups within
the core are minimally affected in these variants. However, some
interactions predicted to be important based on atomic-resolution
structural models are disrupted in some cases. Several ribozymes
with variant core sequences were assayed to determine how these
changes affect RNA cleavage activity.

Some of these variant cores carry compensatory changes that
prevent severe alteration to the active structure (Figure 5). For
example, core nucleotides C3 and G8 form a base pair, and these
nucleotides covary to U3 and A8 in several hammerhead
ribozyme examples. Ribozymes containing covarying nucleotides
at these positions had already been proven to be active in vitro
[32], but covariation at these positions had not previously been
observed in nature.

A hammerhead sequence found in an intergenic region of
bacteriophage Bcep176 (Figure S6) carries an A6C variation that
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contacts that are presumed to stabilize parallel orientation of stems I and II. (B) Sequences and secondary structures of four type II hammerhead
ribozymes. Diagrams reflect the orientation of stems I and II in the catalytically active structure. Closed circles represent wobble base pairs and the
open square and triangle represent a trans Hoogsteen/sugar-edge interaction [65]. Arrowhead indicates cleavage site.
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Core nucleotide variation is present in some
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[28,29]. Some RNAs with core mutations do retain modest levels of
cleavage activity, but the decreases are generally assumed to render
the ribozyme biologically non-functional. Despite the fact that the
core is exceptionally well conserved, three hammerhead ribozymes
previously identified from viroids have core nucleotides that deviate
from the consensus [30,31], suggesting some changes do preserve
biological function (shown in blue, Figure 5A and 5B).

Our expanded collection of hammerhead representatives
revealed additional examples of core variation (Figure 5A). Most
of the known interactions and important chemical groups within
the core are minimally affected in these variants. However, some
interactions predicted to be important based on atomic-resolution
structural models are disrupted in some cases. Several ribozymes
with variant core sequences were assayed to determine how these
changes affect RNA cleavage activity.

Some of these variant cores carry compensatory changes that
prevent severe alteration to the active structure (Figure 5). For
example, core nucleotides C3 and G8 form a base pair, and these
nucleotides covary to U3 and A8 in several hammerhead
ribozyme examples. Ribozymes containing covarying nucleotides
at these positions had already been proven to be active in vitro
[32], but covariation at these positions had not previously been
observed in nature.

A hammerhead sequence found in an intergenic region of
bacteriophage Bcep176 (Figure S6) carries an A6C variation that
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cleavage activity, but the decreases are generally assumed to render
the ribozyme biologically non-functional. Despite the fact that the
core is exceptionally well conserved, three hammerhead ribozymes
previously identified from viroids have core nucleotides that deviate
from the consensus [30,31], suggesting some changes do preserve
biological function (shown in blue, Figure 5A and 5B).
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of the known interactions and important chemical groups within
the core are minimally affected in these variants. However, some
interactions predicted to be important based on atomic-resolution
structural models are disrupted in some cases. Several ribozymes
with variant core sequences were assayed to determine how these
changes affect RNA cleavage activity.

Some of these variant cores carry compensatory changes that
prevent severe alteration to the active structure (Figure 5). For
example, core nucleotides C3 and G8 form a base pair, and these
nucleotides covary to U3 and A8 in several hammerhead
ribozyme examples. Ribozymes containing covarying nucleotides
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Fonction des H/ACA
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Figure II 22 : Représentation schématique de la structure secondaire des snoRNA à 
boîtes H/ACA.  
Les boîtes H et ACA sont encadrés. Les éléments antisens 5’ et 3’ notés EA 5’ et EA 3’ 
présents dans les boucles internes de chacune des deux tige-boucles présentent des 
complémentarités de séquence avec des régions du pré-ARNr. La distance entre le site de 
pseudouridylation et les boîtes H ou ACA représentée ici est invariablement comprise entre 
14 et 16 nt.  
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Figure 4. Predicted rRNAs target sites of the 11H/ACA motifs. Interactions between each H/ACA motif and its putative rRNA target sequences are
shown for the seven candidates sRNAs Pab21 (A), Pab35 (B), Pab40 (C), Pab91 (D), Pab105 (E), Pab160 (F) and Pab19 (G). The expected targeted
U residues are indicated by arrows and numbers giving their positions in the 16S or 23S rRNAs. The distance between the K-turn motif and the
pseudouridylation pocket is given in bps, the length between the ANA sequence and the pseudouridylation pocket is given in nts. The two possible
intermolecular interactions proposed for sRNA Pab21 and motif 2 in sRNA Pab40 result from the two possible alternative conformations of these
H/ACA motifs (Figure 2 Panels A and C). The interactions found to be functional in in vitro assays are indicated by (+), the inactive ones are shown
by (!).
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Figure 4. Predicted rRNAs target sites of the 11H/ACA motifs. Interactions between each H/ACA motif and its putative rRNA target sequences are
shown for the seven candidates sRNAs Pab21 (A), Pab35 (B), Pab40 (C), Pab91 (D), Pab105 (E), Pab160 (F) and Pab19 (G). The expected targeted
U residues are indicated by arrows and numbers giving their positions in the 16S or 23S rRNAs. The distance between the K-turn motif and the
pseudouridylation pocket is given in bps, the length between the ANA sequence and the pseudouridylation pocket is given in nts. The two possible
intermolecular interactions proposed for sRNA Pab21 and motif 2 in sRNA Pab40 result from the two possible alternative conformations of these
H/ACA motifs (Figure 2 Panels A and C). The interactions found to be functional in in vitro assays are indicated by (+), the inactive ones are shown
by (!).
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H/ACA: Structure-Fonction
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Interactions intra-moléculaires
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Eint(10ºC) = -12.0 kcal/mol
Eint(25ºC) =   -9.6 kcal/mol 
Eint(45ºC) =   -5.9 kcal/mol 

Edimer(10ºC) =   -54.8 kcal/mol 
Edimer(25ºC) =   -40.7 kcal/mol
Edimer(45ºC) =   -22.0 kcal/mol 
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inter-molecular base-pairs

intra-molecular base-pairs
tertiary contacts

nucleotide in tertiary contact

cleavage site

H(1)I:H(2)I

H(1)II:H(2)II

H(1)III

H(2)III

H(1)I:H(2)I

Leclerc et al., Sci. Rep., 2016

Interactions inter-moléculaires

VARNA
monomer 1 monomer 2

IntaRNA



Conclusions

représentations standardisées et  personnalisées (édition, 
annotation)

gain de temps pour la génération de représentations multiples

gain de temps pour la mise à jour de structures consensus

outils qualitatif (quantitatif) pour évaluer des modèles structure-
function
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Outils & Ressources
RFAM (VARNA), Comparative RNA Web Site & Project 
(RNA2DMap, CT, BPSEQ), The RNA Mapping Database - 
RMDB (RDAT, RNAstructure), ...

packages: Vienna Package (RNAfold, RNAalifold, etc),  
Boulder Alignment Editor (VARNA), SAVor (RNAfold, 
RNAplot), S2S/Assemble 2D & 3D, Jalview 2D & 3D 
(VARNA, Jmol), ...

outils récents: long RNAs: RNAfdl, pairing probabilities 
(alternative conformations): RNAbow, RNAllViewer, ...
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((((       (((          )))       )))-)
GCUG UUAGG GGA GUUUUA   UCC AGCGU CAG-C
GCCG UUAGG GGA GUUUCA   UCC AGCGA UGG-C
GUUG  UAGG GGA GUCUCA   UCC AGCA  CAA-C
GCUG  GAGG GAA GC  AA   UUC AGCA  CAG-C
ACUU  CAGU GGA GC  AA   UCC AGCA  GAGAU
ACUU  CAGU GGA GC  AA   UCC AGCA  GAGAU
GAUG  GAGG UUG G  AAA   CAA UGCA  CAU-C
GGGC  CAGG GGU G  AAA   ACC AGCA  GCC-A
GGCC  UAGG UCG G  AAA   CGG AGCA  GGU-C
GGCC  CAGG UCG G  AAA   CGG AGCA  GGU-C
GGCC  CAGG UCG G  AAA   CGG AGCA  GGU-C
GGCC  CAGG UCG G  AAA   CGG AGCA  GGU-C
GGCC  CAGG UCG G  AAA   CGG AGCA  GGU-C

