Biologia Molecular Computacional
IBI5035/QBQ2507 - 2023

Estrutura e funcao de RNAs

Eduardo Moraes Rego Reis
Instituto de Quimica - USP



Os niveis de organizacao da estrutura do RNA
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The three levels of organization of RNA structure. From

left to right are the primary sequence, the secondary structure
(Cannone et al., 2002), and the tertiary structure (Cate et al., 1996) of a
domain of the group I intron from Tetrahymena. The secondary
structure illustrates the canonical base pairs, and the tertiary structure
is the actual three-dimensional arrangement of atoms.
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LigacOes de hidrogéniointramoleculares dao
origem a trechos de dupla fita e estruturas
secundarias tipicas
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Estruturas secundarias de RNAs podem
fazer interacoes intra e intermoleculares

A. B. C.

Figure 5.3. Examples of known interactions of RNA secondary structural elements. (A) Pseudo-
knot. (B) Kissing hairpins. (C) Hairpin-bulge contact. (Adapted from Burkhard et al. 1999b.)




Qual a relevancia de se estudar a estrutura de RNAs?



Estruturas secundarias e terciarias sao essenciais para diferentes fun¢oes

exercidas pelos RNAs

Estrutura secundaria do 3’UTR do
retrotransposon R2.

uu
A U
u U
Gl=C
§)
U=—A
Uu—A
G—C
uw — Ay
UA-—UL
R U=—G
UGAUcucuea—C Double Helix
Cu
G C
c QG AL‘
UACCUU
st THL
AUGGAA
3)’3 : L.f'\ AcY
5 AC
o BT A~ A
e hq‘*’,: “uza®
HL U G=—U
chu C' U G:C Hairpin Loop
0 A \ U uc u=E
c UGl A ¢cC ccuua®
5 AEREE (I I I I I I
7 GAUCGU GGGUGGAAUR
U A ! g
Cgau® U J

omcoo
[ERRN
F

=
>
53
I

DO>CH
>
[ =3
C
s Y«
:
]
1
g
O

(0]

U
Intemal Loop /> G
A

9]

foYePNoleYo)
(HEEEN
cOCOoOO0

U ¢
AGAAC Vr.\
SR

A

A
Bulge Loop \.*G‘% e ;
U AG u v

FIGURE 6.2 The RNA secondary structure of the 3’ UTR from the D. sucinea R2

C

element (Lathe & Eickbush, 1997; Mathews et al., 1997). Base pairs in nonhelical regions,

known as loops, are colored by type of loop.
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funcao de atuar como primer para
transcricao reversa do retroelemento



Estrutura de RNAs e o controle da expressao génica

Table 1 | Examples of the diverse roles of RNA structure in gene expression

RNA type Examples Example roles of RNA structures Refs
Transcription
Long and short Xist, HOTAIR, ANRIL, Double stem—-loop and other structural motifs 111-115
ncRNAs promoter associated recruit Polycomb complex for gene silencing
RNAs (mammals)
Mitochondrial G-quadruplex structures cause transcription 116
RNA termination (mammals)
Riboswitch Adenine, guanine, lysine,  Structure change upon ligand binding results in either 5,117-122
glycine, T box, TPP,SAM,  transcription termination or activation (bacteria)
pre-Q1
Splicing
mRNAs Tau, cardiac troponin Protein binding to stem-loop regulates alternative 123,124
splicing (mammals)
CD59, XBP1 IRE1a recognizes stem-loop for splicing (mammals) 125
14-3-3¢ Inter-intronic RNA pairing results in mutually exclusive 126
splicing (Drosophila melanogaster)
Riboswitch Group | ribozyme, TPP Binding to metabolites alters splicing (bacteria, fungi, 127,128
plants)

Wan et al., 2011 Nature Review Genetics 12:641



Table 1 | Examples of the diverse roles of RNA structure in gene expression

RNA localization

mRNAs

ncRNA

Translation

" mRNAs

ncRNA

Riboswitch

Hac1

ATP2,ATM1
fs(1)K10

PSD95/CaMKilla

B-actin

Promoter RNA

p27, VEGFA

Collagen genes, amyloid
precursor protein, ferritin

BCL2,ERA, TRF2

URE2
rRNA

FourU, ROSE element,
CSPA, TPP, SAM

Localization to yeast endoplasmic reticulum
membrane

Localization to yeast mitochondria

A-form helix causes localization to anterior of
Drosophila oocyte

G-quadruplex in 3'UTR targeting to neuritis
(mammals)

