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MiGaL : introduction

W

MRNA

nucleotides

nucleotides

99? Protein amino acids

AAT GCCGTT

Transcription

codon
U U AllC G G]lc A A

Trandatio

Leu Arg GlIn
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RNA folding:

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

Base pairing
= Watson Crick:
(A-U) (C-G)
= Wobble: (G-U)

= non-canonical:
Holbrook, 91 (C-U)
Noller, 84 (G-A)
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MiGaL : introduction

RNA Secondary Structure:

,__,C‘
y A

m Helix.

A Y
AU
GC
UA
c6
UA|2
, 3= AAGGGA AAAUAAGGCA
5 ’”’"”AAA’A’UUG(?C{{ YUUAUUUCGU
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Y A

RNA Secondary Structure:

m Helix.
= Hairpin Loop.

3= AAGGEA AAAUAAGGCA
5””’"”AAAAUUGCCL\J WUUAUUUCGU
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Y A

RNA Secondary Structure:

m Helix.
= Hairpin Loop.
= Multiloop.

3= AAGGEA AAAUAAGGCA
5””’"”AAAAUUGCCL\J WUUAUUUCGU
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RNA Second

B
5~ AAAA

"AACGGA

\UUGECU

ary Structure:

AAAUAAGGCA
UJUUAUUUCGU ‘

m Helix.

= Hairpin Loop.

= Multiloop.
= Bulge.
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RNA Secondary Structure:

Y A

m Helix.

= Hairpin Loop.
= Multiloop.

= Bulge.

= Internal Loop.

3= AAGGEA AAAUAAGGCA
5””’"”AAAAUUG€CL\J WUUAUUUCGU
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RNA Second

5~ AAAA

[ AACGGA
\uueEey

ary Structure:

AAAUAAGGCA
UJUUAUUUCGU ‘

m Helix.

= Hairpin Loop.

= Multiloop.
= Bulge.

= Internal Loop.

m Stem.
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RNA Secondary Structure:

G-C
Y A

m Helix.
= Hairpin Loop.
= Multiloop.
R = Bulge.
SRS = Internal Loop.
oy = Stem.
= Pseudo knot.
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= RNA secondary structure comparison
taking into account pseudo knots .

= Motif inference for RNA secondary structures.
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= RNA secondary structure comparison
taking into account pseudo knots .

= Motif inference for RNA secondary structures.

we need a data structure for RNA
secondary structures
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MiGaL : parenthesis sequence

Also called “arc anno-
tated sequencies”

1 T (((¢(((---((((-(((---)))-))))-(((((----))-)))-)))T))
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MiGaL : parenthesis sequence

Zhang (99)
NP-Hard for crossing
pairs.

(((¢((((-(())-))) -(((((----))-)))-))T))))
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MiGaL: treerepresentation

Several different
representations us-
Ing trees.
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- Zhang (90,95)
Fontana(93)

A

Internal node=Dbase pair
leaf=unpaired base
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% Zhang (90)
|

)

Internal node=helix,bulge,internal loop or multiloop

leaf=unpaired bases
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|
AB Shapiro (89)
~

Internal node=helix,bulge,internal loop or multiloop
leaf=hairpin loop
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By adding pseudo knots to this tree structure, we change
It Into a graph.

Comparison, edition . .. are difficult problems with
graphs.
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Stochastic Context Free Grammars . Sakakibara (93)

S — (9)|0]slSS

Used for alignment or folding algorithms.

S-attribute Grammars Lefebvre (96)
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MiGaL: New Representation

ldeas:
m Start from a tree representation.
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|deas:
m Start from a tree representation.
= Add edges for pseudo knots.
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|deas:
m Start from a tree representation.
= Add edges for pseudo knots.
= Use simultaneously various levels of representation.

= Multiloop network iIs the backbone of the RNA
structure.

= Nucleotide conservation is not necessary.
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m Detalled
structure at the
deepest level.

m Abstraction : the
top level.

m Relation between
adjacent layers.
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MiGalL: On RNA

GO

multiloop tree.

Gl

stem tree.