2D 

1D 
3D 

De la séquence au 2D
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De la structure 2D à 3D
la structure 2D: une 
contrainte géométrique 
“forte”

appariements non-
canoniques et motifs 

pseudonœuds et 
interactions tertiaires 

…
87
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GCUG UUAGG GGA GUUUUA   UCC AGCGU CAG-C
GCCG UUAGG GGA GUUUCA   UCC AGCGA UGG-C
GUUG  UAGG GGA GUCUCA   UCC AGCA  CAA-C
GCUG  GAGG GAA GC  AA   UUC AGCA  CAG-C
ACUU  CAGU GGA GC  AA   UCC AGCA  GAGAU
ACUU  CAGU GGA GC  AA   UCC AGCA  GAGAU
GAUG  GAGG UUG G  AAA   CAA UGCA  CAU-C
GGGC  CAGG GGU G  AAA   ACC AGCA  GCC-A
GGCC  UAGG UCG G  AAA   CGG AGCA  GGU-C
GGCC  CAGG UCG G  AAA   CGG AGCA  GGU-C
GGCC  CAGG UCG G  AAA   CGG AGCA  GGU-C
GGCC  CAGG UCG G  AAA   CGG AGCA  GGU-C
GGCC  CAGG UCG G  AAA   CGG AGCA  GGU-C

2D 

1D 
3D 



RNA Puzzles
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tester les capacités de prédiction de structures 3D 
d’ARN

compétition entre modélisateurs ARN 

compétition à “l’aveugle”: structures 3D d’ARN 
non publiques



RNA Puzzle: T-Box/tRNA

89

•  The T-box riboswitch in complex with tRNA �

•  PDB: 4LCK 

•  Resolution: 3.20Å 
•  Avg B = 128 Å2 

•  tRNA: 75nt 
•  T-box : 96nt 

•  Clash score: 2.28 

•  Some small fragments 
solved by NMR 
before. tRNA 
structure known. 

��

Problem 10 �



RNA Puzzle: T-Box/tRNA
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Table*of*results*(Problem*10*T7box) �

	�

5.96



RNA Puzzle: T-Box/tRNA
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Deforma(on*profile*Das*model*#1* �
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Ponty & Leclerc, Methods in Molecular Biology, 2015

6 Yann Ponty and Fabrice Leclerc

Table 1: Main tools offering a visualization of the RNA secondary structure.

Name Plat
for

m(s)
a

[B
W

ML]

Ease
of

use

Lay
ou

ts

Int
era

cti
vit

y

Pseu
do

kn
ots

Ext.
sec

. st
r.b

Outp
ut
c

Reference

jViz.RNA •••• ++ Circular
Linear
Graph

+ + • EPS PNG (Wiese et al., 2005)
(Shabash et al., 2012)

PseudoViewer ••�� ++ Graph ++ � EPS SVG

PNG GIF
(Byun and Han, 2009)

RNA2DMap •••• + Graph + + • PDF
e (Xu et al., 2011)

RNAMovies •••• ++ Graph + � SVG PNG
JPEG GIF

(Kaiser et al., 2007)

R-chie •••• ++ Linear + � PDF PNG (Lai et al., 2012)
RNAPLOT •d ••• + Graph � PS SVG

GML
(Gruber et al., 2008)

RNAView �••• + Graph + • PS (Yang et al., 2003)
RNAViz �••• + Graph ++ + � PDF

e (Rijk et al., 2003)
R2R �••• - Graph + � PDF SVG (Weinberg and Breaker, 2011)
S2S/Assemble �••• + Linear

Graph
++ + • SVG (Jossinet and Westhof, 2005)

(Jossinet et al., 2010)
VARNA •••• ++ Circular

Linear
Graph

++ + • EPS SVG

PNG JPEG
GIF

(Darty et al., 2009)

xRNA �••• + Graph ++ + � EPS –
a Indicates presence (•) or absence (�) for Browser-based, Windows, Mac and Linux executions,
in this order. b Indicates support (•) or lack of support (�) for an extended secondary structure.
c Bold output formats indicate vector graphics, allowing for convenient post-processing. d Only
available from the Vienna RNA webserver, available at http://rna.tbi.univie.ac.at/. e Export
accessible through a print option, using a custom printer driver such as Adobe Distiller.

2 Materials

TODO Yann : Add text intro. Idea: Origin of such a diversity?

Reflecting the diversity of functions and cellular processes involving non-coding
RNAs, secondary structure data is organized in a variety of databases, and encoded
in multiple file formats.

2.1 Data sources

TODO Yann : Discuss recent initiatives, such as RNACentral and ROC

At the primary structure level, including sequences and alignments, the RFAM
database (Griffiths-Jones et al., 2003) arguably constitutes the authoritative source



Serveurs WEB généralistes:
ViennaRNA, BiBiServ, Freiburg RNA Tools
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ViennaRNA Web Services
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12/2/14, 11:45 AMTBI - ViennaRNA Package 2

Page 1 of 2http://rna.tbi.univie.ac.at/

ViennaRNA Web Services
Institute for Theoretical Chemistry

The ViennaRNA Web Services
This server provides programs, web services, and databases, related to our work on RNA secondary structures. For general information and other offerings from our group see the main TBI
web server.

Web Servers

Thermodynamic Structure Prediction

RNAfold server...
...predicts minimum free energy structures and base pair probabilities from single RNA or
DNA sequences.

RNAalifold server...
...predicts consensus secondary structures from an alignment of several related RNA or
DNA sequences. You need to upload an alignment.

RNAeval server...
...provides a detailed thermodynamic description of a sequence/structure pair.

RNAcofold server...
...allows you to predict the secondary structure of a dimer.

RNAup server...
...allows you to predict the accessibility of a target region.

ncRNA Prediction

Structure conservation analysis server...
...will assist you in detecting evolutionarily conserved RNA secondary structures in multiple
sequence alignments.

RNAz server...
...will assist you in detecting thermodynamically stable and evolutionarily conserved RNA
secondary structures in multiple sequence alignments.

Bcheck...
...predicts rnpB genes.

RNAstrand server...
...allows you to predict the reading direction of evolutionarily conserved RNA secondary
structures.

Folding Kinetics

barriers server...
...allows you to get insights into RNA folding kinetics.

Sequence Design

RNAinverse server...
...allows you to design RNA sequences for any desired
target secondary structure.

RNAxs server...
...assists you in siRNA design.

Genome Wide Screening

RNApredator...
...predicts targets of small bacterial RNAs

TSSAR...
...predicts bacterial Transcription Start Sites from dRNA-
seq data.

Other Web Services

LocARNA server...
...generates structural alignments from a set of sequences. In collaboration with the Bioinformatics Group Freiburg.

CMCompare webserver...
...comparses RNA family models

Downloads
Get the Source Code for:

the Vienna RNA Package, our basic RNA secondary structure analysis software.
the ALIDOT package for finding conserved structure motifs (add-on)

the barriers program for analysis of RNA folding landscapes.

http://rna.tbi.univie.ac.atRNAalifold

http://rna.tbi.univie.ac.at
http://rna.tbi.univie.ac.at


Freiburg RNA Tools
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12/2/14, 11:52 AMFreiburg RNA Tools

Page 1 of 2http://rna.informatik.uni-freiburg.de:8080/

Freiburg RNA Tools

Main Menu

Home
Publications
Frequent Questions
Help
Download

Results
Direct Access

Freiburg RNA Tools

CopraRNA
sRNA Targeting

CRISPRmap
CRISPR Conservation

LocARNA
Alignment & Folding

IntaRNA
RNA-RNA interaction

CARNA
Ensemble Alignment

MARNA
Structure Alignment

ExpaRNA
Exact Matching

INFORNA
Sequence Design

MoDPepInt Server

Domain Interaction

CPSP-Tools

Lattice Proteins
for the HP-model

Welcome

This web server provides online access to a series of tools developed by the Freiburg Bioinformatics Group. To start using it, please select
from the listings below, or use the menu on the left. If you prefer doing a local installation on your machine, please visit our 'Download' section.

