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Ginés M o rata and Walter J. Gehring 
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The study of evolution has been a principal goal of biologists ever since Darwin 
published "The Origin ofSpecies". After more than a century, a large amount of data 
have been accumulated, mostly from the fossil record and comparative anatomy and 

embryology. It has provided a historical picture of life in the planet; how different 

animal and plant phyla have appeared, flourished and in many cases extinguished. For 

many years the prevailing theme in these studies was the richness and diversity of 

animals. The differences between classes of animals - mosaic versus regulative eggs, 

radial versus spiral cleavages, protozoa versus multicellular animals, annelids, 

arthropod, mollusks, versus echinoderms, ascidians and vertebrates - were 
emphasized as a source of speculations on how they had evolved. 

The irruption of molecular biology brought a revolution into the field of evolution, 

firstly providing novel ways to classify the different animal groups ( especially from 
sequence comparison of rRNAs see, for example, Adoutte and Philipe, 1993), and 

secondly from the discovery of the universality of the major developmental 
mechanisms. In fact, the search for common mechanisms has been a driving force of 
Molecular Biology ever since the discovery of the universality of DNA or of the 

genetic code. 

Considering only the Animal Kingdom, there presently are over two millions species 
that show a overwhelming diversity of sizes, shapes and life cycles. It is hard to 
imagine that there may be sorne general unifying principies behind that seemingly 
intractable complexity. And yet we are finding that those principies exist. The 
formation of new species during evolution is in essence the generation of new forms 
and shapes of body parts, so it is intimately connected with modifications in the 
functioning of developmental processes that generate morphological variations. That 
is, the explanation of the divergence that occurred during evolution will require the 
understanding of developmental processes. 

During the last decade we have witnessed very significant progress in the field of 

Developmental Biology, in the larger part due to the introduction of the new 
molecular hardware: There have been profound insights into problems such as the 
generation of the diversity along the anteroposterior or proximal distal body axes or 
the signalling mechanisms underlying pattem formation. It has to be said that the 
leading edge has been the fruitfly Drosophila, while other model organisms like the 
mouse or the nematode C. elegans followed track. Typically, the genes involved with 
a particular process have been identified in the fly and subsequently the homologue 
genes have been found in other organisms, usually the mouse. The next step concerns 
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the mechanism, which once has been worked out in the fly, it has been shown to 

operate also in the other species. 

A paradigmatic case is the Hox complex. The Hox genes had been studied (under 

another narne) in Drosophila for more that 60 years and genetic studies (see Lewis, 

1978) have determined that: 1) they generate much of the body's morphological 

diversity, 2) they probably function by regulating the activity of other, subsidiary, 

genes, 3) they are clustered in the chromosome, 4) they function following a collinear 

rule, and 5) they probably derive from a common ancestor. 

The advent of molecular biology, and in particular the discovery by the groups of 

Walter Gehring and Matt Scott of the homeobox, which encodes a DNA binding 

polypeptide, provided a molecular marker for Hox genes and suggested a molecular 

mechanism of Hox function based on transcriptional regulation. But above al!, the 

homeobox provided a key to enter into the genome of other organisms, worms, mice, 

humans, in which the Hox genes would have been very difficult or impossible to 

detect by conventional genetic analysis. lt did not take long to demonstrate that al! the 

properties described in Drosophila for the Hox complex applied to the mouse and 

generally to other organisms. The implication is that the generation of the 

morphological diversity along the AfP body axis follows a rule common to al! animals 

and was invented only once in evolution. The conservation of structure· and function 

ofthe Hox complex in species belonging to such distant animal phyla like Arthropods 

and Chordates implied the Hox complex had appeared before these groups diversified 

in the lower Carnbrium, around 540 million years ago. This is the time when the 

farnous Cambric explosion occurred, in which al! extant animal groups suddenly 

appeared. It is hard to resists the temptation to speculate that the sudden emergence of 

so much morphological diversity is connected with the developmental invention of 

the Hox complex. The conservation affects not only to Hox complex itself, but also to 

cofactors like the extradenticle gene, that performs a similar function for the Hox 

complexes of Drosophila and the mouse. 

lt is worth mentioning that there are sorne body regions that do not have Hox gene 

activity but are instead specified by other genes. The development of anterior head 

requires empty spiracles (ems), orthodenticle (otd) and buttonhead(btd), two of which 

(ems and otd) are homeobox genes known to be conserved in vertebrates where they 

are expressed in the brain. At the other end of the body, the homeobox gene caudal 

specifies terminal structures and, correspondingly, the vertebrate homologues are also 

expressed in the posterior body regions where they presumably play a similar 

instructive role. 



Instituto Juan March (Madrid)

11 

A high degree of conservation is also observed in other genetic processes not 

connected with the anterior posterior polarity of the body. The best known case is 

Pax6 (eyeless), a paired class gene found to be responsible for eye development in 

arthropods, mollusks and vertebrates. Work mainly from Walter Gehring's laboratory 

indicates eyes appeared only once in evolution and involved a genetic operation of 

which the gene eyeless (or its repeat twin of eyeless) is the triggering event. The same 

operation is still being used after 540 rnillion years in the whole of the Animal 

Kingdorn. 

Finally, new insights have been made in the mechanism of pattem forrnation, until 

recently one of the least known of developmental phenomena. The gene hedgehog 

plays a central role in the cell patteming of Drosophi/a by itself and by inducing the 

activity of the other signalling genes decapentaplegic and wingless. The vertebrate 

homologue Sanie hedgehog is irnplicated in a positional signalling rnechanism with 

rnany sirnilarities to that found in Drosophila. 

As mentioned above molecular biologists have accustomed us to think in tenns of 

cornrnon principies, but not even the molecular biologists have prepared us for the 

universality of developmental mechanisms we are finding. This atmosphere of 

swprise still permeates every paper on this subject. 

Adoutte, A. and Philippe, H. (1993). In Comparative Molecular Neurobiology (ed. Y. 

Pichon) pp 1-30 Base!; Birkhauser 

Lewis, E. (1978)Nature, 276, 565-570 
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Evolution and Development, sorne Reminiscences 

The relationship between development and evolution (mostly what development 
can tell us about evolution rather than the other way around) is not a new subject of 
interest. I remember when 1 was an undergraduate in Cambridge (1959), being taught 
about Amphioxus and what it might reveal about the segmentation of the vertebrate 
head. In those days the mainstay of zoology was comparative anatomy and comparative 
embryology. And the new subject of molecular biology was not part of my 
undergraduate course. So I went to lectures by Carl Pantin on the phyla and phylogeny 
of the animal kingdom. Unofficially 1 could go out of the zoology department to a 
hidden cell and hear Sydney Brenner's lectures on bacterial genetics, including the work 
of Jacob and Monod on the lac operon. 

The prevailing theme of Pantin's lectures was the richness and diversity of 
animals and speculations on how they had evolved. The differences between classes of 
animals were the driving force behind the lectures: mosaic versus regulative eggs; radial 
versus spiral cleavage; annelids, arthropods and molluscs versus echinoderms, ascidians 
and vertebrates. These matters gave the lectures intellectual bite, and we students were 
asked to write essays on the many groups of animaJs that did not fit easily into the 
schemes, such as rotifers, pogonophora, sipunculids, coelenterates, etc. I mention these 
things to malee two points: 

First, the almost fascist domination of molecular biology as the subject of our 
time has since extinguished the general knowledge of diversity of animals. This applies 
to most taught biology since the mid 60s, meaning nearly everyone who does research 
nowadays. 

Second, partly because of this influence, we have become acctistomed to the 
idea that we should look for similarity and common mechanisrns rather than investigate 
the differences between animals. 

But not even the molecular biologists have prepared us for the universality of 
developmental mechanisrns. I expect that many talks at this meeting will give examples 
as to how amazingly similar mechanisrns of development are. This atmosphere of 
surprise still permeates every paper on this subject. lt is worth thinking a moment as to 
what are the sources of this surprise. One source 1 think is sirnply the bewildering 
diversity of animal forro. It is a leftover of the old zoology, that represented by my 
lectures at Cambridge, by the classification, the emphasis on the many separate groups 
of animals and their differences. The other source is much more primitive, 1 believe it 
comes from the same prejudice that fired the rejection ofDarwin's theories, how could 
we humans be related to monkeys? It was just unacceptable. 1t is even more 
unacceptable to think that we sophisticated beings could have so much in common with 
slugs, worms and things that creep in the night. 

Now I would Jike to malee sorne outsider's comments on the modem subject of 
development and evolution. Many papers in the field are really modem dress versions 
of comparative anatomy and embryology, but others have yielded profound insights. 
One is the finding that the rhombomeres of vertebrates are sirnilarly designed to the 
parasegments of insects. 
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Partly because the field is so trendy, 1 think it is being overindulged and rather 
soft conclusions about evolution are given more weight than they deserve. These 
problems are partly the outcome of the methods we ha ve, that are powerful and in sorne 
respects too easy. Thanks to transgenic flies and mice, and the yeast GAL4 system, it is 
feasible to express in one animal genes from another or to express endogenous genes 
ectopically. 1 believe these experiments should be interpreted with more caution than 
they often are. Many of the experiments consist of driving gene expression at a high 
level, and often concem transcription factors. Usually little or no attempt is rnade to 
find out how much the leve! of the alien or ectopic protein being driven compares with 
the level of the homologous protein in vivo. This is important as transcription factors 
seem to work as complexes bound combinatorially, in diverse sets, to the DNA. This 
could mean that large amounts of an alien protein can do odd things. 

For example it has been shown that DNA contains a mass of binding sites 
varying widely in their affinities for ligands. A protein introduced from mice might bind 
poorly to sites in Drosophila. Yet if it was present in manyfold excess, it could produce 
outcomes that looked specific, but might not be. 1 mean that the specificity could be 
written more by the other proteins that are there than by the protein that is added. So 
one and the same outcome might be produced by a number of different alien genes. 
Ginés Morata will present sorne examples of this. As he and Gabrielle Rieckhof will 
also discuss there is the possibility that genes that affect the irnport of transcription 
factors to the nucleus, such as extradenticle, can change the outcome of ectopic 
expression experiments quite drarnatically. 

There is another possible problem that might affect particularly homeobox 
genes. Homeobox genes are included amongst the selector genes in the terminology of 
García-Bellido, they have to remain switched on in parts of the embryo to determine 
what we have called the genetic address, meaning the combination of selector genes that 
tells the cells which part of the body they are to construct. If the genetic address is 
changed then the body part is also changed. These genes must remain active and 
inactive in the appropriate places. Such genes are often subject to autoregulation, a 
mechanism to keep them switched on during development. So if a similar gene is 
introduced ectopically into a fly, one has to ask whether the morphological effects, extra 
eyes or wings for example, are produced directly by the introduced protein or because it 
tums on the endogenous fly gene. 

But apart from these more detailed criticisms 1 would like to encourage a new 
direction. 1 think the field should go full circle. As 1 mentioned, in the 40s and 50s the 
main interest ofzoology was comparative anatomy and comparative embryology. In the 
present day the concem of both evolutionary and developmental biologists has been to 
show that these differences are not as profound as my ex-professor Carl Pantin thought. 
That most, maybe all metazoa have a common origin and that the genome and many 
fundamental mechanisms of organisation have been conserved. Now 1 think we should 
get over that surprise. We should start to enjoy and investigate the differences between 
animals again. After all it is the differences between anirnals that are the main product 
of evolution, and consequently of most interest to evolutionists. The commonality of 
mechanism should be more the foodstuff of developmental biologists. 

Peter A. Lawrence 
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Session 1: Evolution at the molecular level 

Chairperson: Thomas C. Kaufman 
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An updated phylogeny of the Metazoa: 
implications on the evolution of development. 

André ADOUTIE 

Laboratoire de Biologie Cellulaire 4, URA 2227 du CNRS. Bátiment 444, Université Paris
Sud, 91405 Orsay Ceder, France. e-mail: andre.adoutte@ bc4.u-psudfr 

In spite ofthe fact that each ofthe 30-35 metazoan phyla displays diagnostic features 
allowing unambiguous assignment of species to a given phylum, construction of phylogenetic 
schemes linking these phyla into a robust evolutionary tree on the basis of anatomical 
characters has proven difficult. This is due to the absence of a nested series of homologous 
characters among these phyla. 

The advent of molecular phylogeny raised the hope that these difficulties might be 
overcome. The outcome, however, is more complex that expected. First, a number of 
ribosomal RNA based molecular phylogenies yielded clearly aberran! results such as the 
polyphyly ofmolluscs. Second, severa! majar nodes ofthe phylogeny resisted resolution, up to 
a recent period, i.e. took the form of an unresolved "bush". The presentation will first 
recapitulate the sources of difficulties in phylogenetic reconstruction, subdividing them into 
two very distinct types, those caused by artefacts (uneven rates of substitutions generating 
"long branches attraction", mutational saturation, sampling bias, ... ) and those caused by the 
real historical situation, namely the occurrence of rapid evolutionary radiations. It will be 
shown, in particular, that failure to resolve sorne nodes in a tree may in fact be taken as a 
positive result indicative of a evolutionary radiation, once artefacts are excluded . Such an 
approach has proven quite interesting in discussing the Cambrian radiation (ref. 1) 

Recen! analyses, specially that of Aguinaldo et al. (ref. 2), have taken great care to 
avoid artefacts and have obtained strikingly and potentially far reaching conclusions. They 
show the Bilateria to be subdivided into the two traditional clades of protostomes and 
deuterostomes but, within the protostomes, severa! majar new findings emerge the 
protostomes are divided into two very large groups, the Ecdysozoa, comprising anhropods but 
also nematodes and the Laphotrochozoa, comprising all the animals displaying either a 
trocophore larvae (annelids, molluscs, but also nemertines, and platyhelminthes) or a 
lophophore (brachiopods, ... ). Thus, severa! phyla that were previously thought to hold a much 
more basal position in the metazoan tree under the assumption of "primitiveness" of their 
coelomic organization are raised much higher in the tree, well within coelomates. Such is the 
case of Platyhelminthes which, as "acoelomates" were thought to represent the earliest 
emerging bilaterian phylum and, most importantly, of Nematodes which were considered as 
"primitive" and grouped with severa! other more minor phyla in the ill-defined "pseudo
coelomates". In both cases, we may therefore be dealing with secondarily simplified organisms. 
This is obviously of great impor1ance in interpreting both the genomic and developmental 
features of these organisms. 

Because of the uncertainties of phylogenetic reconstruction based on nucleotide 
sequences, it is quite satisfactory that sorne of the unexpected results just described are 
confirmed by a very different approach based on a qualitative analysis of hox gene duplications 
and signature amino acids. Using such an approach, Balavoine (ref. 3) has recently obtained 
quite suggestive evidence for placement of the Platyhelminthes within the Lophotrochozoa. In 
shor1, topological congruence between completely inbdependent sets of characters presently 
appears to provide the most decisive argument in phylogenetic reconstruction. 

Should these recent results prove to be true, they have deep implications for the 
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reconstruction of the last common ancestor of bilateria. It already appears, that this ancestor 
was much more elaborate in terrns of its morphology developmental processes and 
corresponding gene arrays than was commonly assumed under a more "gradist" view. 

l. Philippe, H., Chenuil, A. & Adoutte, A. Development 1994 suppl., 15-25 (1994). 
2. Aguinaldo, A.M.A., Turbeville, J.M., Linbford, L.S., Rivera, M.C., Garey, J.R., Raff, R.A. 
& Lake, J.A. Nature 387, 489-493 (1997) . 
3. Balavoine, G. C. R. Acad. Sci. 320, 83-94 (1997). 
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Evolution of Paired Domains 
Wen-Hsiung Li, Hongmin Sun, Andrei Rodin, and Dougla.s P. 

