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Segmentation in Drosophila is a sequential process directed by at least 30 
genes that encode various types of proteins, including: many transcription 
factors; a putative RNA-binding protein; a membrane-associated receptor 
kinase; several intracellular protein kinases; a number of secreted signaling 
molecules; and others of unknown function. Although the detailed 
molecular reactions used to generate the metameric subdivisions of the 
embryo are not yet understood, a general outline of the processes involved 
has been described. The manner in which spatial relations in the developing 

embryo are established can now be described. 
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Introduction Formation of the anterior/posterior axis 

Segments are among the earliest morphological manifes- 
tations of regional specialization in the Drosophila em- 
bryo. They are thought to represent equivalent develop- 
mental units of the organism, and to provide a framework 
for the diversification of body parts during subsequent 
differentiation. As a paradigm for studying how spatial 
information is encoded and transmitted, the processes 
that lead to the pattern of segments in the Drosophila 
embryo have been the subject of intense investigation 
during the past decade. From these studies has come the 
understanding that information defining position along 
the embryo’s anterior/posterior (A/P) and dorsal/ventral 
(D/V) axes is encoded in the form of protein gradients. 

The elegant studies which provide the experimental basis 
for this conclusion suggest that small differences in the 
concentration of protein morphogens direct the selection 
of different developmental pathways. The implications of 
this conclusion are both profound and far-reaching. Nu- 
merous reviews summarizing the results of these stud- 
ies have appeared recently [ 1,2]. In addition, the genesis 
of the cephalic segments [3], the response of the gap 
genes to maternal regulatory signals [4], the interactions 
between the products of gap genes and the promoters 
of the pair-rule genes [ 51, and the cellular interactions 
which define the parasegmental subdivisions [6,7] have 
also been reviewed recently. It is beyond the scope of this 
discussion to explore in detail the many issues addressed 
in these previous reviews. Instead, we provide a general 
overview, while emphasizing those aspects relevant to un- 
derstanding how the genes and gene products involved 
encode positional information along the A/P axis. 

The Drosophila egg is asymmetrically shaped, with ante- 
rior and posterior poles and dorsal and ventral surfaces 
that are clearly distinct. Although development repro- 
ducibly positions the embryo within this structured egg, 
remarkably few of the materials that make up the egg 
are sequestered in restricted locations. Rather, most of 
the RNA and protein in the egg appear to be distributed 
uniformly within either the egg membranes or cytoplasm, 
and there is little to suggest the presence of a blueprint 
for subsequent development. Indeed, the complex pat- 
terns produced in the first hours of development rely on 
few localized factors. Three separate and largely indepen- 
dent systems are involved in generating the 4/P positional 
axis (Table 1). These have been called the anterior, pos- 
terior, and terminal systems. The terminal system has 
no known pre-localized germline components, and the 
other systems have few. Yet, within 2-3 h of fertilization, 
precise patterns are generated that can uniquely identify 
single rows of cells among the more than 4000 cells that 
make up the embryo. 

Among the exceptional molecules in the maternal dowry 
that are localized during oogenesis are two that direct the 
anterior and posterior systems. In the anterior system, 6t 
coid (bcd3 mRNA is tightly sequestered at the anterior tip 
during oogenesis [ 8,9]. Sequences in the 3’ untranslated 
(3’ UTR) region of the bcdmRNA have been implicated 
in its anterior localization [lo], a process requiring the 
participation of the products of three other genes, ex- 
uperentka, swallow, and stuufen. Produced only after 
fertilization, the diffusion of bed away from the ante- 
nor pole generates a concentration gradient during the 
precellular stages of embryogenesis [ 111. The bed pro- 

Abbreviations 
AIP-anterior/posterior; bed-bicoid; D/V-dorsal/ventral; eve-even-skipped; ftz-/ushi tarazu; 3’ UTR-3’ untranslated region. 
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Table 1. Segmentation in Drosophila is directed by at least 30 genes. 
. 

