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Fig. 1. Orientations of cell division in radial cleavage.
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Figure 87. Radial cleavage with almost equal size of bl. in sea ber S
digi A, tv 11 stage. B, f 1l stage (viewed from animal pole). C, eight-cell stage,
lateral view. D, 16-cell stage. E, 32-cell stage. F, Blastula, vertical section. (After Selenka, from
Korschelt, 1936.)
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Figure 88. Spiral cleavage in the mollusc Trochus. A, four-cell stage, just after second
division (spindles of second division still visible). B, four-cell stage, but in preparation for third
division (metaphase). C, eight-cell stage, viewed from animal pole. D, eight-cell stage, lateral
view. (After Robert, from Korschelt, 1936.) 39
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Fig. 2. Comparison of radlial and spiral cleavage patterns.
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Fig. 4. Overview of cleavage in the Drosophila embryo.
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Figure 87. Radial cleavage with almost equal size of bl in sea ber S
digi A, tv 11 stage. B, f 11 stage (viewed from animal pole). C, eight-cell stage,
lateral view. D, 16-cell stage. E, 32-cell stage. F, Blastula, vertical section. (After Selenka, from
Korschelt, 1936.)
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56

14



R D
NEAFEE

Xenopus®
EAFE AL

58

Xenopus®
DR A

: Y, 62 I o, 4 IR, . 8 BV o, 16K
R 75 16 IS A2 . 52 WO BTS2 BN S
64 GAT UBED5). | 64 RLTD VA2, . m. 128 S 1S9 ) . 128
RSB ). 0. WU, b, RIRREE. qr. 1AL = IEFI, tuv. JSEINENL w. T
R, % BNk 57

axuon
e, SO

FoCis, 2mEm
<X D REZAN (P

wm
MO, MERAK, RO A S ETN 1
MIT S, IR LR DID £ ) L,

AL 5. S 4 N

AR PO,
516 BRI B0 ) 15 M,
25+ 3k *

s s

o

T

e

9 5 IO B—BIEHN G~6 9 3
MIS OBBOIONISS bTS < %5
£orn, WAL MOBDIOI : DRI 5T

4ok bRab,
i, o
s, 20
.
& LA N RO D153 0

b WMSEET 2.
12012 B— SRR (13~14 1D 3
ROORBHSHRL, NS < e R B
AT S < % )RR < 5

3.

130812 12 M— WIS s
BRI A BTN D, RO
SEROH LD DA TS 5.

11— W RRII~15 )

088, SO IBONROKS S PERHILE
%5

6 RON—QEEMCRNS) WS M
B, ERERFMFTS S 2 SO
W12, 8 ORI AN K, < ORI
EBROTA 8 3 DRREID T <, WNOAM

ey

e 0. MR
a8 2
15113 1/20— MREBRATOSHN W
WEBHD0D 25D, 1K, 2XMEN
BERTES 2D kD,
162 914 W — MERB RN (6B R
OB TS & & b W
oyetey
17 15— MR R (1750

b K1 TR S

59

—_py L0
IR E

wor e

-
]

15



EFDMEAFRE |

LK | NRATI RO
OTMAORTS, 51 WA RFM st meloti

BT 5. IMROBIAIR > R RURER,
B uteneisation) < & > < A utein cel)
3.

B3, ORI RO estng tage) T,
Wik

3

o, 3
IWE  SMEMEBABTECabns, MT
T, 7 TERMm

ORI GRE, germival vest
97 05 12 B

18, 952 MRS B W socond meitic metaphase) &

‘

3 san
(capacitation) LT 30, ESEMALRMTFOR
BB L IS GERNE, male pronucleus) &
zs.

M MBGREARE, male pronucieus) £
BRI, female pronucleus) M LT, &
Rt diploid £ 25,

sar,
SRR R OMBIHUR SRS
ntvs.