Dickinson 

Human Genetics Center, School of Public Health, University of Texas, P.O. Box 

20334, Houston, TX 77225 

Phone: 713·500-9814 

FAX: 713·500-0900 

Email: li@hgc.sph.uth.tmc.edu 

Pa.x proteína are a. family of tra.necription factors with a. highly-conserved paired 

domain; many memb.ers also conta.in a paired·type homeodomain and/or an oc

tapeptide. Nine mammalian Paz genes are known a.nd cla.sslfied into four aubgroups: 

Pax-1/9, Pax-2/5/8, Paz-8/7 and Pax-4/6. Most of these genes are involved in 

nervous system development. In particular, Pax-6 ia a key regula.tor tha.t controla 

eye development in vertebrates and Drosophila. Although the Paz-4/6 subgroup 

seernB to be more closely related to Paz-2/5/8 than to Pax-8/7 or Pax-1/9, its 

evolutionary origin is unknown. We therefore searched for a Paz.6 homolog and 

related genes in Cnidaria, which ÍB ~ - he lowest phylum of a.nimals that possess a 

nervous syatem and eyes. A sea nettle (a jellyfiah) genomic libra.ry was con.structed 

and two pa.x genes (Pax-A and -B) were iaolated and partially sequenced. Surpris

ingly, unlike most known Pax genes, the paired box in theee two genes contains no 

intron. In addition, the complete cDNA sequencea of brown hydra. Pax-A and -B 

were obtained. Hydra Pax-B contains both the homeodomain a.nd the octapeptide, 

whereas hydra Pax-A contains neither. DNA binding assaya ahowed that sea nettle 

Pa.x-A a.nd- B and hydra Pax-A paired domains bound to a Pa.x-5/6 site and a 

Pax-5 site, though hydra Pax-B paired domain bound neither. An aligrunent of 

al! availa.ble paired domain sequences revealed two highly conserved regioru, which 
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cover the DNA binding contact positiona. Phylogenetic analysis showed that Pa.x-A, 

and eapedally Pax-B, were more cloaely related to Pax-2/ó/8 and Pa:x-4/6 than to 

Pax-1/9 or Pa.x-3/7 and that the PO% genes can be classified into two supergroups: 

Pax-A/Pax-B/Pcx-2/5/8/~/6 and Paz-1/9/3/7. Ftom this a.nalysÍtl and the gene 

structure we propase that modern Pax-4/6 and Pa%-1!/5/8 genes evolved from an 

ancestral gene similar to Cnidarian Pax-B, having both the homeodomain and the 

octapeptide. 

In addition, we inferred the paried domain sequencea at several important an

cestral nodea of the P AX protein tree and Wled a. panel of paired domain binding 

sequences to study. their eequence binding specificities. We have identified several 

key a.mino acid residues for the evolutionary changes of binding specifi.city of the 

paired domain. 

·, 1 

1,. 

';'.! 
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Sectorial gene repression in development 

Emile Zuckerkandl 
Instin:ue of Molecular Medical Sciences 

460 Page Mill Road, Palo Alto, California 94306, USA 
Fax: (650) 322-3009. · e-mail: EmileiMMS@aol.coni 

Not only are most stnictural genes, or, rather, most functionals\ibunits that 
compase tltem, extremely old, but so are (1,2) many gene interaction pattems, as has been 
beautifully demonstrated for sorne such pattems over these last few ye~, with·Walter 
Geltring in the lead (3). Among the very ancient inventions in the realm of the 
mechanisms ofgene interaction is the simultaneous repression of memhers·of a group of 
homologous genes. Such sectorial-repression .or "superrepression" plays an ·important 
role in development . Two mai.n types of sectorial repression may be d.istinguished. One 
is the developmental type, in which case different parts of the gene complex become 
activable over portions of the complex that extend to different points frpm its 5' toward 
its 3' limits; the susceptibility of the individual genes to be tran.Scriptionally activated in 
various regions of organismal time and space.depends on the arder of the genes along 
the chr()mosome (e.g·., Hox genes). There is, secondly, the terminal differentiation type of 
sectorial repression, in which duplicate genes are either collectively superrepressed or 
none of them is. (A dependency of activability of repressed individual genes .on gene 
arder can. in this case, be introduced at a second, subordinate level of control, as in the . . . 
human ~-globin complex.) The shift froxn the presence of to the release .from 
superrepression is operationally deflned as a sh.ift from a relative. insimsitivity of DNA to 
certain endonucleases sU:ch as DNAse 1 t() a so-called intermediate sensitivity to these 
endonudeases. 

The higher order structures established in superrepression can be thought of as 
formed through.the cooperative action (4) of various protein factors that form complexes 
among themselves and with DNA.· Four interdependent parameters may indeed play 
special roles in the formation and the· stability of these complexes: cooperativity, 
competition:,. mass action (5, 6), and hysteresis effects. At least in the case of" 
developmental superrepression, it is likely that a competition occurs among 
superrepressible desoxyribonucleoprotein domains for "locking molecules'~(S), of which 
the Drosophila polycomb protein is one example (7). The role played by the parameters 
cited can, in principie, (a) explain why the superrepressed part of the developmental gene 
complex, ·in a given sector of the organism, does not in all cells possess the· same 
extension, a phenomenon that is also reflected in position effect variegation¡ and (b) 
suggest that sectorial repression of genes rnay offer opportunities of developmental 
swit<;hes behveen stable states (-t: and •) of activability of genes. Hysteresis implies that, 
once the superrepressed comple;x has been -formed through cooperativity, it will be 
buffered against fluctuations in the concentrations oflocking molecules and will not 
easily come apart when a gíven species of locking molecule hits a trough. Aga.in, 
counterparts to these phenomena· are expected to occur in position effett variegation. 



Instituto Juan March (Madrid)

24 

which now seem:s to share fundamental traits with mechanisms of normal 
development, contrary to what has ·previously been thought. 

As a further contribution to development, and through both the oompetition and 
hysteresis effects, sectorial repression would appear to offer a mechanism for stable genic · 
swltc;:hes. In ·addition, the distribution over genonies of superrepressed gene· sectors may 
provide a sound molecular. basis for the distinctíon among cell types. 

Also, the analysis of fue cellular distributíon of superrepressed sectors released 
from superrepression should permit one to r;;tudy the evolution of celll}zpes and to draw 
phylogenetic trees of cell types. 

All body parts use mostly the same genes. U this generalization i.S true, it im.plies 
that düferences among body parts a.J:e mostly attributable to düferences in gene regulation. 
There must therefore be mechanisms whereby gene regulation becomes aifferent in 
different partS of the organism. ·Evolutionary evidence suggests that ne:w organs, such as 
wings in althropods, tend to appf!ar in most segments (or parasegments) of the organism.. 
This observation is, then. to be interpreted as follows: in arthropods (with·equivalent 
situ:ations probable for other organisms), wings or other morphological formatíons are 
mostly the result of certain changes in a regulatóry pattem that must be thought, basically, 
to apply to the organism as a whole. Iri arder for arthr:opod wings not to spread over most 
segments, a regulatory mechanism must be set up whereby wing formation is inhibited 
only in those segments to which wings are n6t to spread. Such a regulatory mechanism 
has appa.rently been provided by the evolution of developmental superrepression. If 
different segments use essentíally the same genes, with sorne exception5, any 
morphological acquisitions that .are not to appear repetitively will niquire local regulatory 
compensations for the regulatory changes that ha ve occurred. This is probably why hox 
genes a.nd related genes have so many things to do: where appropriate,· they have to be able 
to neutralize any morphological umovation -- probably their most general effect. The 
answers to the challenge are developmental genes that are activable only in certain parts of 
the body beca use ·it is only in these parts that the genes fall outside of a superrepressed 
chromosomal sector. The obligatory repression of most morphological .traits in most, but 
not all parts of the org.anism could be referred to as · evolutionary morpholysis, 
complementary to morphogenesis. Morphogenesis tends to involve the whole organism.. 
morpholysis, parts of it. The stability over eons of the compensatory -regulatory processes 
of morpholysis is probably fu part attributable to the properties of sectorial. repressíon. 

(1) Zuckerkandl, E. (1983), in: Structure, Dynamics, lnteractions and Evolution of 
Biological MacromolecU.les, Claude Hel~ne, ed., D. Reidel Publishing Comp¡my, pp. 395· 
412 

(2) Zuckerkandl, E. (1994) J. Mol. Evol. 39:661-678 
(3) Quiring, R, Walldorf, U.,. Koter, U. Gehring, W.J. (1994) Science 265:785-789 
(4) Ptashne, M. (1992) A Genetic Switch. 2nd ed. Cell Press and BlackwelL 

Cambridge, Mass. . 
(5) Zuckerkandl, E. (1974). Biodúmie 56:937-954 
(6) Locke, J., Kotarski, M.A.; and Tartof. KD ~ (1988) Genetics 120:181-198 
(7) Orlando, V. and Paro, R. (1993) CeU75: 1187-1198 
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Evolution of segmentation ·genes 

Dlethard Tautz. Bernhard Hausdorf, Martln Kllngler, Karl 
Schmld, Relnhard SchrOder, Cordula Schulz and Christian 

Woltf 

Zoologischea lnstitut dar UniversiiAI München 
Luisenstr. 14 

80333 Manchen 
E-mail: tautzOzi.blologie.uni-muenchen.de 

The interplay between maternal and zygotic aegmentation genes that form the segment 
pattern of the embryo ia very well underslood in Drosophila. There is a hierarchy of 
transcriptlon factora acting upon each other via diffusion controlled protain gradiente. Thls 
moda of pattern formation seema lo be particularly adaptad to the syncytial moda of 
embryogeneals in Drosophi/a. However, previoua results have shown that et least the 
palrrula genes hsiry and e ven :~kipped are elso utilizad in Tribotlum ambryos which show a 
cellular moda of embryogenasis at laler stagas. 

We have further tnvestigated in how far other genes of the segmentation gene hierarchy show 
conservad or divergent. expresaion pattems in the short germ embryo of Tribolium. Aesults 
will be shown for the Tribolium homologues of hunchback, caudal, Krüppe/, empty 
spiracles, onhodenricle, s/oppy paired, tailless and forkhead. Most of the expresslon 
pattema of these genes appear lo be highly conservad between Drosophila and Tribolium. 
indicstlng that the whole aogmantation gene hlersrchy may be conservad. 

To test the degree of conservation of regulatory elements between th9 two species, we have 
made reponer gene eonstrucb with upstrearn sequences from Tribolium gene sequences and 
transformad them inlo Drosophils. The analysis of the resulting expression pattern suggests 
that the regulatory interactions are highly conservad, allowing to study the regulation of 
TrJbo/ium genes in Drosophi/a. Using this system, it is even possible to make particular 
inlerences on the functional changas in regulatory sequences that have led lo the long germ 
moda of embryogenesis found in Drosophlla. In particular, it seems evident that a functional 
homologue of bicoid must exlst lo Tribolium, but that the ragulation of the segmentation 
function of hunchbsck has evolved only in long germ embryos. The activator el hunchback in 
short germ embryos eppean~ to be caudal. 

We heve also started to investigate the role of regulatory changas versus changas in amino 
acid sequences as potential aources of evolutionary noveltiea. We find that a Jorge fraction of 
genes exista in the Drosophila genome that avolves with very high aubstitution ratas. 
Regulatory changas, on the other hand, seem to occur relatlvely infrequently in these genes 
and even lesa frequently in the known segmentation genes. These results ere not in tina with 
the notlon thal evolutionary changas are primarily driven by the evolution of regulatory 
interactions . 
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Baculovirus Mediated Gene Misexpression: 
A Potential Method for Analyzing the Evolution of Pattem Formation 

Daniel Oppenheimer, William Browne, and Nipam H. Patel 
HHMI, Urúversity of Chicago 

Genetic analysis of development in severa! model organisrns has led to the identification of 
many genes that, when mutated, are capable of creating marked changes in developmental pattem 
and morphology. Subsequent comparative analysis of gene expression in numerous orgarúsms has 
raised the possibility that changes in expression of sorne of these genes may account for 
evolutionary changes in pattem formation(I) . For example, extensive work on the homeotic 
genes of Drosophila clearly indicate their irnportance in establishing the body plan of this insect. 
Recent work in crustaceans suggests that a number of striking changes in the regulation of sorne 
ofthese homeotic genes may account for evolutionary changes in morphology that are rerrúrúscent 
ofhomeotic transformations (2). While great progress has been made from these types of 
comparative analyses, it has been difficult to test the hypotheses derived from these studies, in 
part because of the difficulty in marúpulating gene expression outside of a relatively small number 
of model systems. 

We ha ve been attempting to develop a gene misexpression system that will be applicable 
to a wide variety of organisms. One system under development, the use ofbaculovirus to mediate 
gene rrúsexpression, appears to be a pronúsing approach. The particular baculovirus we are 
using, AcMNPV, can complete its life cycle in only a very lirrúted range ofmoth hosts. We have 
shown, however, that it is capable of infecting embryorúc cells from a wide range of orgarúsms. 
In our initial studies, we used a lacZ reporter to monitor introduced gene expression and various 
aspects ofvirus infection. We have found that viral infection and subsequent JaeZ expression can 
occur quite early in development and, to a sorne degree, we can control the extent and location of 
infection. To test the actual usefulness ofthis system in perturbing development and analyzing 
gene function, we engineered a baculovirus carrying the Drosophila wingless gene. In wingless 
mutants of Drosophila, ectodermal expression of engrailed disappears after germband extension 
since wingless is normally required to maintain engrailed expression. lnjection ofthe wingless 
contairúng virus irito Drosophila embryos homozygous for a transcript null allele ofwingless is 
capable of rescuing engrailed expression when infected cells are el ose to or within the engrailed 
competent domain of the ectoderm. lnjection of the wingless carrying virus into wild-type 
Drosophila embryos is capable of generating naked cuticle in regions that should contain ventral 
denticle bands. Finally, injection ofthis wingless contairúng virus into the beetle, Tribolium 
castaneurn, resulted in the posterior expansion of engrailed stripes during early development. This 
result in Tribolium suggests that this beetle utilizes wingless to maintain engrailed expression as 
does Drosophila, and also, as in Drosophila, the Tribolium ectoderm appears to contain an 
engrailed competent domain presumably set -up by the action of pair -rule prepatterrúng. 
(1) Patel, N.H. (1994) . Science 266 : 581-590; Carroll, S.B. (1995) . Na tu re 376: 479-485 . 
(2) Averof, M. and N. H . Patel (1997) . Nature 388:682-686. 
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The Diversity of Development within Insects 

Michael Akam 
University Museum of Zoology, Downing Street, Cambridge, CB2 3EJ 

Drosophila development is now understood in great detail. Early patteming involves the 
diffusion of transcription factors in the syncytial cytoplasm of the blastoderm stage 
embryo. By the time of cellularisation, the entire body plan is already defined by the 
expression of segmentation and homeotic genes. 

