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Global Focus on Knowledge Lecture Series

2006 Winter Semester: “Science of Life”

Life Science: from the Perspective of
Developmental Biology

The 2nd Lecture Oct.23(Mon)

Biological information system and networking

@ Professor Makoto Asashima
Graduate School of Arts and Sciences, University of Tokyo



The layered system of a multicellular organism

individual
(!

organ

Stable communication T l
at each layer makes < tissue

the upper layer. T l

Cellular interaction as
a basis of the life system

L cell <«—

4

Signal transduction network within or between layers
= the system to maintain homeostasis



A biological signal transduction system

Scale of signal transmission

“far” M “Far range” communication by nerve system and endocrine

system
(input from sensory organ-modulation of blood glucose level by insulin, etc.)

@ *“Close range” communication by intercellular secretary factor and
changes of membrane potential

(signal transduction between nerve cells and modulation of muscle contraction)

@ Intercellular communication-inner cell or outer cell signal transduction
(modulation of mitosis, differentiation, apotosis)
(outer signal via receptor and mechanism of cell response)

“close” . Al i @
@ Signal transduction inside cell -

(transcriptional regulation of genome, regulation of protein synthesis and
degradation, etc.)
For example... Human is multi-cellular organism made of
60 trillion cells.

The system is maintained by appropriate responses and interactions between cells



To consider biological development synthetically

Key points

@ In development of an organism, signal transduction network
changes itself actively.

@ “Far range” communication can be reduced into cell level response



Vision of signal transduction during biological development

Developmental control in a single cell
@ Inside ;translation of genome information
—>

~ Single cell and synt_hetic control of protein | ol
organism @ Outside;response to surroundings
Organism< o close range signal
Developmental control between cells

~ Multi-cellular—>

Regulation of kinesis from fertilized egg to multicell
organism

Regulation of interaction between cells (inductiogg
Control inside the cell

Maintenance and modulation of body

unified as multicellular organism

OO

It is important to know each stage of the signal transduction
system synthetically in order to know biological development.



Is transmitted by the blood vessel system

pineal corpus

hypothalamus EUMCEE islet of Langerhans

pophysis cerebri
posterior lobe

anterior
lobe |

medial lobe o DR
pancrea

<front view> <back> : secreting cell
¢
"_\” R l
larynx ALl 1 N AN
| < : paranephros
trachea : “NK R ‘

orchis

luteal body - thyroid gland

Examples of endocrine glands in an adult body Buneido 2004



The network of a far range signal(@®
Hormonal signaling Is transmitted by the blood vessel system

hypothalamus in diencephalon anterior lobe of hypophysis

growth thyroid- adrenal cap orchis- lutenalizing luteal body
hormone stimulating hormone stimulating hormone stimulating
hormone hormone ' hormone

thyI’Oid hormone glUCO- masculine hormone follicular hormone luteal hormone
thyroxine corticoide testosterone . estradiol progesterone |

l (cortlzone) L Y ) 1

expression of secondary sex maintenance of
characteristics pregnancy

Y

promotes promotes promotes metabolism and
growth metabolism and level-up of blood glucose
metamo_rphoas : =22 promotion of maturation Development of

(amphibian) mammary glands

Examples of hormone function in an adult body Buneido 2004




The function of hormones in developmentd)

(@ Development of endocrine glands (differs by glands)

example : development of hypophysis cerebri

cerebri

Hypophysis Anterior lobe:glandular hypophysis(pharyngeal mucosa invaginetes)
Posterior lobe : neural hypophysis (hypothalamus extends)

@ Effect of hormone during development

Androgen shower
— androgenization of brain by signal transduction via blood flow



The function of hormones in development@)
The function of hormones In insect development

brain neural secretary cell

corpora allata ) ) .
g r When concentration of juvenile

prothoracic gland hormone lowers, larva changes into
molt and imago.

ecdysone

H

]@rothoracicotropic hormone

molt-acceleration

PR S— I

\V4

juvenile hormone

e | Vi
soungeeeees, —» ooBABBBREEEN, —» MBAREBBORAS, I o
Excessive secretion of juvenile hormone inhibits metamorphosis i 2/
and makes giant larva. ‘Qgggaggagaggﬂ

Juvenile hormone and ecdysone regulate the system of metamorphosis.