61

ErOHEIFEE D

piiia \&‘\\\:g;« aman

9
10 ERIE AW, SEORBBRE D5 5R
<. ALEOI

N

., O F B O ona shedding)
Tiebb, W mplanation KON
AW M0 EAORERT,

S e
. AT
P B amiotic cavity) & 75
135 BR 12 (HOBERIT, TAARAKESR
Ltus,
14T 16 EHOIT, 0 Gomite) 42 ZLE 1
<1, W Grimitive streal) HERL, €0

(R primitive node) 175 0.5,
151 SR 18 B DORMIMOIEONET, T

62

Chapter 4

SRERINEEY A O5R
Regulative Egg and Mosaic Egg

63

D -DNHRE

Cleavage and gastrulation of the sea urchin Paracentrotus lividus.

16



209350
MERE

F iz 5. 6
mm»mg« mleda.
. R TETOR

#ER ) 2%
) 1S3yl
).

e 797 DER!

. ER DRI HI,

Gty 5 WARD 5.
¢ L

7,32 RN (0% & ) 72
DAEIRD S bl KFBLTELT wwcu»elz 1

e ORI, b, 2R 2. mLmEE 5o LE
L 2. £ AR, 4. 5 AN (W B

<2, ERBGENL Mum&mm 2 5hs,
#, 55 1 ORI (d) 293 Ko il ()
iﬂE.&‘?:‘_LLuEf)d!imL 5k

u
R I HR

5 > KRR 377 1
.13, ERHS (WENTEE)

TR TA, (o MEER, | AKE) . W 77> 2778 WENE

mnmmm - ORLLEAN, BUEOXS Lu)nmwzu al K, q EAR

T 77K (IR . (4 R

65

Wk 2k, 1 R
1 W 82 wwzwm s
R, S L

s
7 GORET, v WRD
i i R o B LT 2 Wk ol B, B IEIL shat: 2,

. ol R, had | AR, R TP o a4 R

Asymmetric Cleavage &
Superficial Cleavage

Nucleus
Yolk
Fertiized egg

Nuclear division
—= syncytium

Nucleimigrate o periphery
Polar buds form

Syncytial blastoderm
stage. Pole cells have
formed

Cellular blastoderm

#m

Fig. 4. Overview of cleavage in the Drosophila embryo.

Vitellophages

67

66
EARAE
ey d :
eI T
68

17



DZIDFE T MoDFEE

KRR B

{

SHE3E

TNTIR TNTFIR
GE=

WEEEE
A B

KA BERE

57 v =BD¥rHH0ZEE. (A)BEE X Y IREAEImICH o T, AT A
ST=srT B, ByRE OF) IR IRIE (2 R ARIE = Xih s b o TE h ko
RIS E BNV ICRAET 52, HERERR TS, A () DR T 2R
0<%, (B) IR A-V OHCH > TRV D © =0T 5. £RLZHE, FHORE IO
SERTeRIC 343 5. (L. G. Barth, Embryology, Holt, Rinehart and Winston, Inc.)

69

IREHARDEE M

A
AR E5-8 KOHAROEE k., 2D

AER RARE Y D i TRRC X - TRT. (8
Bw—0E — IR 7 A BB A R T IERR. I8Hi0ET
B L REFABROESFONZOOMMD L
HLHEHIEE, bLIhbOMEaEE X
L THDE, &AXFERREBCRET S,
/ ) R 5 A OB A Wi D AR, 5

(D

.]

e

—PplC, KEH AR 2 Mo 5 bo Xy
L—HEFEERD X )RR BEE

AT, chbofiiakd bikied e, KEH
ATt K\ el g4 Ly, (L. G. Barth,
( Embryology. Holt. Rinehart and Winston, Inc
LI

AELBw 9

70

VAR I—DEFAY

SEI:I

1st cleavage

Weismann’s nuclear determinants

71

Hans Driesch® 2 E&

(a) (b)

®5-1 EHCSELII@), $I0H 1-F35ROMMKb, T, IL2TFTHL
7258 (b) I 313 B S MO B R BRI, ZORTREITIhTWiw2, ES
Fd bRTHE L OB, EXBOSRCEF 5oL, MEPCsTsMiE
#AL LR LTS, (Huxley and DeBeer, The Elements of Experimental Embryology
X b, Cambridge University Press DIF&EIC X %)