Syncytial development is not universal within the insects. Many lower insects make 
much or a11 of their segment pattem after cellularisation - a point made particularly 
clear by our recent studies in the Locust, which show that the blastoderm becomes 
cellular even before the aggregation of cells to form the embryonic prirnordium [2]. Yet 
more remarkable is the diversity of development among the parasitic Hymenoptera [see 
Grbic Abstract in this volume]. Species within the same farnily may exhibit extreme 
differences in early embryogenesis: The Braconidae contain ectoparasitic species laying 
yolky eggs which show syncytial development similar to that of Drosophila, and 
endoparasitic species laying small, yolk-free eggs which undergo total cleavage and 
"short germ" patteming . 

It remains unclear how the patteming mechanisrns that act in the Drosophila embryo 
relate to those that act in a cellular environment However, the rapid transitions 
observed among the parasitic Hymenoptera suggest that the ability to generate pattem 
after cellularisation has been retained in sorne form even by those orders that typically 
make pattem in the syncytial blastoderm. 

It is now clear that at least two of the atypical Drosophila Hox genes - zen and ftz -
derive from ancient members of the Hox cluster that have evolved particularly rapidly 
within the insect lineage [3,4]. We suggest that the developmental role ofthese genes 
changed in the ancestors ofthe insects, with a loss ofrnany ofthe functional constraints 
that act on the 'canonical' Hox genes. 

REFERENCES 

l. Ho, K., O. Dunin-Borkowski and M. Akam, Cellularisation in Locust embryos 
occurs before blastoderm formation. 1997 Development 124,2761-2768. 
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THEDIVERGENT HOMEODOMAIN OFBICOID lNTERACf DlFFERENTIAIL Y 
WITHDNA AND RNA 
R Rivera-Pomar and H. Jackle. 
Max Planck Institure for Biophysic:al Chemistry. Am Fassberg ll, 37077 -Gottingen. 
Gconany. (http://www ..mpibpc.gwdg.de/abteilungen/170!) 

Homeodomaíns (HDs) cm: known as DNA bincling domain with a key role in 
transcriptional controi1. The homeodomain-contaíning protcin BICOID (BCD) is the 
anr.eñor determinant in Drosophila.. bcd evo! ved very rapidly and it has been found only in 
dipter;ms. In addiñon to its transcriptional regulation properties, BCD was recently 
showed to control gene expression at the translational level2, 3. The target of such a 
function is the maternal caudal ( ca.d) mRNA. cad mRNA is evenly dístribnted in the 
embryo and a protein gmdicnt of CAD is forme.d by gradual suppression of tnmslation by 
BCD4. In contrast to BCD, CAD is broadly conscrvcd among Phyla forming protein 
gradienrs. 

Biochemical evidence showed that the BCD-HD intcracts with a specific RNA 
sequences whithin thc 3'UIR of cad mRNA These results provide a novel property fur 
HDs. in addition to the DNA binding and, a dual role for BCD controlling both 
trnnscription and tnmslation in early embryogcnesis. We aruUyzcd the DNA and RNA 
binding properties ofBCD. Basic aminoacid residues in the helix-3 are i.mportant for DNA 
recogni:tion as well for RNA recognition. Sorne of them are only involved in RNA but not 
DNA binding. Tbar makes tbe BCD-HD different than other HDs. 

Are tbose properties uniqne for the BCD-HD? Can we predict other HDs binding RNA? 
The R-rich motif of the BCD-HD involved in translational control is unique among the 
k:now HDs. However. the structural analysis of specific RNA-binding motifs (noosomal 
protein L115 and viral tr.msactivators6) showed striking similarities with HDs. In 
ad.dition, some new functions different than transcription have been described for HD
con!aining proteins. We wiil di.scuss the evolution of the BCD-HD al: the light of the new 
data and the conservarion of the CAD gradient in response ro factors different than BCD. 

References: 1- Gehring et at. (1994) Ann. Rev. Biochem. 63, 487. 2- Dubnau & 
Struhl (1996) Nature 319, 694. 3-Rivera-Pomar et al. (1996) Nature 319, 746. 4-
Mlodzik & Gehring (1987) D~do~nr 101, 421. 5- Xing et aL (1997) Narure Strucr. 
Bi.ol. 4, 24.6- Rolsch and Willbold (1996) Science 272, 1672. 
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Lateral signalling in development: on 

groups and assymetric developmental 

equivalence 

poten ti al. 

Pat Simpson, Institut de Génétique et de Biologie Cellulaire et 

Moléculaire, B.P. 163, 67404 ILLKIRCH cedex, France. 

N otch-mediated lateral signalling takes place between cquivalent 

cells that then adopt alternative fates. An example ts the 

epidermal-neural choice in the Drosophila neuro-ectoderro. All cells 

initially produce both the ligand and the receptor, but, with time, 

one cell(s) comes to dominate(s) and signals to the other(s). 

Resolution depends upon a feedback loop within each cell, linking 

production of the ligand with activation of the receptor. The choice 

of signalling cell is in sorne cases, such as the thoracic microchaet:es, 

random. A random choice of cell fate could arise from stochastic 

fluctuations m the turnover of different components of the 

signalling pathway, causing small differences that can be amplified 

by the feedback loop In other cases, su eh as that of the thoracic 

macrochaetes, the outcome is biased and the same cell is generally 

chosen to becorne the dominant signallíng cell. In the case of the 

dorso-central macrochaetes, two signals have been shown to bias 

the choice of cell fate by increasing the levels of one component of 
the feedback loop. Finally, during embryonic neurogenesis in 

Drosophila, a highly derived process, choice of the neuroblasts is 

almost completely predeterrnined . Notch-mediated signalling is still 

required but 80% of the precursors segregate norrnally in the 

absence of the feedback loop. It is líkely that the Notch pathway is 

extremely old. A random choice of fate generated through lateral 

sígnalling is probably a ancient process in terms of evolution. 
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Homeotic Genes and the Evolution of Arthropod Body Plans and Body Parts 
Sean. fl _ ('.an:_oll 1

, Jennifer K. Grenier1
, Theodore L. Garber1

, Paul M. Whitington2
, Scott 

Weatherbee' , Jaeseob Kim1
, and Georg Ha.lder1

• 
1Howard Hughes Medica! Institute and 

Laboratory of Molecular Biology, University of Wisconsin, Madi son, WI 53706; 
20eparunent of Zoology, University of New England, Armidale, NSW 2351, Australia 

One of the first explicit hypotheses concerning the relationship between the evolution 
of specific genes and the morphological evolution of animals was put forth by Ed Lewis 
in 1978. His suggestion that homeotic (or Hox) gene diversity expanded in the course of 
arthropod and insect evolution has inspired comparative studies of Hox gene evolution 
and regulation in many taxa. In arder lo trace the evolution of the arthropod Hox genes 
furtlter back through arthropod evolution, we cloned the Hox genes from a myriapod and 
an onychophoran. Since the onychophora are a sister group to the arthropods, the 
complement of Hox genes shared between onychophora and arthropods reflects the 
condition prior to tite origin and radiation of the artlliopods . Despite their limited 
segmenta! diversity, all insect Hox genes are found in both taxa, including the trunk Hox 
genes Ultrabithorax and abdominal-A (abd-A) as well as orthologs of the fushi tarazu 
gene. These results and comparative analysis of Hox gene expression demonstrate that a 
complete artll!opod Hox gene family existed tn tite ancestor of the 
onychophoranfartlliopod clade and titat artlliopod diversil)• arase subsequently tilfough 
changes in tite regulation of Hox genes and their targets. 

One specific model of adaptive modification of body plans is the evolution of tite 
haltere in two-winged Dipteran insects from a four-win ged ancestor under the control of 
the Ubx gene. Although tite four-winged phenotype of Ubx mutants have been known 
for decades, it is not known how Ubx modifies a developing wing field toa haltere field 
By exploiting recent advances in understanding wing paneming, we examined tite 
cxpress ion and regulation of severa! candidate genes involved in patteming features titat 
differ between tite wing and haltere. We havc identified five Ubx-rcgulated genes tital 
suggest how haltere size, shape, venation, and bristlc pattem differ from tite wing. 
lntcrestingly, some of these genes are not differcnti all y regulatcd betwcen tite forewing 
;utd ltindwing of butterflies, suggestions thatthey fe!! under Ubx control in tite coursc of 
Dipteran evolution . 

References: 
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Genetic subdivisions of the arthropod leg 
Ginés Morata and Sergio Gonzalez-Crespo. Centro de Biología Molecular CSIC
UAM, Madrid, Spain 

Based on fossil evidence and in comparative anatomy, Snodgrass (1935) suggested that the 
arthropod leg is subdivided into two major parts: the proximal part or 'coxopodite' that 
would be an expansion ofthe body wall, and the distal region or 'telopodite', that would be 
the genuine appendage. Recently we have presented evidence that in Drosophila and in the 
crustacean Artemia these two regions correspond to the functional domains of the 
homeobox genes extradentic/e (exd) and Distal-less {DI/) (Gonzalez-Crespo and Morata, 
1996). Moreover, we observed that development of the D// domain requires normal activity 
ofthe hh pathway whereas the exd domain does not. 
We will present recen! results obtained in our laboratory ( and in collaboration with Richard 
Mann's group in Columbia) about the functional interactions between exd, Dll and the hh 
pathway. 
We find that in early embryonic development the Dll and Exd proteins are coincidental in the 
nuclei ofthe cells in thé leg primordia, but by late embryogenesis Exd becomes cytoplasmic, 
and therefore ineffective, in those cells. Dll acts as a negative regulator ofExd nuclear 
transport, because in D// " mutants Exd remains nuclear in the leg primordia. The regulation 
of Exd subcellular localisation by D// persists throughout imagina! disc development because 
the elimination of D// function during late ttúrd instar results in nuclear accumulation of Exd 
in the leg imagina! cells. 

We have also studied the interactions between exd and the hh pathway. The hh signa! induces the 
dpp and wg transduction pathways respective! y in the dorsal and ventral regions of the leg (Basler 
and Struhl, 1994). We have exarnined the effect ofloss or gain offunction of exd on the activity 
of dpp response genes optomotor-blind (omb) and dachsund (dac) (Nellen et al 1996; Lecuit and 
Cohen, 1997). The expression ofthese two genes is normally restricted to regions wittún the DI/ 
domain. We find that exd cells in the exd domain are able show omb and dac expression, 
although not all .the cells respond equally. Moreover, ectopic expression of exd in the D// domain 
represses omb and dac activity. 

The previous observations indicate that exd prevents the establishment of the hh pathway and 
prompted us to loo k at the effect of forcing the pathway in thc exd domain. We induced clones in 
the exd domain in wtúch the dpp pathway is constitutively activated by expressing a ligand 
indepcndent form of the Dpp receptor (Nellen et al. 1996). These clones produce 1eg outgrowths 
and in sorne cases differentiatc pattern e1ements characteristic of the D// domain. They contain DI/ 
activity and the Exd product accumu1ates in the cytop1asm. We also examined whether the ventral 
componen! ofthe hh transduction pathway, wg, a1so represses exd activity. The induction ofwg + 
clones in the exd domain also resu1ts in ectopic D/1 expression and consequently in e1imination of 
Exd from the cells nuclei . These resu1ts indicate that the hh pathway represses exd activity, 
probably throughout activation of D/1. In normal deve1opment, once it is established, the 
maintenance of Dll activity by the hh pathway ensures that the Exd protein remains in the 
cytoplasm. 
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EVOLUTIONARY PARALLELS BETWEEN DROSOPHILA ANO VERTEBRA TE 
LIMBS 
Concepcion Rodríguez Esteban, John W. R. Schwabe, Jennifer De La Peña, Diego Rincon, 
Juan Botas and Juan Carlos lzpisúa Belmonte 
The Salk lnstitute 
Gene Expression Laboratory 
10010 N. Torrey Pines Road 
La Jolla, California 92037-1099 
Fax: (619) 455-1349 
e-mail: belmonte@salk.edu 

lt has become clear that during embryogenesis the same genes are used time 
and again in different cells and tissues. Thus, one of the problems of understanding 
development is the identification of common genes, or groups of genes (syntagma), that are 
used to fulfill specific developmental functions. An effective approach to this has been to 
examine, in evolutionarily distant organisms, functionally similar structures whose formation 
might present similar developmental problems. One of the most fruitful models is the study 
of the development of limbs in Drosophila and vertebrales. Whilst it is evident that at the 
morphological level, both during embryogenesis and in the adult stage, the limbs of 
Orosophila and vertebrales are quite distinct, the similarities at the moleaJiar level, during 
early embryogenesis, suggests that they are evolutionarily related. This begs the question 
whether the limbs of these two organisms are true homologous structures. One possibility 
is that the last common ancestor of vertebrales and Drosophila possessed sorne form of 
primitive appendage which has subsequently evolved to form the present day structures. 
An alternative possibility is that the limbs in Drosophila and vertebrate arase independently 
as novel outgrowths from the main body. lf the first possibility is corree!, which goes 
against current thinking, then the molecular similarities between the limbs are to be 
expected and the limbs should be considered homologous structures. The moleaJiar and 
morphological differences would have arisen as the result of natural selection in the 
different phyla. On the other hand, if they cannot be classed as homologous, then we need 
to explain why so many of the same genes are employed in both structures. 

We and others have demonstrated remarkable similarities in the identities and 
functions of the genes which pattem the limbs of both Drosophila and vertebrates. In 
particular, the genes that establish the anteroposterior (Hedgehog, Patched and BMP-DPP) 
and proximodistal axes (Fringe, Serrate, Notch, Distaless). We have now isolated 
vertebrate homologues (Apterous, Lmx and Wnts) of sorne of the genes that control 
dorsoventral patterning in Drosophila wing development. While we are far from knowing all 
the genes involved in the control of limb outgrowth and patteming, we will attempt to 
discuss how the interactions between the known genes combine to regulate limb 
development in different organisms. The existence of conserved functional multi gene units 
or syntagmata between the Drosophila and vertebrate limbs has led us to speculate upon 
the existence of a very ancient genetic program that is sufficient to induce directional 
growth and that this program was then put to use many times during evolution, giving rise to 
the wide variety of appendages observed today during the embryogenesis of different 
organisms. As to the question of whether Drosophila and vertebra te limbs should be 
considered homologous structures by using these functionally conserved multi gene units 
as molecular markers, we would conclude that at sorne fundamental leve! the Drosophila 
and vertebrate limbs are, after all, ancient homologues. 
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The master control genes for morphogenesis and evolution of the eye 
Walter J. Gehring, Dept. of Cell Biology, Biozentrum, University of Basel, 
Klingelbergstr. 70, CH-4056 Basel, Switzerland 

The homeobox identifies a number of master control genes specifying the body 

plan along the antero-posterior axis. We have isolated the Pax-6 homologue of 

Drosophila which contains both a paired box and a homeobox, and corresponds to 

the eyeless gene. The first eyeless (ey) mutation was isolated in 1915 by Hoge, but 

only in 1994 we found out that ey is homologous to Small eye in the mouse and 

Aniridia in humans. This carne as a surprise since previously it had been assumed 

that the compound eyes of insects had evolved independently of the single lens 

eyes of vertebrales, and that the eyes of vertebrates and cephalopods were the 

product of independent convergen! evolution. We now have identified Pax-6 

homologs in flatworms, ribbon worms, insects, cephalopods, sea urchin s, 

ascideans and vertebrales. These genes show a very high degree of sequence 

cons~rvation and even the intron splice sites are highly conserved, indicating that 

they are true homo1ogs. 

