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Plan of thetalk

Single motifs extraction
[M.-F. Sagot, Latin, 1998]

Structured motifs extraction

» SMILE

[L. Marsan and M.-F. Sagot, Journal of Computational Biology, 2000]
$ RISO

[A. Carvalho, A. Freitas, A. Oliveira and M.-F. Sagot, submitted, 2004]

Ongoing and future work

|
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Structured modédl
-

Definition. Single model
A single model is a string over the DNA alphabet: A, C, Gand T.

m

e subst.

k

o |

Extraction of structured motifs — p.3/14



Structured modédl
-

Definition. Single model
A single model is a string over the DNA alphabet: A, C, Gand T.

m

e subst.

k

Definition. Structured model
A structured model is a pair (m, d) where:

® m = (m;)1<i<p, denoting the p boxes

® d= (dmin,, dmax; )1<i<p—1, denoting the p — 1 intervals of distance

ml d1min,d1 m2 mp
el subst, |- - [HERRRR] [ ep subst. |
k1 k2 kp
| | |
p boxes
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Promoter and Regulatory Sequences

gene regulatory sequences
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Structured motif

o N

Definition. valid model, quorum
A model is valid if occurs in at least ¢ input sequences, where ¢ is called the quorum.

o |
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Structured motif
-

Definition. valid model, quorum
A model is valid if occurs in at least ¢ input sequences, where ¢ is called the quorum.

1=2 2:1
; LA ==
k1=[6,8] k2=[6,8]

q:

o |
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Structured motif

Definition. valid model, quorum

-

A model is valid if occurs in at least ¢ input sequences, where ¢ is called the quorum.

1=2 2=1
© [16,18] d
TTGACA | TATAAT
k1=[6,8] k2=[6,8]
17
TTGACT TAAAAT
16
TTGACA TATAAA
TTGCCA too far TATTAT
17
TTGTCT TATAAT

q:

|
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| Nput sequences

>strand + guaB i nositol - nonophosphat e dehydrogenas
CTTTCCGTTATCTAAATATTTCAACTCTTTCCCGCTTCCTTGACATGCTCTTGECTAGT TGATAATCT
ACATATAATATTTTGCCGAAAA

>strand - yaaC yaaC
TTTTCGGCAAAATATTATATGTAGATTATCAACTAGCCAAGAGCAT GTCAAGGAAGCGGEGAAAGAGTT
GAAATATTTAGATAACGGAAAG

>strand + yaaJd simlar to hypothetical proteins
CCGTTTCAGTI TATAGTTAATATGTAGCCTTTTTAGGCAATGAAAAAACTTTGAAA

>strand - yaal simlar to isochorisnmatase
TTTCAAAGTI TTTTTCATTGCCTAAAAAGGCTACATATTAACTATAACTGAAACGG

>strand + netS net hi onyl -t RNA synt het ase
ATTTTATAAATATTTAATAAAGCTATTATCCTACTAAAAATCCTTTTAAATCAAGACTTTCGAACCAA
AGITTTTTATTTCATTTGATTATATACGACAAAATTCGACACGAACAGACTTTTTTTATTTTCATTAA
AGATTTTTAATTTTAATTATTCTTTTTCAGGGCGTATGTATATATTCTTGATCTTAAAGGCTAAGATG
GTATCATAGATAAAGGATAAATATAAATAATATTCATATATGATTTGCACTTATCGCCGCTCTCGTCC
TTTGGECCEGAGCTTTTTGACATTCTGA

o |
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Extraction of Single M odéls

M.-F. Sagot, Latin, 1998

-

k=2 Input sequences: TAC and CCC
_1 [1,1]
e —
q=72
A C G T A/C
A/C \G\T A/ C/ \G\T A/ C/ \G\T A/ C/ \G\T C C A
[1,0] [0,1] [1,0]

|
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

=2
e=1
an
A C G T A/C
Y
A/C/ \G\T A/ C/ \G\T A/ C/ \G\T A/ C|/] \G\T C/C X

[1,0] [0,1] [1,0]

(A,0); (C,1); (T,1)

Extraction of structured motifs — p.7/14



Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

[1,0] [0,1] [1,0]

