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Fig. 1.4 Malpighi’s description of the
chick embryo. The figure shows Malpighi's
drawings, made in 1673, depicting the
early embryo (top), and at 2 days'
incubation (bottom). His drawings
accurately illustrate the shape and

blood supply of the embryo. Reprinted
by permission of the President and
Council of the Royal Society.
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Marcello Malpighi




Fig. 1.5 Some preformationists
believed that a homunculus was
curled up in the head of each sperm.
An imaginative drawing, after Nicholas
Hartsneker (1594)

ol
Nicholas Hartsoeker

Bonnet(1745)
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3 Mosaic and Regulative Development

19 80 Weismann mosaic .
development o
/ . .}-‘ - -
y
1st cleavage 2nd cleavage
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Weismann’s nuclear determinants

Fig. 1.7 Weismann’s theory of nuclear that were distributed asymmetrically to
determination. Weismann assumed daughter cells during cleavage and
that there were factors in the nucleus directed their future development.




= g e mn g g - r N

.---- ] --- -.-- 'I.I- - - — - ¥
[_ - S ey Se—— —— .JL____lE__-L__.lI___u Y TN RN 'w——

-F oy p—— I-F n
| !
e e Tl

1
[ T |

3 Mosaic and Regulative Development( )

Wilhelm Roux

-

Fertilized frog egg Two-cell stage Blastula stage (section) Neurula stage

hot needle blastocoel remains of
killed cell

half embryo

neural
tube
J- 1.8 Roux's experiment to investigate Weismann's The development of the blastocoel is also restricted to the
eory of mosaic development. After the first cleavage of undamaged half. In the damaged half of the embryo, no
rog embryo, one of the two cells is killed by pricking it cells appear to have formed. At the neurula stage, the
h a hot needle; the other remains undamaged. At the undamaged cell has developed into something resembling
1stula stage the undamaged cell can be seen to have half a normal embryo.

ided as normal into many cells that fill half of the embryo.
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3 Mosaic and Regulative Development( ) '
Wilhelm Roux Hans Driesch
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Fig. 1.9 The outcome of Driesch’s
experiment on sea urchin embryos,
which first demonstrated the
phenomenon of regulation. After
separation of cells at the two-cell stage,
the remaining cell develops into a small,
but whole, normal larva. This contradicts
Roux's earlier finding that if one of the
cells of a two-cell frog embryo is damaged,
the remaining cell develops into a
half-embryo only (see Fig. 1.8).

Normal development of sea urchin larva from two-cell stage

Driesch's separation of cells at two-cell stage resulted in the death of one cell.
The surviving cell developed into a small but otherwise normal larva

one o the 1
separated cells | :
usually died %

— o o o

n | e L | haN ARy SR EEREUON SRR TR LSRN D MMy ESGE  VEaen =



" T ———

,_r =2k “q _l__..._ 'F

1924

| J
AR TN NSNS Ny SR

Hans Spemann

el i Lkl B @i S SURlEN WTRR RERE il A5

Dorsal lip of blastopore grafted from an
unpigmented species of newt to the
blastocoel roof of a pigmented species

N
A secondary embryo is induced

Tritan cristatus

dorsal lip
of blastopore

blastoooel

Trifon laenialus
gastrula

- =

Y|
Primary i Secondary
siructures | (induced)
| structures
newral tube [
notochord <1 g | notochord
. neural tube
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Hilde mangold

Fig. 1.10 The dramatic demonstration by
Spemann and Mangold of induction of a
new main body axis by the organizer
region in the early amphibian gastrula.
A piece of tissue (yellow) from the dorsal
lip of the blastopore of a newt ( Triton
cristatus) gastrula is grafted to the
opposite side of a gastrula from another,
pigmented, newt species ( Triton taenialus,
pink). The grafted tissue induces a new
body axis containing neural tube and
somites. The unpigmented graft tissue
forms a notochord at its new site (see
section in lower panel) but the neural tube
and the other structures of the new axis
have been induced from the pigmented
host tissue.
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Figure 19.17

Drawing of a section of the seminilerous
tubule, showing the relationship between
Sertoli cells and the developing sperm. As
cells mature, they progress toward the lumen
of the seminiferous tubule, {After Dym
19773