;ene Relevant sequence motif Reference 

datemal: bkd, moos 
Gcoid 
:appuccino 
?xuperantia 
nago nashi 

?dllOS 

xkar 
ximilio 
ipire 
iladen 
idlOW 

udor 
/alois 
Rsa 

m 
5urronhead 

?mpry spiracb 
giant 

Lluckebein 
hunchback 
wthodenficle 
knirps 
Ktippel 
Sp.Vl 

lailless 
trunk 

Homeodomam 191 

No recognizable motif I851 
No recognizable motif 186.871 
No recognizable motif lssl 

No recognizable motif 1891 
RNA-binding motif 1901 

No recognizable motif 191 I 

Homology elf4A 192,931 

Homeodomain I141 
Leucine zipper [941 

DNA-binding motif 1361 
Zinc finger I191 

Homeodomain 1951 
Zinc finger 1961 
Zinc finger 1971 
Zinc finger 1981 
Zinc finger 1991 

Termind seem 
corkscrew 

Dsor1 
lorkhead 
fSll~Na*ral 

fsfl)pofe hole 
huckebein 
If l@o/e hole 
hlS1 

son 01 sevenless 
tailless 
rorso 

%ir rule 
wen-skipped 
ushi turazu 
laity 
tiddd-paired 

tid-skipped 
wired 

YrN 

iegment polarity 
trmadiflo 
wrow 

costaf-2 
xbifus interruptus-Dominant 
jishevelled 
wgrailed 
klsed 

gooseberry 
hedgehog 
lines 
naked 
Datched 
porcupine 
shaggy Lzestewhire 31 
sloppy paired 
smoothened 
wingless 

Tyrosine phosphatase 
MAP kinase 

forkhead domain 

DNA-binding motif 
raf; SeriThr protem kinase 

,a* 

ras activator 
Zmc finger 

Receptor tyroscne kinase 

Homeodomain 
Homeodomain 
Helix-loop-helix 

Zinc finger 

Zinc finger 
Homeodomainipalred domain 

No recognizable motif 

Plakoglobin homolog 

Zinc finger 

Homeodomain 
Serffhr protein kinase 

Homeodomainlpaired domam 
Membrane or secreted 

Membrane 

Ser/Thr protein klnase 
forkhead domam 

Secreted protein 

125-l 
1271 

IlMll 

1361 
11011 
11021 

11031 
1991 

l29.1041 

l105.106l 
1107~1091 

11101 
(I Mullen. S DnNardo. 

personal communicat8onl 

11111 
Ill21 
11131 

I611 

1651 

1531 
1571 

1551 
164.70.114.1151 

159.601 

I611 
1561 

182.116.1171 

Caps in the Table indicate genes not yet cloned. 
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tein is a transcriptional regulator that is thought to act as a 
morphogen by eliciting distinct transcriptional responses 
from its several targets at different concentrations of pro- 
tein. 

The instructional capacity of the bed gradient has been 
demonstrated in two ways: by showing that altering the 
maternal gene dosage of bed alters the A/P propor- 
tionality of the embryo [11,12**], and by assaying ex- 
pression from synthetic target genes to show how the 
broad monotonic gradient of bed protein might be trans- 
duced into smaller domains of expression of its targets 
[12**,13]. These latter studies characterized putative tar- 
get sequences in the hunchback! promoter, and it bears 
stating that the relevance to hunchback expression of 
binding sites with a range of affinities for bed protein 
is not understood. That is, it is not known what roles 
these different binding sites have in hunchback, regu- 
lation. Furthermore, the implicit assumption that such 
binding sites exemplify the regulation of other target 
genes is only that. At this point, we can only assume that 
target genes activated in the more anterior regions have 
low-affinity binding sites for bed, whereas target genes ac- 
tivated in the more posterior regions have sites that bind 
bed with higher alfinity. Binding sites that might mediate 
activation by bed have been identified in the regulatory 
regions of several other putative targets of bed regulation 
(e.g. buttonheacJ ortbodenticle, empty spiracles, giant, 
and even-skipped (eve); [3,14-211). However, it has yet 
to be shown directly that different threshold concentra- 
tions of bed determine where the domains of expression 
of these or other target genes are placed. 