In order to find out whether ey is a master control gene, we have constructed a 

gain-of-funtion mutant and used the Gal-4 system to ectopically express e y in the 

wing, leg and antennal imaginal discs Ectopic eyes were induced by switching on 

ey alone_ This identifies ey as a master control gene for eye morphogenesis. The 

ectopic eyes are morphologically normal and contain functional photoreceptors. 

Subsequently, we have also tested the mouse Small eye gene and the Pax -6 

homolog from the squid in Drosophila and found that they both can induce ectopic 

Drosophila eyes. Therefore, we propose that ey is the "universal " master control 

gene for eye morphogenesis and evolution, and that the various types of eyes 

evolved from a single eye prototype. 

Recently, we have discovered that in higher insects the eye/ess gene has been 

duplicated, and that the twin -of-eyeless (toy) gene ac ts ups tream of ey in the 

hierarchy. toy induces ey which in turn activates the sine ocu/is, the next target 

gene downstream in the cascade. We are progressively determining the hiera rchy 

of the controlling genes in the eye developmental pathway lead ing to thc va rious 

eye types. 
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EXCLUSIVE ANO COORDINA TE EXPRESSION OF RHODOPSIN GENES 
Philippe Beaufils, Bertrand Mollereau, Omitri Papatsenko, Franck Pichaud, 
Ali Tahayato & Claude Oesplan, HHMI, The Rockefeller University, New Yor1< 

The fly retina is composed of three different types of ommatidia, depending on the 
nature of the modopsin genes expressed in the R7 and R8 inner photoreceptors. These 
receptors integrate light information to detect polarized and/or color light. In the dorsal 
margin, both R7 and RB express m3. In the rest of the retina, two types of ommatidia with 
a stochastic distribution express either m3 in R7 and m5 in R8, or the m4-m6 pair. 
However, there is an almost absolute coordination between the types of rh genes 
expressed in R7 and R8 (m3/5 or m4/5). We are studying the mechanisms undertying the 
exdusive expression of m3 and m4 in R7 (or m5 and m6 in R8) as well as the signaling 
events between the R7 and R8 cells which allow the coordinate expression of the correct 
pair of rh genes in each ommatidium. The availability of highly specific promoters and of 
genetic tools offers a unique opportunity to understand this fascinating problem. 

Our recen! studies on the m promoters have defined short regulatory elements 
required for the highly specific expression of the m3-5 genes. A conserved homeodomain 
binding site present in all m genes, induding those of vertebrales, mediales Pax-6 function 
and provides photoreceptor identity. The upstream elements of the different m genes, 
which share no homology (even for m3 and m4 which are both expressed in R7 cells) 
establish the photoreceptor subtype expression. An analysis of mutated and chimeric 
promoters between different m genes led us to suggest that exclusion of m3 and m4 
involves a negative regulation of rh4 and a positive activation of m3. This has allowed us to 
generate an R7 specific prometer that is expressed in both m3- and m4-type R7 cells. We 
have identified a repeated 6bp site mediating R7-specific expression of m4, as well as a 
broader region required for m4 repression in m3-expressing R7 cells. In the rh3 prometer, 
we have identified sites (multiple KSO homeodomain sites) required for its specific 
expression and the gene acting on these sites: orthodentic/e, although expressed in all 
photoreceptors, is only activated and required for m3 expression. We are now screening 
for the proteins binding to the identified sequences and to the conserved sites whose 
function has not yet been elucidated. 

An other approach to identify genes required in the pupaVadult eye is to generate 
differential cONA libraries from isolated ommatidia. Using specific in vivo labeling of 
subtypes of ommatidia (m3/5 or rh416), we have generated libraries from -so isolated 
ommatidia containiQg only m315, rh416 or m6 cells. 

We are also using a genetic approach to identify genes involved in the exclusive 
and coordinate expression of the inner photoreceptor m genes. For this purpose, we have 
generated enhancer trap lines using a GFP reporter gene and looking at specific 
expression in subsets of R7 or R8 cells. We have also designed a genetic screen for 
genes which can modulate the expression pattem of GFP reporter genes specifically 
expressed in subsets of R7 or R8. Since most of these genes should have eartier function 
in other cell-cell communication processes, we are using an F1 screen with somatic clones 
generated with the FRT system and a flp gene specifically expressed in the eye 
(generously provided by Barry Dickson). 

One possible model for the interaction described is that the expression of one 
rhodopsin gene is able to repress expression of another through a signal transduction 
pathway independent of light. Using m mis-expression and analysis of the two types of R7 
and R8 cells, we want to understand how and at which stages the coordination of 
modopsin expression in R7 and R8 ce lis is achieved. 
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T.be Homeotic Genes in lnsect and Arthropod Evolutio.!1 Thomas C. Kaufman -
HHMI Indiana University, Bloomington, Indiana, USA 

Our laboratory has focused over the past several years on 
investigating the homeotic Antennapedia complex [ANT -C] in Orosophila 
melanogaster. This group of tightly linked genes was defined in this lab 
and shown to be responsible for the specification of segmenta! identity in 
the anterior thorax and head of the embryo and adult. In addition to 
investigating the function of the ANT -C genes in O. melanogaster 
(Díptera) we are comparing the expression patterns of proboscipedia (pb), 
labial(lab), Deformed (Ofd) and Sex combs reduced (Ser) among insects 
representative of the orders Siphonaptera (Ctenocephalides felis), 
Hemiptera (Oncopeltus fasciatus ), Orthoptera (Acheta domestica), and 
Thysanura (Thermobia domestica). The homologs of ANT C genes from 
non-Orosophila insects have been cloned by performing PCR with degenerate 
primer pairs on embryonic cONA pools (RT-PCR). These RT-PCR products have 
been cloned, sequenced and used as probes for in-situ hybridization to 
embryos. The homologs are highly conserved and are ?85% similar at the 
predicted amino acid level. As expected the expression of homeotic genes 
in sorne pattern elements were found to be highly conserved while other 
elements proved to be variable. In sorne cases the highly conserved 
patterns are correlated with functions that would seem critica! to the 
development and formation of the body plan of all insects while the more 
variable elements correspond to functions involved in sculpting the basic 
insect body plan. In most cases it is the pattern of homeotic gene 
expression in the adult Drosophila primordia, rather than the larval, which 
most closely resembles the pattern of homeotic gene expression in the other 
insect orders. More recently we have expanded our analyses to include 
crustaceans (Armadillium vulgarae), millipedes (Oxidus gracilis) and 
spiders (Achaearanea tepidiorum) from which we have been able to identify a 
majority of the Hom-C genes. Data obtained on the spatial patterns of 
homeotic gene expression from these non-insect arthropods should make it 
possible to deduce the ancestral pattern of expression and infer the 
changes in this pattern which occurred during the evolution of the 
arthropoda. 
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PLANARIAN HOMEOBOXES: NEW INSIGHTS TO MORPHOGENETIC 
MECHANISMS IN REGENERATION 

J.R. Bayascas, E. Castillo, J. Tauler, J. Font, D. Pineda, J. Garcia· 
Fernimdez, J. Baguña & E. Sahí 

Departament de Gcnctica. Facultat de Biología, Universitat de Barcelona. 
Diagonal 645, 08071 Barcelona. Spain 

Planarians are the stereotypical representatives of the simplest triplobla:.tic orgnnism in 
the tree of life, possessing tbree tissue layers, bilateral symmetry. cephalization (two 
cephalic ganglia and two ventr-.11 ncrve cords) and complcx organ sy~tems such as: simple 
eyes, secretory organs. and sensory systems in the auricles. They are acoelomate and the 
digestivc system is formed by a central pharnyx and a hlind gut lacking an anus. These 
phenotypic traits place flatworms basally in a meta?.O<Jn phylogcny. But. phylogenetic 
studies by molecular analyses of 18S ribosomal RNA (1,2), and more recently by thc 
comparative analysis ofplanarian Hox genes, locate thc Platyhclminthes as a sister group 
of Lopbotrochozoa in the Protostomia. 

The Hox gene.c; encode a family of transcription faclOrs that contain the homcodomain. 
They are organic:ed in dustcrs and detemune tbc anteco-posterior polarity of a va~t 
numbcr of metazoa (3). Thus far, the roles and genomic organization of thesc remain 
unclear in the lower triploblasts (Platyhelminthes). Planarians (Tridadida) nre well 
known for their high regenerative capacity, they can regenerate bidirectionally: nmeriorly 
(hcad regenemtion), postcriorly (tail regeneration), or bilatemlly: left to rigbt and right to 
Jeft. This gives us the possibility to study the function of Hox cluster genes in ~patial 
~ituations of pauem restitution that are impossible to produce in development or 
amphibian rcgeneration. To idcntify potential molecular ma.rkcrs involved in planarian 
regenerc~tion and determine theír number and genomic organízation we performed an 
exhaustivc search for rclated Hox genes in two Platyhelminthcs: Triclads nnd Policlads. 

Herc wc examine the sequenccs of ten Ho:x. genes isolated from both Platyhelminthes, 
and the exprcssion pattern:; of :;ix Hox genes, (Dthox-A to -G) isolated from Girardia 
tigrin.a. (Tricladida). Sequence comparisons reveal high ~inúlaritics to anterior and medial 
groups of coelomate Hox genes, with higher similarity ro Protostomia. Spatinl 
cxprcssion studies from intacr und regenerating triclads show two types of pattems of 
expre~~ion : 1) a ubiquitous expression of Drhox -A, -E. -G and ·fin intact animals, and 
very early, synchronous and colocalized expression in thc regenerative tissue (blastema 
and postblastcma) suggesting a non homeotic function for the~e genes (4); 2) A nested 
110d colinear, according orthology. exprcssion along thc antcro-posterior ax.is of Drhox 
-D ánd -C in intact animals, and differential activation or deactivation according to an 
anteco-posterior pattern during rcgeneration. These rcsulrs indicate that triclads ha ve two 
types of Hox genes (perhaps two Hox clustcrs) , that cirhcr conserve or loose the 
differcntial spatial expression which is linked to homcoric function in such model 
systcms as Drosophila. Thc extcnsion of this study to Policlad development will clarify 
the role of these genes in axial polarity determinalion and maintenance (work in 
progres~) . 

In our search for non Hox homeobO!I. genes wc ha ve isolatcd representa ti ves of severa! 
homeobox families. Three of thc homeobo;x;. families that show an intcrcsting pattern of 
expre:;sion and have bccn cxtcnsively studied in our lab are the gap cephalic, POU and 
Pax-6 genes. We havc i ~ olatcd one Otx gene (Dtot x ) (in collaboration with A. 
Stomaiuolo and E. Boncinelli from H. San Raffadc. Milan). Dtot.x is Jocared in intact 
adults in thc anterior and medial planarian axis. Its cxprcssion during regeneration ha.~ 
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been quantified by RNA:;e protection of anterior and posterior rcgenerative ti ~ sue 
(blastema) and by whole mount in situ hybridization. By both melhods we found a early 
and higher expression in the anterior (head) blastemas than in the posterior (tail) one~ . 
Since Platyhelminthe:; are con~idered the most basal phylum with a dear cephalization, 
the Dtotx-exprcssion sup¡x1rt.' the ancestral role of Otx genes in cc:phaliz.ation. We al!'o 
identified one Pax-6 gene. lt encodes a single transcript with cxtensive, although Iower. 
:-:equencc identity and ~everal conscrvcd splice sites with thc known Pax-6 genes of 
vertebratc): and invertebratc::;. [)tf'Cix-6 is exprcssed in regenc:rating and fully grown eyes. 
and evidence has also hccn obt<~ined for low leve) expression in othcr hody regions . 
Sincc Pax-6 is required for the development of the eye in both vertcbrntcs and 
inve11ebratcs, it has been suggetcd that the photoreceptor cells of these animals hnve a 
monophylctic origin (5). Onc uf the downstream genes of Pax-6 is sine ocu.li.1·. A 
homologous gene in pl<~narians has been recc:ntly i~olated . and ~how a lúgher transcript 
leve)s in the cephalic and pharynx regions (Pax-6 and .fine aculi.r genes have been :-:tudied 
in collaboration wilh P. C<~ll<~crts and W. Gehring from Biozentrum, Univ. of Ba!'cl). 
We havc also isolated three mc:mhers ofthc POU homeobox family (GTPOU-1. 3and 4). 
Polycional and monoclonal antibodie.-; raised against GTPOU-1 fusion prorein detect the 
presence of GTPOU-1 protein in the central (ccphalic g¡mgli<~) and peripheral (suh 
epidermal and sub muscular plexus) nerve celh locatcd cxclusively in tbe most anterior 
third of thc pl<tnarian. Mo~t of thc rcpresentatives of thc dass IJl POU genes. to which 
GTPOU-1 bclongs are re~ponsihle for ncrve cell determin<~tion. Studic:s of GTPOU-1 
pattem distribution during regeneration showed a grcat ncrve cc:ll plasticity. indicating 
that regeneration is a general process that affect<; allthc structurc.~ . including regions far 
from the wound. This !'Upport.~ the existence of morphallactic proces!'e!' in planarian 
regeneration. 

(1) Carranza, S., et al. ( 1997) Mol. Biol. Evul . 14(5): 485-497 
(2) Aguinaldo, AM ., ct al. (1997) Naturc 387: 489-493 
(3) Lawrence, P. & Morara, G., (1994) Cell 78: 181-189; Duhouk, D .. 
(1994) Dcvelopnwnt . supplement: 135-142 
(4) Bayascas , JR., et al. ( 1997) Develnpmcnt 124 : 141 - 148 
(5) Callaerts, P. et aL (1997) Ann Rev. Ncurosci. (in prcss) . 
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Conserved and divergent aspects of homeobox gene expression 
in C. e/egans & evolution of anclent TALE homeobox genes. 

Talk of Thomas R. Bürglin, Biozentrum, University of Basel, Switzerland 

In our lab we ha ve been analyzing a diverse set of homeobox genes. ceh·2 is an 

orthologue of the Drosophila gene ems. lt is expressed in the anterior of the pharynx. Thus. 

while it is expressed in the anterior of the animals as expected, we observe no expression in 

the braln. To further Investiga te head development, we make GFP reporter constructs for the 

two otd-like genes ceh·36 and ceh-37. Expression is observad in sensory neurons of the 

brain, which corre lates as expected with the expression pattems in flies and vertebrales. We 

also are examining .the expression pattem ol tour sine·oculis like genes in C. e/egans. 

Currently we cannot resolve the evolutionary history of the so genes. Two of the genes seem 

to be a C. elegans or nematode specifiC duplication, as the genes are next to each other on 

the chromosome. Expression of one of the genes is seen in the pharynx. 

The gene ceh-14 is a LIM homeobox gene, a member of the LIM3 family. We see 

expression in sensory neurons in the head and in the taii, as well as expression in epidermal 

type tissues, i.e. the spermathica, and the hypodermis. The expression in the hypodermis has 

the form of a gradient, apparently controlled by an extracellular signal. The vertebrate 

orthologues of ceh-14 are expressed in motorneurons of the spinal cord. The much simpler 

ventral cord of C. elegans does not seem to require ceh-14. 

The C. e/egans ONECUT genes are a novel class of cut homeobox genes, severa! of 

which are found in C. elegans. We see expression during earfy embryogenesis, in muscle and 

gut tissues, and an almos! ubiquitous expression . 

