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Motivation and Goals

* to Interactively analyse adiverse collection of over
9000 RNA molecules

« to offer comprehensive information on structural
features within and across functional classes of
molecules

+ to help improve methods for computational
prediction of RNA secondary structure

* to permit comparison across different classes of
molecules

+ to allow submission of new molecules, so asto
maintain the vast broadness of the database




Analyser

* 1n the heart of the RNA SSTRAND database lies

Analyser

« Itisatool capable of taking in a bpseq representation
of a secondary structure of RNA molecule and
outputting statistical data that comprises the data base
entries. See Figures 1, 7 and 8 for more details.

« Anayser makes use of two different algorithms:
“Classifying RNA pseudo-knotted Structures’ [2] and
“New cligue and independent set algorithms for circle

graphs’ [1]




Secondary structure: 5S Ribosomal RNA
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Figure 1.

A graphical
representation of a
secondary
structure of an
RNA molecule.




Functionality

« RNA SSTRAND meets the outlined goalsin the
“Motivation and Goals’ section

« database Is easily maintained through MySQL

+ access to the database Is available to anyone on line at
Www.rnasoft.ca/sstrand

« most of the on line content is dynamically updated
upon access through MySQL queries embedded in
PHP

« simple and detailed searches through the database, as
well as, statistical analysis for single and groups of
RNA molecules are provided




Web Pages Provided.

main page:

— quick facts about the database

— search by RNA SSTRAND ID
search page:

— simple and more advanced search forms
analysis page:

- analysis of several groups of RNA molecules

- anaysis of asingle RNA molecule
submission page:

- form for submission of an RNA molecule
help page:

— definitions for all of the fields used in searches/analysis/submission

forms

about page:

— disclaimer

- generd statistics about the data in the database




RNA SSTRAND

[ Home | Search | Analysis | Submit structures | Help | About ]

Search for secondary structure molecules with certain general features

Type [?]: | Any type 4 Flgure 2-

Organism [ 7 ]: |

IAny source
Source [ ? ]:

Source ID[?]:l

—— | Viewof theT search

e f ks 0 oo | e ———1— s page. Thefirst

S frame provides a
basic search. The

— = — second frame lets

L. __ specify amore

[Average +] sizeof [stems =] [||Any o]

: detailed query.

Perform search | Clear form

Number/sizes of secondary structure elements

A -
Number of | stems | : |Any 2l I




PR NA SSTRAND Search page - Mozilla
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Search results: 10 results found

Search criteria:

Organism: —-—
Source: ——
Source ID; ——

Length: Any length

Experimentally validated:
Number of molecules in complex: Any number

| den't care

Type: tmRNA - Transfer Messenger BNA

Organism [ 7 |

Source ID[? ]

Experimentally
validated
L2k

Number
of
molecules
in

complex

[?k

C.botulinum
tmRMNA intron

trRMNA -
Transfer

Messenger
RMA

C. botulinum

Other
Sources

C.botulinum tmRMNA intron

E.coli tmBNA

trmBEMNA -
Transfer

Messenger
RNA

E. coli

Other
Sources

E.coli tmBNA

|Cvanuphura
e &b 2 C3) o | Done

tmRNA -

Figure 3. A sample of search results.




W RNA SSTRAND analysis page - Mozilla
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RNA SSTRAND

[Home | Search | Analysis | Submit structures | Help | About ]

Analyse a group of RNA molecules:

All fields are optional.
EBMA type

|AII malecules in RNA S5TRAND

Structural

l Mumber of domains per molecule
feature

Plot I Distribution of structural feature

Perform analysis Clear form |

Analyse a single RNA molecule:

The fields marked with * are mandatory.

“ RNA |
SSTRAND ID:

Perform analysis | Clear form |

Copyright © 2004 BETA LAB - University of Britieh Columbis

e

For questions, comments, suggestions and bug reports, please contact sstrand @rnasoft.ca

1 o] ==)ar

Figure 4.

View of
analysis page.
It iIspossible
to search for
asingle
molecule via
Its RNA
SSTRAND
1D or view
statistics for a
group of
molecules.




RNA SSTRAND

[ Home | Search | Analysis | Submit structures | Help | About ]

To view a post script file of the graph below, click here:  View
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: A sample

| IS S O of analysis
| group of

" N élz;nmains :cr migdtls " RN A

Wumber of molecules: 9273

Minimum: 1 mOI &UI %-

Farcaentaga of melaculas

Maximum: 32

Median: 1

Average: 1.16

Coeffient of wariation: 0.84

{ =8 EL W EE @ﬂ._. Done




Single Molecule Web Page

+ each molecule together with its quick statistics has its own

web page

+ this page can be accessed

— through clicking on aid button that was shown
during a search output
— viatyping in the molecule id either at the main

page or analysis page promts
- saving the URL of the page upon first viewing and using it
to come back to this page

+ there are also two buttons provided for viewing of the input

and output files of the analyser




CARNESSTRAN

D melecule page - Mozilla

RNA SSTRAND

[Home | Search | Analysis | Submit structures | Help | About ]

The basic statistics for molecule 1001.