Lumen of tubule

Sperm
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I i i » formation of synovtial clones of human male
Mermatogonia Q = 0f =+ @ Spermat ia Ihe YTy
o , i germ cells. (After Bloom and Fawcett 1975.}

Type Az
SPErMAtogonia

Type Ay
spermatogonia

Type Ay
Spermatogoni

Intermediate
spermatogonia

Type BB
Lspermatogonia
Primary spermatocytes
{ 15t meiotic division)

o Secomds ary sp-cu'n.nmwlu

esssesnass

Spermatids <

W

— ,—\—/_\ Nh':ﬂ.‘"“ cclls




Y

et g e ey g ey - Sy w c yp—— - "'.r ey e _r'_ ¥ T g
" s —— n__. YOS e SRR OeeE ENSShE TR e Woem IOy Nt e iy Doirevel e Sowsei

Colgi
remnant

Centriole

= Flagelum
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[ Fnd
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|

Mitewhonadria
L Tadl
Mitachondria
Axomeme
& Figure 4,2
Wi tow s ria 4

» Medprece The modification of a germ cell to torm a mammalian sperme The centriole pro-
duces a long flagellum at what will be the posterior end of the sperm, and the
Golgi apparatus forms the acrosomal vesicle at the future anterior end. The mite
chondria (hollow dots) collect about the flagellum near the base of the haploid

" hesad nucleus and become incorporated into the midpicee of the sperm. The remaining
cytoplasm is pettisoned, and the nucleus condenses. The size of the mature spern
Fiac bheern emnlarmmad rel ative b tlhie afler Bieoeee 8 Faor O lormaent ane | eablomed . 198
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Ciranulosa

PRIMORIMAL
FOLLICLE

gure 19.29
he evarian fllicle of mammals, {A)
laturation of the ovarian lollicle,
Then mvature, it s often called a
raafian follicle. {B) S3canming electron
icrograph of a mature follicle in the
i The ooovie (center) is surrounded
v the smaller granulosa cells thar will
ke up the cumulus, (A after Carlson
I8 11 B courtesy of I) Bagavandoss. )
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o LR, S
‘he human menstrual ¢yele. The coordina-
ion of (B) ovarian and (D) uterine cyeles is
ontrolled by (A) the pituitary and (C) the

wvarian hormones, During the follicular (A) Gonadotropins Luteinizing
hase, the egg matures within the follicle, (from anterior pituitary) hormone (LH)

nd the uterine lining is prepared 1o receive
he blastocyst, The mature egg is released
round day 14. If a blastocyst does not im-
lant into the uterus, the uterine wall begins
o break down, leading to menstruation,

Follicle-stimulating hormeone (FSH)
' | |

(B} Events in ovary Ovulation Corpus luteum
Developing t’al]tcle
@ Egg ; .
l | | l @
C} Ovarian hormones \ Progesterone
Estrogen

2} Uterine lining
L}

3s 3 3,
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Menses Follicular phase Luteal phasc
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Figure 5.18

Development of a human embryo from
fertilization to implantation. Compac-
tion in human embryos takes place at
day 4, when it is at the 10-cell stage. The
cgg “hatches” from the zona upon
reaching the uterus, and the zona prob- i
ably prevents the cleaving cells from /™~ Early stage of ~ Fertilization
sticking to the oviduct rather than trav- T | implantation Ovulation
eling to the uterus. (After Tuchmann- ;

Duplessis et al., 1972.) - '




Figure 5.19

Comparison of early cleavage in (A)
echinoderms (radial cleavage) and (B)
mammals (rotational cleavage).
MNematodes also have a rotational form of
cleavage, but they do not form the blasto-
cyst structure characteristic of mammals.
Details of nematode cleavage will be
given in Chapter 13. (After Gulyas, 1975.)

