Developmental concepts

*Specification: Squishy and zen-like idea that a cell has an
identity. Assay cell-identity in many ways (morphology,
molecules, movement, etc.).

*Commitment (=determination): A cell’s identity cannot be
changed by a change in the environment. Commitment is an
OPERATIONAL definition (when I challenged the cell in
THIS way, its fate did not change).

eDifferentiation: Expression of structure and functional
properties (myosin, AChR, etc)

Vertebrate segmentation
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Palmeirim, et al., 1997




Autonomous to pre-somitic mesoderm
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Somitic anatomy, maturation
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Experimental system

5-azacytidine
ot @) —,
Azamyoblast Myotube (muscle cell)

C3H 10T 1/2 cell

10T 1/2 fibroblasts differentiate into muscle
cells when treated with 5-azacytidine

DNA induces differentiation

5-azacytidine
—— @ —=
Azamyoblast Myotube (muscle cell)

C3H 10T /2 cell Isolate DNA
and transfect into

— /" untreated cells

'
N
1in 10*cells develop

into myotubes

e DNA from treated cells causes
differentiation of non-treated cells

* Only a few genes control development

10



Total

Aza-myoblast
Probe
. 5 - : .‘. /'
S R Subtracted
P Aza-myoblast
-‘7_‘_. toe o_/ ‘.; R ' PrObe »
L Y
P
L o .
ST Subtracted

o T ot . c2c2
AT Probe

©

myoblast

e 57/ 4

MyoD

A Myf5 3
myogenin > @
MRF4

11



How transcription factors work (simplified)
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pluripotent pluripotent unipotent
unspecified specified committed
(competent?) competent
B
ip t
upstream myoD myoD myoD muscle
signal :> gene @ mRNA @ prgtein genes

autoregulatory loop

Cc

: organ growth >
L gastrulation > l organogenesis > tissue repair

dermatome '(> dermis

epiblast —§»> m';wl:rlm.‘» e's‘mf' —  myotome > muscle

R}

sclerotome -(> cartilage

* Regulatory genes turn on structural genes
* Structural genes include myosin, metabolic enzymes, troponin, etc.
* Structural genes have similar sequences in their promoters.

MCK ATGTG --—--—--CACCT G-~ CTAAAAATAA |-—//~—TATA
upstream EL ER A/T
enhancer -1175bp -1150bp -1070bp +1bp
MLC TG--—— CAGCTG--—~CAGGTG--—-CTAAAAATAA ‘
downstream EA EB EC A/T
enhancer —_—

50bp 10bp 20bp
MYOGENIN CA CATG—— CTATAT'ITAT-——-——-I&--—«—-—Q\»GJ_‘ELJ___;
upstream E A/T Ei_|
promoter -140bp -54bp -10bp +1bp
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A

Mouse MCK MMMAM\MM&WWMM\
Rat MLC Ww‘mmmm

Chicken P .
skeletal actin AWV W f WW

Chicken - -
cardiac actin MM‘ PN NN

Myogenic genes

Four genes can convert cells into muscle cells
* myoD (first identified)
* myogenin
o myf5
* mrf4
All are homologous transcription factors
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Genetic control of myogenesis

e myoD and myf5
expressed prior
to cell fusion

* myogenin
expressed as
cells fuse

o mrf4 expressed
later

Determination MyoD andiar.
Myf5
V
Myoblast
Differentiation M egerinang
MEFs
Myotube

Human somitogenesis
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MyoD expression
E9.75

24lacZ

MyoD

E10.5 E11.5 E125

Myogenic gene disruption

Gene
Knocked
Out

myoD

myfs

myol;
myfSs

Phenortype*

Viable Mpyoblasts Muscle

Yes } {
Yes { }
No - —

What are possible models (hypotheses) regarding
the function of myoD and myf5?
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Sp/myf-5+/-
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a Before birth
Neural tube

Precursor muscle cells Somites

expressing Pax3

d Migration of precursor

muscle cells to limbs

and body wall
b After birth
Satellite cell
Limb skeletal muscle Satellite cell Body-wall skeletal muscle expressing
expressing Pax7 Pax3 and Pax7
Basement Tl Plasma Ji @
membrane - R -
uw Ulw*
Nucleus
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Muscle injury
Muscle
degeneration/necrosis
Muscle o R . :
regeneration/myogenesis v 1 S 3 a
10 days CTX
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Satellite cells
BAsAL LAMINA

ENDOMYSIAL TUBE

SATELLITE CELL

Bischoff

MYONUCLEUS

A Pax3/Pax7-dependent population
of skeletal muscle progenitor cells

Frédéric Relaix', Didier Rocancourt', Ahmed Mansouri
& Margaret Buckingham'
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Pax7 mutants are small
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Vol 46030 July 2009|doi:10.1038 /nature08209

nature

LETTERS

Adult satellite cells and embryonic muscle
progenitors have distinct genetic requirements

Christoph Lepper'*?, Simon J. Conway® & Chen-Ming Fan'
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a CTX b
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