
signed to test the effectiveness with which 
morph frequency pattern can be predicted. 
A model was developed (10, 12) in which 
England and Wales were represented by a 
grid of 360 square cells of linear dimension 
22.5 km. Values for the minimum set of 
parameters required were obtained from the 
literature and from modeling the northern 
Wales cline (1 1 ) . Mani (12) presented com- 
parisons with the Kettlewell data for three 
transects. Figure l c  shows the complete 
surface, for comparison with Fig. la. The 
agreement is sufficiently close as to indicate 
that a set of assumptions derived from a 
small part of the area (the cline in the north- 
west)-may be used to explain the morph 
frequency dstribution over the whole of 
England and Wales, and that these assump- 
tions need not include heterozygote advan- 
tage. 

For the period from the 1970's to the 
mesent. fitness of carbonaria and insularia is 
assumed to have decreased linearly by an 
amount estimated from the change in re- 
corded atmospheric sulfur dioxide on the 
Wirral (15). This produced a good match to 
the change in morph frequency at Caldy, 
and consequently the same change is as- 
sumed throughout the country.   he result 
of the simulation projected to 1984 is 
shown in Fig. Id. In this case also there is a 
satisfactorv match to the observed data, with 
the plateau of high carbonaria frequency 
retreating to the northeast, although the 
~redicted freauencv in the London area is 
kigher than &e friquency observed. With 
the selective intensities involved in the mod- 
el, such discrepancies are not surprising. The 
selection is associated with industrial pollu- 
tion and is assumed to act through the 
agency of visual predation. Mikkola (1 6,17) 
has out,-rightly, that more observa- 
tions are needed before we can have a true 
picture of the role of visual selection, and 
&at experiments to measure visual selection 
have design deficiencies. He questions 
whether the evidence even gives useful in- 
formation on selective predation. The selec- 
tive pressures assumed in these simulations 
are based on the visual selection experi- 
ments, however, and for the most part have 
a good predictive value. In our opinion, this 
suggests that the experiments do give a 
correct indication of the order and direction 
of the selective pressure involved. 

REFERENCES AND NOTES 

I. B. Kettlewell, The Evolution of Melanirm (Claren- 
don, Oxford, 1973). 

2. P. M. Sheppard, Natural Selection and Heredity 
(Hutchinson, London, 1975). 

3. C. A Clarke and P. M. Sheppard, Proc. R. Soc. 
London Ser. B 165,424 (1966). 

4. P. D. J. Whittle, C. A. Clarke, P. M. Sheppard, J. A. 
Bishop, ibid. 194, 467 (1976). 

5. J. A. Bishop, J. Anim. Ecul. 41, 209 (1972). 
6. D. R. Lees, in Genetic Consequences o Man Made 

Chan~e, J. A. Bishop and L. M C m L  Eds (Aca- 
demic Press, London, 1981), p. 129. 

7. J. A. Bishop, L. M. Cook, J. Muggleton, Philos. 
Trans. R. Soc. London Sw. B 281, 489 (1978). 

8. E. B. Ford, Bwl. Rev. (Ca-e) 12, 461 (1937). 
9. D. R. Lees and E. R. Creed, J. Anim. Ecul. 4, 67 

(1975). 
10. L. M. Cook and G. S. Mani, Bwl. 7. Linn. Soc. 13,179 

(1980). 
11. G. S. Mani, Proc. R. Soc. Lon& Ser. B. 210, 299 

(1980). 
12. , Bwl. J. Linn. Soc. 17, 259 (1982). 
13. E. R. Creed, D. R. Lees, M. G: Bulmer, ibid. 13, 251 

(1980). 
14. The following notation was used in preparing the 

contour maps for melanic frequency in the pe pered 
moth The genotyye before selection for car!onak 
is represented by p or 2pq, and the typical enotype 
before selection is represented by q2; the pienoty e 
of carbonaria by P and the typical phenotype by &; 
the fitness for curbonaria by wl or w2 and the typical 
fitness b I. 