If you use our tools for research or education, please cite the corresponding articles from the 'Publications' section.

Version 3.4.0

Freiburg RNA Tools

Freiburg RNA tools provides online access to a series of RNA research tools developed by the Freiburg
Bioinformatics Group for sequence-structure alignments (LocaRNA, CARNA, MARNA), clustering
(ExpaRNA), interaction prediction (IntaRNA, CopraRNA), sequence design (INFORNA), CRISPR repeat
analyses (CRISPRmap), and many more tasks.

 

CopraRNA  
CopraRNA is a tool for sRNA target prediction. It computes whole
genome predictions by combination of whole genome IntaRNA
predictions using homologous sRNA sequences from distinct
organisms.

  

CRISPRmap  

CRISPRmap provides a quick and detailed insight into repeat
conservation and diversity of both bacterial and archaeal systems. It
comprises the largest dataset of CRISPRs to date and enables
comprehensive independent clustering analyses to determine
conserved sequence families, potential structure motifs for
endoribonucleases, and evolutionary relationships.

  

LocARNA  

LocARNA computes multiple alignments of RNAs based on their
sequence and structure similarity. In contrast to, e.g. MARNA, it
considers the whole ensemble of secondary structures for each
RNA. Thus, LocARNA aligns RNAs with unknown structure and
predicts a consensus secondary structure for a set of unaligned
RNAs. Specification of additional constraints or even enforcement of
fixed input structures is possible. LocARNA is best suited to compare
several (up to about 20) structural RNAs, in particular, of low
sequence similarity.

  

IntaRNA  

IntaRNA enables the prediction of RNA-RNA interactions. It has
been designed to predict mRNA target sites for given non-coding
RNAs (ncRNAs) like eukaryotic microRNAs (miRNAs) or bacterial
small RNAs (sRNAs), but it can also be used to predict other types
of RNA-RNA interactions.

  

CARNA  

Carna is a tool for multiple alignment of RNA molecules based on
their full ensembles of structures. Carna computes the alignment
that fits best to all likely structures simultaneously. Hence, Carna is
in particular useful to align RNAs with more than one stable
structure, as for example riboswitches, and is able to align arbitrary
pseudoknots.

  

http://rna.informatik.uni-freiburg.de:8080IntaRNA

http://rna.informatik.uni-freiburg.de:8080
http://rna.informatik.uni-freiburg.de:8080
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Page 1 of 3http://bibiserv.techfak.uni-bielefeld.de/bibi/Tools_RNA_Studio.html

RNA Studio

GUUGle GUUGle

A utility for fast exact matching under RNA base
pairing rules

InSilicoDicer Prediction of mature miRNA.

Intrinsic and Extrinsic Prediction of mature
miRNA.

KnotInFrame Prediction of -1 ribosomal
frameshifts

KnotInFrame is a tool for predicting -1 ribosomal
frameshifts with simple recursive pseudoknots as
stimulating structural motif in mRNAs by means
of the tool pknotsRG for the folding of the
pseudoknots.

Locomotif Localization of RNA motifs with
generated thermodynamic Matchers

A graphical programming system for RNA motif
search.

paRNAss Prediction of Alternate RNA Secondary
Structures

paRNAss is a software tool aiming to predict
conformational switching in RNA.

pKiss

pKiss is a tool for secondary structure prediction
including kissing hairpin motifs.

pknotsRG RNA folding and thermodynamic
matching

pknotsRG is a tool for folding RNA secondary
structures, including the class of simple recursive
pseudoknots.

http://bibiserv.techfak.uni-bielefeld.de/bibi/Tools_RNA_Studio.html

http://bibiserv.techfak.uni-bielefeld.de/bibi/Tools_RNA_Studio.html
http://bibiserv.techfak.uni-bielefeld.de/bibi/Tools_RNA_Studio.html
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12/5/14, 12:00 PMBioinformatics Tools and Databases for Functional RNA Analysis — ncRNA.org

Page 1 of 2http://www.ncrna.org/

Now Available!

Results of  various analysis on RNA secondary structures in one page!
Rtools

Accurate prediction of  RNA secondary structure

Prediction of  RNA secondary structure by using homologous sequences

Active Work Flow is available for RNA sequence/structure analysis.
You can download the Knime platform and the Active Work Flow for RNA structure predictions.

Ver. 3.4

Ver. 3.0

Project Specific Custom Tracks

The Contents of  Genomes

RNA Bibliography

Bioinformatics Tools and Databases for
Functional RNA Analysis
ncRNA.org is the portal site for bioinformatics tools and databases spcialized for functional RNAs. The
developments in this cite were partially supported by "The Functional RNA Project" funded by New Energy and
Industrial Technology Development Organization (NEDO), Japan.

Databases

fRNAdb is a database for comprehensive non-coding RNA sequences.

UCSC Genome Browser mirror with large inclusion of  functional RNA
related custom tracks and several enhancements for RNA secondary
structure support.

Table of  custom tracks added by the functional RNA project.

The Contents of  Genomes presents major components of  a genome at a
glance.

RNA Bibliography hosts a collection of  journal articles related to RNAs.

http://www.ncrna.org

http://www.ncrna.org
http://www.ncrna.org
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Back to bioinformatics server main page | BONSAI Bioinformatics research group

DNA
YASS
Magnolia
mreps
ProCARs

HTS
SortMeRNA
CRAC
Vidjil
SToRM

RNA
Carnac
RNAfamily
Gardenia
Regliss
CG-seq
RNAspace

Proteins
Path
Protea
ReBLOSUM

TFM
TFM-Explorer
TFM-Scan
TFM-Pvalue
TFM-CUDA

NRP
Norine

RNA tools

The RNA tools offer a series of bioinformatics program

specifically designed for the analysis of structural RNA:

secondary structure inference, alignment, annotation.

unaligned

Carnac

Predicts the consensus secondary structure for a set of homologous,

unaligned RNA sequences. Very fast and accurate.

RNAfamily

Linear visualisation of RNA secondary structures

Gardenia

Comparison and multiple alignment of RNA sequences. The algorithm

takes into account both the primary structure and the secondary

structure to build a good alignment.

Regliss

This tools builds all locally optimal secondary structures of an RNA

sequence, which provide a useful insight into the folding landscape of

the molecule.

CG-seq

It is a software pipeline to identify noncoding RNA genes in genomic

sequences by comparative analysis and multispecies comparison.

RNAspace

Annotation platform for noncoding RNAs

2013 - Bonsai bioinformatics

http://bioinfo.lifl.fr/RNA/

http://bioinfo.lifl.fr/RNA/
http://bioinfo.lifl.fr/RNA/
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RNAalifold (Vienna)
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11/30/14, 10:17 PMRNAalifold web server

Page 1 of 1http://rna.tbi.univie.ac.at/cgi-bin/RNAalifold.cgi

  

 

[Home|New job|Help]

Welcome to the RNAalifold web server. It will predict a consensus secondary structure of a set of aligned sequences. Current limits
are 3000 nt and 300 sequences for an alignment.

Simply paste or upload your alignment(s) below and click Proceed. Accepted alignment formats are CLUSTAL W and FASTA (will be
detected automatically). To get more information on the meaning of the options click the  symbols. You can test the server using
this sample alignment.

