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production of glucosinolates, which is a 
specific group of secondary metabolites. 
Together with the enzyme myrosinase 
they form the chemical defence system 
of wild cabbage plants. Glucosinolates 
and myrosinases are stored separately 
in plant tissues but upon tissue damage 
they come into contact with each other 
and the glucosinolates are hydrolysed 
into potentially toxic break down products. 
The wild cabbage populations used in 
this thesis differ in their total glucosi-
nolates concentrations and individual 
glucosinolates. 

Firstly, I describe of plant-insect in-
teractions in a multitrophic framework, 
including both the aboveground and 
belowground compartments. Genetic 
variation in plant traits is introduced  
as the main topic in this thesis, and I  
present the main aim and outline of my  
thesis. Then I discussed how above-
ground-belowground (AG-BG) interac-
tions influence the evolution and main-
tenance of genetic variation in plant 
defence chemistry. I reviewed literature 
on AG-BG interactions as selection pres-
sures for genetic variation, discussed  
hypotheses about plant mediation of  
AG-BG interactions, identified gaps in  
our knowledge such as the influence  
of spatio-temporal variation in AG-BG  
interactions, and in the end presented 
new data on wild cabbage and related 
species.

I studied whether sequestration of 
glucosinolates by a specialist herbivore is 
an effective defence mechanism against 
a generalist predatory bug. I used the se-
questering herbivore Athalia rosae as one 
prey species, and the non-sequestering 
herbivore Pieris rapae as the control prey 
species. I reared the predatory stink bug 
Podisus maculiventris on these two prey 
species and compared its performance. 
As an extra factor, the two prey species  
were each reared on three different 
wild cabbage populations to test if plant 
population had an effect on the predator 
through the sequestering herbivore. I 
found no consistent effect of plant popu-
lation on the performance of the preda-
tor, and prey species only marginally 
affected its performance. Based on the 
results I suggested that in some trophic 
interactions sequestration is not an ef-
fective defence but merely an alternative 
way of harmlessly dealing with plant  
secondary metabolites. 

I did not only look at aboveground 
plant-insect interactions, but also below-
ground. To test whether the performance 
of the belowground specialist herbivore  
Delia radicum, of which the larvae feed 
on root tissues, was influenced by 
population-related variation in defence 

chemistry, I reared this species on five 
wild cabbage populations. I found differ-
ences in plant primary (amino acids and 
sugars) and secondary (glucosinolates) 
chemistry, but the performance of the 
root herbivore was not affected by this, 
suggesting that it is well adapted to a 
wide range of total concentrations and 
individual metabolites. 

Whereas in the two previous experi-
ments I only focused on one compart-
ment (aboveground and belowground 
respectively), in the next experiment I 
included both compartments. I studied 
the effect of belowground herbivory by 
larvae of the root fly D. radicum on the 
performance of an aboveground multi-
trophic chain, and whether this differed 
between three wild cabbage populations. 
Including both the aboveground and 
belowground compartment while study-
ing plant-insect interactions is more 
complex, but also more closely resem-
bles natural conditions. I found that 
belowground herbivory has a different 
effect on the performances of a special-
ist aboveground herbivore, the diamond-
back moth Plutella xylostella, and its 
parasitoid, Cotesia vestalis, with the para-
sitoid being more affected than the her-
bivore. Their performance also differed 
between the wild cabbage populations, 
often in interaction with the presence/
absence of the belowground herbivore. 
For both the above- and belowground 
herbivore I found correlations between 
performance and plant chemistry, which 
differed between the species and be-
tween males and females.

Finally, I discussed the results of my 
experiments and compared them with 
other studies. I ended with a general 
conclusion about my work and provide 
some ideas for future studies that could 
contribute to our knowledge in the field 
of (multi)trophic above-belowground 
interactions with regard to genetic 
variation in plant chemistry. This thesis 
showed that genetic variation in plant 
chemistry can affect the outcome of 
above-belowground plant-insect inter-
actions. Herbivores and higher trophic 
levels were differently affected by the 
wild cabbage populations, and this  
difference was also influenced by the 
type of herbivory (i.e. aboveground or  
belowground). In two experiments I 
found no strong, unidirectional links  
between plant chemistry and insect 
performance, suggesting that other  
metabolites may have played a role in 
the observed differential effects of the 
wild cabbage populations. I also showed 
that sequestration of plant allelochemi-
cals in some herbivores is an alternative 
way of harmlessly dealing with plant 

secondary metabolites instead of an 
effective defence mechanism against 
predators. 
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In natural and agricultural ecosystems, 
plants are exposed to a wide diversity  
of abiotic and biotic stresses such as 
drought, salinity, pathogens and insect 
herbivores. Under natural conditions, 
these stresses do not occur in isolation 
but often occur at the same time. Plants 
have developed sophisticated mecha-
nisms to survive and reproduce under 
such suboptimal conditions. Genetic 
screenings and molecular genetic assays 
have shed light on the molecular players 
that provide resistance against single biotic 
and abiotic stresses. Induced defenses 
are attacker specific and phytohormones 
play an essential role in tailoring these 
defense responses. Because phytohor-
mones display antagonistic and syner-
gistic interactions, the question emerges 
how plants elicit an effective defense 
response when exposed to conflicting 
signals under multiple attack. Recent 
studies have shed light on this issue by 
studying the effects of combinations of 
stresses at the phenotypic, transcriptomic 
and genetic level. These studies have 
concluded that the responses to com-
bined stresses can often not be predicted 
based on information about responses to 
the single stress situations or the phyto-
hormones involved. Thus, combined 
stresses are starting to be regarded as a 
different state of stress in the plant. 
Studying the effects of combinations of 
stresses is relevant because they are more 
representative of the type of stresses ex-
perienced by plants in natural conditions. 

