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CREST MUTATIONS
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FIGURE 2. Importance of cyclin D1 in the retina. (A) In 
situ hybridization of the expression of cyclin D1 mRNA in 
the 14.5 d mouse embryo. The expression is exspecially 
strong in the retina. (B) Cross section of a retina of a wild 
type 16-day old mouse. (C) Cross section of the embryo of a 
16-day-old embryo deficient for cyclin D1 genes. (From 

FIGURE 1. DNA damage is monitored by p53, a 
transcription factor that becomes active in the presence 
of double-stranded DNA breaks. It activates the 
transcription of p21 which prohibits the cell cycle by 
inactivating cyclin-dependent kinases. (After Cox and 

ONCOGENESIS AND THE CELL CYCLE
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ONCOGENESIS AND THE CELL CYCLE
Figure 1. Movements during Xenopus 
gastrulation. On the left is a map of the 
embryonic zones of the Xenopus embryo as it 
initiates gastrulation. This map is "exploded" 
in the center diagram, which shows each inner 
and outer zone separately. The right-hand 
diagrams show the end results of the migration 
of each of these cell sheets during 
gastrulation. The animal cap expands 
uniformly in all directions toward the vegetal 
pole, while the noninvoluting marginal zone 
cells migrate primarily along the dorsal side of 
the embryo. Together, they will surround the 
embryo to become the ectoderm. The deep 
involuting marginal zone cells are originally a 
ring of interior equatorial cells containing the 
precursors of the notochord and of the head, 
somitic, and lateral-ventral mesoderm. During 
involution, this ring turns inside out to form a 
mantle of mesoderm with the notochord 
precursors being positioned most dorsally. The 
superficial involuting marginal zone cells 
consist of prospective endodermal cells; this 
zone elongates dorsally to form the roof of the 
archenteron. The subblastoporal endoderm is 
eventually internalized by the noninvoluting 
marginal zone cells. These yolky cells form the 
floor of the archenteron. Note that the 
blastopore, originally on the dorsal surface, 
has been moved to the ventral side of the 
embryo. (After Keller, 1986.)
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Figure 2. Rearrangement of cells during 
convergent extension of the mesoderm in 
Xenopus embryos. (A) The dorsal region of the 
IMZD (which forms the notochord) was taken 
from an embryo labeled with fluorescienated 
dextran particles and placed into an unlabeled 
embryo. (B) Tracings of individual cells followed 
with video recorder during the formation of the 
notochord in vitro. (After Keller et al., 1985; 
Keller, 1986.)

ONCOGENESIS AND THE CELL CYCLE (suite)
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The Timing of Mesoderm Formation in Xenopus 

Figure 1. Rescue of irradiated 
embryos by the transplantation of 
dorsal marginal cells of normal 32-
cell embryos. Without such a 
rescue, irradiated embryos fail to 
gastrulate, forming "belly pieces." 
If the dorsal marginal zone cells of 
a normal embryo are transplanted 
into the irradiated embryo, they will 
induce the formation of mesoderm 
and the body axis, thereby 
producing a normal tadpole. (After 
Gimlich, 1986.)  
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Figure 2. Animal-vegetal recombination experiments. (A) The marginal cells are removed from an 8-cell 
blastula and the animal and vegetal cells allowed to come into contact. (B) Using an RNase protection assay 
for the detection of actin, Muscle-specific (alpha) actin was found in the marginal (equatorial) region and in 
the recombined animal and vegetal cells, but not in vegetal or animal cells alone. (After Gurdon et al., 
1985.) 

The Timing of Mesoderm Formation in Xenopus  (suite)
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The Timing of Mesoderm Formation in Xenopus 

Figure 1. Dissociated animal cap cells express different 
genes when exposed to different concentrations of activin. At 
low concentrations, they become epidermal cells (expressing 
keratin). However, after a sharp threshold, they begin 
expressing genes that characterize the posterior and lateral 
plate mesoderm (XlHbox6, Xhox3, Brachyury). If exposed to 
higher concentrations of activin, the cells become vacuolated 
and express notochord markers such as Mz15 and low 
amounts of goosecoid. The Brachyury gene is expressed in 
two concentrations: in low concentrations in posterior and 
lateral mesoderm and high concentrations in the notochord. 
(After Green et al., 1992.)  
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Figure 2. Not only does gene 
expression change in the activin A-
induced animal caps, so do the 
structures. (After Asashima, 1994.) 

