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- GRN methodology for developmental systems

- [Optional] The results, examples from the sea
urchin

- GRN methodology in cancer systems
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Nematostella vectensis
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Orthogonal body axes and germ layers
underly the bilaterian body plan

Dorsoventral

Anteroposterior

Proximodistal

Ventral axis Distal
side end
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“Radial” and “Simple” Animals

Tentacles

Wall
Incomplete 1 Pharynx
mesentery : \ i
Gonads

Transverse
muscles

Basilar muscle

(a:c?ig:)“ Comvpiete mesentery
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The cnidarian body plan bears the
“bilaterian”molecular signature

Whntand TGF pattern 1° /2° axes

Cohort of genes driving mesoderm
specification and EMT

Whnt's and TGFp’s expressed along 1° /2° axe:

Canonical “mesoderm” genes expressed

© 2006 Marine Biological Laboratory www.mbl.edu



Biological

MBL | piscovery

in Woods Hole

Cnidarians and Bilaterians are sister groups

Porifera Bilateria Cnidaria
nw . o L - Yo

2" body axis/
mesoderm

1%t body axis
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Cnidarians and Bilaterians are sister groups

Porifera Bilateria Cnidaria
nw . o L - Yo

2" body axis/
mesoderm?

1%t body axis?
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Combinations of
different transcription
factors

multiple “inputs” +
multiple “outputs”
= network




in Woods Hole

Endomesoderm Specification to 30 Hours October 31, 2008

Ubig=ubiquitous; Mat = matemal; activ = activator; rep = repressor;

NERENEMORINE] unkn = unknonm; Hucl. = nuclearization; x = p-catenin source;
e np-TCF = nuclearized b-p-catenin-Tcfl; £ = early signal;
GIR-3—— e NS = early oytaplasmic nuclearization system; Zyg. . = zygatic Hotch
Ubig X [~ Mat Notch] Mat SoxB1
1 [ E——— M 8 Additional data sources for selected notes: 2: MeClay
Hof6 ZRe-TCE e tiny & € Caltsiant, ¥ Angerer obe B MeClay lab
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March 10, 2008

Endomesoderm Specification to 30 Hours
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np-T ized b-p. arly
ECNS = early cytoplasmic nuclearization system; Zyg. . = zygotic Notch
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Multi-scale problem

20,000-30,000 genes
2,000-3,000 “regulatory” genes
200-300 genes in control system
20-30 genes in spec. subcircuits
2-3 genes/interactions critical

Channels/gradients - milliseconds

Signaling cascades - milliseconds
to minutes

Transcription - minutes to hours

© 2006 Marine Biological Laboratory www.mbl.edu
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Scale-integration

Which genes are relevant?  Transcriptome to Interactome

Howare they functionally 1 teractome to Network

related?

Which interactions dri L
€7 ICHACHONS GV Network to Subcircuit

specific outcomes?

© 2006 Marine Biological Laboratory www.mbl.edu



Biological

MBL | piscovery

in Woods Hole

Who regulates the regulators?
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Who regulates the regulators?

Interactome “reverse-engineering’:
- the statistical dependency of each gene with every other gene
- requires hundreds of replicates
- successful with human disease biology

© 2006 Marine Biological Laboratory www.mbl.edu
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Who regulates the regulators?

Interactome “reverse-engineering’:
- the statistical dependency of each gene with every other gene
- requires hundreds of replicates
- successful with human disease biology

Carlo Cosentino
University of Magna Graecia,
- Catanzaro, Italy
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Who regulates the regulators?