The function of hormones in development@)
The function of hormones in frog development

hypoghalamus ) ]

anterior lobe of
hypothalamus

thyrotropin-releasing hormone
corticotropin-releasing hormone

thyroid hormone promotes

/‘ Tri-iodo thyronine(T3) metamorohosis
{ thyroxine(T4) - i !

therid-StimUIating / -------------------------
hormone  aw \ |
&' Qg’%
lacti ' é‘ : o N8
prolactine : q
l | v J( L.
ll"l :> iy
| p
inhibits ~ fr=e=r==- > AR
metamorphosis

Thyroxine promotes metamorphosis, and leads a frog to land from water.
Prolactin maintains a larva form.
The antagonism of two hormones mobilize the system of metamorphosis.



Nervous and vascular system as a base for signal transduction

Adult neural system Adult blood and lymph system

Focus on

- development of nervous and
vascular system

-effect on organ development

Buneido 2004



The structure of the nervous systems in animals

[planarian] [sand worm]) [locust]

ave brain

ganglion
ganglion

pesy

Xe40U}
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uawiopae

- cage-like nervous " — S
diffuse nervous ’  ladder-like nervous system | tubular nervous

system e
system
system concentrated nervous system y |

Buneido 2004



An example of neural network development@)
Diagram of neural crest cells in vertebrate development

neural crest neural tube

spinal ganglion

route in abdomen
metamere

o, ..:.:.:.:._. pigment cell

autonomic ganglion

adrenal medulla

enteric tract

> enteric ganglion

Shokabo 2004

Surrounding cells direct neural crest cells to appropriate parts of the
body, and construct a neural network.
Neural crest cells differentiate into various cells (pigment cell, etc.)



An example of neural network development®

Movement of neural crest cell in chicken development

anterior neural crest posterior neural crest

green: stained by HNK-1 (neural crest cell-specific marker)
antibody

Migration of neural crest cells are regulated differently by
polarity of the surrounding environment.



An example of neural network development@
Guidance to sensory nerve axon from In body trunk

Backlash signal

f ides.
I\Tg{:)]csr:oﬁg No backlash
' signal from sides.
grows in the
direction ofthe > 4« Notochord grows

ward sarcomere.
ventral-dorsal toward sarcomere

axis.

O

The spinal ganglion decides the direction of sensory nerve axon’s
growth by backlash signals from sarcomere, neural tube, and notochord.



Development mechanism in blood & lymph vessels

blood early fetal
- vascular
hemangioblast Island network

Blood cells \
n:)o \)

oo VEGF
f \ o°° VEGFR-1, -2
VEGFR-3
angloblast VEGE Aol
VEGFR-2 VEGFR-2,-1

neuropirin

-1,2

o — / Ephlln B2, / Iymph vessel

EphB4, c-myec,

precursor cell of a [sels plcg(PLC7),
plain muscle angiopoietin/Tie Notch?

Prox1,
VEGFR-3

2002 Yodosha

venous
system



Issues in development of a neural/vascular network

What kind of molecular mechanism
constitutes the network structure?

A typical example:

neural system differentratton > BMP, Wnt signal, etc.
guidance and migration of neuralcetts Eph-ephlin, semaphorins

>
formation of vascular network Eph-ephlin, etc.

Elucidation of these signal transmission systems and the
Interaction between them is needed to clarify the developmental
mechanism.



A network of close range signals

- a structure of cell and signal transduction into & out of a cell



1953 Watson & Crick discover the double-helix structure

Their model explained various insights into heredity by showing very
clearly how genetic codes are preserved and inherited.

S Vs
iy :-'-'-- -'a--;ﬁ- Rapid development of research in the late 20t century

Ve e umy el ) , : : :
; o - Discovery of a translation mechanism of gene information

nteam S Ty

‘. N 'i-. iy

‘:;:__'5-::' - Decoding genetic codes (DNA sequence and
::'{-".l. ol corresponding amino acid)

e 8
..'-".:.:11. HO-0 8L - Invention of various methods to decode the DNA

" i Ve sequence

i
(0 Pa - Discovery of the “restriction enzyme” by microbiologists,

discovery of genetic engineering using bacteria.
DNA double helix structure model

- Invention of PCR

An approach to an essential understanding of life, even human, became possible
Discovery of signal transduction mechanism in a cell

(era of genetic engineering - life engineering)



Genome

( Cell = the basic unit of every life form

< Nucleus= inside the cell, modifies the cell

[ Genome = inside nucleus, made of all the DNA that constitute
an organism. DNA strands record all the genetic codes.

l

“to decode a genome” Is
“ 1o read the blueprint of life”

|

A need for comprehension of the functions
of numerous proteins.