In the posterior system, YZLWOS RNA is tightly sequestered 
at the posterior pole. Sequences in the 3’ UTR of the 
nunos mRNA have been implicated in its posterior local- 
ization, a process that requires the function of at least 
seven genes (cappuccino, oskar, spire, staufen, tudor, 
valois, and vasa). The nanos protein is produced only af- 
ter fertilization and is found distributed in a gradient that 
peaks at the posterior pole [22]. The protein is thought 
to have a novel activity, targeting specilic mRNAs for trans- 
lational repression and/or degradation [ 231. Sequence 
elements that are nanos-responsive have been charac- 
terized in the 3’ UTRs of bed and hunchback mRNAs, 
and nanos-dependent repression of these transcripts is 
permissive for abdominal development. One presumes 
that the gradient of nanos protein is important for shap- 
ing the distribution of hunchback transcripts, such that 
the concentration of nanos protein provides an instruc- 
tional measure of distance from the posterior pole by 
proportionally reducing the concentration of hunchback 
RNA. However, evidence to indicate that the form of the 
nanos gradient controls where abdominal segments de- 
velop has yet to be reported. 

Despite the tight association of bed and nanos FUUs 
with the anterior and posterior poles of the embryo, 
respectively, bed and nanos functions are not primarily 
responsible for the development of the most anterior 
and posterior regions of the embryo. Rather, a sepa- 
rate terminal system is required for the anterior head 
(the acron) and for the tail (the telson). In contrast to 

the anterior and posterior systems, the terminal system 
has no determinants known to be localized in the em- 
bryo. The terminal pathways are thought to be initiated 
by a signaling pathway that is controlled by a tyrosine 
receptor kinase, torso. This protein is synthesized after 
fertilization, and distributed evenly within the plasma 
membrane of the embryo, but is thought to be acti- 
vated in a spatially localized manner by cues emanating 
from one or several of the immediately adjacent somatic 
cells [ 24 I. Genes products that have been implicated in 
the signal transduction pathway include l(l)pole hole (a 
serine-threonine kinase homolog), corkscrew (a tyrosine 
phosphatase homolog), rasl, son of sevenless (a positive 
regulator of rasl), and Dsorl (a hL4P kinase homolog) 
[25*,26*,27]. Ongoing studies promise to identify addi- 
tional components of the torso signal transduction path- 
way [ 281, and, ultimately, to reveal how activation of torso 
leads to position-dependent responses of target genes in 
the terminal regions. It is unclear at present whether the 
distribution of activated torso at the poles is graded, and 
whether such a graded distribution is instructive. Such a 
mode1 is formally possible [ 1,291, whereby this graded 
distribution elicits different concentration-dependent re- 
sponses from the signal transduction pathway. Another 
possibility is that, “activated torso might act more like a 
switch, triggering terminal development after a threshold 
level of torso activity is achieved” [30]. Triggering such 
a switch might involve the synthesis or activation of an 
as yet unidentified transcription factor, whose distribu- 
tion is subject to diifusion, and is therefore graded and 
instructional. 

In summary, the A/P axis is established during the first 
several hours after fertilization of the Drosophila em- 
bryo by three independent systems, two of which rely 
on prior localization of determinants during oogenesis 
(bed for the anterior system and nanos for the posterior 
system), and one of which relies upon localized activa- 
tion of a signal transduction pathway (the terminal sys- 
tem). These systems operate during the period of rapid 
nuclear divisions, prior to cellularization of the embryo. 
In the anterior and posterior systems, positional informa- 
tion is thought to be encoded in the form of gradients of 
protein concentration, and to be elaborated by response 
elements in target nucleic acids that differ subtly in their 
relative aiEnities. The mechanism through which activa- 
tion of the torso receptor leads to position-dependent 
gene activation at the embryo poles is less well under- 
stood. 