Localizes to the leading edge of fibroblasts or neurons
(mammals)

Stem-loop results in nucleoli localization (mammals)

Protein binding causes structural changes (mammals)

Stem-loop at 5'UTR (mammals)
G-quadruplex in 5'UTR affects translation (mammals)

Stem-loop as internal ribosomal entry site (yeast)

Binding of Z-DNA-binding domain to rRNA structures
block translation (bacteria and mammals)

Structure change on ligand binding and temperature
variance changes accessibility of Shine-Dalgarno
sequence for ribosomal recognition (bacteria)

129

130
131

132

133,134

135

20,22
136-138

139-141

142
143

9,102,
144-146



Estruturas secundarias e terciarias determinam papéis regulatorios de
RNAs

Exemplo:

Estrutura terciaria de
um RNA mensageiro de
bactéria queliga
adenina (“Riboswitch”)
e estabiliza a traducao
do mRNA




Bactérias dispde de diversos mecanismos que ativam ou reprimem a
expressao génica baseados em riboswitches (regulacao em cis)

A
Anions Metals Purines Cofactors Amino acids
Exemplos de 2+ and derivatives and derivatives e Gl ok
|iga ntes F- Mg Adenine, ne, ATP  Moco/Tuco, AdoCbl, TPP, ys, Gly,
2'-dG, -dl-GMP SAH, SAM, FMN
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Rho-dependent
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Ligacao do ligante ao “riboswitch” induz mudangas conformacionais que afetam a transcricao do DNA
(através da formacdo de grampos de terminacdo/antiterminacdo), a tradugdo (através do sequestro ou
exposi¢cao do RBS ou fatores proteicos), ou a estabilidade do RNA mensageiro

Serganov & Nudler, 2013 Cell 152:17-24



RNAs nao codificadores (ncCRNASs) estao presentes em todos os dominios da vida,
regulando a expressao genética e contribuindo para a organizacao e estabilidade do

genoma

Eukaryotic cell
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Cech TR, Steitz JA. The noncoding RNA revolution-trashing old rules to forge new ones. Cell. 2014 Mar 27;157(1):77-94
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Os mecanismos de acao de RNAs naocodificadores longos
(IncRNAs) com papel na regulacao epigenética e transcricional
em eucariotos dependem da sua estrutura secundaria e terciaria

a1 competidor b plataforma

E ng » Ativacdo/repressao

da expressao génica

d * Organizacaode

complexos
ribonucleoproteicos

Figure 4

Models of long noncoding RNA (IncRNA) mechanisms of action. (#) The IncRNAs can act as decoys that
titrate away DNA-binding proteins, such as transcription factors. (#) These IncRNAs may act as scaffolds to
bring two or more proteins into a complex or spatial proximity and (c) may also act as guides to recruit
proteins, such as chromatin modification enzymes, to DNA; this may occur through RNA-DNA interactions
or through RNA interaction with a DNA-binding protein. (d) Such IncRNA guidance can also be exerted
through chromosome looping in an enhancer-like model, where looping defines the cis nature and spread of

the IncRNA effect.

Rinn & Chang, 2012 Annu. Rev. Biochem. 81:145-66



Ferramentas para predicao de estrutura de RNAs

https://en.wikipedia.org/wiki/List_of RNA_structure_prediction_software

List of RNA structure prediction software

From Wikipedia, the free encyclopedia
This list of RNA structure prediction software is a compilation of software tools and web portals used for RNA structure prediction.

