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RNA FRABASE: RNA fragments database & search engine

Collects structural data & models relationships between them

• sequences
• atom coordinates
• torsional & pseudotorsional angles
• sugar-pucker parameter
• base pair classification
• base-base & inter base pair parameters
• secondary structure (dot-bracket, graphics)

Allows for easy/fast search for 3D fragments

Input (query):
- Sequence and / or
- Secondary structure (dot-bracket)

Output:
List of PDB ids + structure parameters

RNA FRABASE
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http://rnafrabase.cs.put.poznan.pl/

Popenda et al., NAR, 2008

Popenda et al., BMC Bioinformatics, 2010





RNAComposer: 3D structure prediction

Idea
Knowledge-based system deriving from comparative modeling but overcoming
typical limitations of the other methods in the stream (no templates required from
a user, no structural alignment).

Result
Building atomic-resolution 3D-models of RNAs based on their secondary structures
(and / or sequences) using the database of 3D RNA fragments (RNA FRABABE).

RNA sequence secondary structure tertiary structure

CGUCCUAG
AAAGGCG
GAAACGCG
UGGAGC
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1. Optional secondary structure prediction
(RNAstructure, RNAfold, CONTRAfold)

2. Validation of the input data (provided / 
predicted secondary structure)

3. Secondary structure fragmentation
(based on graph representation of RNA 
secondary structure)

4. Searching the RNA FRABABE database of 
known structures for matching 3D fragments

5. Fragment modifications (if necessary)

6. Fragment assembly

7. Minimization of the complete structure due
to the energy and structural parameters (i.a. 
XPLOR, CYANA)

RNAComposer method outline
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http://rnacomposer.cs.put.poznan.pl/

Popenda et al., NAR, 2012





RNApdbee: secondary structure from PDB files

GGGAUGCGUAGGAUAGGUGG

GAGCCUGUGAACCCCCGCCU

CCGGGUGGGGGGGAGGCGCC

GGUGAAAUACCACCCUUCCC

((((.(......[..(((((

..(((......((((((((.

...))))))))...)))...

.......].)))))).))))

Data 
filtering

Base pair
retrieval:
RNAView, 

MC-Annotate, 
x3DNA/DSSR

Structure
visualization: 

Pseudoviewer, 
VARNA

Topology
encoding (dot-
bracket-letter)

Temporary
structure

unknotting

Input (PDB id/ file)

Output
(textual & graphical)

1 G 80

1 G 79

3 G 78

4 A 77

5 U 0

6 G 75

...



RNApdbee: pseudoknot order

Pseudoknot order - min number of base pair set decompositions that result
in obtaining nested structure

Pseudoknot order determination:
1. Unknot the structure iteratively

(Elimination Gain heuristics)

2. Count the number of conflicts
(=pseudoknot order) between
paired regions

Pseudoknot order encoding:



RNApdbee: where is pseudoknot?

Our assumption: minimize the number of pseudoknotted pairs



RNApdbee: example



15

http://rnapdbee.cs.put.poznan.pl/

Antczak et al., NAR, 2014





RNAvista: extended secondary structure assessment

RNAComposer output

PDB file
with
tertiary 
structure

RNApdbee intput

Input Data:

GGUCAGGUCCGAAAGGAAGCAGCC
or

GGUCAGGUCCGAAAGGAAGCAGCC

((.....(((....))).....))

RNAComposer

automated prediction of RNA 3D structure
http://rnacomposer.cs.put.poznan.pl/

RNApdbee

PDB file-based extraction and 
visualization

of RNA secondary structure
http://rnapdbee.cs.put.poznan.pl/

Output data:

extended secondary structure 
of RNA in dot-bracket and 
graphical representations

GGUCAGGUCCGAAAGGAAGCAGCC

((((.((((((..))))))).)))



RNAvista: preliminary tests
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RNAvista: preliminary tests

33,39

22,3

44,15

34,28

0 0 0 0

52,11

45,33 45,69

0

70,51

57,67
55,52

49,91

62,09

43,67

47,78

43,25

63,65

48,33

43

46,67

0

10

20

30

40

50

60

70

80

1-50 nts (319 seq) 51-100 nts (126 seq) 101-200 nts (188 seq) 201-500 nts (455 seq)

% of correctly predicted non-canonical base pairs presented in the reference structures
(non-canonical bps predicted from canonical secondary structure)

RNA Wolf

MC-Fold-DP

MC-Fold

RC/Rp-RNAView

RC/Rp-MC-Annotate

RC/Rp-3DNA/DSSR

Benchmark set: 1088 structures from RNA STRAND (with >2 non-canonical bps)



People in RNApolis

COMPUTATIONAL… …BIOLOGY

Maciej Antczak Ryszard W. Adamiak

Jacek Blazewicz Mariusz Popenda

Marek Blazewicz (left) Katarzyna J. Purzycka

Piotr Lukasiak

Tomasz Ratajczak

Agnieszka Rybarczyk

Marta Szachniuk

Natalia Szostak

Tomasz Zok