2003 Apr 14 Decoding of the human genome completed.

30 billion base pairs were decoded by USA, Japan, UK, Germany, China, France in 15 years.

- “Exon”were less then 5% of the whole human genome
- Total number of human genes were only 32000.
Only twice that of the fly.

- Difference between human genome and chimpanzee genome
Is only 1.2%,

- Beginning of a new “RNA world”

Everything cannot be explained by genome decoding.

- A large number of proteins and glucides also need to be analyzed.
* What explains the differences between the fly, chimpanzee, and man?

- What is the meaning of “intron” ?



L_ife sciences method after genome decoding

- Speed up function analysis of proteins, not only genes

- Detect & analyze functions of many factors simultaneously

DNA microarray — detects expressions of more thanl10 thousand genes simultaneously
Proteome analysis — detects amounts of various protein expressions simultaneously

Discover relations by computer processing of huge amounts of data

- Simulation using a simple mathematical model

Rise of bioinformatics as a new science

— Research of not only one, but a whole system of factors

- Comparison with other organisms —"what determines the formation of life forms”

- Analysis of human disease genes
—pbeginning of a new drug discovery science in made to order medicine



The regulation mechanism in mitosis and related signal molecules

cycD-cdk4/6
@ cycE-cdk?2

Processes of cell cycle is modified
By cyclin/CDK complex.

cycA-cdk?2

‘ Mitotic /\
1 5 phase
cycB/cdc2 DNA
) Synthesi
cycA/B-cdkl < p'ase
| replication of
prop ! DNA
hase :

Promes meso

——1—6phase r—Phac—




Cellular interaction and cell selection

Each cell contains its information. Cells transmit their signals
to neighboring cells.



A mechanism of signal transduction
Into and out of the cell



Cell structure

Yodosha, 2007

" (A)

chloroplast (plant cell)

pilli cilium cell wall
\  nucleoid
(DNA)
capsule

ribosome

cytoplasm

polysome cell membrane

(B) golgi body cell wall (plant cell)

1 .
, . eroxisome
mitochondria \ P

secretary
vesicle

transporting
vesicle

nucleus

reticulum

rough endoplasmic cell
membrane

flagellum

endosome

¢ lysosome

nucleolus




The flow of protein inside a cell

/ nucleus

rough
endoplasmic

reticulum membrane-bound |

polysome released
! polysome

© O @Bk
l @ golgi body
O O secretory vesicle

O peroxisome

chloroplast

lant cell
(P ) mitochondria

Yodosha, 2007




Structure of a sub-cellular organelle

DA s e E

] v’ : - ; :'.rl- i 'I.
S ) nucleolus :
v 3 -. e . ’ .5,1_;

oo “AREY
R

-y

Yodosha, 2007




Each cell has polarity.
Inhomogeneous locations of substances construct the system.

microvillus
parietal side

desmosome

centrosome

— actin fiber

microtubule

! _‘ 2y
desmosome I, nucleus J | |
l \ %2 'f — intermediate

filament

\
'-..

basal side

basal lamina

Yodosha, 2007



Close relationship between structure and function of cell membrane

+
(A) impermiation
r"'_"A_‘\

polar molecule
with charge

permeation
Y large polar

small polar molecule  molecule

as
9 without charge without amino acid
coz T charge :
nucleotide
ethanol urine sugar lei id
water g nucleic aci

benzene

m] T ik \mmm

channel
carrier pump

unlport antiport symport

simple promoted
diffusion diffusion active

\ ] tfransport

passive
Yodosha, 2007 transport




Signal transduction through cell membranes




Adhesion between cells

(A) -

epithelia cells tight junction

parietal
side

gap g
junction !

SRR A i i PR basal lamina

xa|dwod punoq

hemi-desmosome
desmosome

intermediate filament epithelia cells of
small intestine

Yodosha, 2007

The signals are transmitted between cells through these structures.




The importing of molecules to the body

exocrine

- absorption of nutrients
environment

parietal
side
Cyto-

skeleton

-_.-"".H

gO'gl bOdy a T -' :: S+ g -.-l"....-"-'_-l__'1:-._-.--".-._

ve s e nel

tight junction
granular

endoplasmic
reticulum

desmosome _
—

w0 10— ""'
LR ,

basal
side

T e
i | e R |

hemi-desmosome

basal lamina

inside the body
Yodosha, 2007 E !




Signal transduction from an extra-cellular matrix
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The signals from an extra-cellular matrix are transmitted through integrin.