The Timing of Mesoderm Formation in Xenopus (suite) 
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Figure 3. Diagramatic 
representation of results showing 
that cells can switch their response 
to changing concentrations of 
activin. "Weak beads" incubated in 
1.5 nM activin were implanted into 
animal cap "sandwiches" from 
blastulae. Two hours later some 
were fixed and stained for Xbra 
expression. Others, however, had 
their "weak beads removed and 
"strong beads" reimplanted into 
them. After two hours they were 
stained for either Xbra or Xgsc. 
(data from Gurdon et al., 1995.)  

The Timing of Mesoderm Formation in Xenopus  (suite)
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GBP (GSK-3 Binding Protein)

Figure 1. Role of GBP in stabilizing 
b-catenin in the Xenopus embryo. 
(A) In the ventral side, GBP is not 
present or active. b-catenin can 
complex with APC, GSK-3, and 
Axin, and it is marked for 
degradation by proteosomes. (B) 
In the dorsal side, GBP complexes 
with GSK-3. b-catenin remains 
uncomplexed and undegraded, and 
it can enter into the nucleus. (After 
Farr et al., 2000.)
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Vertical and Horizontal Signals 
from the Organizer 

Figure 1. Two modes of inducing the dorsal axis. In the planar mechanism, 
molecules are transferred from the dorsal blastopore lip tissue through the 
plane of the ectoderm. In the vertical mechanism, soluble molecules from the 
dorsal-blastopore-lip-derived chordamesoderm induce the cells above them to 

Figure 2. Expression pattern of neural markers induced by contact with the dorsal 
blastopore lip in plane of ectoderm. (A) Sagittal section of early Xenopus gastrula 
showing where cuts were made. (B) Explant depicting the anterior-posterior polarity 
expected from fate map: white region is epidermis; stippled region is presumptive 
mesenchyme; black region is dorsal mesoderm; striped region is archenteron roof. The 
explants were placed under coverslips to prevent migration of the mesoderm. (C) 
Expression of neural markers in the control embryo, stage 21. Homeobox genes 
engrailed-2 and XlHbox6 are expressed at the hindbrain-midbrain border and in the 
spinal cord, respectively; zinc finger protein gene Krox-20 is expressed in 

Chen, Y., Hollemann, T., Pieler, T., and Grunz, H. 2000. Planar signalling is not sufficient to generate a specific anterior/posterior 
neural pattern in pseudoexogastrulae explants from Xenopus and Triturus. Mech. Devel. 90: 53-63.
Ruiz i Altaba, A. 1990. Neural expression of the Xenopus homeobox gene Xhox3: evidence for a patterning neural signal that 
spreads through the ectoderm. Development 108:595-604. 
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Figure 1. Screening protocol for 
identifying mutants of zebrafish 
development. The male parent is 
mutagenized, such that some of its 
sperm contain a mutant allele. It is 
then mated with a wild-type 
female. The F1 progeny of this 
mating (here shown as a male 
carrying the mutant allele m), are 
mated with wild-type partners. This 
creates an F2 generation wherein 
some males and some females 
carry the recessive mutant allele. 
When the F2 fish are mated, some 
of their progeny will show the 
mutant phenotype. (After Haffter et 
al., 1996). 

Zebrafish Genetic Screens
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Fish Hox Genes

Figure 1. Hox gene organization in 
mouse, zebrafish and pufferfish 
(squares denote pseudogenes). 
hoxaa and hoxab indicate duplicate 
clusters, similarly for hoxba and 
hoxbb etc.; lower case "h" in 
accordance with zebrafish 
nomenclature. Specific clusters 
have been assigned as duplicates 
based on syntenic relationships 
along the chromosomes beyond 
the hox clusters themselves 
(Amores et al., 1998). 
Nevertheless, sequence 
comparisons of paralogues are 
sufficient to allow assignments of 
duplicates to be made.
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The Cell Surface and the Mechanism of Compaction

Figure 1. Compaction and the 
formation of the mouse blastocyst. 
(A,B) 8-cell embryo. (C) 16-cell 
morula. (D) 32-cell blastocyst. The 
left side represents the entire 
organism or its cross section. The 
right side details the changes 
associated with the maturation of 
the trophoblast. (Right-hand 
figures after Fleming, 1992.) 

