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Segmented embryo

Segmentation factors' cascade
(C. Nisslein-Volhard, E. Wieschaus)
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Posterior maternal morphogen
(nanos) profile

Segmentation gene hierarchy - expression patterns
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Cis-regulatory modules
(review: E. Davidson's book, 2001)

Expression profiles are a superposition of
elementary patterns.

Stretches of afew hundred bases in the vicinity
of the regulated gene yield those patterns by
a strongly combinatorial regulation of
transcription.
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Eve 3-7 module

Binding sites eve 2 module

posterior
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In silico prediction of modules

(C) Expanded view of even-skipped region
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The size of the regionsto explore calls for cheaper
and faster clues on their location.

Combinatorial control of regulation

Drosophila
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Multiple TF's binding in 5. cerevisiae

ChIP genome-wide data (Lee et a. Science, 298, 799, 2002)
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The probabilistic model (I)

Goal: maximize the likelihood to observe the input
sequence given thelist of bricks: TF s (as weight
matrices w,) and the background model (as
transition probabilities of a Markov chain w,).
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The probabilistic model (IT)

» The competition among factors for overlapping
sitesis brought in by the partition function

Z =% P(T)
« Maximize Z over the p,, ‘S to get the maximum
likelihood Z,,,, vViathe transfer matrix method
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Expression induced by predicted modules

endogenous gene Module

Expression induced by predicted modules II

endogenous gene module-bp-lacZ
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Streptococcus agalactiae CovR (Control
Of Virulence)
hasA upstream region (regulated by CovR)

1EE M J Feders and J. . Scott
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at a global level

Functional classification
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Cell wall (42)

15- 3+ 26- 3+ 7+

Cell surface proteins (22)

2Rl 8-fiub+ 3= A bt

Regulation (35) 3- 7+ 8- 19+ 4- 3+
Adaptation to atypical conditions (12) 1- Iia0s 6- 1+
Phage-related functions and Transposons (16) | 1- 1+ 3= bl B snbr

Genes under direct control of covR as

predicted /n silico

Lf ]Gene Remarks Function
250 [gbs0042 | Transcriptome Similar to phosphoribosylamine-glycine ligase
250 fgbs0358 | Transcriptome Unknown
1000 Jgbs0493 | Transcriptome Similar to unknown protein
1000 [ gbhs0595 | Pathogenicity island Similar to ABC transporter (ATP-binding protein)
1000 | gbs1087 | Transcriptome Highly repetitive peptidoglycan bound protein (LPT X motif)
1000 Jgbs1194 | Transcriptome Similar to unknown protein
500 | gbsi279 | Transcriptome Similar to putative hydrolytic protein
1000 |gbs1312 | Pathogenicity island Exonuclease motif predicted by PFAM
250 [gbs1506 | Transcriptome Similar to glycerol (sugar)-3-phosphate transporter
1000 | gbs1609 | Transcriptome Unknown
100 | gbs1919 | Transcriptome Similar to neuramidinase
1000 | gbs1972/ | Pathogenicity island Similar to transcriptional regulator (phage related) /unknown
gbs1973
250 [ gbs2018 | Transcriptome Putative peptidoglycan linked protein (LPT X motif)
1000 | gbs2074 | Pathogenicity island Unknown
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Scheme of the CovRS regulatory network
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An experimental regulatory
network (E. Davidson's group)
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Co-evolution dynamics
(M.Z. Ludwig et al. Nature 403, 564, 2000)
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Co-evolutive patterns in yeast protein
complexes
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S. cerevisiae compared to C glabrata, K.
lactis, D. hansenii, Y. lipolytica, sequenced
by Génolevures (B. Dujon et al. Nature 2004).
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Comparative analysis

* List of putative orthologs built by bi-directional
best hits to reduce the role of paralogs.

* For each organism of comparison, evolutive ranks
r; for proteins of S. cerevisiae obtained by ordering
them in increasing order of the Blast e-vaue of the
alignment to their best hit.

- Evolutive distance D= |3 —r, ' computed for
i<j

cliques of proteins.
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Real cliques vs randomized

Small D values are indicative of multi-point
co-evolutive correlations.
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Wilcoxon tests of similarity

C. glabrata K. lactis
# proteins
interlinked 2 3 4 5 2 8 4 5
# groups 11006 5861 4526 3202 10652 5713 4337 3045
# proteins 3420 1451 716 434 3316 1420 711 413
zscore | 8103 | 128202 [ 121£0.1 [ 105201 || 7.8£03 [ 126x02 [ 12301 [ 10.1£0.1
probability | 2.810% [ 8210% | 5310% | 43120% | 3110% | 1.110% [ 4510% | 2810%
D. hansenii Y. lipolytica
# proteins
interlinked 2 8 4 5 2 3 4 5
# groups 8290 4656 3467 2380 6642 3592 2648 1875
# proteins 2662 1156 612 363 2248 970 514 289
zscore | 80203 [ 86+01 | 74201 | 6.0£01 | 6103 [ 85+01 | 62201 | 3801
probability | 6.210% [ 4.010% | 6810 | 9910% | 5310%° | 9510% [ 2810% | 7.210°
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Interacting proteins have similar abundances

# proteins

interlinked 2 3 & >

# groups 9114 4431 3207 2112

# proteins 3029 1258 596 344
z-score 8.0+0.3 8.6+0.1 7.4x0.1 6.0+0.1
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S. Ghaemmaghami et al. Nature 425, 737 (2003)

600
600 I i
- . 550 e b
2 o :
g 500 a0l B
B ! f f
x 2 C. glabrata b hansenii E
% 400 ) 350 . |
o PR T NI NI NI e o) AN I NI N
o 0 200 400 600 800 1000 0 200 400 600 800 1000
° 6o AL T T T T F \ \ \ T
rel 500 —
o« | | R
B 450 i
&8s 4 i
© g | | a0 .
a . . . .|
_8 8oL K lactis | sl Y. lipolytica .
<

P I N S | e o) AT R R R
200 400 600 800 1000 0 200 400 600 800
Evolutive divergence rank Evolutive divergence rank

Conserved prots. ranked first

o

Same behavior found in Pal, C. et al. Genetics 158 927 (2001)
for the comparison with C. albicans based on transcript levels.
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Independence of co-evolutive and
abundance correlations
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