Analysis of the atypical homeobox gene ceh·25 showed that there is altemative 

splicing within the homeodomain •. Two different types of homeodomains can be generated, 

which differ in the first third of the homeodomain. ceh·25 belongs to the TALE superclass of 

homeobox genes. A comprehensive analysis of TALE superclass homeobox genes resultad 

in a new classification scheme: Currently, two classes are identified in plants, i.e., KNOX and 

BEL, two classes in fungi, i.e., CUP and M·ATYP, and tour ciasses in animals, i.e. MEIS, 

lroquois, PBC, and TGIF. Analysis of the MEIS class gene ceh-25 revealed a new domain 

upstream of the homeodomain. Comparison of the MEIS domain with the plant KNOX domain 

revealed significan! sequence similarity. Thus, in the case of MEIS and KNOX, a second 

domain has been conservad between plants and animals. 

• T.R. Bürglin, (1997) Analysis of TALE superciass homeobox genes (MEIS, PBC, KNOX, 

lroquois, TGIF) reveals a novel domain conservad between plants and animals. Nucl. Acids 

Res., in press 
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Genes and Factors That Are Involved in the Sllk 
Gland Development and Silk Genes Transcrip&m 

Yoshiaki Suzuki,* Kaoru Ohno, Hiroki Kokubo, and Jun-ichi Sawada 
Department of Developmental Biology 
National Institute for Basic Biology 
Myodaiji, Okazaki 444, Japan 

* Retired on July 31, 1997: 
present address; 5651-451 Matsukawa Village 

Kita-Azumi-Gun, Nagano Prefecture 399-85 
Japan 

Through structural and functional analyses of the transcription factors 
for the silk genes we have planned to understand problems of embryonic 
silk gland formation as well as the silk genes transcription regulation 
(Suzuki, 1994) . . . 

Cell-free transcription systems for the silk genes were established 
(Tsuda and Suzuki, 1981) and elaborated to reconstitute differential 
transcription of the posterior silk gland-specific fibroin gene and the 
middle silk gland-specific sericin-1 gene (Suzuki et al., 1986; 1990). 
Major transcription factors for the fibroin gene are SGF-1 and -2 (Hui et 
al., 1990), while those for the sericin-1 gene are SGF-1 and -3 (Matsuno 
et aL, 1989; 1990). SGF-1 which is present both in the posterior and the 
middle silk glands was purified, and its cDNA was cloned and identified 
as Fork head homologue (Mach et al., 1995). cDNA of SGF-3 which is 
present abundantly in the middle silk gland and scarcely in the posterior 
silk gland was obtained by a PCR cloning, and identified as Cfla 
homologue (Fukuta et al., 1993). SGF-2 which is specific to the 
posterior silk gland and a key factor for the fibroin gene transcription 
was purified only recently by procedures including an affinity step, and 
identified as a huge complex of an apparent molecular mass 1.1 MDa 
accommodating about 12 subunits (K. Ohno et al., unpublished) . 
Although exact stoichiometry of each subunit has not been elucidated 
yet, the complex includes 1 Lim homeodomain protein homologue, 3 
Nuclear Lim lnteractor homologues, 3 P25 variants, and severa! new 
proteins (K. Ohno et al., unpublished). 

Both SGF-1 transcripts and protein were first detected in the most 
anterior and posterior regions of germ anlage, and later in the embryonic 
foregut and hindgut. By the end of embryo retraction stage both signals 
became detectable in the invaginating whole silk glands, and after the 
blastokinesis stage the products were restricted to the middle and 
posterior silk glands (Kokubo et al., 1996). The SGF-1 expression in the 
silk gland is probably under the control of Bombyx Ser (Kokubo et al. , 
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1997 a) beca use ectopic expression of Bombyx Ser in the N ciNc embryos 
(ltikawa, 1944; 1952) which lack Bombyx Antp (Nagata et al., 1996) 
caused ectopic formation of dwarf si1k g1ands in the three thoracic 
segments accompanied with ectopic expression of SGF-1 (Kokubo et al., 
1997a). An interesting difference between the Drosophila Scr-Fkh and 
the Bombyx Scr-Fkh was recognized; Bombyx Ser disappears in the spots 
of the silk gland invagination where Bombyx Fkh will appear (Kokubo et 
al., 1997a). 

SGF-3 in the embryos is first expressed in the prothoracic gland, and 
then in severa! tissues including the invaginating silk gland spots 
(Kokubo et al., 1997b ). Later, the expression of SGF-3 in the silk g1and 
was restricted to the anterior and the middle silk glands (Kokubo et al., 
1997b). Since the Drosophila Cfla expression was not detected in the 
Drosophila salivary gland, the above observation gives a clear distinction 
between Drosophila salivary gland and Bombyx silk gland development. 

These observations as well as planned analyses of the expression 
patterns of each subunit of SGF-2 would clarify the complexity and the 
specificity in the process of silk gland development and the complex 
molecular basis of silk genes transcription regulation. These studies 
would naturally lead to reveal conservation and diversification between 
Bombyx silk gland and Drosophila salivary gland. 

References 

Fukuta, M. etal. (1993). J. Biol. Chem. 268, 19471-19475. 
Hui, C.-c. et al. ( 1990). J. Mol. Biol. 213, 651-670. 
Itikawa, N. (1944). Synopsis of Sericulture in Eastern Asia (Toh-a Sen-i 

Soh-ran) 15 (2), 1-6 (in Japanese). 
Itikawa, N. (1952). Bull. Sericult. Exp. Sta. 14, 23-91 (in Japanese with 

English summary) 
Kokubo, H. et al. (1996). Dev. Genes Evo!. 206, 80-85 
Kokubo, H. et al. (1997a). Dev. Biol. 186,46-57. 
Kokubo, H. et al. (1997b). Dev. Genes Evo!. 206, 494-502. 
Mach, V. et al. (1995). J. Biol. Chem. 270,9340-9346. 
Matsuno, K. et al. (1989). Nucl. Acids Res. 18, 1853-1858. 
Matsuno, K. et al. (1990). J. Biol. Chem. 264, 18707-18713. 
Nagata, T. et al. (1996). Genes to Cells 1, 555-568. 
Suzuki , Y. (1994) . Int. J. Deve1op. Biol. 38,231-235. 
Suzuki, Y. et al. (1986) . Proc. Natl. Acad. Sci. USA 83,9522-9526 
Suzuki, Y. et al. (1990). Develop. Growth Differ. 32,179-187 
Tsuda, M. and Suzuki, Y. (1981). Cell27, 175-182 



Instituto Juan March (Madrid)

49 

homothorax ,which encodes a Extradenticle-related homeodomain protein, is 
required for the nuclear translocation of Extradenticle. G.E. Rieckhof and R.S. 
Mann. Department of Biochemistry and Molecular Biophysics, Columbia 
University, 701 West 168th St., New York, NY 10032 Phone 212-305-2111, Fax 
212-305-7924 

We show that homothorax (hth) is required for the Hox genes to pattern the 

body of the fruit fly. hth is required for the nuclear localization of an essential 

Hox cofactor, Extradenticle (Exd) and encocles a homeodomain protein that 

shares extensive identity with the productive Meis1, a murine proto

oncogene. Meis1 is able to rescue hth mutant phenotypes, and can induce the 

cy toplasmic to nuclear translocation of Exd in cell culture and Drosophila 

embryos. Thus, Meis1 is a murine homologue of hth. Meis1 also specifically 

binds to Exd with high affinity in vitro. These data suggest a novel 

mechanism, that is conserved between mouse and flies, for regulating Hox 

activity that depends on the control of Exd's nuclear localization by a direct 

protein-protein interaction with the homeodomain protein encoded by hth . 
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Conservation of apterous Function and Regulation from Drosophila to 
vertebrales. Diego E. Rincón-Limas, John W. R. Schwabe, Cheng-Hsin Lu, 
Concepción Rodríguez-Esteban, Inmaculada Canal, Juan Carlos 
lzpisúa-Belmonte and Juan Botas. Department of Molecular and Human 
Genetics, Baylor College of Medicine, Houston, TX 77030 and Gene Expression 
Laboratory, The Salk lnstitute, 10010 North Torrey Pines Road. La Jolla, CA 
92037. 

Mouse and human orthologues of Drosophila apterous were cloned to 
investigate the conservation of apterous regulation and function. 
Expression of the mouse orthologue (mlhx2) resembles apterous expression in 
flies suggesting that aspects of apterous regulation have been conserved 
from Drosophila to mammals. To test this hypothesis we generated 
transgenic mice with the enhancers that drive apterous expression in flies . 
We find that the apterous ventral nerve cord enhancer drives lacZ 
expression in the neural tube of transgenic mice in a pattern r.eminiscent 
of mlhx2 expression. In addition, a muscle-specific apterous enhancer also 
retains its tissue-specificity in transgenic mice. These results suggest 
an extraordinary conservation of the tissue-specific gene networks 
operating in the muscles and neural tubes of flies and mice. We also show 
that the human apterous ortt¡ologue (hlhx2) completely rescues the 
Drosophila apterous mutant "f)henotypes demonstrating the functional 
conservation of the Apterous protein 
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Genetic patterning of geno layers and body axes: 
insights from amphioxus 

Peter W H Holland1", Nina Brooke1
, Simon Pattonl, Graham Luke1

, Anna Sharrnanl, 
Seb Shimeldl, Hiroshi Wada\ Nic Williams\ Miguel Manzanares\ 

Robb Krumlauf and Jordi Garcia-Femandd 

School of Animal and Microbial Sciences, The University of Reading, 
Whiteknights, Reading, RG6 6AJ, UK 
National Institute for Medica! Research, Mili Hill, London, NW7 lAA, UK 
Departament de Genetica, Universitat de Barcelona, 08071 Barcelona, Spain 
Presenting author 

Mcst rr:ulticellular :l .. :limals have a trip!oblastic body organisation made of three layers 
of cells: ectoderm, mesoderm and endoderm .. These S<Xalled germ layers remain largely 
distinct in early development, but as embryogenesis proceeds their distinctiveness 
becomes less clear .. For example, more than one germ !ayer may contribute to one 
structure, whilst experimental perturbation can cause cells to cross germ !ayer boundaries. 
Further, germ layers interact such that cellular changes in one germ !ayer have 
consequences for cells in adjacent germ layers. In vertebrales, the neural crest cells pose 
a problem for the germ !ayer concept, since they are ectodermal cells that in many ways 
behave as mesodermal cells, and may occupy the same physical space as mesoderm. How 
distinct then are germ layers? De they utilise different sets of genes for embryonic 
patteming? Do they follow similar genetic patteming rules? Can genes be c<Hlpted from 
one germ !ayer to another, or between tissue types within a germ !ayer? 

Genes controlling patteming of ectodermal derivatives (including brain and spinal 
cord) are well characterised in vertebrates. Examples include Hox, Otx, Ernx and Msx 
class homeobox genes encoding transcription factors. The Hox genes play key roles in 
axial patteming of ectodermal derivatives, and to sorne extent mesodermal derivatives, 
probably by assigning positional values to cells. Much less is known about genes that 
pattern endoderm (gut), but a few are known such as the IPF and Cdx homeoboxes. 

We have investigated the evolution of these genes, focusing our attention on 
homeobox genes in the sister group of vertebrales: the cephalochordales or amphioxus. 

First, we find that gene expression patterns of many amphioxus homeobox genes 
are consistent with roles in spatial patterning of embryonic ectoderm and endoderm. For 
example, amphioxus Hox1 and Otx2 genes are expressed in precise spatial regions of 
amphioxus ectoderm. The Otx gene marks the most rostral region, the cerebral vesicle, 
whilst the Hox genes are expressed in overlapping patterns with complex spatial 
modulation. These are just two of severa! examples where the regional restriction to gene 
expression is very similar in amphioxus and vertebrales. 

Second, we find sorne surprisingly similarities in the way homeobox genes are 
regulated in endoderm and ectoderm, that suggest the nature of the ancestral patterning 
mechanism in the ancient animal embryos. On the basis of gene expression and gene 
sequences, we propose a novel hypothesis that suggests the Hox cluster and a twin of Hox 
cluster evolved by duplication, and this paved the way for germ !ayer origins3• 
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Third, we find that arnphioxus has fewer of each class of homeobox gene than do 
vertebrates•. For exarnples, arnphioxus has a single Hox gene cluster, containing at least 
12 tandemly arranged Hox genes. This contrast to the four gene clusters in marnmals or 
Fugu, and the putative three clusters of lampreys6

• Similarly, vertebrates have multiple 
Otx genes, whilst arnphioxus has one. We can demonstrate that this reflects duplication in 
the vertebrate lineage and not loss in arnphioxus, by careful molecular phylogenetic 
analyses, and by signature protein motifs that reveal the polarity of this change7

• Many 
non-homeobox genes also show a greater number in vertebrates than in amphioxus. We 
propase that arnphioxus retains a primitive and prototypical chordate genome and 
developmental strategy; in contrast, the vertebrate genome and vertebrate development is 
complicated by duplication. 

Fourth, we are interested in the mechanism of duplication. We have data to argue 
that this gene duplication probably occurred by tetraploidy, and therefore affected all 
genes. ftJthough al! genes were duplicated, sorne have been lost. We are attempting to 
calculate rates of gene retention versus gene loss in different gene families, and we have 
uncovered cases of extreme gene loss (where vertebrates have secondarily reverted to the 
arnphioxus number)9

• These comparisons give insights into the evolutionary forces that 
have shaped the human genome, and help explain sorne unusual features of chromosome 
organisation such as the meaning of paralogy groups. 

Fifth, comparison of Hox gene expression pattems in amphioxus and vertebrates 
suggest that homeobox genes have gained new roles after gene cluster duplication. These 
include C<H>ption to other germ layers (eg. from ectoderm to mesoderm) abd co-option to 
new tissues within a gerrn !ayer (eg. from neural tube to neural crest cells). We are 
examining the mechanism of this functional divergence using a new straiegy based on 

transgenic mice carrying arnphioxus DNA10
• These experiments test whether genes need 

to acquire new enhancers if they evolve new developmental roles. 
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Vertebrate Hox gene are essential for the proper organization of the body plan during 
development. lnactivation of these genes usually leads to importan! alterations, or transformations, in 
the identification of the affected developing structures. Hox gene are activated following a progressive 
temporal sequence which is colinear with the position of these genes on their respective complexes, so 
that 'anterior' genes are activated eartier !han 'posterior' ones (temporal colinearity). Slight 
modifications in the respective times of gene activation (heterochronies) may shift expression domains 
along the rostro-caudal axis and thus induce concurren! changes in morphologies. While the nature of 
the mechanism(s) behind temporal and spatial colinearities is unknown, it was proposed that such a 
mechanism relies on meta-cis interactions, i.e. may necessitate gene contiguity. Such a mechanism 
would be based on DNA-specific, rather than gene-specific, features such as chromatin configurations 
or DNA replication. The existence of such a meta-cis mechanism would explain the extraordinary 
conservation of this genetic system during evolution. In arder to further investigate the nature of this 
mechanism, we have used a strategy of gene relocation as well as gene fusion based on 
recombination in ES cells. The results indicate that in vertebrales, colinearity is primarily depending 
upon gene accessibility, rather !han gene activation. Potential mechanisms are proposed and the 
differences with the homeotic complexes of Orosophila will be emphasized. 

The dustering of Hox genes has facilitated the global recruitment of this gene fa mil y to achieve 
novel functions. This is bes! examplified with the developing limbs where such genes are required for 
growth and patteming. In this case, colinear expression was designed in a different way, involving the 
presence of enhancer sequences located at various positions. The case of the HoxO complex in digit 
and genital development will be discussed . 