Figure 2. Polarization of membrane 
components in 8-cell mouse 
blastomeres. (A) Homogeneous, 
nonpolar distribution of membrane 
components labeled with 
fluorescent concanavalin A at the 4-
cell stage. (B) Heterogeneous, 
polar distribution of these 
components at the 8-cell stage. (A 
from Fleming et al., 1986; B from 
Levy et al., 1986. Photographs 
courtesy of the authors.)
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Figure 3. Prevention of compaction 
by antiserum directed against the 
cell-surface adhesion glycoprotein 
E-cadherin. (A) Normal compaction 
occurring in the absence of 
antiserum. (B) Proliferation without 
compaction occurring in the 
presence of antibodies to E-
cadherin. (Photographs courtesy of 
C. Ziomek.)
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Mechanisms of Retinoic Acid Morphogenesis

Figure 1. Hypothetical pathway 
summarizing the relationships 
between retinoic acid synthesis, 
retinoic acid-binding proteins, and 
receptors in the mammalian 
embryo. If CRABP were to be 
saturated by external supplies of 
retinoic acid, the RA would be able 
to enter the nucleus, bind to its 
receptors, and alter the normal 
pattern of gene expression. (After 
Morriss-Kay, 1993.) 
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One of the principle events of retinoic acid teratogenicity may be the activation of the synthesis of retinoic acid receptor-beta2. The 
seriousness of teratogenetic effects of various retinoid compounds appears to correlate with the induction of this receptor (Soprano et al., 
1993; 1994; Jiang et al., 1994). Once more of this receptor is made, it can bind more retinoic acid and cause gene expression changes in 
those RA-responsive promoters that change with higher concentrations of retinoic acid. This is not unlike the mechanism proposed to 
regulate metamorphic climax in frogs. Here, the related thyroxine receptor is upregulated by thyroxine (see Kanamori and Brown, 1992).  
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Mechanisms of Retinoic Acid Morphogenesis (suite)

Figure 2. Model of the dual 
action of retinoic acid-bound 
RARs. (1) They activate the 
transcription of genes whose 
enhancers enable the RARs to 
bind. Some of these genes are 
the homeotic genes that specify 
the position of the cell along the 
anterior-posterior axis and 
therefore will cause the cell to 
display different characteristics. 
(2) They repress the activity of 
the AP-1 transcription factor. 
This transcription factor is 
important in activating those 
genes responsible for cell 
division and for the production 
of metalloproteinases that often 
permit cell migration. (After 
Desbois et al., 1991.) 
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Vera, a Protein Implicated inVg1 mRNA Transport 
to the Vegetal Cortex
  

The 3'UTR of the Vg1  mRNA appears critical in its localization, and there is a 350-
nucleotide region in the 3'UTR (the Vg1 localization element; VgLE) that has the 
bases responsible. Two laboratories (Mowry, 1996; Deshler et al., 1997) used UV-
crosslinking to identify a specific 75-78 kDa protein binds that to this region and is 
involved in translocating the Vg1 RNA to the vegetal cortex. The protein is 
syntheiszed during the times when Vg1  message is being translocated.  
The ability of this 75-78 kDa protein to bind Vg1  message in vitro can be inhibited 
by adding increasing amounts of the VgLE. Sequences other than the VgLE will not 
compete, indicating that the ability of this protein to bind the Vg1 mRNA is specific 
to these 3'UTR VgLE sequences. Mutant VgLEs will also fail to compete. 
Moreover, when the Vg1 mRNA has these mutations in its VgLE, the message is is 
either not localized or poorly localized to the vegetal cortex.  
This protein is associated with a subset of endoplasmic reticulum vesicles that are 
translocated to the vegetal cortex. Thus, the protein has been named Vera (VgLE 
binding and ER association; Descher et al., 1997). It is possible that Vera attaches 
the Vg1  message to this subcompartment of the endoplasmic reticulum and that 
the microtubules are responsible for moving this endoplasmic reticulum into the 
vegetal cortex. The actual physical association of Vera protein and the endoplasmic 
reticulum has yet to be demonstrated.
  