15. C. A. ~ L k e ,  G. S. Mani, G. Wynne, ibid. 26, 189 
(1985): 

16. K. M~kkola, Ann. Entomol. Fenn. 45, 81 (1979). 
17. , Bwl. J. Linn. Sac. 21, 409 (1984). 
18. This s w e y  could not have been made without the 

participation of Open University students. We are 
grateful to A. C. Arnold for help with the graphics. 

23 July 1985; accepted 26 November I985 

Expression of an Epidermal Antigen Used to Study 
Tissue Induction in the Early Xenopw lamis Embryo 

A monoclonal antibody (Epi 1) has been produced that recognizes an antigen 
expressed in epidermal cells of Xenupus l m k  embryos. The.Epi 1 antigen appears in 
embryonic epidermis at the end of gastrulation and is not expressed in nonepidermal 
structures derived from ectoderm (for example, neural tube or cement gland). The 
capacity to express the Epi 1 antigen is restricted to cells of the animal hemisphere 
prior to  the midblastula stage of development (stage 8), and tissue interactions during 
gastrulation inhibit the expression of the Epi 1 antigen in neural ectoderm. This 
epidermal antigen will be a valuable marker for studies of ectodermal commitment. 

T HE FATES OF MANY EMBRYONIC 

cells are determined during the time 
between fertilization and gastrula- 

tion. In some tissues, such as the nervous 
system, cell fate is thought to be influenced 
by control signals arising in other parts of 
the embryo; these interactions are referred 
to as "induction" (1-3). Little is known 
about the molecular events underlying in- 
duction. This is due in part to the fact that 
the experimental analysis of this process 
relies on the appearance of morphological 
features appropriate to particular tissue 
types. Tissue differentiation may be far re- 
moved in time from the actual induction 
events and may involve complex patterns of 
cellular behavior that are not amenable to 
study by molecular techniques. One strategy 
is to identify molecules that are expressed in 
a tissue-specific fashion in the early embryo 
and to study the factors controlling the 
appearance of these molecules during devel- 
opment. We have produced a monoclonal 
antibody that distinguishes between epider- 
mal ectoderm and neural ectoderm at the 
onset of neurulation. The antigen recog- 
nized by this antibody is restricted to epider- 
mal ectoderm, and its expression in neural 
ectoderm appears to be inhibited by tissue 
interactions. This antibody may therefore be 
useful in molecular studies of neural induc- 
tion. 

A membrane preparation obtained from 
late neurula (stages 19 to 22) Xenopus l d  
embryos (4 )  was used to immunize mice for 
the production of monoclonal antibodies 
(5). Several antibodies demonstrating tis- 
sue-specific binding were isolated and char- 
acterized. One of these, referred to as Epi 1, 
recognizes an antigen expressed in epider- 
mal tissue. Immunocytochemical prepara- 
tions of embryos processed with the Epi 1 
antibody exhibited intense staining in the 
ventral and lateral surface ectoderm, whereas 
the dorsal ectoderm overlying the archenter- 
on lacked detectable staining (Fig. 1, A and 
D). The boundaries of the unstained region 
correspond to the lateral borders of the 
developing neural plate (Fig. 1B). Immuno- 
cytochemical and Western blot analysis re- 
vealed that this antigen appears in the em- 
bryo at the time of blastopore closure (stage 
13) and persists in the epidermis through 
the feeding larva stage. At no time during 
embryonic or larval development does the 
Epi 1 antigen appear in the nervous system 
or other nonepidermal structures derived 
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from ectoderm. For example, the anlage of trolled by tissue interactions. Each of these 
the cement gland, first detectable at stage 15 
(4), did not stain with Epi 1 (Fig. lD), nor 
was there evidence for expression of the 
antigen in this structure at later develop- 
mental stages (Fig. 1, E through G). The 
lens and other ectodermal placodes were 
likewise unstained by the Epi 1 antibody. 