Molecule ID[ 7 ]:

1001

Molecule name [ 7 1:

(C.botulinum tmRNA intron

Type[?1:

Transcription-Related RNA

Organism [ 7 ]

C. botulinum

Source [ 7 ]

(Other Sources

Source ID 2]z

C.botulinum tmBENA intron

Reference [ 7 ]:

http:/fwilab.inha.ac.kr/pseudoviewer/, Nucleic Acids Res. 30 (1)
179-182, 2002

Experimentally validated [ 7 :

N/A

Method for secondary structure
determination [ 7 ]:

/A

Number of molecules [ ? 1:

1

Fragments used [ 7 |

NFA

Length [ 7 I

304

Number of stems [ 7 1

16

Mumber of hairpin loops [ 7 |

8

Number of bulges [ 7 [:

2

Number of internal loops [ 7 1

5

|Number of multi loops [ ? 1

|1

|Number0f pseudoknots [ 7 ]:

1

[Number of bands [ 2

|2

|Number of unpaired bases [ ? ]:

104

|Number of paired bases [ 7 I:

|[200

Number of paired bases to be
broken to be pseudoknot free [ ? ]

5

|Average stem length [ 7 ]:

|5.19

|Averag.e hairpin loop length [ 7 1:

|la.75

|Average bulge length [ ? 1

[1.75

|Average internal loop length [ 7 ]:

23

Average multi loop length [ 7 ]

2.6

Average band length [ 7 :

5.5

View the input to the analyser (secondary structure of this RNA molecule in bpseq format): View |

View the output of the analyser for this molecule: View !

A sample
view of a
single
RNA
molecule
web page.




STRAND analyseroutput page- ;.Eilla

BEE G
RNA SSTRAND RNA SSTRAND

[ Home | Search | Analysis | Submit structures | Help | About ] [ Home | Search | Analysis | Submit structures | Help | About ]

The bpseq file for molecule 1001. Output of the analyser for molecule 1001:

File 1001.bpseq [Nunber of free bases found in the molecule: 104
BENA Secondary Structure database Strand Length: 304
External source: Pseudoviewer database ¥ Bt SR RS RS R R A S A R R A A R e R SR R R R A A R S RS AR R AR A AR R R S R A R R R
a 304
303 Total number of arcs to be removed: 5
307 Specific arcs to be removed:
301 46 47 48 49 50
0 Total number of bands to be removed: 1
0 Coordinates of the bands to be removed are:
0 130-270, 135-266
22
21 THE LOOP TREE
20
19 wiiteyternal loop Lhé¥
18 Coordinates: 1-304
] Lengths (in unpaired hases):
0 on §5' end: 0
i on 3" end: 0
0 Number of branches: 1
13 Asymmetry:

Absolute Difference; 0.00

Ratio: unattainable (all lengths are zero, can't divide by zero)
Connections: stem 16
Total numbers and percentages of free bases found:
none

000 =1 S e s R H H R

m n E £ M momm

Lo O T = B3 B T R i e - B = e '

55- & ¢ 6 & | Done

Figure 7. Input to the analyser. Figure 8. Output of the analyser.




Statistical Findings

* anumber of interesting facts have been discovered and

reconfirmed, while new directions for research have been
reveal ed

+ previously mostly avoided, the pseudo-knotted regions have

been studied more closely

¢ 74.11% of structures in our database contain pseudo-knotted

regions
- plotting of a certain domain (stem, multi-loop, pseudo-knotted

region, etc) versus the length of a molecule revealed a nearly
perfect correlation




Percentage of number of loops, stems and pseudoknots
Pesudoknaots: 1%

Hairpin kops: 249

""-.,. f

Internal loops: 8%/

WMulti kiops: 9%

Figure 9. Fraction of each structural element in all RNA SSTRAND
entries, excluding tRNAs (as they comprise the bulk of the entries and
may bias the plot)




Distribution of multi loops per molecule
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Figure 10. Figure 11.
It might be interesting to compare pseudo-knotted versus non
pseudo-knotted regions and their distributions per molecule.




Future Work

« add more datato RNA SSTRAND

« expand the search functionality with additional
structural criteria

+ support structural analysis of user-selected sets of
RNAS, as obtained in the form of search results

 use the information and functionality currently
provided by the database as a starting point for
studying weaknesses of current thermodynamic
models and prediction methods for RNA secondary
structures

« ultimately improving these models and prediction
algorithms
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