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ductie van JA en SA en onafhankelijk is 
van antagonistische JA-SA-interacties. 
De onderdrukking heeft effect op zowel 
het primaire als secundaire metabolisme 
van de plant en wellicht op de herverde-
ling van voedingsstoffen en defensieve 
metabolieten. Wat betreft V2 concludeer 
ik dat speekselmoleculen (effectoren) de 
primaire bron van de onderdrukking zijn. 
Mogelijk manipuleren effectoren alge-
mene regulatoire plantsystemen zoals 
het eiwitcomplex dat andere moleculen 
afbreekt (proteasome). Micro-organismen 
die zich op of in de mijt bevinden, kun-
nen plantafweerreacties als gevolg van 
mijtenvraat ook beïnvloeden, maar mis-
schien eerder door zulke responsen te 
induceren dan door ze te onderdrukken. 
Met betrekking tot V3 concludeer ik dat 
inducerende mijten profijt kunnen heb-
ben van de onderdrukking van verdedi-
gingsresponsen omdat het de kwaliteit 
van hun voedsel verbetert, maar dit zal 
niet altijd (onder alle omstandigheden) 
het geval zijn. Onderdrukkende mijten 
kunnen op hun beurt reageren op de 
aanwezigheid van inducerende mijten 
middels hyperonderdrukking en over-
compensatie van hun eiproductie. Tot 
slot, aangaande V4 concludeer ik dat 
promotoren die genexpressie activeren 
in reactie op vraat door T. evansi gebruikt 
kunnen worden om planten te genereren 
die afweerreacties activeren in reactie op 
vraat door inducerende én onderdruk-
kende mijten.
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Western flower thrips is a pest on a large 
variety of vegetable, fruit and ornamental 
crops. The damage these minute slender 
insects cause in agriculture through feed-
ing and the transmission of tospoviruses 
requires a sustainable solution. Host-
plant resistance is a cornerstone of inte-
grated pest management. Plants have 
many natural defense compounds and 
morphological features that aid in the 
protection against herbivorous insects. 
However, the molecular and physio- 
logical aspects that control host-plant  
resistance to thrips are largely unknown. 

A novel and powerful tool to study 
host-plant resistance to insects in natu-
ral populations is genome-wide asso-
ciation (GWA) mapping. GWA mapping 
provides a comprehensive untargeted 

approach to explore the whole array of 
plant defense mechanisms. The develop-
ment of high-throughput phenotyping 
systems is a necessity when large plant 
panels need to be screened for host-plant 
resistance to insects. An automated video- 
tracking platform that could screen large 
plant panels for host-plant resistance to 
thrips, and dissect host-plant resistance 
to thrips in component traits related to 
thrips behavior, was developed. This  
phenotyping platform allows the screen-
ing for host-plant resistance against 
thrips in a parallel two-choice setup  
using EthoVision tracking software. The 
platform was used to establish host-
plant preference of thrips with a large 
plant population of 345 wild Arabidopsis 
accessions (the Arabidopsis HapMap pop-
ulation) and the method was optimized 
with two extreme accessions from this 
population that differed in resistance to 
thrips. This method can be a reliable and 
effective high throughput phenotyping 
tool to assess host-plant resistance to 
thrips in large plant populations. 

Stress resistance was studied in the 
HapMap population on a total of 15 dif-
ferent biotic and abiotic stresses ranging 
from biotic stresses like insects and nem-
atodes, to abiotic stresses like drought 
and salt. A multi-trait GWA study to un-
ravel the genetic architecture underlying 
plant responses to the different stresses 
was performed. A genetic network in this 
study revealed little correlation between 
the plant responses to the different in-
sect herbivores studied (aphids, white-
flies, thrips and caterpillars). For thrips 
resistance, a weak positive correlation 
with resistance to drought stress and 

Botrytis fungi, and a negative correlation 
with resistance to parasitic plants were 
observed. One of the surprising outcomes 
of this study was the absence of shared 
major quantitative trait loci for host-
plant resistance and abiotic stress toler-
ance mechanisms. 

The 15 stresses were used in a com-
parison with a metabolomics dataset on 
this Arabidopsis HapMap population. It 
was discovered that levels of certain ali-
phatic glucosinolates correlated positively 
with the levels of resistance to thrips. 
This correlation was further investigated 
with the screening of a recombinant 
inbred line population for resistance to 
thrips, several knockout mutants and 
the analysis of co-localization of GWA 
mapping results between glucosinolates 
genes and thrips resistance. In a GWA 
analysis, the C4 alkenyl glucosinolates 
that correlated the strongest with thrips 
resistance mapped to the genomic 
regions containing genes known to 
regulate the biosynthesis of these com-
pounds. However, a causal link between 
glucosinolates and resistance to thrips 
could not be confirmed. It is possible that 
the crucial factors that control resist-
ance to thrips may not have been present 
in sufficient quantities or in the right 
combinations in the mutants, RILs and 
NIL screened in this study. Alternatively, 
the correlation between thrips feeding 
damage and glucosinolate profiles could 
be based on independent geographical 
clines. More research should be conduct-
ed to assess which of these explanations 
is correct. 