Interactome “reverse-engineering’:
- the statistical dependency of each gene with every other gene

- requires hundreds of replicates
- successful with human disease biology

FEEDBACK CONTROL
IN SYSTEMS BIOLOGY

l Carlo Cosentino
: i University of Magna Graecia,

Catanzaro, Italy

www.mbl.edu
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Scale-integration II: perturbations

Which genes are refevani?'Transcriptome to Interactome

How are they functionally related? Systematic pel'turbations

© 2006 Marine Biological Laboratory www.mbl.edu



Biological

MBL, | piscovery

in Woeds Hole

Scale-integration II: perturbations

Even exhaustive perturbations fail to resolve common,
functionally important network structures
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Scale-integration II: perturbations

Perturbation analysis failure
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Scale-integration II: perturbations

Perturbation analysis failure
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Scale-integration II: perturbations

Perturbation analysis failure
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Scale-integration II: perturbations

Even exhaustive perturbations fail to resolve common,
functionally important network structures

Complementary
data sets

© 2006 Marine Biological Laboratory www.mbl.edu
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A. GENE
CIS-REGULATORY MODULES

Genomic cis-regulatory
elements

TF binding preferences
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Scale-integration II: perturbations

Even exhaustive perturbations fail to resolve common,
functionally important network structures

Complementary
data sets

© 2006 Marine Biological Laboratory www.mbl.edu
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Scale-integration III: testing
network switches

Which genes are relevant?  Transcriptome to Interactome

How are they functionally 1 teractome to Network

related?

Which interactions dri .
1 MICHACHOITGHNE Network to Subcircuit

specific outcomes?

© 2006 Marine Biological Laboratory www.mbl.edu
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Endomesoderm Specification to 30 Hours October 31, 2008

Ubig=ubiquitous; Mat = matemal; activ = activator; rep = repressor;

NERENEMORINE] unkn = unknonm; Hucl. = nuclearization; x = p-catenin source;
e np-TCF = nuclearized b-p-catenin-Tcfl; £ = early signal;
GIR-3—— e NS = early oytaplasmic nuclearization system; Zyg. . = zygatic Hotch
Ubig X [~ Mat Notch] Mat SoxB1
1 [ E——— M 8 Additional data sources for selected notes: 2: MeClay
Hof6 ZRe-TCE e tiny & € Caltsiant, ¥ Angerer obe B MeClay lab
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Scale-integration approach

Which genes are relevant?

How are they functionally
related?

Which interactions drive
specific outcomes?

© 2006 Marine

First-pass “reverse engineering” the interactome

RNA-seq HD expression analysis, perturbation settling

Interactome

Systematic perturbation analysis

Exhaustive pert-seq, complementary assays, merging diverse data sets

Hypothesis testing, kinetic modeling
CRNT modeling, cis-regulatory validation, network reliability testing

v
Dynamic Network
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Scale-integration approach

High Sensitivity
(Low Specificity)

Observation

Which genes are relevant?

Interactome
How are they functionally Hypothesis generation
related?
Network
Which interactions drive Hypothesis testing s
specific outcomes? Increasing
Specificity

Dynamic Network

© 2006 Marine Biological Laboratory
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Cis-regulatory analysis

« BAC reporters capture genomic
context

 Cis-reengineering tests subcircuit
function within endogenous regulatory
context

© 2006 Marine Biological Laboratory
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Vegetal Dsh Vegetal wni8
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. I IBI\mp1h DM

“mutExoBlimp”

Blimp1l ExoBlimp
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“mutExoBlimp”
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Control +
12h |

N
52
Control +
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NSM R of HesC

|

ACGCTCGAGCGCCACGGGCACGTGCTGTCTATATATAGCGGTCGTCTGCCGGGTAGTAAGTCATAACA

GCTCGTCACAAGATCCATACTCCTCTTCGTGGATACCAGTGACTATCTCTCTGCCTC
ITAAGGAATCTAACTCCTGTGATTATACTTCTTGCTTGTGCATTGAGACCATCTATATCAGCAATCATG
[CTTACTTCATCTGGATACCAACAAATGGACATGTGCTCTAA Al AGE‘;GTMGTTCTTCTCA‘ACC
ATTTCTTCAATCACACATTTTCTCTTTTTGAATTCAACAAGTTTAAGTCGARACCGTGTCATCAGTAA
[CCATGTTTACTTAGTAAGTTAACAGTAATCACGTTAACTTGTTCATCATGATCATTGATCTAATCATT
GATCATTGATTAATAGTTGATTTCAGCAAAGGCCAAATACCTTCAATCTA 'TCA TTAACTGACA
ATAACATCAAGGAACGAACATCAGACTCGTATGTTGATARATTGATTPCATATTTGTATGATTTCCAT