Elaborating the pattern in the syncytial 
blastoderm 

The broad concentration gradients of bed and nanos pro- 
tein that form along the length of the embryo activate 
a cascade of cross-regulating genes during the syncytial 
blastoderm stages. All of these genes encode transcrip- 
tion factors whose targets include other members of 
the cascade. Based upon their phenotypes and times 
of activation, these zygotically-expressed segmentation 
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genes ch be classified into three classes - the gap, 
pair-rule, and segment polarity genes. The central gap 
genes, which are expressed in the middle of the embryo, 
include hunchback, Ktippel, knirps, and giant. They are 
expressed exclusively in restricted domains that will ulti- 
mately give rise to groups of contiguous segments along 
the A/P axis. Recent analysis suggests that the deployment 
of gap genes is accomplished in two steps [12.-l. First, 
huncbbhck expression is activated anteriorly by bed and 
translation of the hunchback transcripts is blocked poste- 
riorly by nanos. Second, the resulting gradient of hunch- 
back protein activates the Ktippel, knirps, and giant gap 
genes in a series of broad domains, presumably by pro- 
viding a series of concentration thresholds that indepen- 
dently regulate each gene. The Krtippel, knirps, and giant 
proteins are themselves thought to form short-range mor- 
phogenetic gradients that help to refine their respective 
expression domains [31-341. Such mutual interactions 
are thought to involve competition by activators and re- 
pressors for overlapping sites in the regulatory regions 
of the respective genes [ 351. 
At the poles of the embryo in the zones where torso re- 
ceptor is activated, two terminal gap genes, tailless and 
huckebein, are expressed. Although the spatial control of 
tailless and buckebein is not understood, mutual interac- 
tions between these genes, which both encode transcrip- 
tion factors, are not involved [36]. Nevertheless, tailless 
protein is distributed in a gradient that overlaps anteri- 
orly with the bun&back domain and posteriorly with the 
knitps domain. Expansion of these domains toward the 
anterior and posterior poles in taillessand huckebein mu- 
tant embryos, respectively, suggests that one of the func- 
tions of the terminal gap genes is to repress hunchback 
and knirps [36]. A role for bed in the development of the 
acron is suggested by the mis-expression of tailless and 
associated developmental defects in bed mutant embryos 
[371. 
In summary, a set of six transcription factors are synthe- 
sized in restricted domains along the 4/P embryonic axis 
in response to maternal signals (Fig. 1). In the central 
part of the embryo, these domains are defined in part by 
broad gradients of bed and nanos protein. Subsequent 
input from cross-regulatory interactions among the gap 
gene products helps to refine the relative placement of 
these domains along the A/P axis. 

Refining the pattern in the cellular blastoderm 

The broad bands of gap gene expression along the A/P 
axis lead to a more refined and higher resolution pat- 
tern of pair-rule and segment polarity gene expression 
during nuclear cycle 14. For the pair-rule genes, expres- 
sion patterns describe seven transverse stripes that corre- 
spond to two segment intervals along the body axis; their 
expression patterns bring the first signs of metameriza- 
tion. Since the expression pattern of each pair-rule gene 
has a similar periodicity but different registration, unique 
combinations of pair-rule gene products are expressed 
in each cell. 

bicoid --‘> 

nanos (I_-) 

hunchback 

a3 

Krijppel 

CD 

knirps 

giant $!E 

tailless 

D 

huckebein 

Fig. 1. Schematic representation of the expression of the bicoid, 
nanos, and the gap genes hunchback, Krtippel, knirps, giant, tail- 
less and huckebein at the syncytial blastoderm stage. the six gap 
genes encoding transcription factors are expressed in defined do- 
mains along the A/P embryonic axis (indicated by differential 
standing). In the central region of the embryo, the domains of 
expression are partly determined by the bicoid and nanos pro- 
tein gradients. Subsequent cross-regulatory interactions among 
the gap gene proteins further define the placement of the do- 
mains along the A/P axis. 

Two types of mechanisms are thought to be involved in 
activating the striped domains of pair-rule gene expres- 
sion. For the so called primary pair-rule genes, hairy and 
eve, different stripes are independently regulated by sep- 
arate sequence elements, so called ‘stripe response el- 
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ements’ [3%40]. These sequence elements are thought negative regulatory sites transform a continuous pattern 
to be regulated by overlapping subsets of gap genes that of gene expression into discrete stripes. 
either activate (in the regions of expression) or repress 
(in the interstripe regions). The best studied example is 

The eve and Jtz expression domains change shape con- 
tinuously during the course of cellularization and gastru- 

the element responsible for expression of eve stripe 2. 
In this 480 bp element, closely linked binding sites for 
hunchback, Kriippel, giant, and bed proteins have been 
mapped [41*]. Activation is thought to be mediated by 
the combined action of both hunchback and bed. The 
limits of expression are thought to be deftned by the 
repressive effects of giant anteriorly and by Kriippel pos- 
teriorly [42]. Presumably, the other eve stripes respond 
to other combinations of gap and maternal regulators. 

