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”Agricultural output has to double in the next 20-30 

years, to feed the world’s population

Insect substantially decrease availability and cost of 

food: PESTICIDES (80% insect control market) 

save 50% agricultural outcome worldwide 



“..malaria has halved since 2000, saving 660 

million lives, with >50% of the reduction due 

to the use of insecticides, which are now 

under threat of resistance..”. Bhatt et al, 

Nature 527, 207 (2015). 

Urgent need to tackle insecticide resistance 

to secure the future of malaria prevention by 

insecticide based vector control 



C. Edi et al (2012) Emerging Infectious Diseases 18, 9

Striking resistance phenotypes evolving ..

Why ?



Why are insects / mosquitoes SO resistant 

to insecticides ? 

detoxification genes? mutations? Other mechanisms? ..



Insecticide Resistance research

➢ Identification of novel resistance mechanisms; 

regulation and coordination of different 

components (pathways)

➢ Functional characterization of enzymes and 

mutations involved in resistance and means to 

tackle the trait

➢ Molecular Diagnostics for early identification and 

management

Novel insecticide target discovery 

➢ Critical physiological roles – omic and cell based and

functional (CRISPR/Cas9) approaches



Molecular analysis of temephos resistance in Aedes albopictus

Grigoraki et al., 2015 PlosNTD

Grigoraki et al., (2016) IBMB 74, 61-67

Grigoraki et al 2017



In silico prediction  

Rational 
design

Identify molecular 
determinants of 
insecticide binding and 
metabolism 

Synergists –improved 
formulations (low toxicity, 
resistance breakers)





Tools for early screen of novel insecticides 
and synergists (plant/microbial metabolites..)

Detox genes+

CRISPR/Cas9

In vitro

In vivo



Cytochrome P450 associated with resistance  catalyzes cuticular 
hydrocarbon production: a mechanism that slows the uptake of 
pyrethroids, contributing to resistance and broadening the phenotype

Balabanidou et al (2016) PNAS 33,  9268–9273 
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Improved insecticide “formulations” / delivery  to 

bypass lipid layer ...



CRISPR/Cas9 to study the role of individual genes and mutations in 

resistance. 



Analysis of resistance reveals the mode of 
action of insecticides with unknown MoA

.. including unexpected surprises ..



• aim at critical physiological roles

• The gut of lepidopterans is adjusted to digestion of 
plant material at very alcaline pH

Identify novel specific insecticide targets 

Enzymes, transporters, channels etc. that maintain physiological conditions and 

serve digestion and nutrient absorption in a specific manner may serve as potential 

molecular targets



In search of novel targets

• Comprehensive transcriptomic/proteomic study 
(spatial and temporal specificity)

• Validation by CRISPR/Cas9 mediated knock-outs 
(and/or high throughput RNAi)

• Development of cell-based screening assays



Gene of Interest

Insect gut

Cell line

Chemical 

(insecticide) 

stimulus

Electrical 

Response

3D cell based approaches-insect cells:
spheroids/organoids / hanging drops 

(Pharma models)



Bayer/IMBB launch insect control 

research programme
•14 Sep 2017

Bayer’s Crop Science division has started a five-year research 

collaboration with the Greek Institute of Molecular Biology and 

Biotechnology (IMBB) to discover insect control solutions.



LabDisk: “sample-to-answer” for monitoring 

the species ID, the infection status and the 

insecticide resistance profile of mosquitoes. 

Markers for vector control and resistance management

Horizon 2020

2016-2019, 3.2 M Euro

Coordinator:FORTH-IMBB

http://hahn-schickard.de/
http://www.google.gr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiyt6jGsofLAhXCtxQKHV9kCKsQjRwIBw&url=http://news.tf.uni-freiburg.de/en/single/artikel/558/mnbs-2013-presentation-award.html&psig=AFQjCNHkQmSveU3Mx6U_a9RBvqg_3iCoaQ&ust=1456093872827372


Funding

Collaborators

Lab - People

….

http://www.lstmed.ac.uk/
http://www.avecnet.eu/about-avecnet/beneficiaries/swiss-tropical-and-public-health-institute-and-its-affiliate-centre-suisse-de-recherches-scientifiques/
http://www.avecnet.eu/about-avecnet/beneficiaries/centre-national-for-scientific-research/
http://www.avecnet.eu/about-avecnet/beneficiaries/innovative-vector-control-consortium/

