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ﬁl"-}%,? (Embryology) : The development of an embryo from the fertilized egg

éﬁjﬂ]ﬂ‘?ﬁ‘f* (Developmental Biology) is to understand how multicellular organism
develop
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i ?‘Héﬁﬁ% 255 ? A Body-Building Plan
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Preformation theory (=579 3%)

Epigenesis theory (&% 3)
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FEPVE & A Life cycle of Frog
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1. & =/55 %] growth/cleavage

Increase in cell number
Increase in cell size

2. 57 {* Differentiation
The fate of daughter cells

3. 7R=3 % Morphogenesis

The formation of shapes and patterns
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What happen if genetic control goes wrong in
limb development?

TR, ¥ 800, PSR

el

— nematode (Caenorhabditis elegans)
— fruit fly (Drosophila melanogaster )
— sea urchins

— South African Frog (Xenopus laevis)
— Zebrafish (Danio Renio)

— chick

— mouse

— plant (Arabidopsis thaliana)
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nematode (Caenorhabditis elegans)
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fruit fly (Drosophila melanogaster )

Ventral view, early gastruta
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Sea urchin

Late Gastrula
gastrula
Animal pete dcell Beell 32 cell 6d-cell blastula
I L
0 ;
Vegetal pole
Blastula Gastrula
Animal pole

Vegetal pole

primary mesenchyme
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South African Frog (Xenopus laevis)

Metamorphosis
Free-swimming tadpale {age 45)
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Zebrafish (Danio Renio)
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chick

umbilical artery
umbilical vein
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plant (Arabidopsis thaliana)
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Fertilization

* Fertilization brings the haploid nuclei of sperm and
egg together, forming a diploid zygote

» The sperm’s contact with the egg’s surface
Initiates metabolic reactions in the egg that trigger
the onset of embryonic development

acrosomal midpiece plasma membrane
vesicle L
nucleus  mitochondria flagellum
L 1L ]
T T
Head Tail

The acrosomal and cortical reactions during sea urchin fertilization

Basal body
(centriole)
Sperm

‘\\ heaild

.
N N A
Acrosome —— » <>

Jelly coat ~—__

Sperm-binding -
receptors <

' & Vitelline layer

-\ Egg plasma

membrane
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The acrosomal and cortical reactions during sea urchin fertilization

Basal body

(cemrlole)
Sperm
head /

Acrosome ———
Jelly coat ~—~—__

Sperm-binding
receptors

-\‘J\??@; "N\ Hydrolytic enzymes
4 @ Vitelline layer

Egg plasma
membrane

The acrosomal and cortical reactions during sea urchin fertilization

nucleus
\ Acrosomal
' process
Basal body Actln /
(cemrIO|e) filament i) 5
Sperm g
head/

Acrosome
Jelly coat ~—__

Sperm-binding Y, T, :
receptors :f =
(-
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Hydrolytic enzymes

Vitelline layer

Egg plasma
membrane
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The acrosomal and cortical reactions during sea urchin fertilization

Sperm plasma=—
membrane

Basal body
(centriole) D fllament

Sperm
head /

plasma
membranes

Hydrolytic enzymes

V|te|||ne layer

\ Egg plasma

membrane

Sperm-binding
receptors
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The acrosomal and cortical reactions during sea urchin fertilization

Sperm plasma =
membrane

el

Acrosomal | Fertilization
\ process \ envelope

Basal body
(centriole)

Sperm '\
head / s,

i Cortical
@, granule
\ ] @ plasma
~ membranes
W ; Perivitelline
Acrosome 5 Hydrolytic enzymes space
Jelly coat ~——__ . -Vitelline layer
«\ &
Sperm-binding \ Egg plasma
receptors ' membrane EGG CYTOPLASM
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Cleavage

(a) Fertilized egg (b) Four-cell stage (c) Early blastula (d) Later blastula

Coppigt 0200 ¥ Cummngn

Cleavage in Xenopus

I. HOLOBLASTIC CLEAVAGE

A. Isolecithal (evenly distributed yolk)

1. Radial cleavage
Echinoderms,
amphioxus

2. Spiral cleavage
Annelids, molluses,
flatworms

3. Bilateral cleavage
Tunicates

4. Rotational cleavage
Mammals, nematodes
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II. MEROBLASTIC CLEAVAGE
A. Telolecithal