References 
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Homeobox genes of the Emx and Otx family in development 

Edoardo Boncinelli- DIBIT, Scientific Institute H San Raffaele, Via Olgettina 58, 

2013 2 Milano, Italy. boncine@dibit.hsr. it 

W e characterized four vertebra te homeobox genes that play a role in the 

development and regionalization ofthe head. These four genes are Emxl and Emx2, 

related to a fruit fly gene termed ems, and Otxl and Otx2, related to a fruit fly gene 

termed otd. The four genes are expressed in extended regions of the developing 

rostral brain of mouse embryos, including the presumptive cerebral cortex and 

olfactory bulbs. At day 10 of development (ElO) their expression domains are 

continuous regions contained within each other in the sequence 

Emxl<Emx2<0txl<Otx2. The Emxl express10n domain includes the dorsal 

telencephalon, Emx2 is expressed in dorsal and ventral neurectoderm of the 

presumptive forebrain with an anterior boundary anterior to that of Emx 1 and a 

posterior boundary within the roof of presumptive diencephalon. The Ot.x 1 

expression domain contains the Emx2 domain and covers a continuous region 

including part of the telencephalon, the diencephalon and the mesencephalon . 

Finally, the Otx2 expression domain contains the Otxl domain and practically 

covers the entire fore- and rnid-brain . TI1e first appearance of transcripts of the four 

genes is also sequential: Otx2 is already expressed in the headfold at E7 .5, followed 

by Otxl and Emx2 in E8-8 .5 and finally by Emxl in E9.5 mouse embryos. It seems 

reasonable to postulate a role of the four homeobox genes in establishing the 

identity ofthe various embryonic brain regions. 

In particular, Otx2 appears to play an early role in gastrulation and first 

specification of anterior head and rostral brain in mouse, frog, chick and zebrafísh 

embryos and the two Emx genes play sorne role in the developing cerebral cortex . 

In this light, we analyzed Emx gene expression in avían and reptilian emb1yonic 

brains and Otx2 activation in regenerating planarians. 
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Functional study of Amphioxus Hox regulatory elements in 

transgenic mice 

Miguel Manzanares' , Hiroshi Wada' , Robb Krumlauf' and Peter W. H. Holland' . 

'Divisien el Develepmental Neurebielegy, MRC Natienal lnstitute ter Medical Research, The 

Ridgeway, Mili Hill, Lenden NW7 1AA, UK; 2 School el Animal and Micrebial Sciences, 

University of Reading, Whiteknights, Reading RG6 6AJ, UK. 

Cephalochordates are !he closest living invertebrates group relative to vertebrales, 

and therefore extremely useful in studying !he origin and evolution of !he vertebrate body 

plan. Comparison ol expression pattems of developmental genes from amphioxus with 

!hose of model vertebrate organisms has preven very informative lo understand !he basic 

building ol a commón antecesor. The next step is to try lo compare the regulatory 

interactions between these genes and try lo find out how small changes in regulation can 

carry lo drastic reorganizations of morphology. 

Hox genes complexes are responsible for anterior-posterior axial information in all 

animal groups studied so lar. Protostomes (insects and nematodes) have only one 

complex while vertebrales have at leas! tour, originated by duplication and divergence 

from a putative ancestor with a single complex. Amphioxus only complex resembles more 

closely that of vertebrales !han protostomes, thereby representing a putative ancestor-like 

complex of present day vertebrate Hox genes. 

In arder to study the potential conservation of regulatory elements between amphioxus 

and vertebrales, we have carried out a systematic approach to test the ability of genomic 

regions from !he 3' end ol !he complex (from hox1 to hox4) to direct expression of a 

reporter gene (JaeZ¡ in transgenic mice. Approximately 30 kb of DNA was subdivided in 7 

different fragments and these were tested individually. In this way we have identified a 

number of elements that direct expression in the neural tube and in neural crest and its 

derivatives. Putative neural tube Hox regulatory elements from hox1 and hox3/hox4 seem 

to be present in amphioxus and function in a similar way to their mammalian counterparts 

from hoxb1 and hoxb3/hoxb4. Nevertheless, rhombomere-specific enhancers were not 

identified, perhaps because of the lack of a clearly segmented region in the amphioxus 

posterior brainregion. Elements present in the vicinity of hox2 gave rise to expression in 

neural eres! populations streaming into the branchial arches and in cranial ganglia 

deriving from cresl This result carne as a surprise as it is claimed that amphioxus does not 

have neural eres!. The implications as well as the limitations of this kind of approach will 

be discussed. 



Instituto Juan March (Madrid)

58 

XIRO, a Xenopus homolog of the Drosophila 
Iroquois-complex genes, controls the 

development of the neural plate 

J.L. Gómez-Skarmeta"*, Alvaro Glavic", Elisa de la Calle
Mustienes*, Juan Modolell* and Roberto Mayor"; A Laboratorio 
de Biología del Desarrollo, Facultad de Ciencias, Universidad 
de Chile, Casilla 653, Santiago, Chile; *Centro de Biología 

Molecular "Severo Ochoa", C.S.I.C. and Universidad Autónoma, 
28049 Madrid, Spain. 

The Drosophila homeoproteins Ara and Caup are 

members of a combinatory of factors (prepattern) that 

controls the highly localized expression of the proneural genes 

achaete and scute. We have identified two Xenopus homologs of 

ara and caup, Xirol and Xiro2. Similarly to their Drosophila 

counterparts, they control the expression of a proneural gene 

(XASH-3) and, in addition, the size of the neural plate . 

Moreover, similarly toara and caup the Xiro genes positively 

respond to overexpression of the Drosophila cubitus 

interruptus gene. These and other findings suggest the 

conservation of a genetic cascade that regulates proneural 

genes, and the existence in vertebrates of a prepattern of 

factors important to control the differentiation of the neural 

plate. 
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EVIDENCE FOR A CLADE OF NEMA TODES, ARTHROPODS, 
AND OTHER MOULTING ANIMALS 

The arthropods consitute the most diverse animal group, but despite their rich 
fossil record anda century of phylogenetic study, their phylogenetic relationships remain 
unclear. Taxa previously proposed to be sister groups to the arthropods include 
Annelida, Onychophora, Tardígrada and others, but phylogenetic relationships have 
been conflicting. For example, onychophorans, !ike arthropods, periodically moult, have 
an arthropod arrangement of haemocoel, and ha ve be en related to arthropods in 
morphological and mitochondrial DNA sequence analyses. Like annelids, arthropods 
possess segmenta! nephirida and muscles that are a combination of smooth and 
obliquely striated fibers. Our phylogenetic analysis of 18S ribosomal DNA sequences 
indicates a clase relationship between arthropods, nematodes, and all other moulting 
phyla. The results suggest that ecdysis (moulting) arase once and support the idea of a 
new ctade, Ecdysozoa, containing moulting animals: arthropods, tardigrades, 
onychophorans, nematodes, nematomorphs, kinorhynchs and priapulids. No support is 
found for a clade of segmented animals, the Articulata, uniting annelids with arthropods. 
The hypothesis that nematodes are related to arthropods has important implications for 
developmental genetic studies using as model systems the nematode Caenorhabditis 

elegans and the arthropod Drosophi/a melanogaster, which are generally held to be 
phylogenetically distant from each other. 
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Role of Xrxl in xenopus eye development 

Andreaz_zoli M .. Gestri G, Angeloní D., Menna E .• Casarosa S.and Barsacchi G. 

Laboratorio di Biologia Cellulare e dello Sviluppo, Universita' di Pisa 

Eye development has been an active field of study ever since the beginning of lbe 
century. Although the main inductive events and morphogenetic movements have now 
been described in derails,little is still known about the molecular mecbanisms of these 
phenomena. We recently isolated Xrxl. a novel homeobox gene whose expression 
demarcates presumptive eye regions already at the end of gastiUlation. Later on during 
development Xrxl transcripts are detected in pigmented epithelium, neural retina, 
diencephalon floor and pineal gLmd. Overexpression of Xr.rl synthetic RNA leads to the 
generation of ectopic pigmented and neural retina as well as panial duplication of 
forebrain regions. The location of ectopic pigmented retina is always restricted between 
the eyes and the forebrain, a region that shows a transient competence to become retina in 
early development As a complementary approach to study Xrx1 functi.on, we geneca~:ed a 
fusion construct where the putative transactivation domain of Xrxl has been substituted 
by the engrailed repressor domain (Xrxl-EnR) . When overexpressed in developing 
embryos. this chimeric protein is expected to bind and repress t:he transcription of Xrxl 
natural target genes. Microinjection of Xr:d -EnR RNA in dorsal blastomeres leads to 
suppression of eye development and, in most severe cases, to deletion of anterior head 
regions. Bolh "gain of functionu and "loss of function" experiments suggest for Xrxl an 
important role in lhe development of the eye and anterior brain regions. The analysis of 
interactions between Xrxl and other homeobox genes expressed in the eye field (Xsix3 , 
Xpax2, Xpax6 etc.) is currently underway. 



Instituto Juan March (Madrid)

63 

. SlMON ERIC ASPLAND 
Department of ADatomy. University of Cambridge 
Downirig Street. CAMBRIDGE CB2 3D Y (u.K.) 

Tel.: 01223 333 751. Fax: 01223 333 786 
E-amil: sea@mole.bio.cam.ac.uk 

Mechanisms controlljn~ the nucleo=Cytoplumsic loC!!lisation of EXD 

The extradenticle protein (EXD) is a homeodomain tr.mscription factor which has an 

important role regulating the DNA-binding specificity of homeotic Selector protcins in 

Drosophilll.. Although EXD was ini.tially thought to be a ubiquitously available 

cofactor, 1 have recently found that the subcellulár localisation of EXD is under tight 

spatial, temporal and cell·type specific control (A.spland and Whit.e 1997). EXD is 

initially uniformly distñbutcd but is excluded froln nuclei until gastrulation. During the 

extended genn band stage protein remains predominantly cyloplasmic and does not 

accumulat.e in nuclei until germ band retracúon. Nuclear accumulation occurs in n 

highly spatially regulatcd pattem. Later in development, in the wing and leg irnaginal 

discs the subccllular localisation of EXD is also strongly pauemcd with distal rcgions 

exhibiting cytoplasmic EXD whereas in proximail regions EXD is nuclear. This 

con'elates well with lhe functional requírement fór EXD as proximal cd" clones show 

morphological changes whereas distal clones are normal. 1bis post-transcriptional 

regulation of EXD subcellular Iocalisation provides the basis for a novellevel of control 

of homeotic gene function. As nuclear localisatiqm is in general controlled by 

phosphorylation. the regulation of EXD localisaúon may link signal-transduction 

pathways with the regulation of homeotic gene tárget specificity. In this poster I will 

present ilie rcsults of a study examining this possibility more fully. The results of m y 

study on the regulation ofEXD should be of general significance ao; there is a clear 

sequcnce and functional homology between exd imd the vertebrnte Pbx family. 

Reference 
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Tbe murine H o:tc-9 .gene contaíns a structurally aod functionally conserved 

enbancer responsive to der:apen1aplegic in transgenic flies. 

Thomas Papenbrock1. Ron L. Peters'on2. Rache! S. Leel, Tien Hsu3, Atsushi Kuroiwa4, and 

Alex,ander Awgutewitsch5 

1 Department of Medicine,- 3 Centerfor Molecular and Structural Biology, and 5Hollings Cancer 

Center, Medica! University ·of S.outh Carolina. 171 Ashley Ave., Charleston, SC 29425; 

2Genetics Institute, 1 Burtt Road, Andover. MA 01810; 4Department of Molecular Biology, 

Sch~ol of Science, Nagoya Úniversicy, Nagoya 464--01, Japan 

Reponer gene analysis of:theBo.xc-9.genomic region in transgenic mice allowed us to identify a 

positiona! enhancer in the Ho.xc-9' .íntron that drives expression in the posterior neural tube of 

midgestation m o use embryos ·l.n a· iloxi:~9 related manner. Sequence comparison to the chicken 

Choxc-9 intron revealed the existehce of two highly conserved sequence elements (CSEs) in a 

similar spatial arrangement. 'Iiiese structural similarities in the mammalian and avían Iineage are 

mirrored by conserved·fuJ¡ction of the chicken Choxc-9 intron in transgenic mice. Deletion 

analysis of the two in.trons suggestS th~tfull activity of both enhancers depends on cooperation 

between the two CSEs located close to the respective 5' and 3' splice sites. Following the 

paradigm of phylogeoetically conserved.developmental control mechanisms, Drosophi/a was used 

as a model organism to study (be regulation of the Hoxc-9 intragenic enhancer. Our data show that 

the mouse Ho.xc-9 enhaneer acts in a con5erved fashion in transgenic flies. conferring posteriorly 

restricted reporter gene expression to the developiog central nervous system (CNS) in third instar 

larvae. Furthermore, this expression. is apparently downregulated upon heat shock-induced 

overexpression of d~capentapl~gic · (dpp), a fly homolog of members of the vertebrate 

transforming growth factor B: (TGFB) gene family. These results may encourage the use of 

transgenic flies in the genetic analysis of functionally conserved eohancers to gather clues about 

poteritial upstream regulators of vertebrate Hox genes. 
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Functiónal interactions between exd and the 
bitborax ¡:enes of Drosophila 

N. Azpiazu and Gines Morata. Centro de Biología Molecular Severo Ochoa. CSlC 
Universidad Autoooma de Madrid. 28049 Madrid 

Exd is a Drosophila homeodomain prmein closely related in the 
homeodomain to the Pbx family of mammalian proteins. One of the 
members of this family, pbxl, is rearranged in pre-B acute lymphoblasric 
leukemias (ALL}, involving a t(l;19) (q23;pl3) translocation. The 
translocation results in a replacement of tbe EA2 DNA binding domain 
with a homeodomaín derived from pb:rl. 

Exd has been shown to be able to interact with sorne HOX proteins of 
Drosophila to modulate their specificity. It has been proposed, that Exd 
might therefore act as a cofactor of the Hox proteins in the specification 
of larval pattems during embryogenesis. Albeit of being a homeodomain 
protein, with a DNA binding domain, Exd is localized to the cytoplasm of 
the cell at the beginning of embryogenesis. Later on the protein 
_translocates into the nuclei of the cells in the anterior part, but it remains 
cytoplasmic in tbe posterior segments of the embryo. The function of e:rd 
is at least in part regulatcd at the level of its subcellular localization, so 
that the nuclear e:rd seems to be the functional form of the·protein. In tbis 
work we bave investigated the regulation of the Exd intracellular 
d.istribution in Drosophila embryos. We deroonstrate that the subcellular 
localization of Exd is regulated by a group of HOX genes. the bithorax 
complex genes Ubx, abdA and AbdB of Drosophila. All three HOX 
proteins are capable of preventing the translocation of Exd imo the 
nucleus in the posterior segments of the embryo. We have also shown that 
the D-10 HOX protein, one of the mouse homologs to AbdB, is also able 
to interfere with the translocation of Exd into the nucleus when 
ectopically expressed during Drosophila development. Our results suggest 
that there might be a conserved mechanism by which HOX proteins 
regulate the presence of functional Exd protein in the nuclei of the cells. 