Paste your alignment(s) here: [clear]

Show constraint folding

Or upload a file: no file selectedChoose File

 RNAalifold version 

new RNAalifold with RIBOSUM scoring (Bernhart SH et al. 2008) 

new RNAalifold (Bernhart SH et al. 2008) 

old RNAalifold (Hofacker IL et al. 2002) 

 Fold algorithms and basic options 

minimum free energy (MFE) and partition function 

minimum free energy (MFE) only 

output "most informative sequence" instead of simple consensus 

no GU pairs at the end of helices 

avoid isolated base pairs 

Show advanced options

 Output options 

interactive RNA secondary structure plot 

RNA secondary structure plots with reliability annotation (Partition function folding only) 

Mountain plot 

Notification via e-mail upon completion of the job (optional):  your e-mail

 
Institute for Theoretical Chemistry | University of Vienna | rna@tbi.univie.ac.at

  

http://rna.tbi.univie.ac.at/cgi-bin/RNAalifold.cgiRNAalifold

http://rna.tbi.univie.ac.at/cgi-bin/RNAalifold.cgi
http://rna.tbi.univie.ac.at/cgi-bin/RNAalifold.cgi


RNAfold

101

11/30/14, 10:24 PMRNAfold web server

Page 1 of 1http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi

  

 

[Home|New job|Help]

The RNAfold web server will predict secondary structures of single stranded RNA or DNA
sequences. Current limits are 7,500 nt for partition function calculations and 10,000 nt for
minimum free energy only predicitions.

Simply paste or upload your sequence below and click Proceed. To get more information on the
meaning of the options click the  symbols. You can test the server using this sample
sequence.

Paste or type your sequence here: [clear]

Show constraint folding

Or upload a file in FASTA format: no file selectedChoose File

 Fold algorithms and basic options 

minimum free energy (MFE) and partition function 

minimum free energy (MFE) only 

no GU pairs at the end of helices 

avoid isolated base pairs 

Show advanced options

 Output options 

interactive RNA secondary structure plot 

RNA secondary structure plots with reliability annotation (Partition function
folding only) 

Mountain plot 

Notification via e-mail upon completion of the job (optional):  your e-mail

 
Institute for Theoretical Chemistry | University of Vienna | rna@tbi.univie.ac.at

  

http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgiRNAfold

http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi
http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi
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Standard
Analysis

Genomic
Screen

Help

 

 

Institute for Theoretical Chemistry | University of Vienna | rna@tbi.univie.ac.at

Welcome to the RNAz web server. It will help you to detect thermodynamically stable and evolutionarily

conserved RNA secondary structures in multiple sequence alignments.

Simply paste or upload your alignment(s) below and click Proceed. The system will suggest reasonable

default values for all options. To get more information on the meaning of the options click the  symbols

or read the help pages. You can test the server using this sample alignment.

If you like to analyze alignments covering whole genomic regions use the Genomic screen modus.

Paste your alignment(s) here: [clear]

 

Or upload a file: 

no file selectedChoose File

 

Format: 

Automatic

undefined

  

http://rna.tbi.univie.ac.at/cgi-bin/RNAz/RNAz.cgiRNAz

http://rna.tbi.univie.ac.at/cgi-bin/RNAz/RNAz.cgi
http://rna.tbi.univie.ac.at/cgi-bin/RNAz/RNAz.cgi
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Hide this

QUICK LINKS

SEQUENCE SEARCH

VIEW AN RFAM FAMILY

VIEW AN RFAM CLAN

KEYWORD SEARCH

TAXONOMY SEARCH

JUMP TO

 

enter any accession or ID

YOU CAN FIND DATA IN RFAM IN VARIOUS WAYS...

Analyze your RNA sequence for Rfam matches

View Rfam family annotation and alignments

View Rfam clan details

Query Rfam by keywords

Fetch families or sequences by NCBI taxonomy

 

Enter any type of accession or ID to jump to the page for a Rfam family,
sequence or genome

Or view the help pages for more information

Rfam 12.0 (July 2014, 2450 families)

The Rfam database is a collection of RNA families, each represented by multiple sequence alignments,
consensus secondary structures and covariance models (CMs). More...

Recent Rfam blog  posts
Rfam 12.0 is out  (posted 24 September 2014)

We are pleased to announce the release of Rfam 12.0! This release contains some major changes when
compared with previous releases of Rfam, so please take a minute to read our release notes. Rfam 12.0 is
the first version of Rfam which is based on Infernal 1.1, and as such contains many significant changes.
In […]

Moving to xfam.org  (posted 1 May 2014)

Back in November 2012 we announced that the Xfam team in the UK was moving from the Wellcome
Trust Sanger Institute to the European Bioinformatics Institute (EMBL-EBI), just next door on the
Wellcome Trust Genome Campus. On Tuesday we completed that move by switching off the Pfam and
Rfam websites inside Sanger and redirecting all traffic […]

Join Rfam, see the world  (posted 31 January 2014)

Rfam is recruiting! We are currently recruiting an RNA informatician to join our team. We’re looking for
someone really enthusiastic about RNA and who’s interested in working with Rfam as we move to
genome-based alignments and explore new technologies for the database and website. If this is you, why
not apply to join us as […]

Citing Rfam

If you find Rfam useful, please consider citing the references that describe this work:

Rfam 11.0: 10 years of RNA families.  S.W. Burge, J. Daub, R. Eberhardt, J. Tate, L. Barquist, E.P.
Nawrocki, S.R. Eddy, P.P. Gardner, A. Bateman.

HOME   |   SEARCH   |   BROWSE   |  
FTP   |   BLOG   |   HELP

keyword search Go

Go Example

http://rfam.xfam.org

http://rfam.xfam.org
http://rfam.xfam.org
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0  structures0  species12
 sequences

Family: snoR9 (RF00065)
Description: Small nucleolar RNA snoR9

Comments or questions on the site? Send a mail to rfam-help@ebi.ac.uk.  Our cookie policy.
E u r o p e a n  M o l e c u l a r  B i o l o g y  L a b o r a t o r y

HOME   |   SEARCH   |   BROWSE   |  
FTP   |   BLOG   |   HELP

keyword search Go

enter ID/acc

Jump to...

Summary

Sequences

Alignment

Secondary
structure

Species

Trees

Structures

Motif
matches

Database
references

Curation

Go

Small nucleolar RNA snoR9

Predicted secondary structure and
sequence conservation of snoR9

Identifiers

Symbol snoR9

Rfam RF00065

Other data

RNA type Gene; snRNA; snoRNA;
CD-box

Domain(s) Archaea

GO 0006396  0005730

SO 0000593

Summary

Wikipedia annotation 

The Rfam group coordinates the annotation of Rfam families in Wikipedia . This family is described by
a Wikipedia entry entitled Small nucleolar RNA snoR9. You can see the Wikipedia page for this
family here . More...

snoR9 is a non-coding RNA (ncRNA) which functions in the
biogenesis (modification) of other small nuclear RNAs
(snRNAs). It is known as a small nucleolar RNA (snoRNA)
and also often referred to as a 'guide RNA'.

R9 is a member of the C/D box class of snoRNAs which
contain the conserved sequence motifs known as the C box
(UGAUGA) and the D box (CUGA). Most of the members of
the box C/D family function in directing site-specific 2'-O-

methylation of substrate RNAs .[1]

This snoRNA was identified in a computational search for
GC-rich regions in the AT-rich genomes of

hyperthermophiles.[2] This snoRNA is not related to the
plant snoRNA snoR9.

References[edit]
1. ^ Galardi, S.; Fatica, A.; Bachi, A.; Scaloni, A.;

Presutti, C.; Bozzoni, I. (October 2002). "Purified Box
C/D snoRNPs Are Able to Reproduce Site-Specific 2'-
O-Methylation of Target RNA in Vitro" . Molecular
and Cellular Biology 22 (19): 6663–6668.
doi:10.1128/MCB.22.19.6663-6668.2002 .
PMC 134041 . PMID 12215523 . edit

2. ^ Klein RJ, Misulovin Z, Eddy SR (2002). "Noncoding
RNA genes identified in AT-rich hyperthermophiles" .
Proc. Natl. Acad. Sci. U.S.A. 99 (11): 7542–7.
doi:10.1073/pnas.112063799 . PMC 124278 .
PMID 12032319 .