(A,0); (C,1); (T,1)
(AC,1); (TA,1)
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-

Extraction of Single M odéls

M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

[1,0] [0,1] [1,0]

(A,0); (C,1);

(T,1)

|
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

[1,0] [0,1] [1,0]

(A,0); (C,1); (T,1)
(AC,0); (CC,1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

(AC,0) [1,0] [0,1] [1,0]
(A,0); (C,1); (T,1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

[1,0] [0,1] [1,0]

(AC,0)
(CC,1) (A,0); (C,1); (T,1)
(AC,1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

(AC,0) [1,0] [0,1] [1,0]
(A,0); (C,1); (T,1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

[1,0] [0,1] [1,0]

(AC,0)
(CC,1) (A,0); (C,1); (T,1)
(AC,1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

C A
(AC,0) 1,01 [01]  [1,0]
(cC.D (A,0); (C,1); (T, 1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

k = Input sequences: TAC and CCC
e=1 [1,1]
q _—
A/C
C C A
(AC,0) [1,0] [0,1] [1,0]
(CC,1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

C A
(AC,0) 1,01 [01]  [1,0]
(cC.D (A,1); (C,0); (T, 1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

C A A
(AC,0) 1,01 [01]  [1,0]
(cC.D (A,1); (C,0); (T, 1)
(CC,1); (TA,1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

k=2
e=1
an
A C G T A/C
Y
A/ Cl \G\T A/ C/ \G\T A/ C|/ \G\T C/C X

C
[1,0] [0,1] [1,0]

(AC,0) (CC,1)
(CC,1) (TA,1) (A,1); (C,0); (T,1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

k=2
e=1
an
A C G T A/C
Y
A/ Q) \G\T A/ C/ \G\T A/ C|/ \G\T C/C\*/X

C

(AC0) (CCD) (1,01  [0,1]  [1,0]

oD A (A,1); (C,0); (T,
(AC,1); (CC,0)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

k=2
e=1
an
A C G T A/C
Y
A/ C \G\T A/ C/ \G\T A/ C|/ \G\T C/C X

C
[1,0] [0,1] [1,0]

(AC,0) (CC,1) (AC,1)
(CCDH - (TALD (€CC0) (A,1); (C,0); (T,1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

k=2
e=1
an
A C G T A/C
Y
A/ C T A/ C/ \G\T A/ C/ \G\T C/Cv X

C
(AC,0) (CC,1) (AC,1) [1,0] [0,1] [1,0]
(CC,1) (TA,1) (CC,0) (A,1); (C,0); (T,1)
(CG,1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

[1,0] [0,1] [1,0]

(AC,0) (CC,1) (AC,1)
(CCDH - (TALD (€CC0) (A,1); (C,0); (T,1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

[1,0] [0,1] [1,0]

(AC,0) (CC,1) (AC,1)
(CCDH - (TALD (€CC0) (A,1); (C,0); (T,1)
(CT,1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

Input sequences: TAC and CCC
[1,1]

[1,0] [0,1] [1,0]

(AC,0) (CC,1) (AC,1)
(CCDH - (TALD (€CC0) (A,1); (C,0); (T,1)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

k = Input sequences: TAC and CCC
_ [1,1]
e=1
q =
A/C
C C A

[1,0] [0,1] [1,0]

(AC,0) (CC,1) (AC,1)
(CC,1) (TA,1) (CC,0)
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Extraction of Single M odéls
f M.-F. Sagot, Latin, 1998

-

k = Input sequences: TAC and CCC
_ [1,1]
e=1
q =
A/C
C C A

[1,0] [0,1] [1,0]

(AC,1) (AC,1)

(AC,0) (CC,1) (AC,1)
(CC,1) (CC,1)

(CC,1) (TA,1) (CC,0)
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Extraction of Structured Models: SMILE
f L. Marsan and M.-F. Sagot, Journal of Computational Biology, 2000 —‘

ExtractModels( Model m, Block 1)

1. for each node-occurrence v of m

2. if (¢ >1)

3. put in PotencialStarts the children of v at |evels
(t—=1k+ (¢ —1)dmin,_, to (1 —1)k+ (i—1)dmaz;_,