1. Bilateral cleavage
Cephalopod molluscs

2. Discoidal cleavage
Fish, reptiles, birds

Anterior

Animal pole
Animal
hemisphere

Vegetal—
hemisphere

Vegetal pole

(b) Establishing the axes

The body axes and their
establishment in an amphibian

Posterior Jﬁf“
[/ & A(A/P axis)
ﬁ/ljgﬁgl(DN axis)
}/*F (HI(L/R axis)

Ventral
(a) The three axes of the fully developed embryo

First

. Pigmented
Point of /co%tex cleavage
sperm

nucleus % Fut
entr 4 - uture
y\f \ \ dorsal
%M,,  side |
Gray

crescent

Copyright © 2000 e flenjamin C:
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Cleavage in a frog embryo

Zygote | \}

Cleavage in a frog embryo

2-cell l)
stage

forming
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Cleavage in a frog embryo

-

acell A 1)
stage fx)])

forming

Cleavage in a frog embryo

Animal
< pole
gcell 4 i] ;p
stage )

Vegetal/
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Cleavage in a frog embryo

Blastocoel

Blastula /
(cross
section)

Copyright @ 2000 Peacson Eucation, ine., pubiisning as Paarscn Banjarin Commings

Cleavage in a frog embryo

0.25 mm
—

Animal pole Blastocoel

-

- —Vegetal
Zygote 2-cell 4-cell 8-cell pole
stage stage stage

forming  forming

Copyight © 7000 Pesrson fucation, s, pobiing #% Pradracn Bemjaren Cumrengs

Blastula
(cross
section)
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3. 'RU (™ (Gastrulation)

Gastrulation in a sea urchin embryo

B Future ectoderm
B Future mesoderm
Future endoderm

Animal
pole

Blastocoel

Mesenchyme
cells

e
Vegetal
pole

Vegetal
plate

4 © 2008 Pesrson Bducation, inc.. pobiishing s Pearson Benjasun
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Gastrulation in a sea urchin embryo

B Future ectoderm
B Future mesoderm
Future endoderm

Copyright © 2000 Pearson Eiducation, Inc.. pablishing ss Pearson Benjemin Cunmings

Gastrulation in a sea urchin embryo

B Future ectoderm
B Future mesoderm
Future endoderm

Filopodia
pulling

archenteron
tip

Archenteron

Copyrgf © 2008 Parson Education. inc.. publishing as Parsorn Denia
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Gastrulation in a sea urchin embryo

B Future ectoderm
B Future mesoderm
Future endoderm

Blastopore

Copyight © 2008 Pascson cucaton, inc., poblhing ss Pearicn Benjasn Cummings

Gastrulation in a sea urchin embryo

B Future ectoderm
B Future mesoderm
Future endoderm

Ectoderm

Mouth

Mesenchyme
(mesoderm
forms future
skeleton)

Copyrigt © 2000 Pasrson iucat

Digestive tube (endoderm)

Anus (from blastopore)
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Gastrulation in a sea urchin embryo

Key

B Future ectoderm
Bl Future mesoderm
Future endoderm

" Archenteron

. Filopodia
Animal Blastocoel pulling <
0 pole - archenteron ‘I'-

Blastocoel : Ja W ,-: ‘|, tip Blastopore \
Mesenchyme d } %
cells . s /

1 2 4 ".._“ Y ) ) Ectoderm X,
Vegetal Videtal W A
plate p0|ge ';" & P Mouth

Mesenchyme
} % cells Mesenchyme Digestive tube
—_— (mesoderm (endoderm)
Blastopore 50 pm forms future y

skeleton)

Anus (from
blastopore)

« Gastrulation in the frog

— The frog blastula is many cell layers thick

— Cells of the dorsal lip originate in the gray crescent and invaginate
to create the archenteron

— Cells continue to move from the embryo surface into the embryo by
involution

— These cells become the endoderm and mesoderm

— The blastopore encircles a yolk plug when gastrulation is
completed

— The surface of the embryo is now ectoderm, the innermost layer is
endoderm, and the middle layer is mesoderm
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SURFACE VIEW CROSS SECTION

Animal pole —

Blastocoel

Dorsal lip
of blasto-

pore Dorsal lip

i of blastopore

b " Blastopore
Earl C——
arly
gastrula Vegetal pole
Blastocoel
shrinking Archenteron
Ectoderm
Blastocoel Mesoderm
Endoderm
Archenteron
Key
: Blastopore
Bl Future ectoderm p
B Future mesoderm  Late i
gastrula Blastopore Yolk plug

