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THE NERVOUS SYSTEM CONSISTS 

OF A HUGE NUMBER AND 

VARIETY OF INTERCONNECTED 

NEURONAL CELLS. HOW ARE 

NEURONS PRODUCED IN THE 

DEVELOPING ORGANISM? HOW 

DO THEY ATTAIN THEIR VARIED 

MORPHOLOGIES AND 

FUNCTIONS? TO ADDRESS SUCH 

QUESTIONS, WE STUDY THE 

RELATIVELY SIMPLE NERVOUS 

SYSTEM OF A MODEL ORGANISM 

– THE FRUIT FLY DROSOPHILA 

MELANOGASTER. USING THIS 

MODEL, WE INVESTIGATE THE 

FUNCTION OF GENES THAT ARE 

REQUIRED FOR THE CORRECT 

FORMATION OF SENSORY 

NEURONS DURING 

DEVELOPMENT 
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MAKING NEURONS 

How is the nervous system made 

in the developing embryo? Cells start 

off being very flexible as to their 

future role in the organism, but 

cross-talk between the cells causes 

some of them to ‘commit’ to become 

part of the nervous system (e.g. to 

take on the role of neurons). Precise 

control of this commitment process is 

crucial for ensuring that the correct 

number of neurons is formed. If this 

process goes wrong, it can lead to 

disease. It is also a process that 

could be manipulated to make stem 

cells produce certain types of 

neurons for therapies. To understand 

the molecular mechanisms that 

regulate neural cell commitment, we 

study the development of the 

Drosophila sensory nervous system, 

which is composed of a rich variety 

of sensory neurons innervating sense 

organs (Fig. 1). This allows us to 

carry out sophisticated genetic and 

molecular experiments to understand 

the construction of a relatively simple 

nervous system. 

 

PRONEURAL FACTORS 

Our major interest is the so-called 

proneural genes – ‘master control’ 

genes that encode transcription 

factors of the bHLH family. These 

proteins function as molecular 

switches: they activate cascades of 

other genes involved in neurogenesis. 

Remarkably, very similar proteins 

control neurogenesis in higher 

animals, including humans. These 

factors are expressed during 

development in the precursor cells of 

the sensory neurons (Fig. 2), and 

such cells fail to form in mutant 

individuals. We mostly study the 

proneural factor called atonal. This is 

required for the photoreceptors of 

the eye and stretch receptors in the 

body wall call chordotonal organs. 

 

FIG 1. The Drosophila PNS comprises a simple stereotyped pattern 
of sensory neurons (above). Each neuron has a distinct 
morphology, sensory modality and function (left). Mutations in 
proneural genes results in loss of subsets of these neurons 
because of a failure of neurogenesis.  

 



DOWNSTREAM GENES 

Our major current interest is to 

identify and characterise the gene 

cascades that are activated by atonal 

and other proneural factors. We have 

taken a gene expression profiling 

approach (Fig. 3). We label the 

neural precursors using a genetically 

introduced fluorescent marker (GFP) 

This allows us to isolate pure 

populations of neural precursor cells 

by dissociating embryos into a single 

cell suspension followed by FACS 

sorting. We then use microarray 

analysis to identify all the genes that 

are expressed in the neural precursor 

cells at different stages in their 

development, from cell commitment 

to differentiation. 

 

TARGET GENES OF ATONAL 

From our profiling data, we are 

combining bioinformatics and 

experimental techniques to identify 

those genes that are directly 

activated by Atonal at the beginning 

of neurogenesis. Significantly, many 

of the direct targets themselves 

encode transcription factors, which 

will in turn regulate later subsets of 

genes during neural development. 

We are characterising the roles of 

several of these novel downstream 

regulators of neural development. 

 

NEURONAL DIFFERENTIATION: 

CILIARY DENDRITE BIOGENESIS 

Chordotonal stretch receptors have 

a dendrite based on a modified cilium 

and there is much interest in how 

this ciliary dendrite is constructed 

and functions. Our profiling data has 

identified many new genes that may 

play roles in cilia structure and 

function. We are currently 

characterising the effect of mutating 

some of these genes. This includes 

immunohistochemical and 

behavioural approaches, but we also 

plan to employ electron microscopy 

and electrophysiology in the future. 

 

MODELLING THE GENETIC 

NETWORK FOR NEUROGENESIS 

Our data provide a rich information 

source for using mathematical 

modelling techniques to attempt to 

reconstruct the genetic regulatory 

network underlying neurogenesis. 

Gene profiling data is being 

combined with literature mining and 

genome sequence analysis for 

potential binding site motifs in order 

to achieve this. 

 

REGULATING PRONEURAL 

FACTORS 

Much of the above concerns the 

function of proneural factors in 

triggering neurogenesis. Clearly, it is 

also important to understand what 

regulates these powerful proteins 

themselves. We are currently 

exploring the role of posttranslational 

modifications in controlling the 

activity of proneural factors. 

 

Our work ultimate aim is to 

understand the gene regulatory 

network underlying neurogenesis 

in fine detail. Such knowledge 

would be used to inform studies 

of mammalian neurogenesis, both 

to aid the understanding of 

diseases of neural development 

and to help inform neural stem 

cell technologies.  
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FIG 2. Expression of two proneural factors  
(green and magenta) in different subsets 
of neural precursors of an early embryo 

FIG 3. Isolation of neural precursor cells for gene profiling using microarray gene-chips 