Contents [hide]

Single sequence secondary structure prediction.
Single sequence tertiary structure prediction
Comparative methods

Intermolecular interactions: RNA-RNA
Intermolecular interactions: MicroRNA:any RNA
Intermolecular interactions: MicroRNA:UTR
ncRNA gene prediction software

o N OO O A~ W NN -

Family specific gene prediction software

©o

RNA homology search software

10 Benchmarks

11 Alignment viewers, editors

12 Inverse folding, RNA design

13 Secondary structure viewers, editors
14 See also

15 References



Métodos de predicao de estrutura
secundaria de RNAs

* critério termodinamico

Buscam identificar regidoes de complementaridade intra-intermolecular com
formacao de trechos de dupla-fita que resultam em estruturas secundarias

estaveis utilizando métodos de minimizacao de energia.

* critério evolutivo

Buscam identificar covariagoes de bases na sequencia primaria que

mantenham estruturas secundarias conservadas em diferentes espécies.



Determinacao de estruturas secundarias de RNA com menor
energia livre (AG)

A variacao da energia livre (AG) que contribui para a estabilizacao
de estruturas secundariasno RNA é calculada pela soma da
contribuicaoindividual de interagoes locais que estabilizam ou
desestabilizam a sua formacao:

 Empillhamento de pares de bases adjacentes nos elementos de
estrutura secundaria (estabiliza estrutura secundaria, AG < 0)

e \oltas (desestabiliza estrutura secundaria, AG > 0)



Empillhamento de pares de bases adjacentes (AG < 0)

Quanto maior o numero de
ligagcbes de hidrogénio maior a
estabilidade:

C-G: 3 ligacdes hidrogénio

A-U: 2 ligacdes hidrogénio

A vizinhanca da base influencia na
estabilidade

Stacking Energies for base pairs

AU CiG GIC UIA GiU UiG
AU -09 -1.8 -23 -1.1 -1.1 -0.8
CiG 1.7 -29 -34 -2.3 -2.1 -14
GIC -2.1 -2.0 L -29 | -1.8 -19 -1.2
UIA -09 -1.7 -2.1 -09 -1.0 -05
GiU -05 -1.2 -14 -08 04 [ -07 ]
UIG -1.0 -1.9 -2.1 -1.1 -1.5 -04




Voltas (“loops”) (AG > 0)

Quanto maior o trecho de 5'
bases desemparelhadas menor 3 I
a estabilidade da estrutura

Destabilizing Energies for Loops
Number of Bases 1 5 10 20 30

Internal -- 5.3 6.6 7.0 7.4
Bulge 3.9 4.8 5.5 6.3 6.7
Hairpin -- 4.4 5.3 6.1 6.5




Predicao de estruturas estaveis a partir da determinacao de
estruturas secundarias de RNA com menor energia livre (AG min)

| LR

O

DG37 —= —1 3—33—21 —06
+1.0-3.3-1.1+5.6
=-5.1 kcal/mol

rCCUUGAGGAACACCAAAGGGG



Relagao entre AG e equilibrio quimico definem a
estabilidade de estruturas secundarias

RNA sem conformacao Keq RNA estruturado
“random coil” = conformacao “A”

Keg = [cOnformacgao “A”] = eC‘AG_/R@

["random coil”] /

Energia livre de Gibbs

Exemplo pratico: Estabilidade predita da conformac¢do A =-5.1 Kcal/mol

Portanto:

Keqg = 3900, ou seja, existem 3900 moléculas na conformagdo A para cada molécula
sem conformacao (random coil)




“Dot Matrix”

Meétodo paraidentificacao deregidoes de complementaridade

- Util paravizualizarregioes de auto-complementaridade na sequencia primariado
RNA

- auxiliam a predicao da existéncia de estruturas secundarias

5 » 3’
100 200 300

5' 1l'.lll'lllllllllllllllllll“lllllllll
* Dot Matrix de RNA do viroide de | RN O O .
tubérculo de batata (<350 nt) 1 \\ N gl\ o
- SR \_"\\ . \‘:\\ NCF
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: \\ » N ‘\ ' \ \ ‘\ :
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| t d d 4 N : by —
apresentam complementaridade ] N N\ N "
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Figure 5.5. Dot matrix analysis of the potato tuber spindle viroid for RNA secondary structu
using the MATRIX function of DNA Strider v. 1.2 on a Macintosh computer.