72

18



Hans Speman® Z #5002 EER

®|52 4 €)EORNFILHO
RET, —ETERELE AT
Vo 7oA. (A) 2 fllfal] O 58 %
H— 4 BT E > TL < 2 72B3,
MABAENCET R T5
LAEMEGRFE LD TH -
<, BURLEHHTE, Lot
iR bRV R B O LT
EWwhiAb kL, T THREY
thash T 5. (B) (A0 B 5
A LR RTFRE. 0%k ChTikve
SR EEDOREDB 2 ADR
%. (H. Spemann, Embryonic De-
velopment and Induction X b,
Yale University Press ® & & i
x%)

Chapter 5

SRR

Gastrulation

73
—_ v
— DB
Ay b
An
o) Primary
mesenchyme
Endoderm e
Secondary
== mesenchyme
Early Beginning
blastula plate of gastrulation
Blastocoel
Basal lamina
— Blastoderm —
Microvilli
Hyaline layer
Cilia
Filopodia
Secondary Dorsal
mesenchyme
_ primary
mesenchyme 7
Archenteron
Overview of gastrulation in the sea urchin embryo.
75

74
~ -~ " "’
5oy
A aNIDERFRR
Midsaggital section Midtransverse section

Ectoderm and

Endoderm

Mesoderm

Fig. 2. Gastrulation in Drosophila.
76

19



a3 INID
ZEMFRL 10

[ mesoderm [l nervous system
I amnioserosa [ yok
Oout [ epidermis ~ egerm line

77

TIVRIAATIVD
BERZRL

B 3-4  WAENENC 0 D OB, (A-D) XA s SHhs BB (A'-D)iXIEd
HCOYHE. EOBERNEEE, WS OH Il ZBELTRIATHS. KA
WHMOR & B F T, (I. W. Torrey, Morphogenesis of the Vertebrates % D, John

Wiley and Sons, Inc. D#FFIC & %) 78

A

¥ITS57492DERR

Transverse section

-0)-

External view

/1 N
/ )\
oW @

— Epiboly =>> Involution == Convergent extension

Fig. 2.  Cell movements during gastrulation in the zebrafish.
79

Before gastrulation

ZOND
BRI .

—= Epiboly

= Ingression
migration

—+ Convergent
extension

Epiblast
Blastocoel
Hypoblast

Subgerminal space

During gastrulation

Fig. 3. Formation of the epiblast and hypoblast, and gastruation in the chicken embryo.
80

20



ZT7ND
R 1

ﬁ@ gomor

Yolk Yolk

subgerminal space

mesenchyme (migrating cels)

81

BREBRDIZDHD /
HES) '

82

Chapter 6

A—HF A —

Organizer

83

7A—ObDEREES

AR
ROAE

RD TR

®13 74— FOREGAK. 1€V OMBEBRTC,
FERC A F L o FR EOBETEHE DT T, ZOESH
LD XD RIBEIR D HhERRI.

84

21



anrR—<3V

DFERER

im)
BREOEVAIAEY
HE (R
P [ RIS (FIE)

BEDEDPREL THEET U tIA

BROVEVNIVAEY

B (RIAE

L ;3
TUOROBERE V) QEmcE
EOORATBAEE Gl

BEOHEFD  BEOER

— RS \w\tﬁarrsr

BiEFE | BEOTE
(FBTREERM)

H12 Yan—<r60ffo tBEER 7 ATV OROFEL AT/ T

DI (FL & & 5O ) O #5H
WE b/

BT AL, WERR YA B CHLVE
KEEHTETL 5. (&R, PHE, 197745D)