Signal transduction into the cell through a cellular junction

B . catenin —

@ - catenin

A - il et o
actin fiber

Movement into the nucleus that
regulates gene expression
Yodosha, 2007

The signals are transmitted between cells through cadherin.

uolyew.oul ,ld MO}
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The Membrane-localized structure of proteins

Single penetration type

secretory protein

-

G " B

G multiple penetration type

N " - i}

N c
E.RIlumen | g S

I é cytoplasm
M
G

Transport stop signal G

type I"m

G

E.R S|gnal sequence
ey

type ') type 7 III)

These proteins are strongly related to cell functions.  Yedosha 2007



Trans-cellular importation and intracellular degradation

phagocytosis protrusion
o —

foreign substance
F ",

Kapeorin related type
[

acidic hydrolase from golgi body

Yodosha, 2007

Cells destroy inner proteins systematically.



The mechanism of nerve cell signal transduction@

+ reception of stimuli generation of transduction of
(mechanical, chemical)l action-potential action-potential i transduction by synapse

+

changes '

in :
membrane __f-\____ i _.-/_-‘\--___

potential i

neural cell

generation of action
potential

- N
generation of / e

action-potential synapse

dendrite £ .
stimuli transmission of

action- potential

Yodosha, 2007

Action-potential is transmitted along an axon,
and the signal is transmitted to the next neural cell
by secretion of a signal molecule from the synapse.




The mechanism of nerve cell transduction®)

(C) :
Ranvier’'s node

u® g "
_.ﬂ“ "t 2 myelin shield
. " 1-'* / /
H.
I Na*

Yodosha, 2007

Action-potential is transmitted at high speed by myelin shiild on the
neural axon.




The mechanism of nerve cell signal transduction®)

Transmission of
excitation

synaptic vesicle

neurotransmitter

ion flow

MO|} UOI

e
o B
o O»
= 3
O(T).
)
o
S
o
=4

1 electric synapse (#& | !  1 chemical synapse @

Yodosha, 2006

The mechanism of synapse transduction




The structure and functions of the muscles

muscle cell  sarcoplasmic myofibrin

muscle fiber (muscle cell) ~ Membrane reticulum  q ganization
skeletal muscle bundle or . nucleus

muscle fibers tip of motor

=
v
N

X
CEm e
=

v

Arfr
b sarcomere Zmembrane
capillary Z membrane
Z membrane Z membrane

1
L : iR )

€

C

|
1
|
T
1
i
i

/

. . | :
cross-section Z membrane ! Z membrane

v =

<
L
L

—

actin filament

sarcomere )
N e — - myosin

myosin filament

actin

Buneido, 2004




The relationship between muscle movement

and the nervous system

' dorsal-root
Sensory nerve nerve | mediating nerve
—
\\‘\\K‘\hi / [
*@ v
X /
AL .:1 ".\ |
' \
¢ 2 &
\ motor nerve -

[ spinal chord

ventral-root
nerve

Buneido, 2004

An example of a reflex action

A spinal reflex occurs before the signal reaches the brain.




Mechanisms of signal transduction in a cell

Various signal transduction systems in a cell



Typical receptors in signal transduction into the cell

¥ G_:. enzyme receptor @ G prOtein 3 channel @ transcription

S || —— N~ —— ohospholipase C — : o
@@@' transcription
&oP - receptor
fTP Catt <>
activated . Ca?t
MAPKKK €~ MAPKKK adenylyl cyclase
l l regulating
MAPKK —{5) €— MAPKK ATP =——p cAMP protein
‘ 4 Cca®t dependent

MAPK 3 <— MAPK cAMP dependent endoplasmic kinase

reticulum
transcription factor

kinase

regulation of
genesin a

Yodosha, 2006 nucleus

example serin=threonine Kinase type receptor

- enzyme recepter— (Activin receptor, etc. )
tyrosine kinase type receptor (FGF receptor, etc. )

" transcription receptor — retinoic acid receptor



Retinoic acid signal transduction

Outside /m -
RA - w - 9-cis-RA

Cell membrane

inside

/

/ RAR RXR

RAR RXR \\ 1
inside nucleus I Target genes

RAR retinoic acid receptor - Intranuclear receptor (vitamin D receptor ,etc.)

