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Introduction 
 

In wild-type Drosophila melanogaster the differences in morphology in legs and 

antennae is controlled by the expression of the homeobox (Hox) gene Antennapedia 

(Antp). Antp is located on the 3’ end of chromosome 3, and is a member of the 

Antennapedia complex which specifies segment identity in the head and thoracic regions 

of the fly (Wolpert 2002). All appendages on the fly develop from imaginal discs, small 

sheets of epidermal cells that grow throughout the life of the larval stage, forming folded 

sacs of epithelia as they grow. During metamorphosis these discs give rise to each of the 

major structures comprising the adult fly (Wolpert 2002). Normally, in the absence of 

Antp protein the imaginal discs in the head region develop into antennae, while in the 

thoracic region where Antp protein is present, legs will develop. Additionally, the 

development of the antennae in the third instar larva can be altered by activating Antp in 

the head region, causing an almost normal mesothoracic leg to develop in place of the 

antennae, as shown in Fig. 1 (Cummins et al. 2003). Cummins and his colleagues (2003) 

indicate that it is not known which ones or how many, but it is likely that Antp controls 

the expression of other genes responsible for appendage development. Other genes have 

been found to affect the antenna-leg transformation, but none are known be directly 

related to Antp.  
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Fig. 1. Antp protein expressed in the head of Drosophila, mesothoracic legs extending from head in place 
of antennae (http://terresacree.org/inda3.htm). 
 
 From this relationship, it is believed that legs and antennae of insects, such as 

Drosophila, and other arthropods are homologous structures. That is, the two have 

evolved from a common ancestral appendage. Even still, each is quite different in both 

form and function. For example, in Drosophila, the antennae have fewer joints, are more 

rounded, and typically considerably shorter. This is in contrast to the leg, which tends to 

have more joints, and is long and slender. There is an apparent evolutionary tendency in 

insects relating to the modification and shortening of legs to the less complex antennae. 

There is also a relationship between proximal-distal leg tissues and antenna tissue, Fig. 2a 

shows regions of the two appendages which are considered to be homologous in the adult 

fly (Cummins et al. 2003). Similarly, Fig. 2b shows imaginal discs of a third instar larva. 

  
Fig. 2.  A. Correspondence map of adult leg and antennae structures. B. Antenna disc (left) and leg disc 
(right) (Adapted from Cummins et al. 2003). 
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Several genes involved in leg and antennae development have been cloned, and 

their functions and expression patterns determined. This has made it possible to work 

with the genes to test the possibility that the two appendages in question are related in an 

evolutionary sense. Genes involved in proximal-distal (PD) development, such as 

homothorax (hth), Distal-less (Dll) and dachshund (dac), have been accounted for in 

Drosophila, as well as other insects and crustaceans. There are differences in the 

expression of these genes between the leg and the antenna; in Drosophila, hth expression 

is less extensive in the leg than in the antenna, and could thus be controlled by Antp; dac 

on the other hand, is more extensive in the leg where it is likely to be under different 

control than in the antenna (Cummins et al. 2003). Since there are a variety of mutations 

involving these genes that can induce leg development in place of the antennae without 

activating Antp or other homeobox genes, the presence or absence of Hox proteins alone 

is not enough to explain morphological differences between legs and antennae (Dong et 

al. 2001). 

 
The Experiment 

Cummins et al. (2003) looked into the gene expression patterns of hth, dac, Dll, 

dlim1, bric-a-brac (bab), decapentaplegic (dpp), aristaless (al), and apterous (ap) 

between the leg and the antenna imaginal discs, and their changes in response to the 

presence of Antp protein. They also tested the relevance and evolutionary significance of 

expression of a series of Hox genes. 

Gene expression assay 

 The expression of PD genes was observed by monitoring the expression of β-

galactosidase (β-gal) from lacZ reporters. The lacZ reporters were prepared using each 
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the aforementioned genes hybridized with the lacZ gene. When stained with a colourless 

compound, regions of β –gal expression, and thus the gene of interest, would appear blue. 

Antp alleles and lacZ reporters were crossed with green fluorescent protein (GFP)-

containing balancers such as TM3-GFP or Cyo-GFP. In order to obtain double 

heterozygote larvae Antp/TM3-GFP flies were crossed with X-lac-Z/Bal-GFP flies, and 

third instar larvae which expressed the GFP when observed under a UV dissecting 

microscope were discarded. The remaining flies were dissected; fixation and staining of 

leg and antenna imaginal discs was done according to standard X-gal staining methods. 

Antibody stains were conducted on third instar Drosophila, Calliphora erythrocephala 

(red blow fly) and musca domestica (house fly) larvae (Cummins et al. 2003). 

 Measurement of expression range by image analysis 

 Digital images of stained thoracic leg and antennae discs were analyzed using a 

computer program called ‘Qwin’. The software stored and calibrated the images allowing 

measurements to be taken; the extent of staining was calculated using a RGB (red-green-

blue)-detector to automatically pick out and measure the area occupied by each stained 

region. Additional calculations were required to estimate the actual stained area of the 3-

dimensional disc from the 2-dimension image on the computer. For each genotype and 

appendage, 5 – 20 imaginal discs were analyzed (Cummins et al. 2003). 