{A) ECHINODERM-—"  (B) MAMMAL
(Sea urchiny™ {Rabbit)




(D) (E) (F)

Figure 5.20
The cleavage of a single mouse embryo cell stage. (E) Morula. (F) Blastocyst.
§ in vitro. (A) 2-cell stage. (B) 4-cell stage. (From Mulnard, 1967, courtesy of |. G. -
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movise blastocyst. (A B) B-cell en
{C) 16=cell morula. (D) 32-cell bl;
The: left side represents the entir
ism or its cross section. The righ
details the changes associated w
maturation of the trophoblast, (R
hand figures after Fleming, 1992

- 8 (B} Compact B-cell: polar, ion currents.
Basalateral: E-cadherin adhesion, gap junctions, Z0-1, acetylated microtubles.
Apical: microvilli, cortical actin, endosomes, cytoplasmic actin, microtubles

Tight junctions

tight -
Basclateral: enhanced adhesion, laminin, cingulin, mitochondria, lipid vesieles.

junctions)

{

() A2-celll: vectorial fluid transport.
(g a p Basolateral: desmosomes. Basal: Na*, K*-ATPase. Apical: transporters and channels

junction)
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Compacied morula

Fig. 2.21 Cltavagf in the mouse ernhr','n 'he pholographs cell mass, which can be seen as the compact clump of the top

ehow the cleavane of a ler i m eaq from the two-cel aof the blastocyst. It is from this that the embryo pr fanfrm
tage through formation of s plastocyst, Af | | arof i 1 i teicd
ighi-cell Qe Comi O e e : |0 I | IVES [{n 4] Ira I il I
thies T | ek el il 3| ] £ ] ]2 ounas T. Flemir
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Animal pole Presumptive ventral
4 region

Presumptive
dorsal region

: Second
} .-._'-.-'."-.-..
polar body

o= /-l- - -
1o Abembryonic Em}r}fﬂnic
| pole pole
Y
Vegetal pole
igure 11.41

elationship between the animal-vegetal axis of the egg and the embry
nic-abembryonic axis of the blastocyst. The polar body marks the ani
nal pole of the embryo. The dorsal-ventral axis of the embryo appears
v form at riecht aneles to the animal-veeetal axic of the eoo



Figure 5.26

Mouse blastocyst hatching from the
| zona pellucida. (Photograph from Mark
i et al., 1955, courtesy of E. Lacy.)
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Figure 527 Diagram showing the iming of human monoeygotic twinming with relation to
extracmbryonic membrancs, (A) Splitting ocours befone the formation of the trophectoderm,
st each twin has its own chorion and amnion, (B) Splitting occurs after trophectoderm forma-
tion but before amnion formation, resulting in twing having individual amniotic sacs but shar-
ing: one chorion, (O] Splitting after ammion formation leads to twins inoone amniotic sae and a
single chorion. (After Langman, 1981),
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Figura 3-14 A LUonjoined twins with broad tuncal attachment (thomoonagts B, [issect
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symmetry of the stomachs. [Uourtesy M. Bar knin Arbor. M WA, )
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el
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8 Blastomeres

R

Blastocyst

5 o Blastocysts implanted
* %% into foster mother

—Z |
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(B)
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Figure 11,33
Production of chimeric mice. (A} The expenimental procedures used to produce
chimeric mice. Early 8-cell embryos of genetically distinet mice (here, with coat color
differences) are isolated from mouse oviducts and brought wgether after their zonae
are removed by proteolytic enzymes. The cells form a composite blastocyst, which is
implanted inte the uterus of a foster mother. The photograph shows one of the actual
chimeric mice produced in this manner, (B) An adult female chimeric mouse (baot-
tom) produced from the fusion of three 4-cell embryos: one from two white- furred
parents, one from two black-furred parents, and one from two brown-furred parents,
The resulting mouse has coat colors from all three embryos. Moreover, cach embryo
contributed germ line cells, as is evidenced by the three colors of offspring [above)
produced when this chimeric female was mated with recessive (white-lurred) males,
(A, photograph courtesy of B. Mintz; B from Markert and Petters 1978, photograph

(k)

urtesy of €. Markert.)
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1. Hormonal
stimulation
of egg
maturation
(by clomphene
citrate, hMGs
or GhRH)

7. Reimplantation
of up to three
embryos

3, Collection

" of sperm sample
and concentration

of most active
sperm
4. In vitro fertilization

5. Early cleavage in vitro

l (2-8 cellss)