85

ZREIEDHRIEEIR

H4-4 WA EREO—H%, HORBECBRLLBAC(AB), ACHLLBRMIT
XBBEWOKT BT L (C,D)&FRTHAR. CTRBMAN»ShR LML RT, %X

Sh7#EIZETRLTHS. (. Holtfroter and V. Hamburger, Analysis of Development,

B. H. Willier, P. Weiss and V. Hamburger i ; W. B. Saunders Co. D #i< X 5)

86

324 A DB HERER

Dorsal

ventral

Niewkoop
center

Ventral Dorsal

coll embryo)

87

HBIER D E

Organi:

88

22



Transplantation of posterior marginal zono
etis its in an

=TrD
F—HFAF—

area
opaca

Anterior additional induced

primitive streak

erior
inal zone

normal host

Posterior

primitive streak

Induced in host

host \
| i induced ‘
‘ ‘ axis
Y.
¥ &
P( \%
\}
Qustentor chickombiyo

90

:;L—:l—jod)%%ﬁ
FEINEZE
|
B
%
€
7

FHFELD ' N
\ -

HEEN
T

TrFEY

AT

ARSvRE

i

Wk (=7 A=

VAL
AL
R

L R

AW g (TIPS TR

W83 7OFELL SEMCBERAOWE
AR, MAMLLT 27 FE Y ORECEE LT, AR (FEAEER) 55
BRENSS £ X 0MEMATT. B2, BBSEROR 51 2 & NAM0OKE
PR, T2 T I F AR S ORME, 77 F Y ORECET
LTBREND & 3 X 0EME MMt s TS ng,

92

23



Chapter 7

BODRTE

Axis Specification

BHDRTE

vawyaynT

i (50 % (@) L

CERa FI A Hip s

W

(SRR

Q. Ml

1L

3-16 1= B, 5 B RO R

94

93
ATILEED .
EHIR TE
2
3-13 WAEMOBMICE 670 WEAEORE
95

MEFEDREICE T LR TE

A=A A=
WM MR ERT

Jmaa
PEP PPN s

96

24



MASEDEO#REL

(A) Stage 8 (

Ventral

VegT, Vgl B-catenin Gradient of BMP4,
Xwnt8 (ventral and

lateral mesoderm)

Nodal
related

high

B-catenin@®mRNAF AEER

Injection of B-catenin mRNA Infc. = entr Twinned embryo develops
vegetal cell (32-cell Xenopus cmtrya) with a duplicated axis

Animal

Vegetal

97
ATIVDEEMMODRE
B ANE
(A) Fertilization (B) Cortical rotation Q 39621“"""'"“'"‘
,Fee /
i
Spe m/ \
Sper v D 55
Dsh
Dishevelled
protein (Dsh)
(D) Dorsal inhibition (E) Dorsal enrichment
of GSK-3 of B-catenin
v D
B-catenin B-catenin . 2
No B-catenin B-catenin
degraded sable Nopca B
99

98
ElsZA%
T
»,
BADIRTE
i (350 wOB) M #
¥ad r F A U
el
[ 2
i L
[T 4
LR
= 3-16 ZRONBHED i
100

25



—JrIED
R TE

Rotatlon in oviduct

Developmentafter laying

Surface view of yolk

. YavvavnT -7JI)b
DR TE |

i () #% () i A

Hip s

TR

W

&5

(SRR

eI

1L

316 ~R5hBED RIS

102

101

- -

Z—EA)fRER HER(LET (M)

HEEET (V) o
i 5B
BT
SRR )
[8:8 bAR—FRE&HIErn2BREH
103

DZRICH TS ZEREER

AALS P

{ rl\lf':||II- . I
wt&‘{:z’[ 3‘5@@1}“' Kﬁ‘%‘ Q—;j
VARVAWAWE -

a b c d e f

a : EFITHL BIL SR, b, o @ PRI D
HC & 7=mifbin, d: 35V Ehiibir, e : IEWIR, f: fii
WALIR, SMBIRIC 72> TV 5, g BRI L S =ik

X2 Bwkits L Ok L 2 KRoIEE

104




HHEERMO
EAH

£ m s ®

BMTMALECE S

|

BYUEETO Vg1
[enmiow:] &0 T
gz

T2 FE REK 2, 2b
5% S0 )