External links[edit]
Page for Small nucleolar RNA snoR9  at Rfam

This molecular or cell biology article is a stub. You can help Wikipedia by expanding it .

This page is based on a wikipedia article . The text is available under the Creative Commons
Attribution/Share-Alike License .

Edit Wikipedia article

Rfam entry
RF00065

http://rfam.xfam.org

http://rfam.xfam.org
http://rfam.xfam.org
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Prototyping: Jacky Ng & Jan Oliehoek. 
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Intro

About PseudoBase Retrieve by Class Retrieve by Property Submit Pseudoknots

 Welcome to PseudoBase

PseudoBase is a collection of RNA pseudoknots that we make
available for retrieval to the scientific community. It is described in detail in
Batenburg et al. (2000).

It started as an initiative of the Institute of Theoretical Biology and the Leiden
Institute of Chemistry of the University of Leiden. For the future we intend to
maintain it and to extend it.

This page is the main introduction from where you can depart to the retrieval
section, to the submit section or to the information section.

 Retrieve, Submit or more Info?

Please choose whether you want to retrieve a pseudoknot or submit a pseudoknot. If you need more
information, you can choose the "About PseudoBase" option.

 About PseudoBase

Choose this option if you want to contact us, or if you need more information about us and
about the PseudoBase project.

 Retrieve pseudoknot by class or by summary

Choose either of these options to retrieve a particular pseudoknot. The "by class" page

presents all pseudoknots organised by their class. The "by summary" page presents all
pseudoknots in a table that you can sort to your taste. Sorting criteria are among others: class,
name, organism and length of pseudoknot stems and loops.

 Submit a new pseudoknot to PseudoBase

Choose this option for the section where you can submit a pseudoknot.
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pseudoknots in a table that you can sort to your taste. Sorting criteria are among others: class,
name, organism and length of pseudoknot stems and loops.

 Submit a new pseudoknot to PseudoBase

Choose this option for the section where you can submit a pseudoknot.
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RNAcentral is a new resource
that provides unified access to
the ncRNA sequence data
supplied by the Expert
Databases. Learn more (/about-us)

(/expert-
database/ena)
ENA provides a
comprehensive record of
the world's nucleotide
sequencing information.
6,989,739 sequences
(example
(/rna/URS00002D0E0C
))

Explore ENA entries (/expert-database/ena)

(/expert-
database/rfam)
Rfam is a database
containing information
about ncRNA families
and other structured
RNA elements.
2,493,782 sequences
(example
(/rna/URS00000478B7
))

Explore Rfam entries (/expert-database/rfam)

(/expert-
database/refseq)
RefSeq is a
comprehensive,
integrated, non-
redundant, well-
annotated set of
reference sequences.
30,900 sequences
(example
(/rna/URS000075A3E5
))

Explore RefSeq entries (/expert-database/refseq)

(/expert-
database/vega)
Vega is a repository for
high-quality gene
models produced by the
manual annotation of
vertebrate genomes.
Human and mouse data
from Vega are merged
into GENCODE.
28,640 sequences
(example
(/rna/URS00000B15DA
))

Explore Vega entries (/expert-database/vega)

(/expert-
database/gtrnadb)
gtRNAdb contains tRNA
gene predictions on
complete or nearly
complete genomes.
10,625 sequences
(example
(/rna/URS000047C79B
))

Explore gtRNAdb entries (/expert-database/gtrnadb)

(/expert-
database/mirbase)
miRBase is a database
of published miRNA
sequences and
annotations that
provides a centralised
system for assigning
names to miRNA genes.
8,795 sequences
(example
(/rna/URS000075A685
))

Explore miRBase entries (/expert-database/mirbase)

(/expert-
database/rdp)
RDP provides quality-
controlled, aligned and
annotated rRNA
sequences and a suite of
analysis tools.
4,779 sequences
(example
(/rna/URS000064300F
))

Explore RDP entries (/expert-database/rdp)

(/expert-
database/tmrna-
website)
tmRNA Website
contains predicted
tmRNA sequences from
RefSeq prokaryotic
genomes, plasmids and
phages.
2,857 sequences
(example
(/rna/URS000060F5B3
))

Explore tmRNA Website entries (/expert-database/tmrna-website)

(/expert-

database/srpdb)
SRPDB provides
aligned, annotated and
phylogenetically ordered
sequences related to
structure and function of
SRP.
503 sequences
(example
(/rna/URS00000478B7
))

Explore SRPDB entries (/expert-database/srpdb)

(/expert-
database/lncrnadb)
lncRNAdb is a database
providing comprehensive
annotations of
eukaryotic long non-
coding RNAs (lncRNAs).
62 sequences
(example
(/rna/URS00000478B7
))

Explore lncRNAdb entries (/expert-database/lncrnadb)

http://rnacentral.org

http://rnacentral.org
http://rnacentral.org
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COMPARATIVE RNA WEB SITE AND PROJECT THE GUTELL LAB

Welcome to the Comparative RNA Web (CRW) Site.

Recent CRW Site Publications
(Complete List »)

2014: (Pub #129) Multiple entries in: Concise Encyclopaedia of Bioinformatics and Computational Biology, 2nd Edition,
Hancock J.M. and Zvelebil M.J. (eds.). Wiley. Hoboken, New Jersey.

2014: (Pub #128) Ten Lessons with Carl Woese about RNA and Comparative Analysis. RNA Biology, in press.
[ PM | pmc | DOI ]

2014: (Pub #127) Introduction to Special Carl Woese Issue in RNA Biology. RNA Biology, 11(3):170-171. [ pm | pmc | DOI ]

2014: (Pub #126) Helix Capping in RNA Structure. PLOS One, 9(4):e93664. [ PM | PMC | DOI ]

2013: (Pub #125) Two Accurate Sequence, Structure, and Phylogenetic Template-Based RNA Alignment Systems. BMC
Systems Biology, 7(S4):S13. [ pm | pmc | DOI ]

2013: (Pub #124) You tell Carl that some of my best friends are Eukaryotes: Carl R. Woese (1928-2012). RNA 19(4):vii-xi.
[ pm | pmc | doi ]

2013: (Pub #123) Specificity between Lactobacilli and Hymenoptera Hosts is the Exception Rather than the Rule. Applied and
Environmental Microbiology, 79:1803-1812. [ PM | pmc | DOI ]

2013: (Pub #122) Comparative Analysis of the Higher-Order Structure of RNA. In: Biophysics of RNA Folding ("Biophysics for
the Life Sciences" Series). pp. 11-22. Springer, New York, NY. [ pm | pmc | DOI ]

2012: (Pub #121) An Accurate Scalable Template-based Alignment Algorithm. Proceedings of 2012 IEEE International
Conference on Bioinformatics and Biomedicine (BIBM 2012), Philadelphia, PA. October 4-7, 2012. pp. 237-243.
[ PM | PMC | DOI ]

2012: (Pub #120) The Fragmented Mitochondrial Ribosomal RNAs of Plasmodium falciparum. PLoS One, 7(6):e38320.
[ PM | PMC | DOI ]

2012: (Pub #119) Structural Constraints Identified with Covariation Analysis in Ribosomal RNA. PLos One, 7(6):e39383.
[ PM | PMC | DOI ]

2012: (Pub #118) A Comparison of the Crystal Structures of the Eukaryotic and Bacterial SSU Ribosomal RNAs Reveals
Common Structural Features in the Hypervariable Regions. PLos One, 7(5):e38203. [ PM | PMC | DOI ]

2011: (Pub #117) rCAD: A Novel Database Schema for the Comparative Analysis of RNA. 7th IEEE International Conference
on e-Science, Stockholm, Sweden. December 5-8, 2011. pp. 15-22. [ PM | PMC | DOI ]