Studies of the epistatic relationships among the pair-rule 
genes indicate that expression patterns of the so called 
secondary pair-rule genes (lib taram CRZ), paired, 
oddpairea: and oddsk@ped) depend upon the prior ex- 
pression of eve, runt and hairy. Among these secondary 
pair-rule genes, regulation of Jz is best understood. In 
contrast to the organization and regulation of eve and 
hairy, control of all of the seven ftz stripes is mediated 
through a single regulatory element. The expression of 
ftz is initially activated in a broad domain extending 
from l&70% of the egg length, and repression in the 
interstripe regions generates the striped pattern [43]. 
A 669 bp ‘zebra element’ in the J?z regulatory region 
has been shown to contain binding sites for a multi- 
tude of activating and repressing transcription factors 
L44-461. The positive regulatory sites can mediate ex- 
pression throughout most of the germ band, while the 

lation. Initially, the stripes are broad, with diffuse and 
overlapping borders, and the distribution of protein 
within each stripe is bell-shaped. These stripes subse- 
quently narrow, as the expression of each gene is extin- 
guished in single rows of cells in the regions of overlap. 
Sharply defined expression domains of each gene remain, 
leaving rows of cells expressing neither gene in between 
[47-49]. The stripes of Jtr and eve expression are no 
longer symmetric, but have anterior margins that ex- 
press strongly and are sharply deiined, while the pos- 
tenor margins are less well defined [50]. Normally, the 
stripes of expression of each gene narrow to the same 
extent, and so remain equal in width and evenly spaced. 
However, in mutant embryos that either partially inacti- 
vate eve [48,51], or that hyperactivate ftz [49], the spac- 
ing of the stripes becomes unequal. For instance, in eve 
mutant embryos, fu stripes remain symmetric, lack sharp 
borders [ 511, and the metameres that subsequently form 
are spaced unevenly [48,49] (Fig. 2). These observations 
suggest that the regular spacing of the segmental primor- 
dia that is characteristic of normal embryos is dependent 
upon the mutually antagonistic activities of the eve and 
ftz proteins. The immediate response ofJtr transcription 
to ectopic synthesis of eve protein suggests that these ac- 
tivities may be direct [52]. 
In summary, transcription factors produced in successive 
waves lead to the periodic expression of a set of seven 

(a) 

Fig. 2. Distribution of hedgehog RNA in the (a) wild-type and (b) even-skipped mutant embryo. A ventral view of the gnathal and thoracic 
region of germ band extended embryos after in situ hybridization reveals that the stripes of hedgehog RNA are evenly spaced in the 
wild type, but are unevenly spaced in eve3.77.77 mutant embryos. 
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pair-rule genes. The regularity of the final pattern is, in 
part, a consequence of the finely tuned Ipechanisms that 
produce eve and ftz proteins in functionally equivalent 
quantities. This process transduces a pattern established 
by at least five different genes (bed giant, hunchback, 
Ktippel, and knirps) to a more refined one directed by 
only two. Presumably, any irregularities in the spacing of 
the initial domains of expression of the pair-rule genes 
can be corrected by these mutuatly antagonistic interac- 
tions. 

Refining the pattern after cellularization 

The segment polarity genes elaborate the final step in the 
sequential process that controls successively liner aspects 
of segmental patterning. These genes assume control of 
the segmentation process as cellularization of the embryo 
is completed and gastrulation commences. In contrast to 
the gap and pair-rule gene products, all of which are 
transcription factors that function in nuclei in an acel- 
Mar environment, the segment polarity gene products 
are diverse in character and mediate communication be- 
tween the newly formed cells of the embryo. Some of 
the segment polarity gene products are likely to be nu- 
clear transcription factors (engrailed [53,54], goosebeny 
[55], and sloppy-paired [56]), while others are protein 
kinases (fused [57] and shaggy [58]), membrane-asso- 
ciated (patched [ 59,601 and armadillo [61] >, or are se- 
creted (wingless [62,63] and, perhaps, hedgehog [64] >. 
Our understanding of their roles and relationships is 
rudimentary at this time. 

The segment polarity genes are expressed in various dif- 
ferent patterns in the newly cellularized embryo (Fig. 3). 
Several @sed [57], sham) [58], cubitus hterruptus- 
Dominant [ 65,661, and armadillo [67]) are expressed 
ubiquitously or in broad domains. Others (engrailed 

[ 54,681, wingless [ 691, hedgehog [70], patched [ 59,601, 
and goasebery [ 551) are expressed in segmentally reiter- 
ated stripes. The gene wingless is expressed in the cells 
lacking either ftz or eve protein, elzgrai/ed and hedge 
bog are expressed in the most anterior cell of each of 
the fIz and eve stripes. The patched gene is expressed 
in the cells not expressing engrailed and gooseberty 
is expressed in the engrailed- and wingLess-expressing 
cells. These patterns of expression are thought to be a 
consequence of a combination of positive and negative 
influences from the pair-rule gene products, although the 
details of the interactions are yet uncertain. The critical 
point is that engrailed, u~ingless, hedgehog. patched, and 
gooseberry expression appears to be inaugurated by the 
pair-rule hierarchy in a manner that is independent of any 
other segment polarity gene products. 