A 3 H
v v |
% M

.-

(P

FEMOHEREBL
6:17 HEBPOELREICHS T IREFORR/ 5 —>
105

Chapter 8

HHRR R SR EZREFZ AR

Cell Aggregation and Morphogenesis

106

27



mEEREMROBES

" e 7 HRa% 5

B 8.4 WAFOKOMN (& FEXK: fi, TEMER) »60 MO REEL z0H
B, BT IEEOY D (REMIaE B TTRY), HERICROT, MiailEdXh,
KD 5 HBEERONAMIZ{ 5 (Townes & Holtfreter 1955 % Y &%)

109

M ET RO BESI

Figure 3.23

of cells from ibian neurulac. ptive epidermal cells from pigment-
m cn\hrm~ and neural plate cells from unpigmented embryos are dissociated and mixed to-
e cells reaggregate so that one type (here, the presumptive epidermis) covers the
mhu (After Townes and Holtfreter 1955.)

Presumptive
epidermal cells

\

Dissociation

W

Spontancous
A

Neural plate
cells

Cross section

ERMMEHE M

A B c
FHPEREE  PRCEE - IAREE ﬂ&f*ﬂﬁg Nﬁ-«m+£ﬂi M‘F‘f&ﬂh'%ﬁ

®85 SES LUHHR. (A)
EEER (B LPESERONAE DY KE@RONM~OBIL, TIRE
WRONB~OBIAER T Y, PHEMRL, MR KI5 MR BRT 5
(B) RN & PR SEHIIE L OHLA & D b S B B RO PRI
WL, RS BAERERT 5, ARESRIL, OBEAMICLET 2, (O
KR (), PIEE, AKEEROHAE DY I L NESEEIE LR
AT Y PIL & 5 1SESIE N5, (D) KECHRE (1) L HEEHE & O# S &
Dt ST KK, OSBRI, £ OISR ACRED ST Do (E) HBLCR),
s, FESE (hHPES) SROMAA DY PRICHBMEIIEL £
R KR & AR Y B S, B REUEAC BE I CREX S (Townes &
Holtfreter 1955k ) &%)

111

110
12
EIRp AR
Epidermis Neural plate
+ +
Epidermis Mesoderm mesoderm Neural plate axial mesoderm
+ + + + .
mesoderm endoderm endoderm epidermis epidermis
i
B8
g
322
i
2 Neural
P plate
@ ‘\ Neural
v late
Epidermis_ » Epidermis v Epidermis Mesoderm
d 8%
GO  Neural Neural
Mesodernt Mesoder ? s plate plate
) ®) (© )
112

28



EHEADBRB SLITH AR

R A

«

@ [C)]

75 EHANOBE GEEE B, x4 v /B, BRREEROLhEH
DEMRIBTOBFBBOBAR. (Steinberg, “Cell Membranes in Develo-
pment”, Academic Press, N. Y.,'p. 321.) 13

ERME

Tissue

(dynefem)

Limb bud
(green)

20.1

Pigmented
epithelium

CadoherinfT7£
HratEE

Adhesive recognition
site

membrane

Catenins

Cadherin-cadherin
binding

|
Cadherin

Figure 3.28
Cadherin-mediated cell adhesion. Cadherins are associated with

three types of catenins. The catenins can become associated with the

actin microfilament system within the cell. (After Takeichi 1991.) 115

Chapter 9
BELEMELTE
Regeneration and Asexual Reproduction

29



ERS DK

(a) (b) (c)
El4.1 tFS5ohszRiMtB. (e FIRASOBENHRY 2T
w3, (b)fFr»bEiicE S ETHEE, SHEEK RUTBEO3IE,»LHT
ETV3. OMMBBKIE > THMRBERE B,
117

Dubois D EE&

(@ A B.