TTTGAGGACTGTTTGACTTATTC' 'ACCCTTTCTTGTATTCATCT
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frizzled

Endomesoderm Specification to 30 Hours

Matemal Ets Mat

'-l‘lll

Hnf 6

r,sx T

O‘n’ ’TCFOECNS

Maternal Inputs

Mat Notch Mat cp Mat W6 Mat SoxB1 Mat Otx

8

August 06, 2009
Additional data sources for selected notes: 2: McClay lab;
4: Croce and McClay; 6: C. Calestani; 7: Angerer lab; 8: McClay lab

Ubig=ubiquitous; Mat

maternal; activ = activator; rep = repressor;

unkn = unknown; Nucl. = nuclearization; x = B-catenin source,
nB-TCF = nuclearized b-B-catenin-TcfL; ES = early signal

| ECNS = early cytoplasmic nuclearization system; Zyg. N, = zygotic Notch
il
Nud.
—
W8 | Hox11/13b =4
|ﬁF i
A s I
mimp1/krox | P *O% || geoc Eve
BT, T, | -
FoxA Gata || Toni roxp =
Su(HEN" If Hox11/13b
2L | [T mee
Dac

z13 Bml/2/4

Sm27 Sm50 Msp130 Msp-L

pwyin) I,

nn:n G-cadherin Fcolin CyP

FMo1,2,3 Decorin
This model is frequently revised. Itis based on the latest laboratory data, some of which is not yet published.

Copyright © 2
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5th 6th 8-9th cleavage (12 h)

GSK-3——
X
np-TCE_ECNS
= o

$m30 G-cadherin Ficolin CyP

Revilla-i-Domingo et al., 2007; Oliveri et al., 2002, 2003
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4th cleavage (5.5h)  5th cleavage (6.5 h) 6th cleavage (8 h) 8-9th cleavage (12 h)

o L
'
" Mrizzled ’.& ’(f,

X
np-TCE_FcNs  LalS

o

mat Otx mat b-cat

Hex | Teif [FoxN2/3

$m30 G-cadherin Ficolin CyP
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mat b-cat mat Otx
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Pmar1-HesC subcir

Activation of hesC outside
of micromeres due to

ubiquitous activator
mat b-cat  mat Otx B

Activation of pmar 1 in

nb-Tcf
micromeres due to
nuclearization of maternal
Otx and f-catenin proteins;
Prnar1 represses hesC

Repression by HesC prevents
expression of pmar! outside

Al of micromeres/SM

> to Veg2

Repression of hesC by Pmar1 allows expression
of delta and alx among others in micromeres/SM




4th cleavage (5.5h)  5th cleavage (6.5 h) 6th cleavage (8 h) 8-9th cleavage (12 h)

o L
'
" Mrizzled ’.& ’(f,

X
np-TCE_FcNs  LalS

o

mat Otx mat b-cat

Hex | Teif [FoxN2/3

$m30 G-cadherin Ficolin CyP
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Pmar MASO:
shuts down
skeletogenic
mesoderm
specification
program
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However: embryos recover from Pmar MASO by 30h!

Control
MASO




However: embryos recover from Pmar MASO by 30h!
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Two systems:
same maternal/early
inputs

The older one i1s
able to compensate
for disruption of the
newer one

4th cleavage

mat b-cat mat Otx | dentical materal inputs
l l initiate parallel systems
y——+b-cat/TCF  Otx

wnt8 blimp1  pmar1 hesC SM genes

5th cleavage to midblastula

Wnt8-Blimp1
subcircuit

p——>p-cat/TCF  Otx

Pmar1-HesC double-
negative gate

_r

wnt8 blimp1 pmar1 hesC  SM genes

Midblastula

Regulative recovery in absence of
pmar1: Blimp1 represses self and hesC

)—»b-cavTCF Otx

wnt8 blimp1 pmar1 hesC SM genes