The absence of the Epi 1 antigen from the 
neural plate, cement gland, and placodes 
suggests that its expression might be con- 

structures is thought to develop in response 
to inductive signals from other embryonic 
tissues (1, 6, 7). In contrast, the early devel- 
opment of the epidermis appears to be 
relatively independent of such interactions 
(8). We carried out a series of tissue culture 
experiments in order to determine (i) 
whether the expression of the Epi 1 antigen 
could occur in presumptive epidermal ecto- 
derm isolated from its normal tissue envi- 

a d -  

Fig. 1. Patterns of immunofluorescence in frozen sections of neurula-stage embryos stained with the Epi 
1 antibody. (A) Transverse section of a stage-14 embryo, illustrating intense staining in the ventral and 
lateral surface ectoderm and the absence of staining in the dorsal ectoderm overlying the archenteron. 
Scale = 300 pm. (B) Transverse section of the dorsal region of a stage-15 embryo, showing the absence 
of staining in the developing neural plate (np). Scale = 240 pm. (C) Transverse section of the dorsal 
region of a stage-20 embryo during dosure of the neural tube (nt). Scale = 150 pm. (D) Sagittal 
section of a stage-15 embryo. The anlage of the cement gland (cg) lies just ventral to the anterior edge of 
the neural plate and is unstained by the Epi 1 antibody, as is the region surrounding the closed 
blastopore. Scale = 300 w. (E) Transverse section through the cement gland of a tail-bud stage (stage 
29) embryo. Elongated epithelial cells within the cement gland lack detectable staining, whereas the 
surrounding epidermal cells stain intensely. Scale = 150 pm. (F) Whole mount preparation of the head 
region of an embryo at the end of neural tube dosure (stage 20). The cement gland and the region over 
the dosing neural tube are devoid of staining. Scale = 125 pm. (G) Bright-field photomicrograph of 
the embryo shown in (F), indicating the position of the developing cement gland. Scale = 125 pm. 

ronment and (ii) whether tissue interactions 
control the expression of this antigen in 
neural structures. 

Two regions can be distinguished within 
blastula-stage Xmopur embryos. Cells of the 
pigmented animal hemisphere give rise to 
ciliated epidermis when grown in isolation 
from their normal embryonic environment, 
whereas cells from the unpigmented vegetal 
hemisphere form endodermal structures (9). 
Figure 2 shows the results of an experiment 
in which clusters of cells were removed from 
the animal and vegetal hemispheres of a 
stage-7 (early blastula) embryo. Explants 
were processed for imrnunocytochemistry 
with the Epi 1 antibody after 24 hours in 
culture, at which point the tissue had 
reached a stage equivalent to an early tail- 
bud embryo. The surface cell layer of animal 
hemisphere explants stained intensely with 
Epi 1, but staining was absent from explants 
of vegetal hemisphere tissue. These results 
demonstrate that the capacity of cells to 
express the epidermal antigen is restricted to 
the animal hemisphere by the early blastula 
stage; thus the elements required for the 
localized appearance of the antigen are de- 
ployed before the midblastula stage (stage 
8) and prior to the onset of embryonic 
transcription (10). 

Fate maps of blastula-stage embryos have 
shown that animal hemisphere cells contrib- 
ute to both neural and epidermal structures 
(11). In order to examine the capacity of 
these two cell types to express the Epi 1 
antigen in culture, we isolated tissue during 
gastrulation, at which time the presumptive 
neural and epidermal ectoderm are localized 
in distinct areas of the embryo (12). Figure 
3 shows the results of removing tissue dur- 
ing the early gastrula and midgastrula stages. 
Presumptive epidermis isolated at either 
stage stained with the Epi 1 antibody after 
24 hours in culture (Fig. 3, B and D). In 
addition, presumptive neural ectoderm iso- 
lated prior to midgastrulation stained in- 
tensely with the Epi 1 antibody (Fig. 3A); 
after the midgastrula stage, this tissue pro- 
gressively lost its capacity to express the 
epidermal antigen in culture (Fig. 3C). 
These findings are consistent with earlier 
reports which suggest that the commitment 
of ectoderrnal tissue to an epidermal or 
neural fate becomes fixed at the end of 
gastrulation (13). 

