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Herarchyof hd og cd organ zat on

DNA base
Mol ecul e g dul ai
. ...and some nodul arity
my favorite modJIe—bcel | . inbetween d levds...
Organism

Modul arity hd ps to descri be
morp ho og ca organi zati on and
deve oprmentad dynamcs

How dothese nodue s behavein evd ution?

Dr. Marie-Anne Fdix Inst tu Jacques Manod, Jussi eu



Evd uwtionof Devdopment (K TP Bo Milecuar Netoks Program 1/ 14/0 3)

MODULAR ORGANIZATION
OF DEVELOPMENT

Organs

(1)  Supracellular modules Interadting cellsin development

(2) Modules of interacting
molecules

MODULAR ORGANIZATION
IN EVOLUTION

(3) Evolution of a supracellular
network module - breakage

(4) Evolution of modules within
the organism is facilitated by
modularity of gene organization

(5) Morphological evolution and
the body plan

spermatheca
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CELL SPECIFICATION MECHANISMS
IN DEVELOPMENT

Segregation of P
determinants at mitosis ——

Visualization: @ O
asymmetric cell size
segregation of determinant

(P granules, PAR-1, etc.)

Intercellular signaling @ @ <«—

The specification of cell fates during
C. elegansdevelopment is the result of
asymmetric cell divisions
andcell interactions.

Its cell lineage is invariant
because of stereotyped asymmetric cell divis
but also because
the cell interactions are reproducible

Isthere a supracellu ar level d descri pti on
of C degans deve opnent/ nor phol ogy?
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1. Mddul arityinthefind result

(the gmuctureina broad sense) aisse
A body part

Not necessarily built
in a modular fashion!

2. Maul arityinthe buldng process

(the mechanismof devd op ment)
Lineage
Cell interactions

M ODULAR SPECIFICATION
BY LINEAGE

E P4

all intestinal  all germ line
cellsand only  and only
intestinal cells  germ line

Sulston et al. 198
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M ODULAR SPECIFICATION
BY CELL INTERACTIONS

Z1.ppa Z4.aap Z4 . aaa
(VU) (VU) (VU)

|
Z1.ppa Z4 .aap

Newman and Sternberg, 199!

NON-MODULAR SPECIFICATION
PIECEMEAL RECRUITMENT

M v6
A —¥./ P

I
mab-5
expression

Undisturbed embryo

Me =D

M Migration blocked

cH~@D

Expression of mab-5in the M cell
is Independent of its final position

Cowing and Kenyon, 1996
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Cell groups may be
specified

A.in a modular fashion by:

i. shared lineage

ii . shared cell interactions

'Independent cdl interaction networks
(ten usedinthe devd op nent
of coherent find structures (ex limb bud)

B. in a hon-modular fashion

by piecemeal recruitment
« perverse assignments »
(J. Sulston et al.)

MODULAR ORGANIZATION
OF DEVELOPMENT

(1)  Supracellular modules

(2) Modules of interacting
molecules

MODULAR ORGANIZATION
IN EVOLUTION

(3) Evolution of a supracellular
network module - breakage

(4) Evolution of modules within
the organism is facilitated by
modularity of gene organization

(5) Morphological evolution and
the body plan
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LIN-3 TGra/EGF LIN-3 EGL-17 FcF
LET-23  EGF receptor LET-23 Y EGL-15  FGF receptor
SEM-5 | Grb2 SEM-5
LET-60 | Ras IP3 pathway LET-60
LIN-45 Raf LIN-45
MEK-2 & MmEK MEK-2
SUR-1 MAP kinase SUR-1

\

Transcription factors

SEX MYOBLAST

ALE TAIL SPERMATHECA
VuLva, M MIGRATION

=) Evolution of development of homologous structures
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The nematode 0

Dr. Marie-Anne Fdix Inst tu Jacques Manod, Jussi eu



Evd uwtionof Devdopment (K TP Bo Milecda Netoks Program 1/ 14/0 3)

MODULAR ORGANIZATION
OF DEVELOPMENT

(1)  Supracellular modules

2) Modules of interacting
molecules

MODULAR ORGANIZATION
IN EVOLUTION

(3) Evolution of a supracellular
network module - breakage

(4) Evolution of modules within
the organism is facilitated by
modularity  of gene organization

(5) Morphological evolution and
the body plan

Caenorhabditis elegans
The ventral uterus group

W@ W W

Z1.ppaZl.pppZ4.aaaZ4.aap

or 50%

W WO W

Z1.ppaZl.pppZ4.aaaZ4.aap

50%
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Caenorhabditis elegans
Anchor cell / ventral uterus specificat

+
Zl.pppm Z4.88a

LIN-12 receptor (Notch-like)LAG-2 ligand (Delta-like’

50% animaly \ 50% animals

Z1.ppp Z4.aaa Z1.ppp Z4.aaa

&w ®.@

random outcome

100% AC/VU lineage origin 100%
Z1 Z4
Caenorhabdltls elegans
UNBIASED'EI
Oscheius guentheri Iﬁg&m
. = BIASED O