4. el se

5. put v in PotencialStarts

6. for each nodel m; obtained by doing a recursive depth-first
traversal fromthe root of the virtual nodel tree M while
si nul taneously traversing 7 fromthe node-occurrences in

PotencialStarts
7. if (7 < p)
8. ExtractModels(m = my...m;, 7 + 1)
9. el se

Lm. (a1, ), (i dimazs )s -« (i, » dina ) J
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Extraction of Structured Models: SMILE
f L. Marsan and M.-F. Sagot, Journal of Computational Biology, 2000 —‘

p =2 Input sequences: ACTGAA and CACGTA
ki1 =2,d=1,ky =2
e1 =1,ea =1 [1,1]
q=2 A C
A C G T [1,1]
C A\T
[1,1]

A/Cl \G\T A/ C/ \G\T A/ C/ \G\T A/ C/ \G\T G/Tc G

T G G A
A C G T A A T A
[0,1] [1,0] [0,1] [1,0]

A/C/ \G\T A/ C/ \G\T A/ C/ \G\T A/ C/ \G\T

o |
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Extraction of Structured Models: SMILE

f L. Marsan and M.-F. Sagot, Journal of Computational Biology, 2000 —‘
p =2 Input sequences: ACTGAA and CACGTA
ki =2,d=1,ky =2
e1 =1,ea =1 [1,1]
A C
[1,1]
C A\T

G/|T C G

T G G A
A C G T A A T A
[0,1] [1,0] [0,1] [1,0]

A/C/ \G\T A/ C/ \G\T A/ C/ \G\T A/ C/ \G\T

o |
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Extraction of Structured Models: SMILE

-

L. Marsan and M.-F. Sagot, Journal of Computational Biology, 2000

p=2
ki1 =2,d=1,ky =2
e1=1,e9 =1

q=2

Input sequences: ACTGAA and CACGTA

[0,1]

[1,0]

[1,1]

T A

[0,1] [1,0]

|
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Extraction of Structured Models: SMILE

-

L. Marsan and M.-F. Sagot, Journal of Computational Biology, 2000

p=2
ki1 =2,d=1,ky =2
e1=1,e9 =1

q=2

Input sequences: ACTGAA and CACGTA

[0,1]

[1,0]

[1,1]

T A

[0,1] [1,0]

|
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Box-links

A. Carvalho, A. Freitas, A. Oliveira and M.-F. Sagot, submitted, 2004

p=2 Input sequences: ACTGA and CACGT

[1,1]

[1,1][0,11[0,1][1,0][1,0] [0,1]I1,0]

o |
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-

A. Carvalho, A. Freitas, A. Oliveira and M.-F. Sagot, submitted, 2004

Box-links

-

Input sequences: ACTGA and CACGT

[1,1]

ACT|GA

[1,1]fo,1][0,11[1,0]1,0] [0,1]1[1,0]

~_ 7

[1,0]

|
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-

A. Carvalho, A. Freitas, A. Oliveira and M.-F. Sagot, submitted, 2004

Box-links

-

Input sequences: ACTGA and CACGT

[1,1]

A C le\T ACTIGA

cAcClGT

[1,1] [1,1]

C AGT A\T \G
[1,1][0,11[0,1][1,01[1,0] [0,1][1,0]

[1,0] [0,1]
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Extraction of Structured Models, RISO

-

A. Carvalho, A. Freitas, A. Oliveira and M.-F. Sagot, submitted, 2004

ExtractModels( Model m, Block 1)

1.
2.

® N o 0 &

for each node-occurrence v of m
foll ow box-links fromwov and update the tree 7;

for each nodel m; obtained by doing a recursive depth-first
traversal fromthe root of the virtual nodel tree M while
si mul taneously traversing 7 fromthe root

if (7 < p)
ExtractModels(m = mq...m;, 7 + 1)
el se

KeepMOdeI( <(m17 SR 7mp)a ((dmznl ) dmaﬂcl )7 SIS (dminpadmaacp))))
restore the tree 7;