Presumptive neural ectoderm isolated 
from its normal environment prior to mid- 
gastrulation is capable of expressing an epi- 
dermal antigen. It is thus possible that tissue 
interactions may inhibit the expression of 
this antigen during normal development. To 
test this possibility, we combined presump- 
tive epidermis from early gastrula-stage em- 
bryos (stage 10%) with explants of the 
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dorsal lip region fiom stage-10 embryos; the 
latter cells constitute the classical "neural 
organizer" region described by Spemann 
and Mangold (14). After 24 hours in cul- 
ture, epidermal explants combined with dor- 
sal lip tissue stained faintly with the Epi 1 
antibody (Fig. 4), but the immunofluores- 
cence in these cultures was much less intense 
than in control explants of epidermis cul- 
tured alone (Fig. 3, B and D). This apparent 
reduction in the expression of the Epi 1 
antigen occurred in the absence of detect- 
able neural digerentiation, although a thick- 
ening of the epidermal layer was evident. 

These experiments demonstrate the feasi- 

bility of producing antibodies to tissue- 
specific molecules that appear within the 
early embryo and of using these antibodies 
in studies of tissue induction. Preliminary 
characterization of the Epi 1 antigen by 
Western blot analysis indicates that it is a 
high molecular weight glycoprotein (ap- 
proximately 300,000 daltons) and is there- 
fore not one of the cytokeratins, which are 
expressed in epidermis during the neurula 
stages (15). Other tissue-specific molecules, 
including muscle-specific actin (16) and an 
epidermal glycoprotein ( I n ,  make their first 
appearance in the embryo during neurula- 
tion. However, there is considerable evi- 

dence that the capacity of cells to express 
these tissue-specific markers may be deter- 
mined much earlier, during the first few 
cleavages after fertilization (1 8). 

Our findings indicate that the capacity to 
express the Epi 1 antigen is restricted to a 
population of cells within the animal hemi- 
sphere of the early blastula-stage embryo. In 
addition, it appears that tissue interactions 
occurring during gastrulation suppress the 
appearance of this antigen in the developing 
neural ectoderm. Thus, induction of neural 
structures in the embryonic ectoderm may 
involve, in part, the inhibition of the epider- 
mal phenotype; presumably, other positive 

Neu 

vegetal Stage 7 . 

Fig. 2 (top left). Immunocytochemical staining of frozen sections of explants 
removed from the vegetal (A) and animal (B) regions of a stage-7 (early 
blastula) embryo. Explants were maintained in fuU strength Niu-Twitty 
solution (19) for 24 hours prior to processing for immunocytochemistry 
with the Epi 1 antibody. Tissue derived from the animal hemisphere exhibits 
intense staining with the Epi 1 antibody, but tissue fiom the vegetal 
hemisphere does not. Explants processed at earlier (16 hours) and later (30 
hours) times showed similar results. Scale = 100 pm. Fig. 3 (top right). n 
Immunocytochemical staining of explants removed from the presumptive 
neural (A and C) and epidermal (B and D) ectoderm at two different stages 
of gastrulation. Epidermal explants removed at either the early gastrula 
(stage 10%) (B) or midgastrula (stage 11) (D) stages express the Epi 1 
antigen after 24 hours in culture. In contrast, explants of neural ectoderm ge 10 112 I v 

show intense staining only if removed prior to the midgastrula stage (A); ,Idermis l lip 

there is a progressive reduction in staining with Epi 1 as neural explants are 
isolated at stages after midgastrulation (C). Scale = 100 pm. Fig. 4 
(bottom right). Inhibition of Epi 1 expression by tissue interactions. Im- 
munofluorescence (A) and phase-contrast (B) photomicrographs of a section 
through an explant of presumptive epidermis removed from an embryo at 
the early gastrula stage (stage 10%) and combined in culture with an explant 
of the dorsal lip region of a stage-10 embryo (time in culture, 24 hours). The 
original epidermal explant can be identified by the presence of heavy 
pigmentation in (B) (epi); staining with the Epi 1 antibody is present but is 
much less intense than in epidermal explants cultured in the absence of the 
dorsal lip (Fig. 3, B and D). Immunofluorescence is resmcted to the apical 
region of the epidermis in epidermal-dorsal Lip cultures, whereas in control 
C U ~ N ~ ~ S  fluorescence is evident throughout the epidermal layer. Scale = 100 

Stage 
Doraal 
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