
Insects have fought to overcome plant 
host defences for all of evolutionary 
history. Each time the host develops a 

new chemical weapon or strategy to stave 
off potential threats, it is only a matter of 
time before the herbivores adapt. This 
constant coevolution produces insect 
pests which are highly adapted to their 
preferred host plant, and are able to 
overcome defences toxic to other species. 

One such nuisance is the cabbage root 
fly, Delia radicum. As its name suggests, 
this species targets members of the 
Brassicaceae family, which includes 
economically important crops such as 
cabbage, broccoli, radish, pak choi, 
and rapeseed. Brassicaceae plants 
defend themselves by producing and 
storing chemicals called glucosinolates 
within their cells. When the plant 
cells are broken, for instance through 
chewing by herbivores, the enzyme 
myrosinase is released and converts the 
glucosinolates into toxic compounds, 
such as isothiocyanates and nitriles. 
The glucosinolate-myrosinase defence 

system, also dubbed the ‘mustard oil 
bomb’, is present in the shoots as well 
as the roots. 

This defence is highly effective against 
most herbivores, but cabbage root 

flies have evolved a way to 
circumvent it by producing 
enzymes able to neutralise 

the toxins within their food. The female 

fly detects her preferred host plant by 
its specific odour profile and deposits 
eggs on the root crown. When the eggs 
hatch, cabbage root fly larvae (maggots) 
tunnel down into the soil and feed on the 
plant roots. The fly’s larvae developed 
mechanisms to overcome the plant’s 
defences allowing them to feed on roots, 
even though they have high levels of 
glucosinolates. The larvae kill seedlings by 
restricting the water and nutrient uptake 
of the roots, and limit the growth of adult 
plants. A larval infestation on the plant 
roots has also been shown to reduce seed 
number and weight, which is particularly 
devastating for rapeseed harvests.

PESTICIDE SOLUTIONS
Synthetic pesticides, specifically 
neonicotinoids, have been the default 
solution to eradicating cabbage root fly, 
but they are not a sustainable solution. 
In an effort to conserve biodiversity and 
environmental welfare, the European 
Union aims to reduce all pesticide use 
to 50% of current applications by 2030. 
Neonicotinoids in particular have already 
been banned due to their environmental 
toxicity. Even if these chemicals were 
safe to use, the cabbage flies are already 
acquiring resistance, so there is an ever-
growing need for sustainable pest control.

Several alternatives have been explored, 
but none were as effective as synthetic 
chemicals.  Breeding agricultural crops 
with wild species which have pest 
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resistance would introduce too many 
undesirable traits. Other approaches, such 
as introducing a fungal pathogen which 
targets the fly reduced the infestation, but 
it did not eradicate the fly completely.

A GENETIC APPROACH
In the search for a novel solution toward 
D. radicum control, Dr Nicole van 
Dam, Rebekka 
Sontowski, Dr 
Yvonne Poeschl and 
their collaborators 
sequenced the 
entire genome 
of this organism. 
Their goal was to reveal the genetic 
foundations of the cabbage root fly’s 
resistance to specific host defences. To 
date, the genetic mechanism behind 
D. radicum host plant adaptation is 
unknown. By annotating (labelling and 
functionally describing) the genome, 
scientists can pinpoint genetic targets for 
pest control. It was important to examine 
the genome and transcriptome (gene 
expression profiles) of the root flies at 

each stage in their life cycle – egg, larva, 
pupa, and adult fly – in order to gain a 
broad picture of how gene expression 
changed throughout the fly’s lifecycle. 
The genomic information of related fly 
species and insect species feeding on 
the same host plants provided guidance 
in annotating the newly sequenced 
genome. Using the genome, researchers 

can study the function of similar genes 
found in the cabbage root fly genome.

The genomic information and the 
sequenced transcriptomes revealed that 
highly specific clusters of genes were 
expressed during different life stages. 
At the egg stage, genes regulating 
embryonic development and gene 
regulation were expressed. Genes related 
to regulation and coordination of organ 

formation are also highly expressed 
in egg cells. As the egg grows into 
a larva, these genes are activated to 
help synthesise cellular components 
and organs. The egg and pupal stages 
shared many gene clusters, as these 
stages in development are similar in 
that they don’t involve movement or 
sensory perception. The larval stage, on 

the other hand, 
more frequently 
expressed genes 
related to body 
development, 
and other 
cellular structure 

components. Larvae also had a high 
expression of metabolic genes, 
necessary for feeding, growth, and 
molting. The pupal stage involves the 
dismantling of many larval structures 
to form adult wings, eyes, and legs; 
pupa therefore express catabolic 
processes, or processes that break down 
larger structures. Genes responsible 
for nuclease and peptidase activity, 
and for building cuticle structures, 