B

|
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Extraction of Structured Models: RISO
f A. Carvalho, A. Freitas, A. Oliveira and M.-F. Sagot, submitted, 2004 —‘

p =2 Input sequences: ACTGA and CACGT

ki =2,d=1,ky =2

ep1 =1,ea =1 [1,1]
q =2

A C G T

C/ \G\T A/ C/ \G\T A/ C/ \G\T A/ C/ \G\T

[1,1][0,1][0,1][1,01[1,0] [0,1]1[1,0]

C \G\T A/ C/ \G\T A/ C/ \G\T A/ C/ \G\T [1,0] [0,1]

o |
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Extraction of Structured Models, RISO

A. Carvalho, A. Freitas, A. Oliveira and M.-F. Sagot, submitted, 2004

p=2 Input sequences: ACTGA and CACGT
ki =2,d=1,ky =2
e1 =1,ea2 =1 [1,1]

q=2

[1,1][0,1][0,1][1,0]1[1,0] [0,1]1[1,0]

C \G\T A/ C/ \G\T A/ C/ \G\T A/ C/ \G\T [1,0] [0,1]

o |
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Extraction of Structured Models, RISO

A. Carvalho, A. Freitas, A. Oliveira and M.-F. Sagot, submitted, 2004

p=2 Input sequences: ACTGA and CACGT
ki =2,d=1,ky =2
e1 =1,ea2 =1 [1,1]

q=2
A C G\ T

C \G\T A/C \G\T A/C/ \G\T A/ C/ \G\T

Y

(AC,1)
(CA,1)

[1,1][0,1][0,1][1,01[1,0] [0,1]1[1,0]

C/ \G\T A/ C/ \G\T A/ C/ \G\T A/ C/ \G\T [1,0] [0,1]

o |
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Extraction of Structured Models, RISO

-

A. Carvalho, A. Freitas, A. Oliveira and M.-F. Sagot, submitted, 2004

B

p =2
ki =2,d=1,ky =2
e1=1,e9 =1
q =2
A

v/ c/ \G\T A/ C| \G\T

(AC,1)
(CA,1)

Input sequences: ACTGA and CACGT

[1,1]

C \G\T A/ C/ \G\T

[0,0][0,0][0,0][0,01[1,0] [0,1]1[0,0]

G

[1,0] [0,1]

|
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Extraction of Structured Models, RISO

-

A. Carvalho, A. Freitas, A. Oliveira and M.-F. Sagot, submitted, 2004

B

p=2
ki1 =2,d=1,ky =2
e1=1,e9 =1

q=2

C/ \G\T A/ (C \G\T A

Input sequences: ACTGA and CACGT

C/ \G\T A/ C/ \G\T

[1,1][0,1][0,1][1,0]1[1,0] [0,1]1[1,0]

[1,0]

[1,1]

[0,1]

|
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Extraction of Structured Models, RISO

A. Carvalho, A. Freitas, A. Oliveira and M.-F. Sagot, submitted, 2004
p =2 Input sequences: ACTGA and CACGT
ki =2,d=1,ky =2
e]_ = 1’ 62 — ]_ [1’0]

q=2
A C G\ T

0y \G\T A/ C/ \G\T A/ C/ \G\T A/ C/ \G\T
(AC,1)

[0,0][0,0][0,01[0,01[1,0] [0,01[0,0]

[1,0] [0,1]

o |
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Comparing thealgorithms

Extraction of the CGGn11CCG and CGGAngT CCG motifs

-

68 genes that are known to be regulated by zinc cluster factors

# Errors CPU Times # models
Box1 Box?2 SMILE RISO
1 1 44.72 0.12 4096
2 2 | 1612.68 | 12.12 65536
Extraction of the TTGACAn17T AT AAT motif
1148 sequences from the E. coli genome
# Errors CPU Times # models
Box1 Box?2 SMILE RISO
1 2 | 1429.81 | 942.42 | 11147160

.

|
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Ongoing and future work
-

Proposal of new and more flexible biological models for promoter regions and
development of efficient algorithms to extract them

Integration of these algorithms with a database of transcription factors and respective
promoter consensus motifs for the several organism, in order to:
® provide semi-automatic methods for processing experimental results

® allow users to analyze complex interactions between gene networks and proteins

|
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