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 With an integrative approach: molecules – organisms - ecosystems 

Pathogens & parasites  

 virus 

 Nematodes – bacteria 

 Parasitoids 

EHA DIDI 

B2iHP 

Lepidoptera pest Plant 

BIBINE 

Genome 

Molecular 

mechanisms 

of  

interactions 
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Facilities dedicated to the production and experimentation  

on insects under biological containment (NS2) 

9000 larvae/y 

Galleria 

mellonella 

~1500 

females/y 

Hyposoter 

didymator 
~90 000 

larvae/y 

Spodoptera 

frugiperda 
Spodopter

a littoralis  Surface 80 m2  + 150 m2 

 Budget (investments)  > 300 k€ 

 Annual budget  17 k€ 

 Agreement 20120800-0001 

 2012-03-20 (validity: 5years) 

+ 



 

• Arthropods: the largest animal phylum (80% animal species) 

 

… but lack of knowledge about their viral diversity     

(Chapman, 2009) (ICTV, 2014) 

Arthropods: reservoirs of viral diversity 



Ascovirus 

200-400nm) 
Poxvirus 

(350 nm) 

Baculovirus 

(20x250nm) 

PolyDNAvirus 

75 to 250nm 

Iridovirus 

(180nm) 
Parvovirus 

(19-25nm) 

Picornavirus 

(20-30nm) 

DNA  and RNA viruses 

The arthropod virosphere 

504 virus species associated with Arthropods (25 virus families) 

 (3186 viruses, ICTV; 6544 complete viral genomes, NCBI ) 

• 176 pathogens for plants  

• 40 pathogens for vertebrates 

• 288 pathogens for arthropods  



Aims to « hunt » viruses 

Fundamental and applied issues 

• Optimise the use and the safety of viruses (in biocontrol) 

• Find viral reservoirs  

• “Control insect health and health safety” 

• Control sanitation  

• Control outbreaks 

• … 

 

 

 

Prevent (Understand) virus emergence in insects 



   
 

• Human : 25 % (Jones, 2008) 

• Crops : 47% (Anderson, 2004) 

 

 
 

 

What can cause viral emergence ? 

Viruses are over-represented among emerging pathogens 



1960s – Viral diseases in insect rearings 

Meynadier et al. 1964 

Wax moth caterpillars 

Mosquitos 



 

1970s – Virus associated with natural epizootics  

 

other Lepidoptera 

Other Diptera 

In more insect species 



1980s – A new densovirus found in Crustacean  

In shrimps  

cultures 



Persistent viruses can be beneficial for their hosts  



 

 

What is the diversity and the dynamics  

 

of viruses In Insects? 

 

 

 

 



 

• With a priori (pathogen-driven) 

 - Persistent viruses in insect cells cultures, insect rearing 

 - Epizootics 

 - Zoonotics 

 

 

How to explore virus diversity? 

PCR, Virus isolation 

Viruses : absence of universal genetic marker ! 



 

  

• Without a priori (sequence-driven) 

 - Screening databases 

 - Genomic based technologies  

 

How to search for viruses? 

Viral Metagenomics 

 

 

     

 

 

Concentrate viral particles  from any environmental 

sample and amplify viral genetic material from all the 

members of the sampled communities (the metagenome)  



 Sampling 

• Methods 

• Scale (time and space) 

• Environments 

 Get “viromes”  

• All Viral DNA and RNA 

• Multiplex samples   

• Whole Genome Sequencing 

 Analyze data  

• Bioinformatics 

• Biostatistics 

Viral Metagenomics 



The sampling  

In crops 
In prairies 

In rearing facilities 



The sampling  

In crops 
In prairies 



 

 

 

Filtration 
 

Ultracentrifugation 
 

DNase and RNase 

digestion 

Virus particle 

purification 

Candresse, PLOSone,  2014 

Roossinck, Molecular Ecology, 2010  

 

 

RNA + DNA extraction  
 

cDNA synthesis  
 

DNA amplification 
 

DNA size selection 

 

Multiplexing 
 

 

Nucleic acid 

preparation 

Quality control  
 

de novo  assembly 

Bioinformatic  

analyses 

Taxonomic assignment  

 