0 6. Extra embryos frozen

Figure 2-7 Schematic representation of a tvpical in vitro fertilization and embryo transter procedure in _
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{B} 8 Days

— Lterine lining

Maternal capillary Q

| ———— Uterine epithelium )
{endometrium) — Synctiotrophoblast
proliferating into
T Inner cell mass uterine fissue
———— Blastocoel
i S Iraphoblast yO
= - Epiblast
. ! e
Amniotic cavity
* ) \\\ Blastocoel
" Trophoblast

H Days {2 10-11 Days
= Trophoblastic

A" lacunae

-

| Amniotic
cavity
Trophoblastic < 5
lacunae t&“
{matermal

blood supply)

{ " ; o
Epiblast© |/ '.I \ Synctiotrophoblast Formation of Extraembryonic
i ) LY 1 sy
. ! | extracmbryonic reticulum
Hypoblast / Amaniatic Blastoooe mesoderm
Trophoblast cavity
re 6.33

ue formation in the human embryo between days 7 and 12, (A,B) Human blas-
st immediately prior to gastrulation. The inner cell mass delaminates hypoblast
: that line the trophoblast, thereby forming the primitive yolk sac and a bwo-lay-
| (epiblast and hypoblast) blastodise similar to that seen in avian embryos. The
hoblast in some mammals can be divided into the polar trophoblast, which

'rs the inner cell mass, and the mural trophoblast, which does not. The tro-
blast divides into the cytotrophoblast, which will form the villi, and the syncy-
ophoblast, which will ingress into the uterine tissue. (C) Meanwhile, the epi-

t has split into the amniotic ectoderm (which encircles the amniotic cavity) and
pmbryonic epiblast. The adult mammal forms from the cells of the embryonic
last. (D) The extraembeyonic endoderm forms the yolk sac. (After Gilbert, 1989,
Larsen, 1993.)
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Figure 6.34 [A)
Ammnion structure and cell movements
during human gastrulation. (A) Human
embryo and wterine connections at 15
davs’ ge:.t‘ahim In the upper view, the
embryo is cut sagittally through the
midling; the lower view looks down
upon the dorsal surface of the embryo.
(B) The movements of the epiblast cells e ;
into the primitive streak and Hensen's Amniotic cavity =
node and underneath the epiblast are

superimposed on the dorsal surface Primitive groove "
view. At days 14 and 15, the ingressing 5
epiblast cells are thought to replace the gt
hypoblast cells {which contribute to the Yolk sac
yolk sac lining), while at day 16, the

ingressing cells fan out to form the

mesodermal layer. (After Larsen, 1993.)

Synactiotrophoblast .
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mesoderm __Bilaminar germ disc
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cavity

* Extracmbryonic
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Figure 11.30

[ luman embryo and placenta after 40 days of gestation. The embryo lies within
the amnion, and its blood vessels can be seen extending into the chorionic villi.
The small sphere to the right of the embryo is the volk sac. (The Carnegic
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Figure 7.2
Neurulation in amphibians and amniotes. (A) Diagranmmatic representation of
neural tube formation. The ectodermal cells are represented either as proecursors of
the neural crest (black) or as precursors of the epidermis (color). The ectoderm folds
mn at the most dorsal peint, forming an outer epidermis and an inner neural tube
connected by neural crest cells. (B) Photomicrographs of neurulation in a 2-day
chick embryo. {C) Newral tube formation seen in transverse cross sections of the
chick embryo at the region of the future midbrain (arrowheads in B), Each photo-
graph in (C] corresponds to the one above it, (HF, head fold: HE, head process; FIM,
Hensen's node; M, midbrain: NP, neural plate.) (Photomicrographs courtesy of R.
Migele. )