In a coordinated effort, responses of 
Arabidopsis thaliana to a range of abiotic 
and biotic stresses and stress combina-
tions have been explored at the genetic, 
phenotypic, and transcriptional level. 
For this purpose, I used an ecogenomic 
approach in which I integrated the 
assessment of phenotypic variation 
and Genome-Wide Association (GWA) 
analysis for a large number of A. thaliana 
accessions with an in-depth transcrip-
tional analysis. The focus of this thesis 
is especially on (but not limited to) three 
stresses, i.e. drought, herbivory by Pieris 
rapae caterpillars, and infection by the 
necrotrophic fungal pathogen Botrytis  
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cinerea. These stresses were chosen 
because the responses of A. thaliana to 
these three stresses are highly divergent 
but at the same time regulated by the 
plant hormones jasmonic acid (JA) and/ 
or abscisic acid (ABA). Consequently, 
analysis of responses to combinatorial 
stresses is likely to yield information  
on signaling nodes that are involved in 
tailoring the plant’s adaptive response  
to combinations of these stresses.  
Responses of A. thaliana to other biotic 
and abiotic stresses were included in an 
integrative study.

A wealth of candidate genes was 
generated by taking this ecogenomic 
approach, in particular transcriptome 
analysis and GWA analysis. Functional 
characterization of these genes is a next 
challenge, especially in the context of 
multiple stress situations. We took a  
next step in characterizing one of the 
candidate genes by means of loss of 

function mutants. Loss of function  
mutants in RMG1, an R gene, displayed 
higher resistance to herbivory by P. rapae 
and osmotic stress. Therefore, RMG1 
seems to be a susceptibility factor to  
P. rapae and osmotic stress. The candidate 
genes identified in this thesis constitute 
a rich source of potential factors impor-
tant for resistance against abiotic, biotic 
and combined stresses that in the future 
may be applied for crop improvement. 
I also discuss the feasibility of obtain-
ing plants that are resistant to multiple 
stresses from the point of view of genetic 
trade-offs and experimental limitations. 
Furthermore, alternatives to the use of 
insects in quantitative genetic studies  
of stress resistance are discussed and 
proposed. Finally, I discuss the feasibil-
ity of using an ecogenomic approach to 
study stress responses in other plant  
species than the model plant of molecular 
genetics, A. thaliana.

Verenigingsnieuws 

Vrijwilligers gezocht bij 
Naturalis

In de collectietoren van Naturalis liggen 
500.000 ongeprepareerde vlinders afkom-
stig van over heel de wereld, verpakt in 
hun originele krantenknipsels en boek-
pagina’s (de papillotten). Een significant 
deel van de collectie bestaat uit tropische 
vlinders verzameld door J.M.A. van Groe-
nendael, een arts die in Nederlands-Indië 
werkzaam was van de jaren ‘30 tot begin 
jaren ‘50 van de vorige eeuw. Dit mate- 
riaal heeft veel potentie voor onderzoek, 
dus is de afdeling Entomologie begonnen 
aan het ontsluiten van deze enorme 
collectie. 

Voor het uitvoeren van dit project zijn 
we afhankelijk van de inzet van vrijwil-
ligers. Zij helpen mee met het voorzichtig 
ompakken, registreren en fotograferen 
van de niet opgezette vlinders en papil-
lotten. Tijdens deze handeling ontcijferen 
ze oude handschriften op de kranten-
knipsels en worden verzamelgegevens  
in de computer ingevoerd. 

Met de intentie om hier de komende 
jaren mee door te gaan, zijn we op zoek 
naar enthousiaste vrijwilligers (voor 
minimaal 8 uur per week) uit de Rand-
stad die dit leuke collectiewerk samen 
met ons willen uitvoeren. Wij bieden 
een interessante en inspirerende werk- 
omgeving met vriendelijke collega’s 
evenals de unieke kans om met bij- 
zonder collectiemateriaal van Naturalis 
te werken. 

Heb je interesse of wil je meer in- 
formatie over deze vrijwilligersplek?  
Mail of bel de contactpersoon:  
max.caspers@naturalis.nl / 06 2962 6378). 

We werken momenteel op de Vondel-
laan 55 in ruimte e.01.08, dus schroom 
niet om langs te komen! 

Max Caspers
Naturalis Biodiversity Center
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Vrijwilligers Ad Littel en Els Baalbergen aan 
het werk. Foto: Max Caspers