Shortly following the completion of cellularization and 
gastrulation, pair-rule gene expression fades, while ex- 
pression of the segment polarity genes continues. At 
this stage of development, interactions among the seg- 
ment polarity gene products themselves determine the 
expression patterns of the segment polarity genes. For 
example, ulingless and engrailed become dependent 
upon each other for their continued and stable expres- 
sion [ 71-741. Communication between engrailed- and 
wingless-expressing cells that foster such interactions 
are thought to involve most of the other segment po- 
larity genes [6,72,75-771, although the complexity of 
this multi-step process has so far obscured a clear un- 
derstanding of its nature. A further complicating aspect 
is that as the embryo matures, the patterns of wing- 
les and engrailed expression change [ 69,781, and the 
nature of the interactions between the segment polarity 
genes changes as well. For instance, whereas a positive 
feed-back loop maintains wingless and engrailed expres- 
sion initially, later on wingless and engrailed become in- 
dependent of each other and become dependent upon 
other interactions [74,79]. The complete catalog of these 
interactions is still being assembled. 

fushi tarazu 

ewn-skipped 
------__-------- 

engrailed, hedgehog 

wingless 

Fig. 3. The domains of expression of the 
pair-rule and segment polarity genes. 
At cellular blastoderm stage, engrailed 
and hedgehog are expressed in the 
cells that contain the highest level (in- 
dicated by the darkest shading) of ei- 
ther lushi larazu or even-skipped - 
the most anterior cells of their respec- 
tive stripes. The wingless gene is ex- 
pressed in cells anterior to the engrailed- 
expressing cells, thereby demarcating 
the parasegmental borders. The goose- 
berry gene is expressed in the engrailed- 
and wingless-expressing cells. After gas- 
trulation, the domains of patched and 
cubitus interruptus-Dominant (ci-D) ex- 
pression resolve into stripes, comple- 
menting the pattern of engrailed and 
hedgehog expression. 
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A critical issue that remains to be determined is how posi- 
tion is defined within the cellularized epithelium, since it 
is obvious that the mechanisms involving diffusion-gen- 
erated gradients of transcription factors cannot operate 
in the cellular environment of the older embryo. We 
believe that the developmental unit in which positional 
parameters are defined is the parasegment. Indications 
from studies of engrailed expression in Drosophila and 
other arthropods suggest that the parasegment border is 
established as a stable lineage restriction even as cellu- 
larization is being completed and gastrulation begins 
[80,81-l. The coincidence of this border with both 
the anterior, well defined limits of eve and ftz stripes 
and with the juxtaposition of wingless- and engrailed- 
expressing cells suggests that generating and Iixing this 
border is what much of the segmentation gene machin- 
ery is designed to accomplish. However, the parameter 
that measures position within the parasegment remains 
mysterious. We know that wingless protein diffuses from 
u)ingless-expressing cells [62,63,82], and it has been sug- 
gested that a diffusion gradient of wingless protein might 
provide an instructive measure of position relative to the 
parasegment border [83]. However, such models appear 
to have been invalidated by the observation that uniform 
expression of wingless can largely rescue the phenotype 
of wingless mutant embryos [84-l. It therefore remains 
an unanswered question whether and how the princi- 
ples gleaned from the protein gradients of bed, nanos, 
hunchback, giant, Kriippel, and knirps in the pre-cellular 
embryo will apply to other proteins that function within 
the cellularized environment that follows. 

Conclusions 

Elegant and incisive studies have identified many of the 
genes and molecular functions involved in organizing the 
early Drosophila embryo. Ongoing efforts to understand 
the mechanisms involved at a more detailed molecular 
level, and to elucidate how the cellular epithelia and or- 
gans of the developing animal are organized embody the 
promise that more of the longstanding riddles of devel- 
opment will soon be solved. 
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