Predicao da estrutura do RNA transportador (77 nt)
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Loop Free-Energy Decomposition Structure 1

RD1140_tRNA
AG=-30.60

| Structural element |

- d

G | Information

| External toop | -1.70/[4 55 bases & 1 closing helices.
Stack -1.50 | External closing pair is G;-C53
Stack -2.50 (External closing pair is G,-Us;
Stack -3.30 | External closing pair is C3-G7;
Stack -3.30 || External closing pair is C4-Grg
Stack | -3.30 |Extemal closing pair is Cs-Ggo
Stack -2.10 || External closing pair is Cs-Ggg
Helix -16.00 | 7 base pairs.
Maki oo 210/[g" e & 4 coing s
Stack -2.20 |External closing pair is Asp-Usgs
Stack -2.40 || External closing pair is Cs;-Ggs
Stack -3.30 | External closing pair is Gs2-Css
Stack -3.30 | Extemal closing pair is Gs3-Cg3
| Helix |-11.20([5 base pairs.
|Hairpin loop | 440 | Closing peir is Gs4-Caz
| Stack | 330 | External closing pair is Cyg-Gig
| Stack | 2.10 |Extemal closing pair is Czo-Ga3
Stack -2.40 || Extemal closing pair is U3p-Agy
Stack -3.30 || External closing pair is C31-G41
| Helix |-11,1o |5basepairs‘
Hairpin loop 5.00 || Closing pair is C35-Gyq
Stack -3.40 |External closing pair is G5-Cy6
Stack -2.40 | External closing pair is C11-Ggs
Stack -2.40 |Extemal closing pair is Gy,-Cpg
| Helix | 8204 base pairs.

| Hairpin loop

6.10 |Closing pair is A3-Us




http://rna.tbi.univie.ac.at/
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The ViennaRNA Web Services Introduction
Our Web Services~
This server provides programs, web services, and databases, related to our work on RNA secondary structures. Databases
For general information and other offerings from our group see the main TBI homepage. Downloads

Our Web Services

Thermodynamic Structure Prediction

@ RNAfold Server
4

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

Q@ RNAeval Server

...provides a detailed

@ RNAprobing Server
>

...predicts minimum free energy
structures and base pair
probabilities from single RNAs
using a guiding potential based on
SHAPE reactivity probing data.

Q@ RNAcofold Server

...allows you to predict the

@ RNAalifold Server
4

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

Q RNAup Server




RNAfold \NebServer

Results for minimum free energy prediction

The optimal secondary structure in dot-bracket notation with 2 minimum free energy of -20.20 kcal/mol is given below.

[color by base-pairing probability | coler by positional entropy | no coloring]
1 COCOCCATACCERACTTCCTUATCCOCCCUCCCTCTCACEEACCACRUCACOCETTCCACTCCCCTUTCECEUCE0CA

1 L O L O D L IRRDRDRDRDR D R

You can download the minimum free energy (MFE) structure in [Vienna Format| Ct Format]. You can get thermodynamic details on this structure by submitting to our RNAeval web server.
Results for thermodynamic ensemble prediction

The free energy of the thermodynamic ensemble is -20.90 kcal/mol.
The frequency of the MFE structure in the ensemble is 31.97 %.
The ensemble diversity is 8.24 .

You may lock at the dot plot containing the base pair probabilities [Er3|?DF| IMAGE CONVERTER].

The centroid secondary structure in dot-bracket notation with a minimum free energy of -20.20 kcal/mol is given below.

[color by base-pairing probability | coler by positional entropy | no coloring]
1 CECCCCATAGCERRCTTCSTUATCCOSCCTCCCTCTCACEEACEACRTCACCCEUTCCACTCCCCUTCECEUCECCA
1 LT P T T ] PO, SRR PR LT T P, SRR E ] I [ZTTT - 13033000000 ) e

You can download the minimum free energy (MFE) structure in [Vienna Format| Ct Format]. You can get thermodynamic details on this structure by submitting to our RNAeval web server.
Graphical output

You may look at the interactive drawing of the MFE structure below. If you do not see the interactive drawing and you are using Internet Explorer, please install the Adobe SVG plugin. A

regions the color denotes the probability of being unpaired.