O-cis-retinoic acid receptc. extranuclear receptor transcriptional factor (GAT/

4 etc.)
The system whose gene is regulated by changing the combinations inside the nucleu:




Activin/Nodal signal transduction

amD —_

serine * threonine kinase
receptor Typell

OE Follistatin

Cell membrane

cytoplasm

nucleus




FGF signal transduction

tyrosine kinase

receptor type
Cell membrane PRRVE

cytoplasm

V
|
/ l

regulation of apotosis
Transcrip@
factor

cytoskeleton restriction

nucleus



Notch signal transduction

W
Cell membrane
Delta I
@
Cell membrane
x—EW

Y -secretate
(I ()

Notch

(o o AR

@%

Su (H) x
Tarqet genes \
-
nucleus Om () |
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Wnt signal transduction

canonical pathway PCP pathway calcium pathway)

> <€ > <€

<€




The function of a signal transduction system
In development

example @ in the case of a Wnt signal



An Outline of Wnt canonical pathway

‘signal OFF‘ lj ‘signal ON ‘

v l cytoplasm

% nuclei

degradatlon target

-cat >




The function of the Wnt pathway
In the Xenopus

ﬂ I:."I::.. w A .:_::: ; -I:':.' i 25T
i'. I'\\-— " - ) ".-! A ..I""'.-

stage8 D stagelO stagel?2 stage26

Determination of ventral-dorsal axis Determination of anterior-posterior
(primary canonical pathway is concerned) patterning of the nerve
(later canonical pathway is involved)

gastrulation
(PCP pathway is involved)



Primary canonical pathway—
determination of the dorsal-ventral axis

(A Fertilization (B} Cortical rotation {C) Dorsal enrichment of Dsh

-
Dishevel led

protein (Dsh}

(DY Dorsal inhibition

[+ - - & : ' : 1
A —catenin B -catenin a "
Mo & -catenin

degraded stahle : . A —catenin in
in nuclei

nuclel

Dorsal region in the future : B—catenin stabilizes at one side of the
embryo, and moves into the nucleus— an organizer gene is induced.



ater canonical pathway — determines anterior-
posterior nerve pattern

Head part - the Wnt signal is regulated

head

BMP - -

Wnt @ +

Secretion factors from anterior mesoderm (Cerberus, dickkopf,
Frzb etc.) regulate Wnt in normal
development of the head part.




Assay of a primary canonical pathway

Injection of a jecti
| \ D Injection of \V/ D
slight amoggét%fr an inhibiting
. factor of the
of the Wnt . Wnt pathway
SEUNVE into the
into the ventral

region 1

dorsal region

Formation of a secondary axis Loss of a dorsal anterior structure



The function of a signal transduction system
In development

example @ in the case of an Activin/Nodal signal



TGF-B superfamily

TGF-Bs

Univin
activins
inhibins

ErYS

GDNF

TGF- B superfamily transmits a signal into the cell through a serine-
threonine kinase receptor (transcriptional receptor)

O PN AE—
Lsso Lsso Lsso
RN TN

G
BA subunit

BB subunit S

(monomer)

o subunit

G C )
Lssq Lsso
yr = X o Y



TGF-b superfamily

XNRG6

XNR2

XNR5S

XNR1

XNR3

XNR4

mouse - Nodal

TGF-32

TGF-B1/ 35

ActivinRB

Vgl

— Derriére

BMP7

BMP4

BMP2




The nodal Is preserved in many deuterostomes

0.a0z

-compared with amino acids.

Ciona intestinalis CiNodal Ciona Savignyi
amphioxus amphinodal lancelet

s Brl=]

.o inr3
Enri

- AT
0243

0211

_Aars Xenopus laevis
a 0.024 I:”'i'l inrz
0188 oo .
001z 0.299 Cynops CyHNodal newt

0259

0.007 southpaw

0.259 - .
ay | uint zebrafish

0.0z cyclops

ora 2 xnra Xenopus laevis
0305 hodal mouse
Sea urchin nodal sea urchin
Halocynthia roretzi HrHodal (USRI EENTeIEIvAR



Signal transduction in an Activin/Nodal pathway

pro-region mature-region

membrane

Nicalin Nomo TMEFF1




An experiment of mesoderm induction
by an activin treatment

* development of Xenopus laevis

presumptive ectoderm

4 e T == T

presumptive mesoderm

presumptive endoderm

blood cell muscle notochord

4+ activin

—»

)

concentration of activin

2002 Yodosha




One of the nodals, Xnr5 induces mesoderms and
endoderms depending on the concentration like activin.

MRNA
Injection

control Xnr5 overexpression

Extends and induces mesoderms such as muscles.



One of the nodals, Xnr5, induces mesoderm and
mesoderm tissues according to Its concentration,
just like activin.