2011: (Pub #116) R-PASS: A Fast Structure-based RNA Sequence Alignment Algorithm. 2011 IEEE International Conference
on Bioinformatics and Biomedicine (BIBM 2011), pp. 618-622. [ PM | PMC | DOI ]

2011: (Pub #115) RNA2DMap: A Visual Exploration Tool of the Information in RNA's Higher-Order Structure. 2011 IEEE
International Conference on Bioinformatics and Biomedicine (BIBM 2011), pp. 613-617. [ PM | PMC | DOI ]

2011: (Pub #114) Statistical Potentials for Hairpin and Internal Loops Improve the Accuracy of the Predicted RNA Structure.
Journal of Molecular Biology, 413(2):473-483. [ PM | PMC | DOI ]

2011: (Pub #113) Tensor Decomposition Reveals Concurrent Evolutionary Convergences and Divergences and Correlations
with Structural Motifs in Ribosomal RNA. PLoS ONE, 6(4):e18768. [ PM | PMC | DOI ]

2010: (Pub #112) Coarse-Grained Model for Simulation of RNA Three-Dimensional Structures. The Journal of Physical
Chemistry B, 114(42):13497-13506. [ PM | pmc | DOI ]

2010: (Pub #111) Fragmentation of the Large Subunit Ribosomal RNA Gene in Oyster Mitochondrial Genomes. BMC
Genomics, 11(1):485. [ PM | PMC | DOI ]

2010: (Pub #110) Placement of attine ant-associated Pseudonocardia in a global phylogeny (Pseudonocardiaceae,
Actinomycetales): a test of two symbiont-association models. Antonie van Leeuwenhoek International Journal of General and
Molecular Microbiology, 98(2):195-212. [ PM | PMC | DOI ]

http://www.rna.icmb.utexas.edu

http://www.rna.icmb.utexas.edu
http://www.rna.icmb.utexas.edu
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W e l c o m e  t o  R N A s p a c e

A v a i l a b i l i t y

RNAspace is a platform which aims at providing an integrated environment for non-coding
RNA annotation. 

The increasing number of ncRNA discovered since 2000 and the lack of user friendly tools for finding and annotating them, have
made necessary to propose to biologists an in silico environment allowing structural and functional annotations of these molecules
with regard to available protein genes annotation environments.
RNAspace makes available a variety of ncRNA gene finders and ncRNA databases as well as user-friendly tools to explore
computed results including comparison, visualization and edition of putative RNAs. RNAspace also allows to export putative RNAs in
various formats.

Partners FAQ    Contact

RNAspace is an open source project. It is developed in Python. It is copyrighted with the GNU General
Public License, and is free (in the GNU sense) for all to use, and is in constant development. RNAspace is

hosted at Sourceforge. It is also available as a web server at rnaspace.org.

N e w s June 28, 2013 The site is now running
on a new and more powerful computer

environment provided by the Genotoul Bioinformatics
platform with a reduced list of Infernal models.

RNAspace software v1.2.1 (July 28, 2011) is running
this site.

H o m e 1 . L o a d  d a t a 2 . P r e d i c t 3 . E x p l o r e

Comments and remarks: contact@rnaspace.org.

http://www.rnaspace.org

http://www.rnaspace.org
http://www.rnaspace.org
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Home
Demo
User Manual
Tutorials
Downloads
Java Security Fix
Links

Announcement
VARNA 3.91 released
08/09/2014
Bulging loops, angular
hysteresis...

Support

LIX, Palaiseau LRI, Orsay

Polytechnique,
Palaiseau

IGM,
Orsay

Recent changes in Java security policy might prevent you from running VARNA.
Check out this page for details and ways to solve the problem.

What VARNA is

Description

VARNA is Java lightweight Applet dedicated to drawing the secondary structure of RNA. It is also a Swing
component that can be very easily included in an existing Java code working with RNA secondary structure to provide a
fast and interactive visualization.

Being free of fancy external library dependency and/or network access, the VARNA Applet can be used as a base
for a standalone applet. It looks reasonably good and scales up or down nicely to adapt to the space available on a
web page, thanks to the anti-aliasing drawing primitives of Swing.

Motivation

The initial version was coded after several unfruitful attempts at finding a RNA secondary structure drawing software to
be used inside of a webserver. Indeed, it seemed at the time that most of the webservers dedicated to the secondary
structure of RNA offered rather clumsy renderings (Mostly static, cgi-bin generated, PS or PNG files).

In 2008, I (Yann Ponty) was unable to find a tool that would be at the same time available, easy to install and still
running (SStructView was no longer tolerated by latest Java plugins security policies; RNAMLView's goal was rather to
display a projection of the 3D structure, and RNAMovies was more tailored towards animations...). Therefore, I coded a
basic software from scratch, initially using a radial layout strategy adopted by the software RNAViz, later to be extended
to other classic algorithms such that NAView, a classic Feynman-diagram representation and a linear one, hoping it
would be useful to some... VARNA development team was subsequently joined by Kevin Darty and Alain Denise
(LRI/IGM-Orsay-France) in 2009, leading to a complete redesign of the software.

As of November 2012, VARNA is currently used by RNA scientists and websites such as the NestedAlign web server,
the IRESite database (Example), and the TFold webserver.
Biogeeks also features (featured?) a very nice tutorial showing how to use VARNA as a front end to RNAFold through a
minimal Ruby script.

Credits/License/Disclaimer

If you find VARNA useful to your research, please contribute to its continued development by citing its supporting
manuscript:

VARNA: Interactive drawing and editing of the RNA secondary structure
Kévin Darty, Alain Denise and Yann Ponty
Bioinformatics, pp. 1974-1975, Vol. 25, no. 15, 2009

The VARNA applet and its companion Swing component are released (copyleft, in fact) under the terms of the GNU
GPL License. Varna is also a very nice bulgarian city located on the shores of the black sea, which I do not claim to
hold any property (intellectual or else) on...
VA RNA finally stands for Viral Associated RNAs (RFAM:RF00102) and can be found in adenoviruses (See this tutorial
for instance).

Main features

Automatically scaled, anti-aliased smooth rendering
Support provided for input files in BPSEQ, CT, Vienna (DBN: extended dot bracket notation), RNAML and
STOCKHOLM formats
Export of snapshots in vector and bitmap picture formats: EPS, SVG, XFIG, JPG, or PNG.
Fully-customizable, through a documented API for the component, or a set of documented "<param
name="..." value="..." />"-type options for the Applet version, or offline through a command-line
version.
Platform and browser independence (Only requires the installation of a version 1.6 of the Java plugin
Support for non-canonical basepairs using the Leontis/Westhof nomenclature. Pseudoknots are also
supported by first extracting a maximal planar subset of canonical base-pairs, drawing the subset and using it
as a scaffold for the rest of the base pairings.

VARNA: Visualization Applet for RNA
A Java lightweight component and applet for drawing the RNA secondary structure

http://varna.lri.fr

http://varna.lri.fr
http://varna.lri.fr
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R-chie [ɑrči]
A web server and R package for plotting arc diagrams of RNA secondary structures

Home (index.cgi)
Create a Plot (plot.cgi)
FAQ (faq.cgi)
Citation (cite.cgi)
Download (download.cgi)
Rfam Gallery (rfam.cgi)

R-chie allows you to make arc diagrams of RNA secondary structures, allowing for easy comparison and overlap of
two structures, rank and display basepairs in colour and to also visualize corresponding multiple sequence
alignments and co-variation information.
R4RNA is the R package powering R-chie, available for download (download.cgi) and local use for more customized
figures and scripting.

Available types of plots (click to load example input to web form)

 
Single Structure (plot.cgi?eg=single)
Double Structures (plot.cgi?eg=double)
Overlapping Structures (plot.cgi?eg=overlap)
Single Covariance (plot.cgi?eg=singlecov)
Double Covariance (plot.cgi?eg=doublecov)
Overlapping Covariance (plot.cgi?eg=overlapcov)

(plot.cgi?eg=single)

Visualize complicated basepairing as arcs on a linear sequence, colouring basepairs by value.
e.g. TRANSAT (cite.cgi) basepairs predictions for the Cripavirus internal ribosomal entry site (IRES),
RF00458, coloured by p-value.