Future endoderm
L

Endometrial
epithelium
(uterine lining)

Inner cell mass

Trophoblast
Blastocoel
—
Amnion
—_— Chorion
Ectoderm

Mesoderm

Endoderm

Yolk sac

Extraembryonic
mesoderm

Allantois
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neurulation

Neural folds Somites Tail bud

Neural Neural plate

fold \

1mm

Neural Neural

plate
Neural crest
cells

‘Archenteron
Outer layer (digestive

1 of ectoderm cavity)
Nellljral crest (c) Somites
cells
Archenteron
(a) Neural plate formation
Neural tube
(b) Neural tube formation
i e ® -
ENDODERM

¢ Epithelial lining of
digestive tract

¢ Epithelial lining of
respiratory system

e Lining of urethra, urinary
bladder, and reproductive
system

e Liver

® Pancreas

® Thymus

® Thyroid and parathyroid
glands
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Organogenesis

Limb

Chick wing

4 days

=
45 days 11 days
|
b I
e
5.5 days 12days
P = b
6.5 days 13.5 days
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Blood vessels
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B
Pattern formation
Morphogenesis
Cell differentiation

growth

ik o
1. Differential gene expression/signaling
2. Cell fate determination
3. Induction
4. Pattern formation
a. Positional information
b. Lateral inhibition
5. Asymmetric division

1. Differential gene expression

A\ oy S
._'I y
e | — -"T ; J
X ')
: v 4 f ,"
— .

Jvgote Blastuila Gastrula
Frioderm Mesoderm Endoderm Germ cells
] L .
[ ( }
Central Respir-
nervous  MNeural [:‘tgﬁlu o atory

wslen eret  Domal  Paraxial lnermediate Lateral  Head tube  Pharynx  tube Male _ Female

Epidermal Neuron  Pigment  Noto- Bone Tubulke Hed Facisl  Pancreatse Thyroid  Lung Spe
cellsof skin~ of cell chord tissue cell af hlood miscle cell cell cell

Eidney cells

Representative cell types of a vertebrate

cell differentiation

"‘égkdvé/
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2. Cell fate determination

Cell transplantation

Fate mapping of normal development locatesthe presumptive eye region
presumptve . L
et ,wqth Tailbud nageel.nhr'_.le
!Wlmliﬁ-\.\_\_\““‘: : _‘/nm_‘“mme I —
f newral plase
L n
prEumptive < = presemptiv -
endoderm ———=
blastapere
The ive eye region of a gastrula, transplanted into the trunk
of a newrula embryo, forms structures typical of the trunk
host thsue wmitic thsue from grat

transplantation

@ > @

L 4 =)
Gastrula Host neurula
N lant of the eye region f lats ge embryo devel neye
ransplandation
[ =" IN
L M
Weurula Host neurula

(C) Animal pole

2. Cell fate determination

Ectoderm

GFP labeled or Laser caged . Mesoderm
Somite muscle
Ventral Pronephros Daorsal
Hood Fins  Heart

Intestine ~—Endoderm

Blastoderm margin

Yolk cell

S

Vegetal pole
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2. Cell fate determination

Cell-linage analysis

Anterior

o)

Posterior

O anchor cell

D

C

NN AR ARG

tertiary ter'tlar)‘r
L

se':ondary| primary

secondary

)
hypodermis

'

vulva

tertiary

|

hypodermis

3. Induction

Dersallip of blastopore grafted from
o m mo(lmlow
Blastocoel reof of a pigmented species.

dorsal ip

\ ~ of tlstepooe
\.._\

X T
Primary Secondary
strudtures (nduced]
structures
—
wtachond Lol
nesnl tube
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4. Pattern formation
a. Positional information

4. Pattern formation

a. Positional information

Each cell has the potential to develop
as blue, white, or red

L]

=

Position of each cell is defined by the
concentration of morphogen

Concentration
of morphogen

morphogen
Positional value is interpreted by the cells
which differentiate to form a pattern
Concentration theesholds
of morphogen
b
Set >a : Blue

wred | (]

cell-cell communication

(Cellsignaling
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Decreasing

ical morphogen
:.(u.ﬁennal :mm’:ﬁn
ridge N
Limb bud
W
polarizing
region
Additional polarizing region grafted to anterior margin
4
3
N 2

=
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4. Pattern formation

b. Lateral inhibition

¥--d

5. Asymmetric division

Stem cells e el

/'.\® ®© o
N cndrion
o ©
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e

The tiny cluster of cells
is an early-stage
human embryo that is
being used to isolate
stem cells under
microinjection (a) and

growing in culture (b).
(b)

What Are Stem Cells?