Without xXnr5 _
Xnr5 Low concentration
Xnrb5 Xnrb5

. High concentratior
Middle concentra J

Takahashi S. et al., Development, vol 127, p5323-Fig.4(D, E, F, G), 2001



Molecular evolution of Xnr5 in Xenopus laevis

Xnr5-3
Xnr5-6
Xnr5-8
Xnrb-2
Xnr5-9
Xnr5-13
Xnrb5-12
Xnr5-4
Xnr5-15
Xnrb5-7
Compared by amino acid sequence Xnr5-11
Xnr5-14
xXnrb5
Xnr5-10
Xnr5-5

Xnr3 andXnr5-increase in genomes in the Xenopus laevis.
There are more than Xnr5.




Reproductive strategy to enlarge the egg

meloblastical egg holoblastical egg
(avian, reptile) (amphibian)

embryo+
olk (nutrients

yolk (nutrients)

Amphibians, avians, and reptiles have chosen this strategy to
enlarge their eggs. Large eggs have the advantage of fast growth
or maturation since they can store many nutrients for growth.
Avians and reptiles lay meloblastical eggs which can accumulate
yolk without changing the size of the embryo. Amphibians’ eggs
are holoblastical eggs. The size of an embryo becomes larger as
the amount of the yolk increases.



Number of Nodals already discovered

1 kind
human
mouse
lancelet
sea squirt
sea urchin

3 kinds
zebrafish

6 kinds

Xenopus laevis (Xenopus)
(Xnr3 and Xnr5

Increased )

Size of egg and
volume of yolk

about 100um in diameter

about 500m ®

-

about 1200um



Reproductive strategy to for a larger eqgg,
and changes in the number of Nodal genes as an
Inducing factor

The same concentration of inducing factor is needed for differentiation,
Indifferent to the size of the cell

Embryo of amphibians

Induced cells
=1 =i~
[@) [@) @) (@) -
=l =]=]=

Cells of large amphibian embryo are induced into large cells in
differentiation processes. A certain concentration of inducing factors is
needed for induction; if the cells are large, the volume of space between cells
becomes large, and a large number of inducing factors are needed. For this
reproductive strategy, Nodal is amplified in an amphibians’genome .




A gene cascade and the network from
Activin/Nodal signals in development

Maternal

BMP signal | OF slgnal Activin | Nodal signal Wnt signal

unknown factor Foxh1 Wbscr11 Tef

Maternal o
Veg T
. Gsc, Xbra expression
Xbra and Xvent2 expression

' ' ' Zygotic
BMP signal FOF signal Activin / Nedal signal Wnt signal

Oazx unknown factor Foxh1 Wbscri1 J’ Tef
i

v

AAA B |

Xvent2 Xveati

FoxAdb

nti1  Mixd/Bixi Bixd  eFGF

Dorsal Mesoderm ( Gsc expression)
Ventrolateral Mesoderm (Xbra, Xvent2 expression) (Koide,T. et al. PNAS, 2006)

Dorsolateral Mesoderm (Myf5 expression)




A gene cascade and the network from
Activin/Nodal signals in development

Early stage

Maternal

| 7
BMP signal | OF signal Activin / Nodal signal Wnt signal

Oaz . unknown factor Foxh1 Wbscri Tef
. - - -I v - .

Mixer/Mix.3

"o .
Xvent2 i '_?L’

MiIk/Bix2 ' ¥ on

- ON UE DE PE Fare
'™ vy Juel Joe] Jee] |

Gsc
Xbra

Maternal
Veg T

. Gsc, Xbra expression (Koide,T. et al. PNAS, 2006)
Xbra and Xvent2 expression




A gene cascade and the network from
Activin/Nodal signals in development

Later stage

' Y ' Zygotic
BMP signal | FOF signal Activin | Nodal signal Wnt signal

Oaz | unknown factor Foxh1 Wbscri1 Tef

>
i : _Xiim1
A il

j i .n x
'l" | ~ Mixer/Mix.3 o3

. 3 | A Mg 554
m'_’— ' E : : Mix.1 i

T Xventi td |! : ? »
xve nt2 { | . Xnrs __.'_J? _x_fpoul ”
Milk/Bix2

z":::rr' ‘ | |
? Gsc
Xbra i
L » & l—’ I’_u -j i

L}
Xwnt11 Mix4/Bix1 Bixd4

?

T Myts Myts

Dorsal Mesoderm ( Gsc expression)
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A model of organ formation
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