<SITITTL, ST,

eell movement

apical consiriction

actoderm

T 5
v

neural plate

. 8.29 Change in cell shape and cell crawling may drive ecloderm. This may be partly responsible for causing the neural
aral folding. Cells at the edge of the neural plate change their  folds to develop.
ipe and appear to crawl along the undersurdace of the adjacent
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Figure 7.4 . anchored to the notochord, the neural
Sli:‘h-EInﬂl'I.E representation of the epithe- folds are elevated. These movements
lial bending during chick neurulation, appear to be continued as the medially
(A} Formation of nevral folds occurs maoving epidermis drags the neural
when presumptive epidermal cells plate with it, resulting in the apposition
move medii:ll.l;.r toward thE center of the of the neural folds. (C) In the m
embryo. This presumptive fpic_itrmi:"- hinge regions (the medial hinge point,
pushes the neural plate under it as it MHP, and the two dorsolateral hinge
moves. (B) As the midline cells of the positions, the DLHP), the neural plate
neural plate (the floor plate cells) are cells change their length and constrict at
their apices.
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N Figure 7.8
".“'-h... Scanning electron micrograph of neacal tube formation in the chick embryn
T S Neural groove surrounded by mesenchymal colls (B) Elongated neural epith
."'_L '..-\' | cells form a tube as the Battened I'I.'II.IL'I il giells are |.'Il.ll|:_'||||. ter Uhe avad line of

embryo, The M cells form a hinge at the bottom of the tube, while the veuas
plate cells attached 10 the basal arca of the surface ectoderm form the dorsolal
hinge regions, These three hinges can be soen as furvows, (C) Newral tube fors
tion is completed. The cells that had been the neural plate are now inside the
embrye. The presumptive epidermis lies atop the tabe, and the neuaral tube is
the mesodermal somites and on the bottom by the not
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Cadherin expression during neural tube formation in a Xenopus embryo

Bl ccomenn

N-cadhsenin
H-CAM

neural
ube

Fig. 8.31 Expression of cell adhesion molecules during
neural tube formation in Xenopus. The cells of the neural
plate express N-cadhenn and the adjacent aclodenm axpresses
E-cadhermn. I N-cadhenn s misexpressed in the ectoderm on
one side, there s a lailure of the neural tube to separate at

hat site {right panel).
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tube and masodorm in the chick
embryo. Oncea the natochard hiss
tormied, newlation begins, following
nabochord fermaton n an antanior io
postenor directan, The figure shows a
spries ol sectons along the ameng-
posinrion axis of & chick Bmbrgn, Maur
tube formaton i= well advanced af the
amenor end {op two Seclions), whare
tha haad fold has already sepasated i
futura heed from tha rest ol the blashoder
and the ventral body fold has brough
endodarm trem both s«las of the body
sogethie b farm e pul. Duning neunilat
thie nournl plale changes shape: NEUrE
tokds risa up on aither side and lorm a
luba whon thoy meat in he mdline. T
mesanchymal masedanm in B regiar
will give nsa 1o head structures. Furihe
back (meddie saciien], i the it tr
resgian al ihe embryo, notochard and
somites have farmed and naurulation |
staring. Al 1he postencs end, bahind
Hensan's node (boltom S&cion), noochs
formatson, somita Iormalian, and maun
|ation higve naot yet bagun, Ths massds
inlernatzed through the primites shie:
stars 1o borrm Struciunes apgeopriata ic
position along the anlero-postanor an
dorso-variral axes. Far example, in th
fuiture brunk region, e intemadiale
mesoderrn will form the mesodermal
parts of the kdney, and e aplanchni
mesodenm will giva s 1o he hearn.
Thie body Foid will conines down b
leigth al e emibrygn, fodming tha gut
ard also [ingng paired organ ruchmas
thaat initisdly foem on each side of tha
rmicdling (g, ihese of the heart and
dorsal anfa) ogeiber o lonm e final
argins yng wentmal fo the gul. Blead
mslands, fram which tha first biood coll
are prodised, form rom tha veniral
most paet ol he lsleral mesooem
Adiar Palten, B 1971,
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irulation in human embryos. (A) Dorsal and transverse sections of a 22-day
nan embryo imibiating nevrulation. Both anterior and posterior neuropores are
n to the amniotic fluid. (B) Dorsal view of a neurulating human embryo a day
r. The anterior neuropore region is closing while the posterior neuropore

ains open. (C) Regions of neural tube closure postulated by genetic evidence
erimposed on newborn body). (D) Anencephaly due to failure of neural plate
on in region 2. (E) Spina bifida due to failure of region 5 to fuse (or for the pos-
rmost neuropore to close). (C-E after Van Allen et al., 1993.)
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Formation of the secondary neural tube

in the 25-somite chick embryo. (A) The
medullary cord forming at the most caudal
end of the chick tailbud. (B) Medullary
cord slightly more anterior in the tailbud.
(C) Cavitating neural tube and notochord
torming. (D) Lumens coalesce to form the
central canal of the neural tube.
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Figure 15.12