Stem cells share two basic characteristics that make
them distinctive from other cell types : self-renewal and
differentiation into specialized cell types

A stem cell can

1. Self-renew or 2. Differentiate into a
specialized cell type

I_ 2 Progenitor cell
R oA
=

Skin Muscle Red blood
cells cells cells

39



Ability of stem cell differentiation

Totipoent Stem Cell

These cells have unluited capabality and
hawve the ability fo form extrae mbrymmic s, PR,
merabranes and tissues, the exbrynitself, Z—E FJ" l‘f_ki'%aE”ﬁﬂ’
and all postermbryonic tissues and organs.

Q—i An exaraple is an erbryo
. Pluripotent Stem Cell

ﬁ These cells are capable of giving rise to v PR
moet, but not all, tissues of an orgardsm, T'EFJ" [‘_ﬂfi@FRE anj
L ) Mubtipoters Stem Cell
These cells are camritted to give

A example 1s inmer mass cells
rise to cells that have a specific

Blood Stem Cell [0 ormied | function. &n exaraple is blood %H:[‘_f{:}:@;ﬂ;lq &
stem cells stemn cells
Plale]elsw.hma Plood Erthrocytes
Cells

AT R

1998 = S i st A 251U Tames Thompson! ] » Johns Hopkinsf#:
f[~Iohn Gearhartfy ™ 7535 » 555t * K2 Z]ip-1% (pluripotent)
FAF 5 B5E Y& (embryonic stem cell) ™ gﬁfiaﬁ =85 F'aﬂ’?s,‘r E
= SRS nf’IﬂIZI‘L puzs

Sea urchin

Fertdisend +-Cell tage st Neurda sage

"'an:h’www.dls.ym.edu.t\m'lesson3.fdevebi02.htm

Natthal it
[
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human embryonic stem cells (hESCs)

Totipotent
Zygote
Oocyte
] (
o o NP -
Sperm” -

Pluripotent

Inner Cell Mass

Stem cells can be stimulated with
different factors to differentiate
into different cell types.

Blastocyst

-
| @)
=)

The inner cell mass, which contains
embryonic stem cells, is removed from the
blastocyst, leaving the blastocyst unable

Y to develop further.

—# Human fetus
If left intact and implanted into
a uterus, the blastocyst would
continue development into a
human fetus.

Adult stem cells
(ASCs) are present
in mature tissues
and organs

L Neurons

Cardiac muscle

Blood cells

ST Figure 4.3
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The Major Types of Stem Cells

. Embryonic Stem Cells (3% 5;#&5f @ ESC)— ;};rﬂﬁ !
» From blastocysts left over ftom In-Vitro Fertilization in the
laboratory
---Fetus Stem Cells (ﬁﬁﬁﬂﬂiﬁE'ﬁﬁl)--ﬁiﬁ% !
* From aborted fetuses
---Umbilical Cord Stem Cells (%*ﬁ'}{ﬁE“-}ﬁJ)

B. Adult Stem Cells (E‘}Eﬂﬁ SF e
« Stem cells have been found in the blood, bone marrow, liver,

kidney, cornea, dental pulp, umbilical cord, brain, skin, muscle,

salivary gland . . . .

E?‘ﬁ%}ﬁ;ﬁl?'ﬁﬁ! (Adult Stem Cell)

it r’g'”“&ﬂ! i@ (Tissue-specific stem cell)
EIE[?E" F)ul@ﬁl . 7 %‘ﬂgq
HEIE

%‘éif\

i

'.\ﬁ“lf%[r

I FZ JEJBﬂ,WQﬁ@pJBﬁI‘E
,' i [uziu

o= J HUF FEA

«_

b=l

ng;

E(r“

g

.
.
.
.
.

v
°

42



A AT 53

- iﬁj‘fiﬁflqa (hematopoietic stem cells » HSC)

- fH]3 Zir e (mesenchymal stem cells » MSC)

53 (AR, FAE, BT, TR, TAE

SIS P W 1
J r{ I:
» HSCTg FiH 2l BVl A O f ELY

» MSC A2 F | & upit ] EI]J,ij\_ e | i
- (A
- SRR AT, sﬁu;g%gfgﬁm

SYTRLT P IRIpERVER ) R 2
F’E‘mE[ﬁu}Fl F,T’Q:VT%HI !