Next Generation 

Sequencing 

 

WGS 

 

Processing insects for viral metagenomics 



 

 

 

 

 

 

 

 

 
• Large viral diversity (58 viral families)  

 

 

 

 

• Global virome of 23 

arthropod species  

Virus diversity in insect sampled in a crop 



Host 
Number of 

samples 

Number of 

individuals 

Number of 

cleaned 

reads 

Helicoverpa armigera  132 1 590 9 318 409  

Hypera postica  14 ≈ 1400 2 928 803  

Acyrthosiphon pisum  4 ≈ 400 1 450 950  

Medicago sativa + 

grassland plants  
19 530 

1 423 462   

 

Total 169 ≈ 4 000 15 121 624 

Ex: Analysing Insect pests and their host 

plant 
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Viromes overview 

Arthropod viruses 

 

Plant viruses 

 

Bacteriophages 

Viral reads 
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Viruses shared : inter-sample contamination ? 
 

Viromes composition differs between pest species 

Ha : 20 arthropod virus species ; 15 new 

Hp : 7 new 

Ap : 5 new species /6 

 

Ha : 4 new plant viruses 

Hp : 4 new plant viruses 

Ap : 0 

Ms : 4 new plant viruses ; 2 known species 

2 known (infecting Ms)  

Shared arthropod viruses between pests 



2 

4 

0 

3 3 

1 
5 
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Viruses shared in plants and arthropods  

Viruses only found in arthropods 

 

Shared arthropod viruses between pests 



 

• For ≈  100 000 reads : 
 

• >60% unclassified  => dark matter 

 (well, not so dark now  Francois et al. In prep) 
 

• 40% attributed  

• 15% host (ex A. pisum) 

• 17% Symbionts  

• 68% Viruses  
• Phages 

• Densoviruses 

• Iflaviruses  

 

(1) Francois et al., in prep. 

 

 

 
 

 

 

 

Ex: the virome of A. pisum 



Virus discovery 

≈ 80% of new viral species 

 

Lack of knowledge about viral diversity 

0

5
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20
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New species Known
species

New species Known
species

Arthropod viruses Plant viruses 

(39/47)  

Number of viral species 



Virus prevalence  
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Improve virus diagnosis in insect rearing 

- 

Coupling NGS sequencing and PCR-based Methods 

 

 

 

 



Putative host Baltimore classification Viral family 

ds DNA Baculoviridae 

ds RNA 
Reoviridae 1  

Reoviridae 2  

ss+ RNA 

Iflaviridae 2 

Nodaviridae  

Alphatetraviridae  

ss+ RNA 

 

Iflaviridae 1 

Iflaviridae 2 

ds DNA Podoviridae 

ss DNA  Parvoviridae 

ss+ RNA 

Dicistroviridae 

Negevirus 

Unclassified 

Screening of the most prevalent viruses by PCR  

(13 viral species) 



10 km 

N 

S 

10 km 

Sampling area 

Candillargue

s 
Latte

s 

St. Martin  

de Londres 

Prades-le-Lez 

Mauguio 



2015  2016  

A two years survey 

04      06        08       10       12        02        04       06         08        10      12 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
Con 

Arthropod communities screening 

Host Taxonomy 
Pool

s (%) 

Individual

s (%) 
Iflaviridae 2 Nodaviridae 2 

Alphatetravirid

ae  
Iflaviridae 1 

Dicistrovirid

ae 

Arthropods 

Hexapoda 

Blattodea 0% 0% 0% 0% 0% 0% 0% 

Coleoptera 16% 20% 15% 0% 0% 6% 17% 

Dermaptera 2% 1% 0% 0% 0% 0% 0% 

Diptera 5% 6% 40% 0% 0% 0% 0% 

Hemiptera 20% 23% 22% 2% 0% 2% 15% 

Hymenoptera 5% 23% 33% 13% 0% 7% 33% 

Lepidoptera 13% 4% 18% 0% 0% 0% 0% 

Mantoptera 1% 0% 33% 0% 0% 0% 0% 

Neuroptera  0% 0% 0% 0% 0% 0% 0% 

Orthoptera 20% 13% 10% 2% 0% 0% 3% 

Arthropods 

Chelicerata 

Araneae 12% 7% 41% 9% 9% 3% 15% 

Opiliones 4% 3% 33% 42% 17% 8% 25% 

Total 
100

% 
100% 21% 4% 2% 2% 11% 

295 pools – 3 492 individuals 



• Design specific primers, PCR, (RACE and cloning) 