G2

helix graph

G3

base pair graph
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MiGaL: Layer 3

Sulfolobus acidocaldarivs  S5U rRMNA secondary structure model
Accessionrumber: D 14878

MCBI tvonormy: Archaea, Crenarchascta, Sulfdobales,
Sufdobac=as, Sufolobus, Suhdce
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MiGaL: Layer 3
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MiGaL: Layer 2

Sulfolobus acidocaldarivs  S5U rRMNA secondary structure model
Accessionrumber: D 14878
MCEN tavonarmy: drchaea, Crenarchasct, Sulfolobales,
SuFolobareae, Sufakobus. " : G e dimid e
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MiGaL: Layer 2
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MiGaL: Layer 2

Sulfolobus acidocaldarivs  S5U rRMNA secondary structure model
Accessionrumber: D 14878
MCEN tavonarmy: drchaea, Crenarchasct, Sulfolobales,
SuFolobareae, Sufakobus.

Ths

RALA
htpy/na. via.ac. ba’

InternalLoop/Buldge
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MiGaL: Layer 2

Sulfolobus acidocaldarivs  S5U rRMNA secondary structure model
Accessionrumber: D 14878
MCEN tavonarmy: drchaea, Crenarchasct, Sulfolobales,
SuFolobareae, Sufakobus.

RALA
htpy/na. via.ac. ba’

HairpinLoop
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MiGaL: Layer 2

Sulfolobus acidocaldarivs  S5U rRMNA secondary structure model
Accessionrumber: D 14878 .
MCEN tavonarmy: drchaea, Crenarchasct, Sulfolobales, Helix
SuFolobareae, Sufakobus.
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MiGaL: Layer 2

Sulfolobus acidocaldarivs  S5U rRMNA secondary structure model
Accessionrumber: D 14878
MCEN tavonarmy: drchaea, Crenarchasct, Sulfolobales,
SuFolobareae, Sufakobus.
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MiGaL: Layer 1

Sulfolobus acidocaldarive SSU rAMNA secondary structure model
Accession mumber: 14570
OB bvorommy: Archasa, Crenarchascta, Sulfolcbales,
SuFokbaceas. Sufolobus,
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MiGaL: Layer 1

Sulfolobus acidocaldarive SSU rAMNA secondary structure model
Accession mumber: 14570

MCBI ooy Archasa, Crenachascta, Sulfolcbales,
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MiGaL: Layer O

Sulfolobus acidocaldarivs 55U rANA secondary structure model
Aecezsion urmber: D 1437
MCEl tavorormy : drchos, Crenarchaecta, Sulfddbales,
SuFobbacsas Sufobbus.
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MiGaL: Layer O

Sulfolobus acidocaldarivs 55U rANA secondary structure model
Aecezsion urmber: D 1437
MCEl tavorormy : drchos, Crenarchaecta, Sulfddbales,
SuFobbacsas Sufobbus.
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Our model takes into account pseudo knots.

The requested amount of memory is linear in the size of
the RNA.

MiGaL can represent either a model for various RNAS or
a single RNA.
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Our model takes into account pseudo knots.

The requested amount of memory is linear in the size of
the RNA.

MiGaL can represent either a model for various RNAS or
a single RNA.

We now need an algorithm to compare
(two) Mi1Gals

We now need an algorithm to compare
(two) LayerOs
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An Edit-like algorithm based on our
observations concerning RNA
multiloop network and adapted to

structural tree matching (level 0,1 and
2).




MiGaL: Classical edit operations

An edit algorithm is based on three operations:

N .B
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MiGaL: Classical edit operations

An edit algorithm is based on three operations:

AN

00— 0 00

/\

migal — p. 22/30



MiGaL: Classical edit operations

An edit algorithm is based on three operations:

0000 —= 0000
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Uui
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>
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MiGaL : observation 1

Formally:

()

Z-- B --x

2 \ 2
, \ . \ ’ \
, N R N i \
// A ’ N 4

\ .
7 N ’
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MiGaL : observation 1

Formally:

*dd(/%\)

Z + edgeFusion( —, —)
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MiGaLlL : observation 2

Formally:

. o

° o




Formally:
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In a “classical” editing algorithm we have:
= Relabeling
= Deletion
= Insertion
In a “fusion” algorithm we have:
= Relabeling
= Node fusion
= Edge fusion
= Deletion/Insertion
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MiGaLl: result sample
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MiGaLl: result sample

Level O

Rib I P RNA SEHXIOCOCCUSQOFdOHH
ok RNase P RNA
uYc Thermotoga maritima MSB-8
G A
Eig Sequence : M64709, Haas, et al. 1991 Science 254:853
C—G Structure : Harris, et al., RNA (in press)
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MiGaLl: result sample

Level O

Ribonuclease P RNA
Thermotoga maritima MSB-8

Sequence : M64709, Haas, et a. 1991 Science 254:853
Structure : Harris, et al., RNA (in press)

Image created 10/4/00 by IWBrown _ — - =~

="
GGGy L
/T A -
Cc A _--""
GAG -
) -7
GAc c Se
- -
UGGG Cc ‘Z"’n AnC AGC
c ~ A A veel . __
da ' FUscac®yacacc sececUuGes” ¢ - o
G ol 11 [ [ -
¢ " cceG ccccc aucc Y -
e G uu cecl -
UGG _Lc
c -
G < -
c -
UG a Pt
A‘G/UGUGCGGU
T

ACCCCACACGCAA

G
A
u
G

>O00>»>>0

u
u
cfuececuccce

1 el 01 -
A R
CACGCGGGGGET ¢ LR
* U—A ->
. G-C .
mmw G—-C L 3
R Sl -G .
b SGGAGAGGAGCAgigCA *
- ce
RN ACh
WGCCCUCUCCUCGU [
2 A A B
> UUCGGCCUA &
-~
YSRS .
Py
ffreasnmmsnn*t®

Ga
e A
ACA
u
]
u
A C A ¢ GG, 280
u U=Gp /
A by " Qo ** A A ® A
A C-G c GGAAUG
Sfeah ¢-¢ ¢ eTNANT c
100 S--_._6G6-C y GUCUUAC G
0--U~ "6 Ac u AA
Aeu® A 77966, “uac
A
A
G
0 G
A

AYuuuuyauc
"ERRRRE RN
UGAAAAGUAC o=

mun®
="

|
C&UGCAAUUUUU GG

Sreptococcus gordonii
RNase P RNA

.
800

|
»crrca®

migal — p. 26/30



MiGaLl: result sample

Levd 1

Streptococcus gordonii
Ribonuclease P RNA RNase P RNA
Thermotoga maritima MSB-8
Sequence : M64709, Haas, et a. 1991 Science 254:853 *G/:U A 160
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MiGaLl: result sample

Levd 1

Ribonuclease P RNA
Thermotoga maritima MSB-8

Sequence : M64709, Haas, et a. 1991 Science 254:853
Structure : Harris, et al., RNA (in press)

Image created 10/4/00 by WBrown
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MiGaLl: result sample

Level 2

Ribonuclease P RNA
Thermotoga maritima MSB-8

Sequence : M64709, Haas, et a. 1991 Science 254:853
Structure : Harris, et al., RNA (in press)

Image created 10/4/00 by WBrown
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This new edition algorithm s better to do a zoning than
a exact matching.
Currently we are searching for:

= The exact complexity of this algorithm (probably
O(nf x n?)).

m Score function for our edit operations.
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We apply this algorithm to make a top-down matching

across the differents MiGaLl layers:

Ribonuclease P RNA
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We apply this algorithm to make a top-down matching

across the differents MiGaLl layers:

Ribonuclease P RNA

C‘t“ Thermotoga maritima MSB-8 .

uence : M64709, Haas, et al. 1991 Science 254:853
Structure : Harris, et al., RNA (in press)
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The first results seems to show a great improvement in
time computation:

m The direct edit algorithm on layer 3 on sample take
around 4 minutes.

= The Top-Down algorithm make a few seconds to be
compute.
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Our approach seems to be original and pertinent in
relation to the biological aspects.

The final algorithm should be polynomial in the length of
the sequence (we hope so :)

Extension to multiple comparison/inference.
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