RD1140_1ANA

Sequence display options

Sequence display options

MFE secondary structure

Centroid secondary structure
@ Plsin Sequence @ Plzin Sequence

O No Sequence O No Sequence




Predicao termodinamica de estruturas secundarias
A estrutura secundaria centroide de uma sequéncia de RNA¢é a estrutura secundaria com distancia minima de
pares de bases para todas as outras estruturas preditas no modelo

minimum free energy of -1957.30 kcal/mol

Sequence display options MFE secondary structure

@ Plain Sequence
O No Sequence

The free energy of the thermodynamic ensemble is ~2082.59 kcal/mol.
The frequency of the MFE structure in the ensemble is 0.00 %.
The ensemble diversity is 1812.57.

Sequence display options
9 piay op Centroid secondary structure

@ Plain Sequence
O No Sequence




Outros formatos para representacao

de estrutura 2D de RNAs
“dot-bracket”

P o o b B e T e bt o i e o o e o i et e T o o b T o T b Rt e T o o o et o T i e et i e e o e
"-'-'-‘_A-AI-M‘- - - -A-'-‘-‘-‘--‘-'-'-- ‘-‘_A-’A’A.A-'_A-J“- -‘-A‘-‘-'-‘-‘- - "“-‘-l-‘_A




Métodos de predicao de estrutura secundaria
de RNAs baseados em critérios evolutivos



RNAs com sequencias diferentes podem
assumir a mesma estrutura secundaria
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covariacao de bases:
G>A e(CsU

Figure 5.1. Complementary sequences in RNA molecules maintain RNA secondary structure.
Shown is a simple stem-and-loop structure formed by the RNA strand folding back on itself.
Molecule A depends on the presence of two complementary sequences CGA and UCG that are base-
paired in the structure. In B, two sequence changes, G — A and C — U, which maintain the same
structure, are present. Aligning RNA sequences required locating such regions of sequence covaria-
tion that are capable of maintaining base-pairing in the corresponding structure.




Predicao de estruturas secundariasatravés da identificacao de covariancia
de bases na sequéncia de RNAs conservados(homologos)em diferentes

espécies
l. Sequence alignment
seql. ———AG————-— C—f-—
seq2. ———C————— G—f-—
seq3. ———A————— C——-—
seqd. ———A————— T ==

A B
|»Gc~‘ CG AC AU

Figure 5.11. Conservation of base pairs in homologous RNA molecules influences structure pre-
diction. The predicted structure takes into account sequence covariation found at aligned sequence
positions, and may also use information about conserved positions in components of 2 phylogenetic
tree. In the example shown, sequence covariations in A, B, and D found in sequences |, 2, and 4,
respectively, permit Watson-Crick base and G-U base-pairing in the corresponding structure, but
variation C found in sequence 3 is not compatible. Sometimes correlations will be found that sug-
gest other types of base interactions, or the occurrence of 2 common gap in 2 multiple sequence
alignment may be considered 2 match. Positions with greater covariation are given greater weight
in structure prediction. Molecules with only one of the two sequence changes necessary for conser-
vation of the base-paired position may be functionally deleterious.
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Figure 5.12. Covariation found in tRNA sequences reveals base interactions in tRNA secondary and tertiary structure. (A)
Alignment of tRNA sequences showing regions of interacting base pairs. (+) Transition; () transversions; (|) deletion; (*)
ambiguous nucleotide. (B) Diagram of tRNA stracture illustrating base-base interactions revealed by a covariance analysis.
Adapted from the Web site of R. Gutell at http://www.rnaicmb.utexas_edu.




transicao
A- G
G—2>A
C->U
U->C

Transversao
A->C
A->U
C—->A
U—>A
G—>C
G->U
C—>G
U->G

Methods of Covariation Analysis in RNA Sequences

Secondary and tertiary features of RNA structure may be determined by analyzing a
group of related sequences for covariation. Two sequence positions that covary in a
manner that frequently maintains base-pairing between them provides evidence that
the bases interact in the structure. Combinations of the following methods have been
used to locate such covarying sites in RNA sequences (see R. Gutell for additional
details and at http://www.rna.icmb. utexas.edw/METHODS/ menu.html).

o
.