Questions, comments, or problems? Contact us! (mailto:help@e-rna.org?subject=R-chie) 
e-RNA (/) | Meyer Lab (https://www.cs.ubc.ca/people/irmtraud-m-meyer) | Center of High-Throughput Biology

http://www.e-rna.org/r-chie/plot.cgi

http://www.e-rna.org/r-chie/plot.cgi
http://www.e-rna.org/r-chie/plot.cgi
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HOME RESEARCH RESOURCES PUBLICATIONS ABOUT PEOPLE EVENTS JOBS NEWS CONTACT

RILogo - web server

Submit Help & Download

RILogo creates RNA-RNA interaction logos for two RNAs. The input are either two single
sequences or two multiple sequence alignments with annoation of intra- or intermolecular
base pairing between the two RNAs. RILogo displays sequence conservation by a sequence
logo for each RNA and structure conservation by the mutual information of the secondary
structure base pairings. RILogo supports four different methods for calculating the mutual
information. 
See the Help page for input formats and examples. RILogo is free of charge and also
available for download as an open source standalone program.

Submit

Please fill out the submission form and click the Submit button. Input fields marked with a * are required. (Load Example Data)

Multiple Sequence Alignment*

Enter your multiple sequence alignment with structure annotation here. Either use the text area or upload a file.
Supported formats are Stockholm, Clustal or Fasta.
In Clustal and Fasta format, the secondary structure annotation must have the sequence name structure.
The alignment can also contain both interacting RNAs.
In that case, both sequences belonging to one species must be separated by the '&' character. [?]

Upload alignment file: no file selectedChoose File

2nd Multiple Sequence Alignment

If the first alignment contains only one RNA, then insert the second alignment here. Either use the text area or upload a file. [?]

Upload alignment file: no file selectedChoose File

Mutual Information measure: TreeMI W+P

RILogo implements four different measures for the mutual information of base pairs. 
Please refer to the paper for the exact definitions. [?]

Submit

Optional parameters

Phylogenetic tree

Specify a custom phylogenetic tree for the sequences in the alignment.

http://rth.dk/resources/rilogo/submit

http://rth.dk/resources/rilogo/submit
http://rth.dk/resources/rilogo/submit
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 (http://en.sourceforge.jp/)

Downloads (/projects/sfnet_rnafdl/releases/)

SourceForge.net page (http://sourceforge.net/projects/rnafdl)

RSS (http://sourceforge.jp/projects/sfnet_rnafdl/releases/rss/)Review this project

+ Post new screenshot

Your rating      Review this project

SourceForge.JP (/) > Find Software (/softwaremap/) > Scientific/Engineering (/softwaremap/trove_list.php?form_cat=97) > Visualization (/
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11/30/14, 10:27 PMRALEE — RNA ALignment Editor in Emacs | SGJlab

Page 2 of 3http://sgjlab.org/ralee/

There are some more sensible error and status messages.

RALEE will check automatically for updates without calling external perl code.

Installation is pretty trivial — view the README. While you’re there, you should probably also read about

bugs and caveats.

What does it look like?

Using RALEE mode in GNU Emacs to edit an alignment of some U1 spliceosomal RNA sequences. The sec-

ondary structure base pairing pattern is annotated as nested pairs of < and > symbols. Bases of the same

colour are part of the same helix. The split-screen view allows editing of base paired regions of the align-

ment even if they are far apart in sequence. For instance, the yellow bases in the top panel pair with the yel-

low bases in the bottom panel.

How do I download it?http://sgjlab.org/ralee/

http://sgjlab.org/ralee/
http://sgjlab.org/ralee/
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12/2/14, 12:02 PMRnaViz Homepage

Page 1 of 2http://rnaviz.sourceforge.net/

Welcome to the homepage of RnaViz
Documentation    Guided tour    Binary distributions    Source distribution

Latest News
2013 Dec.: an easier binary distribution is available (this includes all dependencies)

What is RnaViz
RnaViz is a user-friendly, portable, GUI program for producing publication-quality secondary structure
drawings of RNA molecules. Drawings can be created starting from DCSE alignment files if they
incorporate structure information or from mfold ct files. The layout of a structure can be changed easily.
Display of special structural elements such as pseudo-knots or unformatted areas is possible. Sequences
can be automatically numbered, and several other types of labels can be used to annotate particular bases
or areas. Although the program does not try to produce an initially non-overlapping drawing, the layout of
a properly positioned structure drawing can be applied to newly created drawing using skeleton files. In
this way a range of similar structures can be drawn with a minimum of effort. Skeletons for several types
of RNA molecule are included with the program.

Some of the features

recognises ct, rnaml and DCSE alignment formats
multiple structures on page
simple but powerfull WYSIWYG editing using different selection modes
skeletons to easily draw many structure using the same layout
allows display of pseudoknots
free choice of fonts, colors, linewidths for any object
graphica objects for annotation (rectangle, oval, lines, text)
linking of graphics, text to certain bases
tag based changing of properties
automatic sequence numbering
zoom
independend scaling of structure drawings
portable

Open source
RnaViz is fully open source: It is licensed under the GPL. Tcl/Tk as well as the Extral and ClassyTcl/Tk
Tcl extensions it depends on are available under the BSD license.

http://rnaviz.sourceforge.net

http://rnaviz.sourceforge.net
http://rnaviz.sourceforge.net
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12/2/14, 11:37 AMRNA tools

Page 1 of 1http://rna.williams.edu/

RNA TOOLS: RNAbows, BINDIGO, and PSR

RNAbows present intuitive
visualization of RNA base
pairing probabilities.

BINDIGO is a new, faster
algorithm to calculating
optimal binding of
oligometric RNA to an RNA
target.

PSR is an algorithm for
efficiently discriminating
donor splice sites from
decoy sequences.

Aalberts Homepage 
E-mail: aalberts@williams.edu

http://rna.williams.edu

http://rna.williams.edu
http://rna.williams.edu
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11/30/14, 10:48 PMRNAbows

Page 1 of 1http://rna.williams.edu/rnabows/

We offer three types of RNAbows for visualizing partition function computations.

Base pairs are denoted by
arcs whose thickness and
shade is proportional to their
probability.

After splitting the partition
function, the two dominant
clusters of folds are
compared.

Highlights differences
between the folds of two
sequences of the same
length.

http://rna.williams.edu/rnabows/

http://rna.williams.edu/rnabows/
http://rna.williams.edu/rnabows/
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12/2/14, 11:39 AMRNAmutants

Page 1 of 1http://rnamutants.csail.mit.edu/

Author's homepage

RNAmutants
Home

Exploring the effects of mutations on the secondary structure of RNAs

Keywords: thermostability, beneficial and deleterious mutations, thermodynamic
pressure, RNA design, evolution.

More details? Visit the FAQs.

News
Download
Webserver

FAQs
Tutorial

References
Contact

http://rnamutants.csail.mit.edu

http://rnamutants.csail.mit.edu
http://rnamutants.csail.mit.edu
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Figure 4. Tertiary annotation of an experimentally-derived 3D model using S2S and 
PyMol. 
 

 
Figure 5. Screen capture of the S2S tool rendering a structural alignment of eukaryotic 
18S ribosomal RNAs.  
The structure of Triticum aestivum (PDBID : 3IZ7) has been used as the reference structure. It 
is displayed as the S1 sequence in the alignment panel and the 2D panel on the left renders its 
“extended   secondary   structure”.   Several   views   of   the   same   alignment   have   been   produced.  
Between each view, secondary interactions (in purple) and tertiary interactions (in green) are 
displayed. 