Self-differentiation of the dorsal blastopore lip tissue. (A) Dorsal blastopore lip from
early gastrula is transplanted into another early gastrula in the region that normally
becomes ventral epidermis. (B) Tissue invaginates and forms a second archenteron
and then a second embryonic axis. Both donor and host tissues are seen in the new
neural tube, notochord, and somites. (C) Eventually, a second embryo forms that is
joined to the host.
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Transplantation of
duck Hensen's node

e o

Duck embrvo Chick embryo
Figure 15.13

Induction of a new embryonic axis by Hensen's node. (A) Hensen's node tissue is
removed from a duck embryo and implanted into a host chick embryo. (B) An
accessory neural tube is induced at the graft site. (After Waddington, 1933.)
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2.3 Life cycle of the Alrican claw-loed frog Xenopus
e The numbsned stages ratar io slandartized stages of
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phearne stage of development, with the eambryo sitling on bop of
hea large ik Cal {scada Dar = 0.5 mmj, Tha midkdle phalograph
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Lasirulabon and onjgancgenesis ihan lake place owver a penod of
around T days and the remaining & days before birth are largedy
a tirm of overall growih, Aller gasinulation the mouss ermbnas
undergoes a comphcated movement Known as fumesg i which

T TR T SH T T p———

(nol shown here). The photegraphs show (brom top): a ferliized
MGUSE g jusd belone e hirst cleavage (scake bar = 10 pm);
antenior view of a mouse ermboes al 8 days alter ferbbzabon
(scale bar = 0.1 mm); and a mouse embego a1 14 days aler
fartibzalion (scale bar = 1 mm). Phatographs coastesy ol

T. Bioom (top, from Bloom, T.L: 1989 N. Brown [middle)
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) Five major
developmental processes

1. Cell division:

1. 2.5 Cleavage of the Xenopus embryo. The Xenopus 20 minutes. Photographs courtesy of R, Kessel, from
\bryo undergoes successive cleavages at intervals of about Kessel R.G. etal: 1974
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Xenopus laevis tailbud stage embryo

Dorsal (back)

4

Right

Posterior
(tail)

Anterior
(head)

Left
Ventral (front)

Fig. 1.13 The main axes of a developing embryo. The antero-posterior axis and
the dorso-ventral axis are at right angles to one another as in a coordinate system.




Box 1B Germ layers.

Germ layers

Dorsal

Ventral

Dorsal
Vertebrates Insacts

Ventral

ierm layers

gut, liver. lungs

The concept of germ layers is useful to distin-
guish between regions of the early embryo
that give rise to quite distinct types of tissues.
It applies to both vertebrates and inverte-
brates. All the animals considered in this
book have three germ layers: the endoderm,
which gives rise to the gut and its derivatives,
such as the liver and lungs in vertebrates; the
mesoderm, which gives rise to the skeleto-
muscular system, connective tissues, and
other internal organs such as the kidney and
heart; and the ectoderm, which gives rise to
the epidermis and nervous system. These
are specified early in development. The
boundaries between the different layers can
be fuzzy and there are notable exceptions.
The neural crest in vertebrates, for example,
s ectodermal in origin but gives rise both to
neural tissue and to some skeletal elements,
which would normally be considered
mesodermal in origin.
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Weeks after fertilization
12 16

Birth

Change in size

Ko
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Change in proportions

pattern

Fig. 1.15 The human embryo changes
shape as it grows. From the time the
body plan is well established at 8 weeks
until birth the embryo increases in length
some ten-fold (upper panel), while the
relative proportion of the head to the rest
of the body decreases (lower panel). As
a result, the shape of the embryo
changes. Scale bar = 10cm.

After Moore, K.L.: 1983,




Carnegie Stages of Human Developmeant
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Carnegie Stages 1
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Carnegie Stage 10 (early)




Carnegie Stage 10 (late)
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