We have also investigared the functional interactions between the 
Drosophila HOX protein Ubx. and Exd. Clona! analysis show that nuclear 
Exd is necessary for the autoregulation of Ubx in Drosophila imagina! 
discs. Taken together our results suggest the presence of a regulatory 
loop by which the bithora.x. genes in Drosophila, and probably other HOX 
genes in vertebrales, regulate the arnount of functional Exd!Pbx that goes 
into the nucleus and with which they imeract to exert sorne of their 
functions . 
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Amphioxus Hox and Evx genes: Trunk Flexibility behind an archetypal cluster. 
David.E.K.Ferrier, Carolina Minguillón, Cristina Cebrián, Peter W.H.Holland* and Jordi Garcia
Femández. 
Departament de Genetica,Facultat de Biologia,Universitat de Barcelona,Spain. *School of Animal 
and Microbiai Sciences,University of Reading,England. 

We are interested in the evolution of developmentai mechanisms during chordate evolution, 
and are studying the Hox and Evx genes of amphioxus (Branchiostoma floridae) in this context. 
Amphioxus has emerged as an excellent embryologicai and genetic model system in which to study 
vertebrate ancestry, and subsequent evolution (1). Amphioxus is a Cephalochordate, and hence is a 
member of the sister group of the vertebrales. It possesses chordate morphological characteristics, 
such as a notochord, somites, gill arches, a tail and dorsal nerve cord, but lacks vertebrate features 
such as a tripartite brain, extensive cephalisation, neural crest and myelinated nerves. Al the genomic 
level amphioxus appears to retlect the pre-vertebrate state prior to the gene duplications and 
tetraploidisation events that occurred close to thc origin of thc vertebrales (2). The amphioxus Hox 
cluster provides the best example to illustrate tlús last point. 

Amphioxus has a single cluster, with no gaps, (it contains a member of each paralogy 
group, at Jeast up to group -10) (3). A gene of a particular paralogy group is more closely related to 
its homologues in other clusters than to its neighbours within its own cluster. Vertebrales have 4 
Hox clusters, none of which are complete, probably due to gene loss after the whole cluster 
duplications in the early vertebrales (2). The amphioxus cluster can thus be viewed as archetypai 
with respect to the clusters of vertebrales, at least up to paralogy group JO. 

We have now continued the genomic walk further S' from AmphiHoxJO, to allow a more 
thorough comparison to the vertebrales. The walk is still in progress, but so far we have isolated an 
AmphiHoxll , and the 3' pan of AmphiHoxl2. Although this walk is incomplete it has nevertheless 
become apparent that this posterior end of the cluster, AmphiHox9-12, is notas "archetypai" as the 
anterior end, AmphiHoxl-8. AmphiHox9-12 are not paralogues of the vertebrate Hox9-12 genes, 
and appear to be the product of independent tandem duplications. Within the higher chordates 
(cephalochordates +vertebrales), one-to-one homologies can be seen between each anterior Hox 
group from 1-8. This strong conservation is not present in the posterior Hox cluster, where there 
has been higher levels of intergenic and interspecies sequence divergence (4), greater variability in 
relative intergenic distances, and independent origins of the vertebrate and cephalochordate groups 
9-12. We call this phenomenon "Trunk Aexibility", to retlect the greater variability observed within 
the posterior chordate Hox genes, whose anterior boundaries of expression are within the chordate 
trunk. 

We have also begun an investigation of AmphiEvx genes. Vertebrales have two Evx genes, 
one on the end of cluster A (Evxl) and one on the end of cluster D (Evx2) . These locations may 
retlect either (1) the ancestral presence of Evx in the Hox clusters of chordates, or (2) the more 
recent movement of Evx onto the end of the clusters in vertebrales. The position of Evx relative to 
the cluster probably affects the function of the gene, since part of the expression of Evx2 resembles 
what would be expected for a Hox gene more posterior (S') to Hoxl 3 (S). 

We have isolated two amphioxus Evx genes (EvxA and 8). These genes are called A and B 
as their sequence indicates that they are not one-to-one homologues of Evxl and 2, and hence are 
the result of an independent duplication event. We are in the process of mapping the genomic 
Jocation of A and B by walking and chromosomal in situ hybridisation. The mapping of these genes 
and analysis of their expression patterns will help to establish sorne of the foundations from which 
the vertebrate body plan evolved. 

(l)H.Gec Narure 370:504-505( 1994) 
(2)P.W.H.Holland.J.Garcia-Fernandez.N.A.Williams and A.Sidow Development Supp/emenr ( 1994): 125- 133 
(3)J.Garcia-Fernimdez and P.W.H.Holland Narure 370:563-566(1994) 
(4)F.van der Hoeven,P.Sordino.N.Fraudeau.J-C lzpisúa-Belmonte and D.Duboule Mechanisms of Deve/opnrelll 54:9· 
21(1996) 
(S)P.Dólle,Y .Fraulob and D.Duboule De~ ·e / opme n t Supp/ement ( 1994 ): 143-153 
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11-IE DROSOPHILA TERMINALIA IS ORGANIZED AS A DISTAL VENTRAL 

APPENDAGE. N. Gorfinkiel and I. Guerrero. Centro de Biología Molecular, 

Madrid, Spain. 

In Drosoplúla the terminalia is cornposed by either the fernale or male genitalia 

and the sexual dimorphic analia that develop from a single genital imagina! 

disc. The terrninalia can be considered as a derived appendage of the 

segrnented polyrarnous lirnb of the cornrnon ancestor of all arthropods. In this 

sense, the genital disc would be of ventral origin like the leg and antennal discs. 

In accordance with this hypothesis, we have found that Dll, a horneobox gene 

that specifies ventral appendage development, is also expressed in female and 

rnale genital discs. In contrast with previous reports, clonal analysis of a Dll 

lack of function allele has shown that Dll is also required in the development of 

both rnale and fernale analia. 

In the leg and antennal discs, hh expression in the P cornpartment induces Wg 

and Dpp in ventral and dorsal anterior cells respectively. Dll expression is 

activated by the combined action of Wg and Dpp which in tum are maintained 

by mutual repression. We have shown that ectopic Dll expression in the 

proximal region of the leg disc is able to induce ectopic wg and dpp and hence a 

secondary P 1 D axis. 

In the genital disc this seerns to be also the case; Wg and Dpp abut the hh 

expression dornain and are overexpressed when Hh is ectopically expressed. 

Moreover, the Dll expression dornain overlaps with the Wg and Dpp ones, both 

in the presurnptive genitalia and analia, and ectopic Wg or Dpp results in the 

ctopic expression of Dll. We are currently studying the corresponding adult 

phenotypes of the lack of Dll function and also the consequences of ectopic 

expression of Dll. We are also analyzing whether the similarities between the 

leg and the genital disc extend to other pattem-forrning genes. 

These and other aspects of genitalia development will be discussed. 
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Evolution of development and changes in life history in insects 

Miodrag Grbic 

An important question in developmental biology is how phylogeny and life history interact 
to affect the course of evolution. Comparative studies indicate that developmental programs are 
broadly conserved within higher taxa and that fundamental regulatory pathways are often very 
similar between phyla 1be Hox/HOM gene complex, for example, regulates anterior-posterior 
patterning in both arthropods and chordates, and rnay likely be used in pattern formation processes 
across all bilaterian metazoa. Such trends indicate that ancestty obviously plays a significant role in 
shaping how organisms develop. Comparisons between higher taxa also suggest that 
developmental mechanisms evolve slowly and that modifications in embryogenesis are usually 
associated with marlced changes in adult morphology. 

On the other hand ecologists and developmental biologists have identi.fied severa! instances 
where distinct differences in embryonic development occur between closely related species without 
any concomitant changes in adult form. These studies indicate not only that alteratious in 
embryogenesis can occur without major consequences for the adult body plan but that adaptations ¡, 
early development rnay arise in response to changes in life history. An important goal is to now ask 
how phylogenetically widespread such punctuated changes in development might be, what kinds of 
life history shifts favor alterations in early development, and what mechanisms underly these 
changes? . 

If life history plays a role in shaping early development of insects, we would hypothesize 
that departures from the general insect developmental ground plan would most likely arise in group ~ 

whose eggs develop under conditions very different from those experierienced by insects generally. 
One such group is the parasitic wasps. Within this assemblage has also evolved polyembryonic 
species that form two or more individuals from a single egg . 

· The parasitic wasp Copidosoma f/oridanum represents the most extreme form of 
polyembryonic development known, forming up to 2000 embryos from a single egg. To 
understand the mechanisms of embryonic patterning in polyembryonic wasps and the evolutionary 
changes that led to this form of.development we have analyzed embryonic development at the 
cellular level using confocal and scanning electron microscopy. C. jlori.danum exhibited three 
phases of embryogenesis: 1) early cleavage that leads to formation of a primary morula, 2) a 
proliferative phase that involves partitioning of embryonic cells into individual compartments and 
formation of thousands of morulae, and 3) morphogenesis whercby individual embryos develop 
into larvae. This developmental program represents a rnajor departure from the insect 
developmental ground plan. The early developmenta) program of polyembryonic wasps shows 
severa! analogies with mammalian embryogenesis, including early separation of extraembryonic and 
embryonic celllineages, formation of a morula and embryonic compaction. However, the late 
morphogenetic program of polyembryonic wasps, from germband formation to the completion of 
embryogenesis, proceeds in a fashion conserved in all insects. This suggests a lack of 
developmental constraints in early development, but strong constraints in the late developmental 
program (phylotypic stage). 1be development of C.f/oridanwn and other polyembryonic insects 
suggests this form of development evolved in association with a shift in life history to 
endoparasitism. 

Nonetheless, homologous elements of the Drosophilil segmentation gene cascade function 
during polyembryony. Expression of the E ve antigen is detected in pre-gastrulation embryos from 
the posterior-end to 55% of the length of the newly formed primordium. This broad band of 
expression then rapidly resolves, anteriorally-posteriorally at gastrulation, into 15 stripes. No pan
rule expression pattem occurs in C. floridanum as seen in other advanced insects like Drosophilil 
and beetles. E ve expression is followed by appearance of the En protein; beginning in the posterior 
l-2 cells of the mandibular and labial segments followed by nearly simultaneous formation of the 
maxillary, thoracic and abdominal stripes. Expression of C.jloridanum Ubx/Abd-A occurs in a 
conserved pattem during post-gastrulation from the posterior metathorax to the eighth abdominal 
segment 

If the shift to endoparasitism is important in the alterations observed in early development of 
polyembryonic wasps, we would expect that similar alterations would also be found in 
monoembryonic endoparasitoids. To examine the consequences of an endoparasitic life history for 
insect embryogenesis, we focused on two parasitic wasps from the same family. Bracon hebetor is 
ectoparasitic braconid that lays its eggs on the bodies of caterpillars, whereas Aphidius ervi is an 
endoparasitic braconid that lays its eggs in the hemococl of aphids . As we would predict from life 
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history, Bracon lays yollcy eggs with a rigid chorion. Embryogenesis also proceeds very similar! y 
to Drosophila and the honeybee. Development begins by syncytial cleavage with the body plan 
becoming morphologically visible following cellularization of tbe blastoderm and gastrulation. 
Fonnation of the segmente<! germ band tbereafter occurs nearly simultaneously in a classically long 
germband fashion. The similarity in these events with other long germband species are 
corroborated molecularly by the expression pattems observed for repn:sentative pair-rule, segment 
polarity and homeotic genes. As in Drosophila, an antigen for tbe pair-rule geneEve is detecte<! in 
Bracon as a bread domain prior to cellularization of the blastoderm followed by a pair -rule pattem in 
odd-numbered parasegments and latec a segmentally re.iterated pattem. Homologs of the segment 
polarity and homeotic genes En and Ubx/Abd-A is are likewise expressed in a temporal manner 
characteristic of other canonicallong germ.band insects. 

In contrast, the eggs laid by Aphidius are et)Ciosed in a thin chorion and appear to be total! y 
devoid of yolk. Cell injection experiments confirm that the Aphúiius embryo undergoes holoblastic 
cleavage and that individual blastomeces become dye uncoupled by tbe 16-«11 stage. Like 
Copidosoma, a morula stage embryo ruptures fromthe chorion enveloped by membrane of polar 
body origin. Following formation of a compacted blastula, however, the germband extends along 
the anterior-posterior axis in the manner of a short germband species like the grasshopper. During 
this process, no periodic or segmenta! expression of Eve antigen is detecte<! even though E ve 
expression occurs !ater in severa! bilatellllly paired neuroblasts in a pattem conserved in al! insects . 
En stripes appear sequentially as the embryo initiates germ band extension that localizes to the 
posterior compartment of each segment, and Ubx/ Abd-A expression in Aphúiius is restricted to the 
abdomen in a conserved pattem to other insects. 

The differences in early development of Bracon and Aphúiius are as large as any described 
to date for insects in the comparative developmentalliterature. Y et, unlike grasshoppers and flies 
that reside in phylogenetically distant oroers, these wasps occur in a monophyletic group of 
advanced insects. The differences in their early development, therefore, are not due to vastly 
different phylogenetic histories; rather we suggest tbe shift from an essentially free-living, terrestrial 
existance (Bracon) to development within anotherorganism (Aphúiius) has favored adaptations in 
Aphidius for survival in a new environmenL In particular, the loss ofyolk anda chorion in 
Aphidius would appear to be a key alteration in tbe shift from syncytial to holoblastic cleavage and 
corresponding alterations in expression of genes regulating anterior-posterior axis formation. 
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Conserved functions of mammalian Gli transcription factors in Hedgehog 
signaling pathway 
Hui. C.-c., Ding, Q., Motoyama, J., Mo, R., Zinyk, D., Vaz, C., Gasea, S.l, Rossant, J.l, and 
Sasaki, H.2 Program in Developmental Biology and Division ofEndocrinology, Research 
Institute, The Hospital for Sick Children, Toronto, Ontario M5G 1X8, Canada; ISamuel 
Lunenfeld Research Institute, Mount Sinai Hospital, Toronto, Canada; 2Jnstitute of Molecular and 
Cellular Biology, Osaka University, Osaka, Japan. 

The Drosophila Gli zinc finger transcription factor Cubitus interruptus (Ci) plays dual roles in 
Hedgehog (Hh) signaling pathway. Genetic and molecular analysis has revealed that Ci functions 
as a downstream mediator of Hh signaling. Furthermore, ci function is required to rej:>ress hh 
transcription. In humans and mi ce, at least three Gli genes ( Glil, Gli2 and Gli3) ha ve been found. 
In humans, GU 1 has been identified as an amplified gene in many forms of tumor and GU3 is 
mutated in two dominant genetic disorders, Greig cephalopolysyndactyly syndrome and Pallister
Hall syndrome. M y laboratory is interested in studying the functions of the Gligenes during 
marnmalian developmenl We report here the characterization of early embryonic phenotypes of 
Gli2 and Gli3 mutants. In Gli2 homozygotes, floor plate differentiation is specifically abolished 
even in the presence of a normal notochord. Reduction of Ptc and Glil expression indicates that 
Gli2 homozygotes have diminished Sonic hedgehog (Shh) signaling. lnterestlngly, in Gli2 
homozygotes, motor neurons can be generated in the absence of floor plate differentiation. These 
observations suggest that Gli2 is essential for floor plate differentiation and that, similar to Ci, Gli2 
functions as a downstream mediator of Shh signaling. In Gli3 homozygotes, anterior neural 
structures are severely affected. We demonstrate that this is dueto ectopic Shh expression. 
Consistent with an upregulation of Shh signaling in the forebrain region, Ptc and Glil expression 
is elevated. Interesingly, in addition to ectopic Shh expression, there is also a slight 
downregulation of Ptc and Glil expression in the posterior part of the embryos. We fmd that the 
expression of nodal, a Shh-responsive gene, is specifically downregulated in the left lateral 
mesoderm. Furthermore, there is also ectopic expression of nodal. These observations suggest 
that Gli3 can function both as a downstream mediator of Shh signaling as well as a repressor of 
Shh. Our data indicate that the marnmalian Gli transcription factors possess evolutionarily 
conserved functions in Hedgehog signaling. 
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Hindbrain neural crest establishes the vertebrate craniofacial pattern by 
defining muscle attachment sites and branchial arch polarity 

Georg~ Kon&_es and Andrew Lumsden 
MRC ram velopment Programme, UMDS, Department of Developmental 
Neurobiology, Guy's Hospital, London SEI 9RT 

Cranial neural crest has long been suspected to be pivota! in patteming the verte
brate head and is thus thought to be the prime substrate of vertebrate head evolution ( 1 ). 
To investigate the influence of hindbrain segmentation on craniofacial patterning we have 
studied the long term fate of neural crest (NC) subpopulations of individual rhombomeres 
(r), using quail-chick chimeras (2). Mapping of all skeletal and muscle connective tissues 
developing from these small regions revealed several novel features of cranial neural crest 
with implications for our ideas on vertebrate head evolution. 