Optimally align pairs of sequence to locate conserved primary sequence, mark

transitions and transversions from a reference sequence, and then visually
examine these changes to identify complementary patterns that represent
potential secondary structure.

Perform a multiple sequence alignment, highlight differences using one of the

sequences as a reference, and visually examine for complementary patterns.
Mark vaniable columns in the multiple sequence alignment by numbers that

mark changes (c.g., transitions or transversions) from a reference sequence;

examine marked columns for a stmilar or identical number pattern that can

represent potential secondary structure.

Perform a statistical analysis (Chi-square test) of the number of observations of

a particular base pair in columns 1 and j of the multiple sequence alignment,
compared to the expected number based on the frequencies of the two bases.

Calculate the mutual information score (mixy) for each pair of columns in the

alignment, as described in the text and illustrated in Figure 5.13.

Score the number of changes in cach pair of columns in the alignment divided
by the total number of changes (the ec score), examine the phylogenetic context
of these changes to determine the number of times the changes have occurred
during evolution, and choose the highest scores that are representative of mul-
tiple changes.

Measure the covaniance of each pair of positions in the alignment by counting
the numbers of all 16 possible base-pair combinations and dividing by the
cxpcctcd number of cach combination (number of sequence X frequency of
base in first posmon X frcqucncy of base in second position), choose the most
prevalent pair, and examine remaining combinations for additional covaria-

tion; then sum frequency of all independently covarying sites to obtain covary

score.
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Figure 5.13. RNA structure logo. The top panel is the normal sequence logo showing the size of each
base in proportion to the contribution of that base to the amount of information in that column of
the multiple sequence alignment. The relative entropy method is used in which the frequency of bases
in each column is compared to the background frequency of each base. Inverted sequence characters
indicate a less than background frequency (see Chapter 4, page 196). The bottom panel includes the
same information pluas the mutual information content in pairs of columns. The amount of informa-
tion is indicated by the letter M, and the matching columns are shown by nested sets of brackets and
parentheses. All sequences have a C in column | and 2 matching G in column 16. Similar columns 2
and 15 can form a second base pair stacked upon the first. Columns 7-10 and 25-22 also can form G/C
base pairs most of the time. Sequences with a G in column 7 frequently have a C in column 25, and
those with a C in column 7 may have a G in colmmn 25. Thus, there is mutual information in these
two columns (Gorodkin et al. 1997 [using data of Tuerk and Gold 1990]).



Predicao global de regides estruturadas em RNAs em genomas a partir de modelos
filogenéticos
Evofold : disponivel como track de anotacao do UCSC Genome Browser (versao hg19)
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EvoFold Predictions of RNA Secondary Structure
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a) Human genome:
Conserved elements: - t"/‘\-- u a
b) 8-way alignment: human SAGCTTGCT T TGGCAGCTACT
chimp. CAGCITGCIIIGGCAGCTACC
mouse GAGTITACTTTCGTAGCTATC
rat AAGCITACTTAGGTAGCTATC
GAGCATACTAAGGTGGCTACC

chicken CGGCITACCCTUGGIGGCCAGT
z. fish GGGCITACACTIGIGGCCGGL

<) SCFG generated p.- fish GGGCITACACATGIGGCCGGA ;

secondary structure: ‘%‘((‘(_(“(-_':2)_)-)--- d) fold: Tt
- “ Tl OG

e) Phylogenetic evaluation: - - -

G AT . .

: 2 =

G AT > Kkl

C AT 'gnc_,

E:G - GmC
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sngle nutiestoe dreutieonde Sl
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Figure |
QOutline of EvoFold Prediction Method

(A) Schematic representation of human genome and conserved elements. The conserved elements define the
mput alignments.

(B) Segment of eight-way genomic alignment.

(C) The SCFG of the fRNA model defines a distribution over all possible secondary-structure annotations. One
of the many possible secondary structures is shown in parenthesis format. Substitutions in pairing regions of

the alignment are color-coded relative to human: compensatory double substitutions are green, and compatible
single substitutions are blue.