 
Results and Conclusions 
 
 The first of the findings revealed that most of the PD genes examined correlated 

with the homologous regions in Fig. 2. Figure 3 shows the gene expression patterns of 

several of these PD genes. Imaginal bab and hth expression occurs in homologous 

regions of the leg and antennae discs. As for al and dlim1 the expression is less extensive 
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in the antenna disc than in the leg disc; this reflects the relationship between the 

positional homologies of the two discs. dac is also expressed in homologous positions 

between the two discs, but vary drastically in size and intensity.  

Not all of the PD genes studied showed a correspondence between homologous 

regions. Dll extends more proximally in the medial region of the adult antenna and third 

instar discs; and ap is expressed in the distal tip of the antenna and in a sub-distal ring in 

the leg. Expression of these two genes may suggest that they do not offer any clues 

regarding positional conservation, but perhaps have some other function. 

 
Fig. 3. Pattern of expression of PD genes in wild-type leg and antenna discs, and in Antp mutant antenna 
discs. Orientation same as Fig. 2b. Arrows in Dll picture point to cell clusters losing Dll expression. Arrow 
in ap picture points to the remnant of normal antenna expression (Adapted from Cummins et al. 2003). 
 
 It was also found that Dll, dac, bab, and al expression in Musca and Calliphora is 

conserved in more or less the same proximal-distal sequence as in Drosophila, despite the 

differences in size and morphology. This level of conservation suggests that they encode 
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for important positional clues for the appendages during development (Cummins et al 

2003). 

After comparing PD gene expression in Antp mutant antenna discs with 

expression in wild-type leg and antenna discs, it was observed that not all patterns of 

expression change their relative size equally in response to Antp. The differential laying 

out and unfolding of expression patterns in antennae and legs proposes that the Antp gene 

controls the establishment of positional information and its developmental consequences 

(Cummins et al. 2003). 

From this work, Cummins and his colleagues were able to draw several 

conclusions. Firstly, that the positional homologies,  assumed to have been present up 

until recently, do not identify identical regions in the limb primordial discs. Not to 

mention, that the expression of pattern-forming genes involved in leg and antenna 

development is not identical either. Relative areas over which some of the genes are 

expressed are completely different in the two discs from the beginning; on the other hand, 

some vary simply in the patterns in which they are expressed. Both cases can be 

expressed in the Antp mutants, leading to re-specification of cellular positional identities, 

hence the growth of legs in place of antennae. 

Secondly, was that only a portion of the pattern-forming genes studied have 

patterns that correspond with the homologous regions previously described (Fig. 2). 

Moreover, in the presence of Antp protein, expression of these few genes becomes re-

specified, suggesting that Antp is involved in laying out, or supplying positional 

information during development and as it is decoding during differentiation. There is no 

strict conservation of positional homologies between legs and antennae, but there is 
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predictable change of fates from antennae to leg via a re-specification of the positional 

clues. 

In an evolutionary sense, development of a common ancestral appendage must 

have involved many genetic interactions between pattern-forming genes. The 

introduction of Antp allowed for a divergence in development, giving rise to antennae and 

legs. The majority of pattern-forming genes from the leg are still expressed in antennae, 

and even though size, pattern and positional values are different, their relative positions 

on the PD axis are generally quite similar, even across different species.  

Further research is required to fully understand the patterns of PD gene expression 

and function in other species of insects whose antennae are, perhaps, more leg-like. This 

would help in determining if any differences in morphology can be correlated with the 

evolution of morphological differences between the two appendages (Cummins et al. 

2003). 

 
Final thoughts 
 
 The research discussed in this paper is closely knit with much of the work 

conducted in the past. Cummins et al. were essentially looking into a question that has 

been around for some time, as they concentrated on work published in 1971 by 

Postlethwait and Schneiderman in a paper called ‘Pattern formation and determination in 

the antenna of the homeotic mutant Antennapedia of Drosophila melanogaster’. This 

paper refined several concepts of pattern-forming gene expression in Drosophila. It is 

unlikely that fields of research other than molecular genetics or molecular evolution will 

benefit from this work, but it may inspire further research in other organisms that have 

homologous structures. 
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 The main topic throughout the paper was not discussed in detail in lecture, though 

Wolpert covers a topic on patterns of gene expression in Drosophila wings in the text, 

‘Principles of Development’ (2nd ed.). The chapter in the text focuses only on a few 

genes that were mentioned in the paper, such as ap, Dll and dpp, and very little on leg or 

antennae development. Cummins’ results can be used to help explain or support the 

concepts which Wolpert discusses in the text in terms of legs and antennae. Concepts 

discussed in class and in the laboratory relating to Antennapedia, relative to the extent in 

the paper, were limited to general information regarding the gene, the mutation itself, and 

much less on its interactions with genes that it may control during leg or antenna 

development.  

I recommend this paper to anyone with any interest in gene expression in 

Drosophila, as it covers a broad range of genes and their effect in the presence of Antp 

protein, and Cummins and his colleagues appropriately discuss their intentions in 

sufficient detail, and discuss their results in even more detail. 
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