E15.2 Dubois(1949) © X #FEHEROMAE. () HEMHKR. IFRM
R (p) TH . (b) BRMHLE S50 7. HRDARN IR
S.OKBTHMT B L, HAF(BLAMRT 5. (©RCHREHLES S
FIT. (@) WEERKENL, KRS IT I TO—BEBRT 2HR

118

EY FR AL Balanoglossus simodensis

119

Eﬂ#??"f&l :’\7 Polyandrocarpa misakiensis

120

30



. RENE AER 26 D
RFR T OTER 2R 9.

T R PEE YA R ARy A S

AEVDRRBEL D> > DV

BEFBERR e

® -—{» s
i

E5 A4 %Y OBMaE,

R B \ﬁ'
=
EBERO A L R

121
oy za
ENTAT VR
IE 78
—e
O% =
(=N
P
c—
S —= o
S
B4 ®VT7 a7, ERFEES LU ZPA ZBIHEL
BHCEZONDENT + 7 YO EFNEFNDEHE
KR SN 280E /Y — > R T.
123

122
TS5V REBEETILEBEZETIL
IS UREEETIL BEZEETIL
;
B
b
w
R
0
173 173 1/3
B
b
N
.
R
0
173 173 173
124

31



Intact French flag system

IS AEEETIV

Positional
value

Left half removed

H

ow
positonal
i value

Fig. 13.4 Morphallaxis and epimorphosis. A

pattern such as the French flag may be specified

by a gradient in positional value (see Fig. 1.22). If

the system s cut in half it can regenerate in one

of two ways. In regeneration by morphallaxis, a

new boundary is established at the cut and the

positional values are changed throughout. In

regeneration by epimorphosis, new positional

values are linked to growth from the cut surface. 125

TXTYEIEID =
RELE

™

EFSF SN

RS

2:15 T 7 OMORH - Bk
2345 OE A 1234 DRICHMT B &, 3HHIAS R

B, MBI CAD D EICES

e
A S
k=i B

2016 A U DA &AL B
iS5 £, 3 ROBAT S BHEOMEEHEH 5D

IXT)DRKRELE

Donor and host limbs amputated

2 345 2 3 45
fq—gg———/ ‘-5—«—&—/

itional value gradient ;‘

/
/

Limb pleces grafted ! A
123423 45 :
. L

Intercalation

12345 - 12344322345 -

A

[

127

126
— b Je— p— o ~ A
A T4V ELEFEEICEKD/INI— AL
Normal H4 mutant H2 H
T4 T4 T4 T4
T3 T3 TS% T3
T2 T2 T2 T2
T T T — m™
OO OB OO Ol
he
H3 —_—
R — j— p—
Codes “111 1120 1100 1000 1110 1110 1100 1000 1115 1110 1100 1100 1M1 1111 1|n1mo|//
- (€ Novel ?
%ﬁ DD B
ot 8D um,
Sogmenis?
- Lethal ?
‘.‘J A~
Fig. 4. Model for the generation of positional values using homeotic genes, and the basis of homeotic transformations.
128

32



Chapter 10

ZieLE
Aging and Death

129

TRF—RERHPO— R
[TRF-VA]

0@

[AZu—v2]
Kigft B M
2.2 FHRF—vREAT DY AOTHBEREL

130

FiRb—L REROO— AN

FHR—2 R FoA—YR
B, REM RN, JEEER
FILEVERE, RREFORE XiG, B, B, HIAKE
=R fRRREE A THEOKE BRI OVREE, BRLEDRS
HIVEE S, TRETHR, RE, ®IAH ROTRGTHHRER 5T
fHRRATE DfE/ ShavRYTONRARD S
XYLFY— LB ODNAKT F1E A4 VHER D HRR
men HOTF D5 DNADSUH L1553 R
BE | amzEosEoss WO EER
fERaDE L (TR RIMELRRY, | MERERBH O (lysosomal enzyme®
I7A77—YIZ&-TER) k5 EREER)
AN TRIERIICRE BN T—FICHRR (RELTD)
i | EERICERNCES RERACHRES

REBMBRBIE

2B KB

131

XOVF =LA

Nucleosome

DNABAS1.75[E #&f< 146bp @11 mm

i< 200bp >

132

33