(D) Color-coded fold corresponding to the secondary-structure annotation of the alignment.

(E) Two phylogenetic models are used to evaluate the possible secondary-structure annotations: unpaired
columns are evaluated using a single-nucleotide phylogenetic model. Paired columns are combined and
evaluated using a di-nucleotide phylogenetic model. Horizontal branch lengths reflect the expected number of
substitutions.




Conservacao de seqguencia indica
regioes estruturadas de RNAs
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Determinacao experimental da estrutura de RNAs
Digestao com endonucleases seguida de sequenciamento permite distinguir regides

inacessiveis (contem estruturas secundarias) e acessiveis (fita simples) do RNA

PARS: Parallel Analysis of RNA Structure

a PARS strategy Slb
RNase V1 digestion 51 nuclease digestion
Vi
YOH

L 1'OH [
o—OH OH & OH OH
l Random fragmentation l Random fragmentation

O O[5 s .3 cyclic P 5'OH OH o OH[5) 2.3 cyclic P $'OM oM
Adaptor ligation, end repair, Adaptor ligation, end repair,
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2% 23
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0
More singlesstranded S1nuclease reads
RNAse V1: digere RNA duplafita
Wan et al., 2011 Nature Review Genetics 12:641

S1 nuclease: digere RNA fita simples



PARTE:
Parallel Analysis of RNA Structures with Temperature Elevation

» — »
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Wan et al., 2011 Nature Review Genetics 12:641



Exemplo: PARTE no estudo da dinamica estrutural do RNA que
compoOe a particula de reconhecimento de sinal SCR1

 Estabilidade

SCR1T
2 2
N i
200 - 1) i
T80 30 . . . ~
g 3 IH “l e Permite refinarainformac3osobre
o 4l 3 L
200 3 - ofe
gt 3570 a estabilidade das estruturas
5 a0 3 , . ,
S 03
% i secundarias presentes na molécula
s B
ap 3
40 7
200 3
160 J75C
120+ 3
a0 o
40 3 } L - L
01 1 20 31 41 51 61 71 B 1 100 110 120130 140 150 RS
Bases SCR1 . "'Ef.!. :
i Cot
™m I mm m : o z,_:gf ggzcm
L o g Lo
s & [
‘“\; e V120 ol :ﬁﬂ
s o 3
<, o : : ;
s La ::}Z;,'J\ o {;‘?% . ) ”—? Nja v"".J 24_000 ‘?’{‘9”;125
i ?J ;.;.rz.iiiz.;m’.z::;:,r::—;'ag‘;“‘*g_‘s;sz'i‘:sruii?;;gt‘ ﬁﬁgﬁﬁ-‘i’lﬁ,}ﬁ{fd%‘a} anm MR O
5(\4?*’{ j)“e;:_’} S 40 ® %
G f;ﬁsow 3 b
Féa 440 'ﬁ' Zﬂ

23 30 37 55 75 >75
I



https://rmdb.stanford.edu/

RMDB Browse Deposit ~ Analyze ~ Tools ~ About ~

© RMDB has upgraded to version 2.2 BETA for online preview. More changes and updates are in progress.

&% Please report bugs and make suggestions. We really appreciate your feedback.

P
M Welcome A Repository of RNA Structure Probing

Browse The RNA Mapping Database is an archive that contains results of diverse structural
mapping experiments performed on ribonucleic acids. Results "ted to the repository
are manually curated and annotated, ensuring reliability and quality of reported data.
DEDOSit With a total of 13,286,924 datapoints, RMDB currently houses 426 entries,
describing more than 745 experiemnts of 123,127 RNA constructs in several solution
conditions and has been growing rapidly .

Download In addition, RMDB contributes greatly to the Eterna (4§ videogame/synthetic biology
project, and the RNA Puzzles (4 blind RNA structure prediction challenges. It will
continue to benefit data sharing for RNA structue mapping community.

Analyze

The ultimate goal of the RMDB is to provide a centralized, curated, data-sharing
platform with visualization and structure prediction tools for rapid analysis and
meta-analysis of these data.
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Tutoriais sobre estrutura de RNAs na
pagina da disciplina
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