AcrobeloidesPSll46
e BIASED oo l
PanagrolaimusPS1579 I’gﬁﬁl

FIXED

CephalobusPS1197 Iﬁé‘gf&?ﬂl
g FIXED
MesorhabditisPS1179 ﬁ?l
L ———alB NN gﬁ*

FIXED
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Devd opnment (K TP Bo Mo ecdar Netoks Program 1/ 14/0 3)

EVOLUTION OF CELL SPECIFICATION MECHANISM
Anchor cell (AC) - Ventral uterus precursor (VU)

Z1.ppp Z4.aaa

> SELF-ORGANIZATION
@ -— Caenorhabditis elegans

LIN-12 / LAG-2

I BIASED LATERAL
4 SIGNALING

Acrobeloides PS1146
. INDUCTION
O O Cephalobus PS1197

< PARTIALLY AUTONOMOUS

O O Panagrolaimus PS1579

partially

competent

O O AUTONOMOUS
Panagrolaimus PS1732

not competent

The developmental
module AC/VU is useful
to describe
development in C.
elegans, but it is
broken in evolution

'Intermediates' are
found
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RECRUITMENT OF LIN-12/Notch RECEPTORS
IN DIVERSE CELL SPECIFICATION MECHANISMS
. lppp Z4.aac
Symmetric Iateraf'5_>

——

interactions vu ac  AC VU

Biased lateral ‘g - /AP

interactions VDLC LC VD

Reproducible Pap P6.p
signaling -—O
within the group

vulval 2° vulval 1°

. V Ux
Induction from O @-=—

anoutsidecell r p AC

Sensory
organ
lineage

Asymmetric Seregaion
division “Notch
repressor)
Notc

activated

CONSERVATI ON of
MOLECULES
(e g gene expression pat ern,
pat hway n vd ve ment) does
not imply conservati on o
SPEAd H CATl ON MECHANI SM

importance o det alsibwtgnes
mol ecu ar | nt er acti on net wor k
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Devdopnment (K TP Bo Mol ecda Netoks Program 1/ 14/0 3)

MODULAR ORGANIZATION
OF DEVELOPMENT

(1)  Supracellular modules

2) Modules of interacting
molecules

MODULAR ORGANIZATION
IN EVOLUTION

(3) Evolution of a supracellular
network module - breakage

(4) Evolution of modules within
the organism is facilitated by
modularity of gene organization

(5) Morphological evolution and
the body plan

Problem
S nce dstinct devel opnmenta nodul es
use the sanme nole cu ar module s,
how can evad uti on occur
Inone devel opmentad madule
wit hout affectingthe rest
of the organism(p e aropy) ?

Not e Modul arityinthe dynamics
of devel opnenta nodule s
is not suffident
for evd uionaryindependence between module s
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Modul arity in Gene Evou tion
GENE DUPLICATION

Redundancy and subf uncti ondi zati on

EvoLuTION OF CODINCG
REGIONS

Prot e n domain s - shuffli ng,
phosphor yl aion sitesin dfferent tissues, ec.

EvoLuTION OF GENE
EXPRESSION

Modul arityincisregu aory reg ons

Modul arity o gene organi zati on
(pronot er, cod ng reg on)
mg hta |l owfor
guasi -i ndependent
eva uti on
of devel opnenta nodule s.

What aretherd aiverdesof
codi ng vs. regul at ory sequence evadl uti on?
In ubi quitous vs. regul a ory nolecue s?
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MODULAR ORGANIZATION
OF DEVELOPMENT

(1)  Supracellular modules

2) Modules of interacting
molecules

MODULAR ORGANIZATION
IN EVOLUTION

(3) Evolution of a supracellular
network module - breakage

(4) Evolution of modules within
the organism is facilitated by
modularity  of gene organization

(5) Morphological evolution and
the body plan

MorpPHoOLOGICAL EvoLUTION
BY
DevELOPMENTAL ’| NNOVATION’

linkage/ breakage of ( sub)modules
facilitated . by the evolutionary flexibility
in the dynamics of molecular modules
. by redundancy

nesting
reuse of the same molecular pathways

diversification by symmetry

breakage
facilitated by small asymmetries

ConsTRAINTS ON Boby PLan ?

- not because early development
is constrained

- notas much constrained in
plants
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modular 1 pi\ecemeal
|

V9o
\ W
Historicalmk:

slow

Molecular signature on body plan

Evolutionary Hierarchical
speed organization
promoter: fast?? Gene modularity

coding region: slow??

Supramolecular
slow modules
HISTORICAL

Developmental
pluricellular modules

fast DYNAMICAL

Organism

> slow body plan
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The mechanisms
patterning the vulva
precursor cells vary
extensively among
these nematodes

(whereas the pattern
does notin most
cases).

Redundancy
bet ween devd opnentd nechanisns
ensures prec sonina gven sped es

and mght inturnfavor rap d evad uti on
d these nmechani sms

(large changesinthe we ght o d feent
mechanisns nmay be quasi-neutrd).
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Levd s o vaidionindevd opnernt
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