The high throughput phenotyping 
method developed in this work will be 
an efficient alternative timesaving tool 
for further fundamental and applied re-
search in thrips behavior. Furthermore, 
the candidate genes and compounds 
found in this work can in time be imple-
mented in breeding programs for host-
plant resistance to thrips. This may re-
duce the amount of pesticides currently 
used to deal with these pest insects in 
agriculture. 
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Plasmodium parasites cause of the second 
deadliest infectious disease in the world, 
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malaria. Sub Saharan Africa harbours 
more than 90% of mortality and morbidity 
attributable to malaria, and most deaths 
occur in children under 18 years old. 
Malaria is transmitted to humans by a 
bite of a Plasmodium-infected Anopheles 
mosquito. The aim of this thesis was to 
seek proof of principle of the effect of 
mass trapping of malaria vectors on ma-
laria and mosquito densities by rolling 
out over 4000 odour-baited mosquito 
traps at household level on Rusinga Island, 
Kenya. This is important because with 
the current preventative and curative 
tools against malaria successful eradica-
tion seems unlikely. Vector control is be-
coming less effective because malaria 
vectors become resistant to insecticides 
and transmission patterns are shifting 
from where preventive measures are 
functional: outside and during the day. It 
is this gap where the SolarMal project ex-
perimented with a novel malaria vector 
control tool, complimentary to existing 
malaria control methods: odour-baited 
mosquito traps that mimic human beings 
to lure and kill mosquitoes to eventually 
reduce malaria. 

The SolarMal study comprised of a 
medical, an entomological and a socio-
logical discipline, employing a novel data 
collection and management platform. 
The health and demographic surveil-
lance system (HDSS) as well as other 
disciplines in the project are an example 
of one of the first fully digital data collec-
tion systems in a low and middle income 
country. The development of digital ques-
tionnaires and the conducting of these by 
means of Open Data Kit software enabled 
the project to efficiently collect data. All 

residential structures were documented 
by GPS, and data of residents attached. 
Converting the geo-located data to a 
geodatabase and displayed with Google 
Earth mobile made navigating from 
house to house an easy task. By daily 
uploading of data to the server at the 
project campus in Mbita, scientists had 
access to a near real time database. Once 
uploaded to the server, data was trans-
ferred to the OpenHDS database in which 
the demography of the study population 
was updated accordingly. Data quality was 
further increased by a tool that looked for 
inconsistencies. 

A stepped wedge cluster-randomized 
trial design was developed for the Solar-
mal project to make sure that the whole 
area would cross over from the control 
to the intervention arm over a period of 
two years. As elimination was the goal, 
universal coverage was required. Before 
implementation, strategies for randomi-
zation and crossover of clusters that 
could measure a possible intervention 
effect best were simulated with a generic 
model of disease transmission. 

Running an HDSS is a thorough but 
complex method to monitor intervention 
effects in an area where health surveil-
lance is minimal. HDSS data were used 
to calculate demographic parameters. As 
part of the overarching HDSS institution, 
INDEPTH, data collection methods and 
reporting were harmonious with many 
other HDSSs around the world. 

Baseline cross sectional prevalence 
surveys were used to elucidate the epi- 
demiology of malaria on Rusinga Island, 
including the malaria distribution and 
hot spots of transmission. A standard 
epidemiological model and a geographi-
cally weighted regression were com- 
pared, and used to identify risk factors 
for malaria. The latter model, taking into 
account non-stationarity, performed  
better and was able to produce geograph-
ically varying risk factors. The strength 
of the relationship of risk factors for ma-
laria were heterogeneous over the whole 
island, and for instance social economic 
status and occupation are strong predic-
tors of malaria in some areas but less in 
other areas. Considering these risk factor  
distributions can aid in guiding the im-
plementation of malaria intervention 
methods.

The impact of odour-baited mosquito 
traps on the prevalence of malaria was 
pronounced in the contemporaneous 
comparison between the intervened and 
the non-intervened arm. Comparison of 
baseline data with the intervened clus-
ters did not yield significant effects. A 
strong decline in cases of clinical malaria 
was observed starting already in the 

baseline period, which could thus not be 
attributed to the intervention. Effects on 
the most prominent malaria vector were 
large, whereas populations of other 
vectors did not decline under the inter-
vention.

This study provides proof-of-concept 
that odour-baited mosquito traps can be 
a valuable addition to the vector control 
toolbox to reduce malaria transmission 
further without additional insecticides. 
Odour-baited traps should be further 
evaluated in different malaria transmis-
sion settings.
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Veranderingen in het dieet van vlinders 
kunnen leiden tot soortvorming; althans, 
zo luidt de theorie. Bij het onderzoek in 
dit proefschrift heb ik de rol van waard-
planten bij de diversificatie van twee groe-
pen van bladminerende vlinders onder-
zocht. Het proefschrift begint met een 
algemene inleiding tot macro-evolutionair 
onderzoek en een aantal theorieën over 
het proces van soortvorming en de po-
tentiële rol van waardplanten. Tevens 
wordt behandeld waarom bladmineer-
ders een geschikte groep zijn voor onder-
zoek naar de rol van waardplanten bij 
soortvorming en andere mogelijke stu-
rende krachten voor soortvorming. Ook 
heb ik heb de technische ontwikkelingen 
omschreven die dit onderzoek mogelijk 
maken. Vervolgens is er een korte inlei-
ding tot de twee bladminerende groepen 
die zijn onderzocht: dwergmineermotten 
(Nepticulidae) en vouwmijnmotten 
(Gracillariidae: Lithocolletinae).

Het onderzoek begon met DNA- 
barcoding om de soortgrenzen van 
bladminerende vlinders te kunnen 
herkennen, zodat we betrouwbare 
soortdefinities op konden stellen die 
de basis vormden voor onderzoek naar 
diversificatie. Hiervoor gebruikten we 
het geslacht Ectoedemia, waarvoor veel 
systematische kennis gepubliceerd was 
en we veel materiaal beschikbaar had-
den. De resultaten toonden aan dat zowel 
fragmenten van het gen COI als het gen 
EF1- α in de meeste gevallen betrouw- 
baar waren als alternatief voor conven-
tionele, morfologische, herkenning van 
soorten, en voor het bepalen van wat  
een soort is. De combinatie van beide 
merkers verhoogde de betrouwbaarheid 
van soortherkenning. Deze aanpak werd 


