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How is such elaborate pattern generated from a single cell?




We learn from nature's variations

* Breeding: based on natural variations
* Suggests only a few genes are involved in the variations

http://www.pigeonmad.com/quide to fancy pigeon breeds.php



http://www.pigeonmad.com/guide_to_fancy_pigeon_breeds.php

Not simply basic biology. Can be applied with great value.

Distribution; growth; loss/removal; texture; color; orientation; hormone/age

Epithelial derivatives: hair, scale, horn; nail, feather
$$$



« F ARG PP A L3 W:2EA How to control number and position of body parts?

* Always question the data!

bW EE—S @ |
www.StrangeCosmos.com

http://news2.onlinenigeria.com/news/general/293795 http://simplypimped.com/engine/print.php?new
-meet-the-woman-with-three-breasts-photos.html sid=58&news_page=1
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http://www.devbio.biology.gatech.edu/?page_id=7140






Nuclear totipotency of differentiated cells

e Plant regeneration from tissue culture cells
donor donor e Nuclear transplant in amphibian

e Nuclear transplant in mammals (Dolly)

y s, 7 Exceptions:
:)\l:i:rjlﬁzl":l?ﬂﬁ;sdonm of nudeus:\c:g:l; o I y m p h O Cyt e S

l

- Dolly
~ (1996-2003)

Briggs and King (1952) PNAS 38: 455—463.
Transplantation of Living Nuclei From Blastula

" Cells into Enucleated Frogs' Eggs.

Gurdon et al. (1958) Nature. 182: 64—65. Bonnie

Sexually Mature Individuals of Xenopus laevis

from the Transplantation of Single Somatic

Nuclei.

Campbell et al (1996) Nature. 380: 64—6.
Sheep cloned by nuclear transfer from a cultured cell line.




Development as a process of temporally and spatially
coordinated differential gene expression

Cells are different in their gene expression
Reduced to molecular biology: gene regulation
Hierarchy (circuits) of gene regulation

Cellular interactions



Gene regulatory network
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How to create asymmetry ?
(Two B's or not two B's?)
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External signals Cellular interaction

Unequal segregation
of determinants

Horvitz & Herskowitz (92) Mechanisms of asymmetric cell division:
two Bs or not two Bs, that is the question. Cell 68:237-55.
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External Sensory (ES) organs in Drosophila

Asymmetric cell divisions

SOP

ITA IIB

bory

SO




Generation of Asymmetry (I)
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Generation of Asymmetry (IT)
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Totipotent up to 8-cell stage
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Nine-banded armadillo
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http://ymiit.com/0n79393n https://www.pinterest.com/teresawordgirl/armadillos/?lp=true



Compaction generates the first asymmetry

totipotent
One cell Eight cell Early morula Late morula
Second pol
/ ectz)r;dfo ar -
Re) &
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Zona S
pellucida
EO E2.0 E2.5
(Cell number=1) (8) (8)

Apical-basal polarity in 8-cell stage
Further divisions creates inner and outer cells

Takaoka and Hamada (2012) Development 139, 3-14



Generation of Asymmetry (III)

signaling/interaction between equipotential cells




Caenorhabditis elegans

Embryos in Spermiin

Gonad uterus spermatheca Gonad

Copulatory
organ

Ductus
Testis deferens

(c) Male

Hemaprhodite: 959 somatic cells + variable germ cells



Cell-cell interactions for developmental fate decisions
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Comparison of Lin-12 activity determines VU
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Bistable switch of developmental fates

Lateral inhibition

| Lag-2
signal
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Self enhancement

Initial difference: stochastic
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« How does one cell state change to another state? st-nsc @@ >

* Intrinsic mechanism
« External signals

« Coordination (pattern formation) - / \\
cLp

MEP/ \GMP
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RBC PLT Granulocytes M@

http://www.gene-knockout.com.cn/en/research.html



Progressive differentiation

Select among limited options

Positive feedback
Amplify preference
Self maintenance
Block other pathways
Restricted potential

* Plasticity

« External signal (S)
* Feedbacks

* Change of fate






Induction

AER Limb development
removed ceases

Wing is
duplicated

Forelimb

mesoderm

-
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AER regresses;
limb development
ceases

AER replaced Normal
by FGF bead i




same responding tissue
difference in signal (diff molecules, concentration, etc.)

Source of Wing Specific induction
dermal epidermal
mesenchyme epithelium

Wing

Thigh

Foot
Scales,
claw

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 6.7 Sinauer Associates, Inc.
© 2003 All rights reserved.



Cell-cell communication

ductive signal
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Inducer Responder
(competence: past history)



The French Flag Model (Lewis Wolpert, 1968)

Step 1

Morphogen concentration |

Step 2

Simple model:

Localized source of morphogen
Diffusion

*Generalized degradation

Morphogen =g i+
 Gradient distribution
 Dose-dependent activity
« Effect on morphogenesis

Provides spatial coordination



Imaginal discs in Drosophila larva
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Wing disc

(@) Drosophila imaginal disc fate map Wing and dorsal thorax

Notum Pleura Dorsal

Ventral

North and French (1994) Curr. Biology 4:611-614



DPP as a morphogen

omb -4 >

LA

spalt

omb

Mellen et al. {(96) Cell 85:357-368

cl / spalt

Nellen et al (1996) Cell 85, 357-368



Hedgehog

Sonic Hedgehog

Tabata and Takei (2004) Development 131: 703-712



Polydactyly: extra digits

Six toes in prehistorical rock art Infant with eight toes Hemingway cat with six toes
- . : o~

Zeller et al (09) Nature Rev Genetics 10:845-858
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http://www.zwbk.org/MyLemmaInter.aspx?zh=zh-tw&title=%e6%b3%b0%e5%92%8c%e7%b8%a3
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Brennan & Moses (00) Cell. Mol. Life Sci. 57:195-214. Sahin and thk (2013) eLS. John Wiley & Sons, Ltd: Chichester.
DOI: 10.1002/9780470015902.a0001147.pub?2


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=%C5%9Eahin,+H+Bahar
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=%C5%9Eahin,+H+Bahar
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=%C3%87elik,+Arzu

Drosophila EGF Receptor (DER) is involved in
all retinal cell development

GMR>DERPN
Spitz (EGF)
] [ EEEE PG time
DER (Drosophila EGF receptor) \( * )(’
DN-DER Dominant-negative (non-functional)

photoreceptors, cone cells, pigment cells

Freeman (97) Development 124, 261-270



EGFR signaling may be a permissive signal

Ras ------ a4 —
Time?
Signal?l

Ras -«---- » b —

Ras ------ > CB—

Ras ------ » 0 —

Freeman (97) Development 124, 261-270

 EGFR (Receptor tyrosine kinase, RTK) signaling just turns ON
(gives a green light) a nuclear factor already waiting.

«  Which fate to adopt is predetermined by the cell’s history (gene
expression).

Signaling

Instructive vs. Permissive