A stem cell can

1. Self-renew or 2. Differentiate into a
specialized cell type

| @ Progenltor cell
| &

Skin Muscle Red blood
cells cells cells
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Nuclear Reprogramming Approaches for Producing
Pluripotent Stem Cells

(a) /’ 0 (‘Fﬂggg )
\\ Cell division -

Oocyte ‘ -----------
/ DINA replication
#‘ @ — Transplant
2n
Somatic cell
(b}
KLF4 _L-MYC
Cell division
[ I — - (g
50X2 OCT4 DMNA replication
PSC
{c) Created cells and tissues for:
#+ Cellular studies of human
Addition of diseases in vitro T

"pluripotency” * Patient-specific G\
<2 factors cell therapy Koo
o Culture of KLFd  c-MYC Selection ® Drugscreening =

somatic cells ( and e
LE " = a 00 expansion " Neurons

i I of

S
a‘a

00 5= i
soxz?ocm ey =0 iPsCs o= B
\.i';-/ | ——- 9 —

K
" | > o S - \@

Cardiac muscle

Hepatocytes

e Stem cells research-regenerative medicine

[srrane o]

Potential U.S. Patient Populations for Stem Cell-Based Therapies
The conditions listed below occur in many forms and thus not
every person with these diseases could potentially benefit from
stem cell-based therapies. Nonetheless, the widespread inci-

dence of these conditions suggests that stem cell research Alzheimer’s disease ( YD

could help millions of Americans. Spinal cord injury ( ??F@Ej % )
Nt of patate i Stroke (&)

Disease condition the United States

Burns (“Z{H
Cardiovascular disease 58 million ( 5t ”)

: _ i Diabetes (?{%?’F )
Autoimmune diseases 30 million Liver failure ( I%fg)

Diaberes 16 million . .
O't , i '“'_ Heart disease (-=J )
SLe0pOorosis milhion e I -
o . Osteoarthritis (fgjfé{%g %)
Cancers 8.2 million . .
Alzheimer's disease 5.5 million Rheumatoid arthritis
sl gl RS )
Parkinson’s disease 5.5 million | .
M) . End-stage kidney disease
; H >
Spinal-cord injuries 0.25 million ( ﬁ\ ’ﬂﬁ%)ﬁﬂ@)
Birth defects 0.15 million/year

Source: Derived from Perry (2000),

Parkinson’s disease (“1& ")
)
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The Promise of Stem Cell Research

Identily drug Drug
targets and E screenmg eell prevention &
test potential iation | ireatment of
therapeutics birth defects
Cultured Pluripotent
StemCells  ~L_ T

I i
-
I'I's.suegtCsI\s for Transplantation Se i E
Teshng 1 1
1 )
H

X2

Bone marrow Nerve cells Heart muscle Pancreatic

for lankemia frr Parkinsans eells for islet cells

Bone marrow Nerve cells Heart muscle Pancreatic
for leukemia for Parkinsons cells for islet cells
& chemotherapy & Alzhiemer’s heart disease for diabetes

disease

TS SO B e

A biopsy is performed and
cells of the heart are removed;

some are cardiac ASCs ~Heart attack causes

damage to the heart

Pharmaceuticals are
injected directly into the
heart to stimulate grawth

Stem cells are grown and their
numbers are expanded over
several weeks

Stem cells regenerate
the damaged tissue

Stem cells regenerate
the damaged tissue
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’Fﬂﬁl{ﬁ Q (Dolly the sheep)
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DoIIy (5 heep) 1 live birth out of 29 cloned 39,
embryos

Cloned mice 31 live births out of 2468 cloned 1%
embryos

Cloned pigs 5 live births out of 335 cloned 1%
embryos

Cloned goats 3 live births out of 85 cloned 39,
embryos

Cloned cattle 30 live births out of 496 cloned 6%
embryos

Cloned cat 1 live birth out of 87 cloned 1%
embryos

Cloned rabbits |© live births out of 371 of cloned 1%
embryos 36
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2. 0% ’ﬂ’,iﬁl?'qaﬁﬁﬁ (human embryonic stem cell )
3. ﬁ’ﬁjﬂﬁ? {* (control of differentiation )
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A7 Md(Tissue Engineering)
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