To our surprise, we found that both the lower jaw and tongue skeleton are com
pound elements derived from neural crest populations of multiple branchial arches. These 
elements display an organisation which precise! y reflects the rostrocaudal arder of seg
menta! crest deployment from the embryonic hindbrain. In these composite elements 
cryptic intraskeletal boundaries, which do not correspond with anatomicallandmarks, 
form sharply defined interfaces between rl+r 2-, r4 and r6+7 crest. A highly constrained 
pattem o( cranial skeletomuscular connectivity was found that precise! y respects the 
positional origin of its constitutive crest: each rhombomeric population remains coherent 
throughout ontogeny, forming both the connective tissues of specific muscles and their 
respective attachment sites onto the neuro- and viscerocranium. Focal clusters of crest 
cells, confined to the attachment si tes of branchial muscles, intrude into the otherwise 
mesodermal cranial base. In the viscerocranium, an equally strict, rhombomere-specific 
matching of muscle connective tissues and their attachment sites is found for all branchial 
and tongue (hypoglossal) muscles. Our study shows how individual rhombomeric neural 
crest populations can serve as the ultimate structural basis for craniofacial homology 
thoughout vertebrales. Their structural segmenta! coherence during ontogeny explains 
how cranial skeletomuscular pattem can be implemented and conserved despite radical 
evolutionary changes in the shapes of skeletal elements. 

Our finding of maintained rostrocaudallevels of hindbrain neural crest populations 
is a prerequisite for the notion that branchial arches are secondary morphogenetic fields 
with discrete axes: the proximodistal axis as defined by the distance of a neural crest cell 
with respect to the embryonic brain and foregut endoderm and a rostrocaudal axis of 
branchial arch polarity. Selective ablations, heterotopic hindbrain neural crest grafts and 
subsequent expression analysis of signalling molecules elicited from discrete regions of 
the branchial arch ectoderm revealed that these polar pattems are set up and exquisitely 
regulated by individual underlying neural crest populations. 

In a novel evolutionary scenario our experimental embryological studies illustrate 
the profound evolutionary implications of neural crestas a key vertebrate character: In a 
'New Head' cranial neural crest modifies initially un polar gill bars to branchial arches as 
polar structures by setting up polar sources of signalling molecules in the overlying head 
ectoderm. These signalling centers then influence in a feedback loop the underlying crest 
to form polarised skeletal elements which can evo! ve into sucking and biting apparatuses. 
The coherence of individually prograrnmed crest populations establishes a precise network 
of skeletomuscular connectivity, always link.ing the visceral skeleton to the braincase vi a 
muscle connective tissues of the sarne rhombomeric origin. This allows evolutionary 
molecular changes on al! three regionalising branchial arch axes during ontogeny without 
ever rendering their products, the visceral skeleton unfunctional. The elucidation of how 
exactly the molecular mechanisms of branchial arch regionalisation changed during verte
brate evolution are now lying ahead of us in a comparative approach of molecular embry
ology. 
1 )P. Ahlberg, N&V Evolutionary Biology: How to keep a head in arder, Nature 385, 
489-490 
2) Kontges & Lumsden, (1996). Rhombencephalic neural crest scgmentation is preserved 
througout craniofacial ontogcny, Development 122, 3229-3242 
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The role of gravity and genetic redundancy in the Evolutionary Emergence of 
Multlcellular Development and life Spans. 

Roberto Marco, Carlos Díaz, José Mas and Cristina Ugalde. 
Departamento de Bioquímica de la UAM 
Instituto de Investigaciones Biomédicas del CSIC 
Facultad de Medicina de la UAM 
Madrid, Spain. 

The increase in the number ot Biological Experiments in Space carried out 
during the last 10 years has made quite obvious the tollowing paradox: While 
experiments carried out with relatively simple biological systems, such as isolated 
and tissue culture cells, have given the overall consistent result that eucaryotic cells 
are able to sense and respond to the absence ot gravity by modifying their reactions, 
specially those connected with cell proliteration and signa! transduction pathways (tor . 
instance, Protein Kinase C activation), experiments in which more complex 
processes have been investigated, such as Biological Developmental Systems 
exposed to Microgravity have been surprisingly unattected by the Space 
Environment. This is in spite ot the tact that signal transduction pathways and cell 
proliferation are strongly involved in developmental decisions and mechanisms, and 
that currently, the range ot developmental systems exposed to this abnormal 
environment is quite large (trom nematodes, truit flies, sea urchins, fishes and trogs, 
to name a tew). In this presentation we will discuss the idea that at a certain phase 
during the evolutionary emergence ot multicellular organisms the cues laid by generic 
torces such as gravity that were possibly involved in the organization ot the primitive 
multicellular organisms m ay have become obscured/redundant by the appearance ot 
new, environmental independent biological regulatory mechanisms capable of 
reproducing the same processes originally driven by the gravitational vector. The still 
poorly understood cellular and molecular mechanisms underlying these processes 
may be one ot the reasons tor the small effect ot the absence ot gravity on 
development, in the same way as the involvement of ditfusion-controled 
autoorganizative processes has been very ditficult to establish in present 
developmental systems, since new mechanisms based on transcriptionally related 
gene networks evolved possibly substituting the previous generic mechanisms. Due 
to the key importance ot the coordination and performance ot these different activities 
and operations for the overall process ot development, biological systems evolved 
quite early during the appearance ot Multicellularity the capability ot imitating and 
assimilating the processes that had been betore driven by generic and physical 
torces such as gravity, diffusion-driven reactions, etc. The increasingly recognised 
role ot the redundancy of the biological processes involved in Development may be 
another aspect ot the same phenomenon, guaranteeing the robustness and high 
probability of success ot these critica! processes. On the other hand, behavioural 
responses that may be important, tor example, to set the lite spans ot organisms may 
be still readily susceptible to manipulation by externa! cues as experiments carried 
out in Space by ourgroup with Drosophila melanogastersuggest. 
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Transcription factors regulating odontogenesis 
Thimios A. Mitsiadis and Christo Goridis Developmental Biology Institute of 

Marseille, IBDM, Campus de Luminy case 907, 13288 Marseille Cedex 9, France 

The molecular mechanisms governing the decision between molariform and 

incisiform pattems of rodent dentition are not yet known. Transcription factors are 

regulators of place-dependent morphogenesis and key coordinators of gene activity 

during developmental processes . Here, we analysed the expression of severa! 

transcription factors during mouse tooth development and studied its regulation in 

dental explants. Otlx2/Rieg is a homeobox gene involved in Rieger syndrome, a human 

disorder characterized by dental hypoplasia. Otlx2/Rieg expression distinguishes 

stomatodeal epithelium well before tooth initiation, and thereafter its expression 

becomes restricted to the epithelia of both molar and incisor primordia. Tissue 

recombination experiments showed that the maintenance of its expression requires 

signals from the mesenchyme. The recently identified homeodomain transcription factor 

Barxl is first expressed in mesenchyme of the first branchial arch, but during advanced 

developmental stages the gene is exclussively expressed in the mesenchyme of molar 

primordia and strictly complements the expression pattern of Otlx2/Rieg in dental 

epithelium. Finally, the Sry-related transcription factor Sox9 is expressed in epithelial 

components and to a lesser degree in condensed mesenchyme of the developing teeth. 

These results suggest that Otlx2/Rieg, Barxl and Sox9 participate in the hierarchical 

cascade of factors involved in the regulation of tooth morphogenesis. 
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CAUDAL GENE FUNCTION IN DROSOPHILAADULT 

Caudal is an homeobox containing gene first detected as maternal transcripts 
that forro a gradient with maximum levels at the posterior pole of the egg 
(Mlodzik et al, 1985). This gradient is replaced later in development by zygotic 
transcripts wich also accumulate in the posterior of the embryo, parasegment 
15 in the epidermis. Zygotic caudal mutants elimina te the tuft, the anal pads 
appear reduced and the anal sense organs look abnonnal. The mutant 
phenotype dosel y correspond to the pattem of expression (McDonald&Struhl, 
1986). The caudal gene is also expressed in the genital disc, specifically in a 
posterior portion of the dorsal epithelium that gives rise to the anal plates and 
the rectal ampulla of the hindgut in the adult, and both mal e and female flies 
carrying the cad1 allele lack anal plates. 

We have used a new technique that allows direct visualization of gene patterns 
in adult Drosophila (Calleja, M.; Moreno, E.; Pelaz, S. and Morata, G. (1996) 
Visualization of Gene Expression in Living Adult Drosoplúla. Science, 274,252-
255.) to show -using a p-element insertion located at 38E by in si tu to polytene 
chromosomes and wich be ha ves asan lúpomorphic mutation of caudal- that 
caudal expression is restricted to female and maJe analia. 

To study adult function of caudal we perfonned an ectopic expression 
experiment using GAlA-U AS method. From tlús experiment it is shown that 
ectopic expression of caudal protein can transform dorsal appendages like the 
wing -but not the haltere- towards analia and, as analia has a sexual 
dimorplúsm, transfonnation conserve this character. We have not been able to 
transform trunk regions towards analia. 
The experiments suggest that: 1) caudal is an homeotic gene required for 
providing analia identity, 2) the analia is an appendage and 3) caudal is 
phenotipically suppressed by other homeotic genes Iike Ubx. 
As there ha ve been found severa! homologues of caudal in vertebra tes and 
othér insects with a similar pattern of expression and mutant phenotypes (for 
example Cdx2 haplo-insufficient mutant mice display a shortened or kinky tail) 
l propose that they are all members of a family of genes required for providing 
the homeotic information of terminal structures. 

Eduardo Moreno 
Lab. 405, Centro de Biología Molecular Severo Ochoa 
Fac. Ciencias, Universidad Autónoma de Madrid. CantoBlanco 
28049-Madrid, SP AIN 
Fax: 34/11397 47 99 
Te!: 34/1/397 84 74 
email: emoreno@trasto.cbm.uam.es 
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Functional Oissection of the "YPWM" motif in Antennapedia. 
D. Resendez-Perez, B. Bello, and W. Gehring. Biozentrum, University 
of Base/ Klingelbergstrasse 70, CH4056 Base/, Switzerland. 

Protein sequence comparison of many homeotic gene products 
showed that in addition of the homedomain exist another · highly 
conserved peptide region, the "YPWM" motif. This conservad motif is 
located upstream of the homeodomain in most of the homeotic genes 
and its connected to the homeodomain by its N-terminal flexible 
arm. Many homeotic genes share more than than just the 
tetrapeptide, Antennapedia (Antp) from different specles share 12 
amino acids in this region. 

In arder to test the functional role of this conservad region in 
Antp, we ha:ve analyzed a series of alanine substitution in 
transcriptional assays in cell culture and in vivo by expression in 
Drosophila embryos and larvae. We have tound that the flanking 
regions of the conserved "YPWM" motif actívate transcription and 
generate homeotic transformations very similar to the wild-type 
Antp embryos. Surprinsingly, alanine substitution of the "YPWM" 
motif had a dramatic effect in Drosophila, no homeotic 
transformations were observed in embryos. Compared to the wild
type Antp, the •vPWM" mutated proteins are over-expressed in 
Drosophila embryos at the same level. targeted to the nucleus, bind 
te target sites in vitro and the transcriptional activation potential 
had not been affected. Rather, it appears that were more effective 
activating the transcription. 

Our results suggest that the conserved "YPWM" motif is crucial 
for the biological activity of the Antp protein and may be involved in 
protein-protein interactions in vivo that define target specificity. 
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bicoid as a phylogenetic addition to tbe insect body plan 

E. A. Wimmer, A. Carleton, A. Wong, M. Simpson~Brose, T. Turner & C. Desplan 
Howard Hughes Medica) lnstitute, The Rockefeller University, New York, U.S.A. 
Both bicoid (bcd) and hunchback (hb) have been shown to actas morphogens in patterning the 
fly embryo along the anteroposterior axis. hb has been identified in a wide variety of arthropods 
and annelids, whereas bcd seems restricted to higher dipterans. Therefore, bcd might be a newly 
acquired gene which serves in head development and gradually replaces the function of the 
ancient morphogen hb. 
Here we show that wild-type levels of bcd activity are sufficient to pattern the embryonic head 
in the absence of hb activity. However, hb becomes absolutely essential for bcd function, when 
the leve) of bcd activity is reduced to about half of wild-type level, an amount which is sufficient 
for normal anterior development in the presence of hb. bcd and hb are therefore able to 
synergize with each other in order to organize anterior development. 
The problem in studying the specific roles of the morphogens bcd and hb líes in the bcd
dependen! activation of hb. Thus, whenever bcd activity is altered, · the hb activity is also 
indirectly changed. To overcome this problem, we have developed a system that allows us to 
study the two morphogens independently of each other. 
Currently, we are investigating whether the bcd-dependent expression of hb is indeed required. 
It has previously .been shown that zygotic hb expression can completely substitute for the Iack of 
maternal hb. We have indications that maternal hb can similarly substitute for the zygotic, bcd
dependen! hb expression. This suggests that the two morphogenetic systems, bcd and hb, do not 
need to be directly linked, which would reflect their independent evolutionary origins. 
lt has previously been shown, that bcd and hb have redundant functions in patterning the central 
region of the embryo. Here we show that bcd and hb have also redundant functions in 
suppressing the formation of posterior terminal structures at the anterior. However, only bcd 
seems able to induce the development of anterior terminal and head structures by itself. 
Therefore, bcd seems absolutely required and also sufficient for the establishment of the most 
anterior part of the fly embryo. This raises the question of how this region is defined in non
dipteran organisms. 
To address this question, we are testing whether, in the presence of the hb gradient, the graded 
distribution of bcd is dispensible. Other studies ha ve shown that anterior head structures develop 
even in the presence of low levels of bcd. We are examining whether bcd distributed equally 
along the anteroposterior axis is able to rescue the lack of normal bcd activity, as long as the hb 
gradient is unaltered. lt is conceivable that bcd acts as a 'generic' activator which is required for 
the activation of anterior specific genes, but whose graded distribution is in principie 
unnecessary. This could lead to speculations about which other 'generic' activators might fulfill 
this role in organisms lacking the bcd gene. 
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