Cabbage root fly larvae have a pair of  
mouth hooks (top right) allowing them to 
feed on the root surface. The resulting 
damage is visible as brown trenches on the 
roots (as shown by the arrow). Delia radicum larva.
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Dr Nicole M. van Dam and her team sequenced the genome of cabbage root fly in order to understand the molecular mechanisms 
underlying its adaptation to host plant defences, and to facilitate the development of genetically based RNAi biopesticides.

and disarms a specific gene.  We could 
use the genomic information to design 
RNAi-based pesticides that specifically 
disable the maggots’ ability to digest 
Brassica plants, whilst leaving bees and 
other non-target organisms unharmed. 
In countries where this is allowed, plants 
could be genetically modified to produce 
the necessary RNAi material. In Europe, 
where genetically modified plants are 
not acceptable, an RNAi formulated 
biopesticide can be sprayed directly onto 
a non-modified plant as an alternative to 
using synthetic pesticides.

Many of the genes identified during the 
whole genome analysis would make 
excellent targets for RNAi biopesticides. 
Researchers could focus on the sensory 
genes which enable adult flies to locate 
or recognise the crop plants, the genes 
which help maggots digest the plant 
material, or genes responsible for embryo 
development within the egg, if they are 
specific to cabbage root fly.

The whole genome analysis of important 
agricultural pests, such as D. radicum, 
undertaken by Dr Nicole van Dam and 
her team provides novel insight into 
how belowground herbivores adapt 
to their host plant defences, but also 
informs new possibilities for sustainable 
and targeted pest management which 
effectively protects our food supply and 
the environment.

activating several genes responsible for 
synthesising the appropriate peptidases. 
These genes, located within the cabbage 
fly genome, were similar to genes 
annotated in other insect herbivores that 
are known Brassica pests. They provide 
important targets for understanding host-
plant adaptation and pest control.

It is clear from this analysis that the 
cabbage root fly larvae and adults are well 
adapted to their host, efficiently locating it 
and disarming its defences.

TARGETS OF INTEREST
The researchers so far have sequenced, 
annotated, and described the whole 
genome of the cabbage root fly. This 
functional gene annotation highlights 
important sites within the genome 
which can potentially be used as targets 
for RNAi biopesticides. RNAi, or RNA 
interference, is a biological mechanism 
which employs double stranded RNA 
molecules within the cell to suppress 
genes. It is used by the organism to 
downregulate gene expression, or to 
disarm viruses by suppressing the foreign 
DNA in the cell. RNAi biopesticides are a 
new technology which selectively targets 

are more highly expressed in the 
pupal transcriptome.

It was also found that adult flies had a 
unique transcriptome. Genes involved 
in light detection, both in the visible and 
UV spectrum, as well as those involved in 
taste, odour perception, and temperature 
detection were expressed only in adult 
flies. These sensory abilities help the 
adult flies to find food and locate suitable 
places to lay eggs.

To study the transcriptomics of insect 
responses, or the genes expressed 
when the insects are exposed to certain 
stimuli, the researchers introduced 
a group of larvae to high levels of 
toxic isothiocyanates. These are the 
compounds resulting from the ‘mustard 
oil bomb’, which larvae are exposed to 
when damaging Brassica roots. They 
compared their gene expression with 
larvae which were not exposed. For 
the larvae exposed to isothiocyanates, 
peptidase genes and genes involved 
in metabolic and biosynthetic 
processes were activated. The response 
demonstrated that the larvae have the 
ability to quickly metabolise this toxin by 

Many of the genes identified during 
the whole genome analysis would make 
excellent targets for RNAi biopesticides.
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This plot connects the position of genes on chromosomes of the genetic 
model species, Drosophila melanogaster, the fruit fly, with the genes 
annotated on the Delia radicum chromosomes. This helps us see how similar 
the chromomosal structure and the location of genes with similar sequence 
in these two different fly species are.

A visual of the genes expressed in each developmental stage. The coloured 
ones are specific for a particular stage; the grey/black ones are expressed in 
all stages. For the larvae, the researchers compared the gene expression with 
(light green) and without (yellow) isothiocyanates  in the diet, to discern which 
genes are relevant for different stages.
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