 

http://bioinformatics.org/assemble/S2S

http://bioinformatics.org/assemble/
http://bioinformatics.org/assemble/
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11/30/15, 12:59 AMBGSU RNA Structural Bioinformatics

Page 1 of 3http://www.bgsu.edu/research/rna/

Structural Databases

RNA 3D Hub (http://rna.bgsu.edu/rna3dhub) is a

new resource, which contains:

RNA 3D Motif Atlas

(http://rna.bgsu.edu/rna3dhub/motifs), a

representative collection of RNA 3D motifs.

Non-redundant lists

(http://rna.bgsu.edu/rna3dhub/nrlist) of RNA-

containing 3D structures.

BGSU RNA STRUCTURAL BIOINFORMATICS
Bowling Green State University (/) / Research (//www.bgsu.edu/research.html) / BGSU RNA Structural

Bioinformatics

11/30/15, 12:59 AMBGSU RNA Structural Bioinformatics

Page 1 of 3http://www.bgsu.edu/research/rna/

Structural Databases

RNA 3D Hub (http://rna.bgsu.edu/rna3dhub) is a

new resource, which contains:

RNA 3D Motif Atlas

(http://rna.bgsu.edu/rna3dhub/motifs), a

representative collection of RNA 3D motifs.

Non-redundant lists

(http://rna.bgsu.edu/rna3dhub/nrlist) of RNA-

containing 3D structures.

BGSU RNA STRUCTURAL BIOINFORMATICS
Bowling Green State University (/) / Research (//www.bgsu.edu/research.html) / BGSU RNA Structural

Bioinformatics

http://www.bgsu.edu/research/rna/

http://www.bgsu.edu/research/rna/
http://www.bgsu.edu/research/rna/
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Secondary Structure: small subunit ribosomal RNA

Escherichia coli

November 1999 (cosmetic changes July 2001)

(J01695)
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Symbols Used In This Diagram:

G       A

- Canonical base pair (A-U, G-C)

- G-A base pair
- G-U base pair

G       C

G       U

U       U - Non-canonical base pair

Citation and related information available at http://www.rna.icmb.utexas.edu

Every 10th nucleotide is marked with a tick mark,
and every 50th nucleotide is numbered.
Tertiary interactions with strong comparative data are connected by 
solid lines.

1.cellular organisms 2.Bacteria 3.Proteobacteria
4.gamma subdivision
5. Enterobacteriaceae and related symbionts
6. Enterobacteriaceae 7. Escherichia

A
A
A
U
U
G
A
A
G A G U U

U G
A
UCAUGGCUCAGAUU

GAACGCU
GGCGGCA

GG

CC
UA

AC
A
C AU
G
C

A
A

G U C
G A

A C G G U
A A

C A G G A A G A A G C
U
U

GCUUCUUU
G

CUGAC
G

AGUGGC
G

G
ACGGGUGA

G
U
AAUG

U
C
U
G
G
G
A

AA
C U

G
CC

U
G
A
U
G
G

A G G G GG A U A A C U A C U G G
A
A

ACGGUAGC
UAAUA

CCGC
A
U
A
A

C
G
U
C
G

CA
A
G
A
C

C
A

A
A
GAGGGG

GA
CCU

U
C

G G G C C U C U U G
C
C
A
U
C
G
G

A
U

G
U
G
C
C
C
A
G
A
UGGG

A
UU

A
GCU

AGUAGGUGGG
G

UAA
C
G

G CUCACCUA
GGC

G
A
C G A U

CCC
U

A GCUG
GUCUG

A
G AGGA U

G A
C

C A GC CAC
A

CUGGAA
CUG

A
G
A
CA C G

G U C C A G
A
CUCC

U
A

C G
GGAG G C A G

C
A
G
U
G
G
G
G
A
A
U
AU

U
GCA

CAA
UGGGCG

C
A

A G C C U G A U G C A GCC
A UGCCGCGUGUAU

GAAGAA
GGCCU

U
C

G G G U U
GU A A A

G U A C
UUU

CA
GCGGGGA

G
GAA

G
G
GAGUAAAGU

U
A
A U AC

CUUUGCUCA UU
G
A
C G UU

A
CCCGCA

GAA
G

A AG
C
A
C
CGGC

UA A C
U
C
C
Gψ

G
C
C

A
G
C

A
G C C

G
C G

G
U
A
A

U
AC

G
G
A
G

G
G
U
G
C
A
AGCGUU

AAUC
G

G
A
A
U
U

A
C

U G G
G
C
GU

A
A

A
G

C
GCACG

CA
GGCGGUUUGUU

A
AGUCAGAUGUG

A
AA

U
CCCCGGGCU

C
A A C C U G G G A

A C
U G C A U C U G A

U A
C U G G C A A G C

U
U
G A

G
U
C
U
C
G
U
AG

AG
G
G
G
G
G
U

AGAAUUCCAGGUGUAGCGGU
G
A

A A U G C
G

U A G A
G
A U C U G G A G G A A U AC C G G

U G
G C G

A
A

GGCG
G
C
C
C
C
C
U
G

G
A
C
G
AAG
A
C
U
G
A
C
GCU

CA G
GUGCG

A
A

A G
C
G
U
G
GG

G
A G

C
A
A
A

C
A
G
G

A
U
U

A G A
U
A
C

C
C
U
G

G
U
A

G
U
C
C
A
C
G
C C G U

A
A
A
C

G
AU

G U C G A C U U GGAGGUUGUGCC
C U U

G
AGGCGUGGCUUCCGG

A
GC

U
A

AC
GCGUUAA

GUCGAC
C
G
C
C
U

G G G
GA G U AC

G G C C G
C
A

AGGUU
AAAA

CUC
A A A

U G A A U U G A C G
G

G G G C C C G CA C A A GCGGU

G
G
A
G
C
A
U
G
U
G
G
UUUAAUUCG

A
UGC

A
A
C

G CGAA
G
A
A

C C U U
A C

C
U
G
G
U
CU

U
GA

C

AUC
CACGGAAGUUUUCAG

A
G

A U G A G A A U G U
G
C
C
U

U C
G
G
G
A
A
CCGUGA

GA
C A

G
GUG
C
U
GC

A U
G
G
C
U
G
U
C
G

U
C
A

GCUCGUG
U
U
G

UG
A
A
A
U
G
U
U
G
G
G

U
U A A G

U
C
C
C
G C

A
A C G A G CG

C A AC
C C U U A U C C U U U G U U G C C

A G
C G G U C

C
GGCCGGGAACUCAAAGGA

G
A
C
U
G
C
C
A
G
U
G

AUA
A
A
C
U
G
G
A
G
G

A
A
G
G
UGGGGA

U
G
A
C
G
U
CAA
G
U C

A
UC

A
U
G
G
C
C
C

UU
A

CG
A
C
C
A
G
G

G
C
U

A
CAC
A
C
G
U
G
C
U
A
C A A U GGCGCAU

A
C

A A A GAG
AA GC

G
A C CUCG C

G
AGAG

C
AAGC

G
GAC

CUC
A

U
AAAGUGCGUC

G
U
A

G
U

CC
G
G
A
U
U
G
G
A
G
U
C U

G
C

AAC
U
C
G
A
C
U
C
C
A
U

G
A
A
GU

C
G

G
A
AUCGCU

A
G
U
A
A
U
C
G
U
G
G
A U

C
A

GAA
U
G

C
C

A
C

G
G

UGA
A

U
A
C

GU
UCC

CGGGCCUUGU
A

CA
C
A
C
C
G
C
C
C
G

U
C

A
C
A
C
C
A
U
G
G

G
A
G
U
G
G
G
U
U
G
C
A
A
A

A
G
A
A

G
U
A
G
G
UA G
C
U
UA

A C
C
U

U C
G
G
G
A

G
G
G
C
G
C
U
U
A
C

C
A
C

U
U
U
G
U
G
A
U
U
C
A
U
G
A

C
U
G
G
G
G
U
GA

AG
U

C
GU

AA
C

A A
G
G

U A A C C G U A G G G
G
A

ACCUGCGGUUG
G
A
U
C
A
C
C
U
C
C
U
U
A