Recover viruses from Insect samples  

Arthropod communities screening 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
Con 

PCR screening of viruses in Arthropod 

communities 

Host Taxonomy 
Pool

s (%) 

Individual

s (%) 
Iflaviridae 2 Nodaviridae 2 

Alphatetravirid

ae  
Iflaviridae 1 

Dicistrovirid

ae 

Arthropods 

Hexapoda 

Blattodea 0% 0% 0% 0% 0% 0% 0% 

Coleoptera 16% 20% 15% 0% 0% 6% 17% 

Dermaptera 2% 1% 0% 0% 0% 0% 0% 

Diptera 5% 6% 40% 0% 0% 0% 0% 

Hemiptera 20% 23% 22% 2% 0% 2% 15% 

Hymenoptera 5% 23% 33% 13% 0% 7% 33% 

Lepidoptera 13% 4% 18% 0% 0% 0% 0% 

Mantoptera 1% 0% 33% 0% 0% 0% 0% 

Neuroptera  0% 0% 0% 0% 0% 0% 0% 

Orthoptera 20% 13% 10% 2% 0% 0% 3% 

Arthropods 

Chelicerata 

Araneae 12% 7% 41% 9% 9% 3% 15% 

Opiliones 4% 3% 33% 42% 17% 8% 25% 

Total 
100

% 
100% 21% 4% 2% 2% 11% 

295 pools – 3 492 individuals 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Virus concentrated in predators → accumulation by trophic 
network  

Con 

PCR screening 

Host Taxonomy 
Pool

s (%) 

Individual

s (%) 
Iflaviridae 2 Nodaviridae 2 

Alphatetravirid

ae  
Iflaviridae 1 

Dicistrovirid

ae 

Arthropods 

Hexapoda 

Blattodea 0% 0% 0% 0% 0% 0% 0% 

Coleoptera 16% 20% 15% 0% 0% 6% 17% 

Dermaptera 2% 1% 0% 0% 0% 0% 0% 

Diptera 5% 6% 40% 0% 0% 0% 0% 

Hemiptera 20% 23% 22% 2% 0% 2% 15% 

Hymenoptera 5% 23% 33% 13% 0% 7% 33% 

Lepidoptera 13% 4% 18% 0% 0% 0% 0% 

Mantoptera 1% 0% 33% 0% 0% 0% 0% 

Neuroptera  0% 0% 0% 0% 0% 0% 0% 

Orthoptera 20% 13% 10% 2% 0% 0% 3% 

Arthropods 

Chelicerata 

Araneae 12% 7% 41% 9% 9% 3% 15% 

Opiliones 4% 3% 33% 42% 17% 8% 25% 

Total 
100

% 
100% 21% 4% 2% 2% 11% 

295 pools – 3 492 individuals 



Virus circulation in ecosystems 

Trophic network 
 



Virus circulation in ecosystems 

Trophic network 
 

Viromes composition 
 



Virus circulation in ecosystems 

Trophic network 
 

Viromes composition 
 

Virus circulation  

? 



Conclusion 

Viral metagenomics PCR 

Without a priori 

 

Virus discovery 

With a priori 

 

Virus screening 

Up to 100 samples* per 

analysis (30-50€ sample) 
Up to 396 samples* per 

analysis (0.2€ sample) 

 

Virus diversity and prevalence  

in Insect communities 

 

Improve management  

At various levels 

* Samples can be pools of insects 
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Ex : Insect parvovirus diversity 

 
  

    Cnidaires 

    Annélides 

    Plathelminthes 

    Arachnides 

    Crustacés 

    Insectes 

    Echinodermes 

    Urochordés 

    Vertébrés 
François et al., 2014, 2016, 2017 

 

Before 2016 Since 2016 


